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Chapter I 

INTRODOCT.ION 

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 ene:rgy and bulk for milk pro-

duction and cow health. 

Attempts to evaluate physical :form have not produced a 

routine method for quantitation of feeds·tu.ff or ration phy-

sical form. Roughage Factor, Effective Fiber, Roughage 

Value Index, or Bulk Density measurements have a·ttempted 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 he 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 dilution rate (RFD). Increased 

1 
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RFD has been associated with increasing forage component of 

rations. Soluble ration components, small particles, and 

some microbial cells flow with the fluid phase of rumen dig-

esta., therefore a faster RFD carries more o.f 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 compone.nts 

best digested in the rumen such as fiber. Increased RFD can 

produce changes in the microbial population favoring rapidly 

growing organis-ms with lower maintenance requirements and 

produce a f€rme.ntation favoring acetate rather than propion-

ate production. Accurate physical form evaluation would 

allow formulation of ration~ 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 requires more careful management than when 

other forage sources such as hays are included with the corn 

silage. Therefore evaluation of cow response to fiber 

sources supplemented to corn silage-based rations has merit. 

Objectives of these expe.rime.nts were to: Experiment I, 

1) determine i.n.fluence of added amounts of orchardgrass 

(OG}, alfalfa (ALF), or cottonseed hulls (CSH) to corn 
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silage-based rations on intake, nitrogen balance, rumen fer-

mentation, and rumen fluid and solids dilution rates .. 

Experiment II, 2) compare 9% added OG, ALP, or CSH to corn 

silage-based rations on intake, chewing time, rumen fermen-

tation, and rumen fluid and solids dilution rates. Experi-

ment III, 3) eva.luate a fine chop corn silage-based ration 

supplemented with O, 9, or 18% chopped OG on intake, rumen 

fermentation, and rumen fluid and solids dilution rates. 



Chapter II 

LITERATURE REVIEW 

FIB.EB _!ND 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, 1i ver damage, founder, bloat and indigest.ion, and phy-

siological disorders such as stiffness of joints and possi-

bly abomasal displacement (Resler and Spahr, 1964). Most of 

these disorders cause cows to go off feed and reduce milk 

production.. Inclusion of roughage o·c fiber sources in the 

ration has been shown to prevent or correct these metabolic 

and physiological disorders. Although maintaining co~ 

health and preventing off-feed problems is most important, 

other benefits of roughage in a ration have been observed. 

Among those observed are optimum nutrient intake, increased 

rate of passage of digesta, altered rumen fermentation pat-

tern, enhanced digestion of some components and increased 

animal performance (Kesler and Spahr, 1964). 

consideration of forage:concentrate ratio was first 

studied by Ronning and Laben (1966), in a California study. 

T.hey judged that a 60: 40 ratio o.f alfalfa hay: concentrate 
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resulted in best performance for first-lactation cows after 

peak of lactation,. In the same experiment a 90:10 ratio 

depressed milk yield because cows -were unable to consume 

enough energy. In 30:70 ratio and 0:100 dietary ratio diets 

cows consumed excess energy and became over-conditioned .. 

Milk fat percent was depressed with the 0:100 ratio diet. 

Health problems were not reported in this study. 

Kesler and Spa.hr (1964) indicated that maximum nutrient 

intake occurred in high producing dairy cows when concen-

trates made up 50% to 60% of a ration containing corn silage 

and alfalfa-grass hay.. Later, Spahr and Harshbarger (1971) 

showed that when corn silage was the only forage in a com-

plete feed containing 451 to 501 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 balance was nega-

tive for the first trimester of lactation but reached equi-

librium during the second trimester. Increasing the concen-

trate portion of the ration reduced the time for animals to. 

reach energy equilibrium. 

Studies by Moe et al. (1971) and Coppock et al. (1974) 

have shown that high producing dairy cows in the first tri-

mester of lactation are unable to consume enough feed to 
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maintain energy balance even ~ith rations composed of up to 

803 concentrates. Dairy cows reach energy equilibrium in 

the second trimester hut as energy requirements taper off, 

cows do not regulate their feed intake according to physio-

logical requirements. cows in third trimester will overcon-

sume energy aud 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-

tation requirements (Coppock et al., 1974). 

PHYSICAL FORM 

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 symptom 

from feeding a pelleted or finely ground ration. Powell in 

1939 first reported the relationship between physical form 

and milk fat depression. O'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 production. 

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



7 

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 fi.nely chopped corn silage co:nside.rable milk fat 

depression occurred. Milk fat percentage declined from 3.5 

to 3a0 over a 10 week period but the.re was no influence on 

milk yields. From this study a recommended knife setting 

for the field chopper was 1.0 to 1 .. .3 cm to avoid m:ilk fat 

depression in cows consuming corn silage as the sole forage 

source .. 

Jorgensen et aL. ( 1978) showed that alfalfa silage 

should not be less than 0.64 cm theoretical length of cut 

{TLC) when used as t.he only source of .forage. Furthermore 

this may not .be adequate for dry cows and the period immedi-

ately after calving for prevention of off-feed problems and 

displaced abomasum. Cows fed finely chopped silage (0.48 cm 

TLC) gained significantly more body weight compared to cows 
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fed a mediu.m chopped silage (0.64 cm TLC). Finely chopped 

silage fed at 33:67 forage:grain ratio depressed milk fat 

test (3.03) 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 .. 

.Feeding pelleted coastal bermudagrass to Clemson dairy 

co~s resulted in milk fat depression (O'Dell et al., 1964; 

Chalupa et al., 1969). Supplementing pelleted rations ~ith 

baled hay or corn silage prevented declines in milk fa·t 

test. Baled .hay supplemented at 2.27 kg daily increased 

milk fat from 3.5 to 3.7%. Corn silage (6.8 kg) supple-

mented to the pelleted rations also increased milk fat 0.2 

percentage units. 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-

menti.ng tlie baled hay (2:X feeding) prevented further milk 

fat depression maintaining a 3.0 fat test. Four-times-daily 

(4X) feeding of the pellets increased milk fat from 1.93 to 

2.33.. These studies indicated that 4X feeding of pelleted 

rations or supplementing baled hay or corn silage to pel-

leted rations was effective in preventing milk fat depres-

sion. 
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Dry matter intake was affected by alfalfa hay addition 

to corn silage rations (Waugh et al., 1955). Alfalfa hay 

was offered at 1.00, 0.50, 0 .. 25, and 0.003 of live weight 

daily, separate from the grain and corn silage. The higher 

level of hay (1.003) increased total dry matter intake. 

I1aximum fat corrected milk (FCM) productio-n was not observed 

with the highest hay level but at 0.50' level. Silage 

intake per day increased as amount of hay supplemented 

decreased. At the 0.503 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 

was 54 to 593 (dry-basis) while corn silage was 64 to 673 

(dry-basis) .. Silage provided more energy 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 maintaining 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 de.ficiency.. 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-

sio.n of carotene to vi tam.in A may be a potential reason for 

lowe.r blood levels. Supplementation with carotene or vi ta-

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 16-183 ration ADF.. Supplementing silage 

with fiber sources in lieu of a portion of silage would 

maintain 213 ADP 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 fa·t depression, ADF had a correlation coefficient of 

.f .. 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 constituents (r = +0.31); hemicellulose (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, 17.5fo ADF maintained fat tes·t at an 

average o.f 3. 3%. 

!.£!!! DETERG.ENT Ill!!!! ll 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 equation a lower limit of 

143 CF (dry-basis) was set thereby restricting NE (!act.) to 

1 .. 904 Mca.l/kg dry matter. Crude .fiber was used in this 

equation because ADF content of man1 feedstuffs was not 

availa.ble. CF of a .feed .is related to ADF content.. several 

re.lationships between ADF and CF have been established: New 

York.equation CF= 0 .. 79 ADF, Clemson equation CF= 0.75 ADl" 

+ 3 .. 561 and Penn State equation CF = 0 .. 967 ADF - 3.80 (Cop-

pock, 1975) .. 

Another relations.hip was established (Jahn and Chan-

dler r 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 AD.F content of that ration. Protein 

increases above 14.51 resulted in declines in dry matter 

intake when ration ADF was 11 and 251. However, at 181 ADF 

the intake continued to increase as protein increased above 

14.53. 

FIBER AND RUJ1EN 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 hut also affects rate of solid and liquid passage and 

subsequently the type of rumen fermentation. The chemical 

aspect appears to affect rate of digestion, microbial activ-

ity, and fermentation end products. The physical-chemical 

parameters that affect digestion of a ration in the dairy 

cow influence partition of ration energy between body weight 

and milk production. Partition of energy appears to be 

highly correlated to Uie type of rumen fermentation produced 

by feeding a ration. Type of rumen fermentation can be 

class~fied as high acetate, high propionate, or occassion-

ally high butyrate. High acetate fermentation appears to be 

related to partition of energ.Y into .milk fat. A high pro-

pionate ration appears to he related to partitioning energy 

into body stores and re~flecting lower energy in milk by 

depressing fat content. 
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A very descriptive concept of type of rumen 

fermenta·tion and its influence on partition of energy has 

been proposed hy Orskov (1975)~ The concept develops a 

ratio o.f :non-qlucogenic to qlucogenic volatile fatty acids 

(VFA} produced by .rumen fermentation.. Non-glucogenic VFA 

are acetic and hutyric which can not be used to syn·the.size 

glucose.. The major 9.lucogen:ic VFA is propionic which can be 

used to synthesize glucose. "The non-qlucogenic ratio (NGR) 

is defined as: 

acetic + 2 butyric + valeric acid 
NGR = ----------------------~---------propion.ic + valeric acid 

where V.FA are expressed as moles/100 moles. Valerie acid 

appears in both numerator and denomina·tor 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 animal. For efficient utilization of energy the 

NGR should be below 4 but if the NGR falls be.low 3 milk fat 

synthesis may be depressed because energy may be parti·tioned 

to body tissues. orskov (1975) suggested that much of the 

apparent disagreement among results from different laborato-

ries could be resolved b.Y using the concept of NGR. 

The most compre.hensive data on the relation between NGR 

and energy utilization was evaluated by Orskov (1975) from 
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data of Coppock et al. (1964) and Platt et al. (1969a, b) 

for lactating dairy cows. Utilization of metaholizable 

energy (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 NGB 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 utilization of ME and sup-

port milk fat synthesis. 

RA!] OF PASSAGE 

The rate of passage of material through the digestive 

tract affects how much of the ration is degraded in the 

rumen and how much escapes ruminal 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 ardmal w.ith a low rumen fluid dilution 

rate, ration protein and soluble carbohydrates may be exten-

sively degraded in the rumen allowing very little to enter 

the lower tract. A faster fluid dilution rate may allow a 

portion of the ration protein and soluble carbohydrate to 

enter the lower t.ract undegraded. 
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Bypass protein has a higher biological value when dig-

ested postruminal1y (Little a.nd Mitchell, 1967). So1uble 

carbohydrate is utilized 11 to 30% more efficientl.Y 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, 1977). 

Much research on rate of passage has been done with 

sheep and bee:f cows. Only a few researchers have studied 

rate of passage in dairy colis where intake is multiples of 

maintenance. Bauma.n et al. ( 197la) measured rumen fluid 

dilution rate with dairy cows using polyethylene glycol. A 

ration containing 573 al:falf a .hay was compared to a high-

g·rain ration with 10% alfalfa hay. Covs fed the control 

ration (57% hay) had a dilution rate of 20.63/hr while the 

cows fed the high-grai.n ration (103 hay) had only 9. 63/hr. 

A s.lightly la.rger rumen fluid volume vas observed for the 

control cows (47.6 l) compared to high-grain cows (44.9 1). 

Dry matter inta.ke was 15.6 kg/d for control and 17.4 kg/d 

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 inc.reased propionate concentration was 
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associated with milk fat depression (1.93) observed with 

high-grain cows. The control ratiqn supported milk fat syn-

thesis (4.03). 

Harrison et al. (1975) demonstrated vith sheep that as 

rumen fluid dilution C'ate increased, molar proportion of 

propionic decreased in the rumen. Dilution rate was 

increased by in.fusion of sodium bicar.bonate 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 vith increasing dilution rate. 

Many inferences of the effect of dilution rate on 

microbial synthesis and microbial products entering the 

lower tract have been obtained using 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 

vit:ro continuous culture.. Increasing dilution 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 b~ 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 energy, 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 .metabolized. 

Y-ATP increased from 7.5 to 16.7 as dilution rate increased 

from 2 to 123/hr. 

Data of Respell (1979) indicates a theoretical Y-ATP of 

about 32 for bacterial grolfth on preformed mo.namers. How-

ever for bacterial growth on glucose and inorganic salts 

Y-ATP would be about 21. Hespell (197~ indicates that 

under optimal feeding in which equal amounts of cells are 

derived from glucose-salts and preformed monomers, 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 dilution 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. Inc,reased dilu-

tion rate will increase acetate:propionate ratio, which in 

turn may alter ruminal and animal energetics. 
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STA]£!! 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 postruminally and absorbed 

as glucose will affect the NGR. Factors affecting the 

extent of degradation of starch in the rumen will have an 

important effect. Extent o:f degradation and rate of passage 

o.f 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 grain (Haldo, 

1973} .. The main sources of starch i.n feedstuffs are barley, 

corn, and sorghum. Barley starch digestion at the abomasum 

or duodenum was 94S .! 2.4 and was not affected by processing 

or by total intake. Corn grain starch digestion was 781 ± 

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 t.lle percentage digestec1 in the rumen. Sorghum 

starch digestibility was 763 .! 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 

was 96% at maintenance inta"lce level whereas at .feed intakes 

of 2. 5 to 3. 2 multiples of .maintenance, the digestibi.lity of 

starch was 84 .. 7 to 88.13. Considerable quantities of starch 

-were escaping fermenta·tion 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 reduced due to intestinal pH below optimum (6.9) for 

enzymatic activity which decreases starch digestion. 

PHYSICAL 1.Qll EVALUATIONS 

It appears that a descriptive de.fini tion of the influ-

e.nce of ration physical form on health, digestive efficiency 

and production is needed. There have been several attempts 

to defi·ne the influence of ration physica1 form and estab1-

ish requirements .for production of meat and mi.lk and main-

taining animal health. 
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Effective Fiber 

One metlwd which combi.nes the chemical analysis and 

physical form of rations and feedstu.ffs 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 compa.red to 

cottonseed hulls as a standard. Harris indicated that dairy 

cow rations should supply 171 effective fiber. Any ingre-

dient finely ground and pelleted 11ould contain less than 103 

effective fiber. A fair measure of effective fiber can be 

obtained by placing pelleted or chopped products in water 

and examine the length 0£ the fiber particles. If the pro-

duct contains many fibers .64 to1.27 cm iµ 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 evalua-

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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Boughage Factor 

Another method for evaluating physical form require-

ments was proposed by McCullough (1973). McCullough 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 f eedstuff was com-

pared to a standard such as silage or long hay. A minimum 

roughage factor (units/wt) for complete rat.ions was establ-

ished based on milk production per day. For cows producing 

less than 18.2 kg of milk per day, 1000 units per ton of air 

dry ration would be required. For 18.2 to 27. 3 kg produc-

tion~ 800 uni ts would be .required and greater than 27 .. 3 kg 

production would require 600 units. The evaluation proce-

dure is not clearly defined and only a few feedstuffs have 

been assigned values. This procedure is limited because of 

the variability of feedstuff physical form. 

£hewi:n_g Time 

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 feedstuf f. 

Balch had observed that as roughage increased in a ration o.r 

coarseness increased, so did the time the animal spent chew-

ing. Sudweeks (1979) a·t Georgia has evaluated feedstuff for 
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dairy covs and found that 31.4 minutes of chewing time per 

kilogra.m of feed would maintain 3.5% milk fat test. The R2 

for this regression equation was only 0.37. 

Jorgensen et al.. (1978) at Wisconsin evaluated alfalfa 

silage at 3 theoretical lengths of cu·t (TLC) for lactating 

dairy cows. In a 33:67 (forage:grain ratio) ration, milk 

fat ~as depressed with the fine (.46 c~ TLC. Chewing time 

per 24 hr was only 7.4 hours. ~ith 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 lb dry matter 

intake (D.MI), was 8.2 for fine TLC and 10.3 for medium Tl.C. 

Jorgensen et al. (1978) predicted that when chewing time 

drops below 9.4 to 9.8 hr/24 hr or 10 .. 3 to 10.5 minutes per 

pound of DMI, energy IDay be partitioned to body weight gain 

and milk energy (fat) reduced. 

Jorgensen et a.L. (1978) found that chewing time was 

a.ssocia ted wi t11 intake of cell wall constituents (CijC) and 

particle size. Welch and Smith (1969) also found that ewe 
intake was highly correlated (r = +0.99) with time spent 

chewing in sheep. Jorgensen (1979) summarized the impor-

tance of the "roughage index" value {time chewing/lb DMI) to 

physical form of a ration si.nce total chewing time relates 

to saliva .flow, rumen pH, acetic :propionic acid ratio, and 

subsequently energy output as milk o.r tissue. 
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;8ulk Evaluatio.n 

A routine analysis has been developed by Clancy et al. 

(1976) for measuring bulk density of as-fed feedstuffs and 

rations. Bulk deusity of rations was considered in .McCul-

lough• s (1973) roughage factor system.. Studies on the 

influence of bulk density (weight/unit of volume) on intake 

and animal pe.rformance 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 Meal digestible energy/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 regulate intake in late lactation or 

the dry period. It should be possible to formulate rations 

to maximize utilization of forages in rations with digesti-

ble ener9y 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 times. 

Intake o.f 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 t.he 2 ra·tions fed to lactating dairy cows. 
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I.ntake of dry matter (DM) was higher for the alfalfa ration 

compared to the orchardgrass ration. There also was no dif-

ference in neutral detergent fiber (NDF) intake. Digesiti-

bility of dry matter and NDP was significantly higher for 

the orchardgrass diets. The authors associated the higher 

volume intake for orchardgrass vith the higher digestibility 

coefficients £or DH and NDF compared to alfalfa. 

Mertens (t980) has suggested that NDF should be used as 

an index to measure ef :fective density of dairy rations. 

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 

{C.F} anal_ysis. An optimum NDF content for .maximum dry mat-

ter intake and maximum solid-corrected milk production has 

been demonstrated. Hovever differences may exist among 

sources of NDF because of rate of passage or bulk density 

variability. Mo.re work is needed on this concept and a 

major obstacle is method .for measuring bulk density. 
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SUMMARY 

Adequate methods to ev~luate the effective fiber con-

tent of a ration have not been developed. Effective fiber 

content of a ration or f eedstuff can be defined as the 

influence that a feedstuff has on the intake, digestion and 

utilization of ration compo.nents 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-

productsw. 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 supplying needed bulk to maintain rumen integrity and 

overall animal health. 



Chapter III 

EXPERIMENT I 

PROCEDURES 

Experimental Design 

A split plot design was utilized with three types of 

added fiber plus a Control of 91 orchardgrass and three 

amounts of each type. This design had two cows assigned to 

each type of fiber and the control. Each 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 allows comparison of a 

basal corn silage ration to rations containing additional 

fiber sources: orchardgrass hay (OG), alfalfa hay (ALF), or 

cottonseed hulls (CSH). Begression coe.fficients for each 

variable on amounts increasing of each fiber source were 

calculated and compared. Ortho9onal co.n tras·ts of 03 added 

fiber (basal) versus 93 added (OG and ALF plus 5.53 CSH) and 

rations containing Hays (OG and ALF at 9 and 18%) versus CSH 

(5.5 and 113) can he made. CSH at 5.51 provides an equali-

valent amount of ADP as OG or ALF* therefore this treatment 

was included in 9% treatment contrast. Since the Control 

ration was 91 added orchardgrass for all periods it was not 

included in slope calculations. 

26 
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Ration .Formulation and ~nalysis 

Alfalfa and orchardgrass additions to the corn silage-

based ration were O, 9, and 18% of the corn silage dry mat-

ter, whereas cottonseed hulls were added at O, 5.5, and 111. 

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 len9th of cut (TLC) of 

1.27 cm. The rations were formulated to have a 60:40 for-

age:conce.ntrate ratio, 15.53 crude protein and 1a-22i 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 feeding. The cows were fed twice daily at 0700 and 

1400. Weighback {orts) was taken daily at 0900. The 

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

Feed ~nd ~ Analysis 

Feed and o.rts were dried at 60 C to a constant weight 

and ground through a 2.0 mm screen and analyzed for cell 

wall constituents by the neutral detergent fiber {NDF) 
.•. 

procedure of Robertson and Van Soest (1978) and acid deter-

gent fiber (ADF) by Goering and Vansoest (1970). Crude 

protein was analyzed by Kjeldahl. Dry matter (D~) was 
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Table 1. Composition of dairy concentrate B. 

Ingredient Concentrationa 

Dried molasses 
Wet molasses 
Distillers grains 
Wheat , 
Pellet binderb 
Trace mineral salt 
Ground limestone 
Dicalcium phosphate 
Sodium sulfate 
Magnesium oxide 
Methionine hydroxy analog 
Vitamin mix 
Soybean meal 

Total 

aCalculated on as-fed basis. 
bPelleted with a .40-cm die. 

% 
1. 25 
3.00 
2.50 
5.75 
2.00 
1. 75 
2.50 
3.50 

.75 

.75 

.35 

.50 
75.40 

100.00 

Specifications 

3% CP 
25% CP 
10% CP 

8% CP 

12x10 6 IU A and D 

35% CP 



Table 2. Ration formulations and specifications used to determine the ln~luenoe of 
added fiber on corn silage-based rations. 

Basal Orohardgrass Alfalfa Cottonseed hulls 

Ingredients8 %F~~:~~ 0 9 18 9 18 5.5 11 

------------------------------ % ---------------------------
Corn tillage 

b 01·ohal'dv,1·aas hay 
Alt'alfa hayb 
Cottonseed hullsc 
Concentrate B 
Cracked corn 

Spec 1. fl cations: 
Dry matterd 
Crude protelnd 
Ac1.d detergentd 
fiber 

NE1 e 

60.0 

24.8 
15.2 

511.9 

15.5 

18.l 
150 

8 Calculated on dry matter basts. 

51.0 
9.0 

211.0 
16.o 

58.3 
15.5 

19.5 
151 

42.0 
18.0 

23.2 
16.B 

62.1 
15.5 

20.B 
152 

51.0 

9.0 

22.5 
17.5 

58.2 
15.5 

19.2 
150 

112.0 

18.0 

20.2 
19.8 

61.9 
15.5 

20.3 
1119 

tillay chopped to produce ave1·age particle size of 10 cm. 
c Donated by National Cotton:>eed P1•oducta Assoc .• Memphis, •renn. 

d%. 

eMoal/Jq.!: (estimated tlRC. 1978). 

54.5 

5.5 
25.2 
14 .8 

57.0 
15.5 

20.4 
1118 

119.0 

11.0 
25.6 
] II. 11 

59.2 
15.5 

22.7 
145 

I\) 
\0 
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determined by oven drying at 60 C to a cons·tant weight 

(approximately 72 b). 

~ Collection 

Rations and orts were sampled each feeding for 5 d 

beginning at 14 d of each period. Total collection proce-

dures were co.nducted for 5 d beginning at 14 d. Feces and 

urine (via catheter) were collected, weighed, mixed, sampled 

(.223 urine, and 2.23 wet feces), and frozen for analysis. 

Milk vas sampled (.22% volume) at each milking and frozen. 

Rumen fluid samples were taken 2 h post-feeding on 21 d 

using a metal suction strainer described by Raun and Bur-

roughs (1962) and transported to the laboratory in a stop-

pered flask .. 

Feces, urine, and milk were analyzed fo.r nitrogen by 

Kjeldahl. Feces were oven dried at 60 c ·to a constant 

weight for NDP and ADP analjsis by procedures already des-

cribed. Rumen fluid was measured for pH and a 5 ml aliquot 

of rumen fluid was pipetted into a tube containing 1 ml of J 

N sulfuric acid, .mixed and frozen (-15 C) for volatile fatty 

acid analysis.. Volatile fatty acids were analyzed .by gas 

chromatography (Ottenstein and Bartley, 1971) using the 

inte.rnal standard (isocaproic acid) procedure for quant.i ta-

t ion .. 
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Rate of Passage Measurements 

Rate of passage was measured using the lithium salt of 

cobalt ethylenediaminetetraacetic 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 (12g each) and 3g of Yb 

(SOml solution) was sprayed on a portion of the ration at 

the 1400 h feeding. 

Ma:ckers 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 

i,ntervals to 120 h post-dosing.. Fecal samples were mixed 

and an aliquot 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 (Y~ 

by procedures described by Hart (1981). 



32 

Statistical Analysis 

Data from this experiment were analyzed by the Statis-

tical Analysis System.t 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 rations. 

These were as follows: 01 Added, 93 OG, 18% OG, 91 ALF, 181 

ALF, 5.51 CSH, 113 CSH. These ration groups are shown by 

the dotted-line boxes in Appendix table 1A. The model above 

refers to the seven rations. Orthogonal contrasts vere made 

between 01 Added (group 1) versus 91 OG (groups 2, 4, and 6) 

and Hays (groups 2, 3, 4, and 5) versus CSH (groups 6 and 

7) .. 

Slopes -were calculated for response pe:r % 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 by Bonferroni F test. Rate of passage 

was determined by fitting ·the marker excretion data to a two 

compartment model described by Ellis et al. (1979) using a 

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

lSAS Institue Inc., Raleigh, NC, 1979. 
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mates were statistically analyzed by models described above. 

RESULTS 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 D~ and CP observed with 

ration analysis may have been caused by difficulty in 

obtaining representative ration samples. Coa.rseness of the 

silage and chopped hays make sampling these rations diffi-

cult. However the 18% OG, 18% ALP, and 113 CSH ration ana-

lysis (table 3) agree with the calculated DM and 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 ~all consti-

tuents (CQC) and acid detergent fiber (ADF) were higher for 

added fiber rations compared to 0% rations.. Recommended ADP 

for lactating cow rations is a minimum of 173 (NRC, 1978) 

which is slightly lower than the 03 rations. Adding these 

fiber sources may increase ADP and provide a margin of saf-

ety .fo.r supporting milk fat synthesis in lactating dairy 

cows. 



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

Basal Orchardgrass Alfalfa Cottonseed hulls 
% Added -- ----

Component a 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 
Acid deterge11t fiber 18.9 22.5 23.9 22.9 211. 7 22.6 26.1 
Cell wall constituents 34.3 40.3 113.0 36.5 42.6 41.5 42.0 

aCalculated on dry matter basis. 

w 
.I::;" 
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Intake gnd Digestibilit1 

Intake of dry matter (DM), cell wall constituent (CWC), 

and acid detergent fiber {ADF) is shown in table 4. Adjust-

ing DM 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 cows 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 dia.rrhea and may have been 

irritated by loss and replacement o.f catheters. These prob-

lems were not as evident during periods 1 and 3, however the 

statistical model accounts for a period effect. 

Orthogonal contrasts for intake and digestibility are 

sho~n in table 5. Although intake was greater for 9% and 

CSH rations the contrasts were not significant. Intake 

adjusted .for body weight did not affect the statistics. 

indicating comparable body weights for each group. Differ-

ences in intake of ewe approached significance and would be 

expected to be higher for 93 and CSH rations because o.f 

slightly higher ewe content. ADF intake was slightly higher 

(P<.11) for 91 compared to 03 rations. Higher ADF content 

of CSH rations increased (P<.01) ADF intake compared to 

rations containing Hays. Digestibility of DM, ewe, 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. 

Intake a 
Digestion 

% Added Coefficients 
Ration Period fiber DMb ewe ADF DM ewe ADF 

Control 1 9 19.7(19.2) 7.8 4.7 66.2 49.6 53,9 
2 9 17.7(16.8) 7.7 4.1 67.5 55.2 50.1 
3 9 19.2(18.9) 7,3 4.3 66.1 50.0 49.7 

Orchard- 1 0 21. 7 ( 20. 8) 7.4 4.6 65.0 43.6 50.7 
grass hay 2 9 21.1(20.3) 9.2 4.5 68.0 56.4 49.9 

3 18 19.3(19.2) 8. 3 4.5 67.1 52.3 50.7 

Alfalfa hay 1 0 19.3(18.6) 6.6 4.0 66.9 45.0 49.9 
2 9 19.0(18.0) 6.9 3,9 66.1 44.l 41. 6 
3 18 18.8(18.8) 8.0 !l, 6 66.4 52.5 53,5 

Cottonseed 1 0 19.1(18.4) 6.5 4.0 68.2 49.2 53.0 
hulls 2 5.5 18.3(17.4) 7.6 3,7 65.5 46.7 33.0 

3 11 22.2(22.1) 9,3 5.8 65.3 43.6 45.4 

s. E. M. . 9 . 4 . 2 . 9 1. 9 2.0 

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

b!ntake calculated from dry matter content cf rations in Table 2 
are shewn in parathesis. 
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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 0% VS 9% Hays vs CSH 

-- Mean P< -- Mean 
Intake of: 

Dry matterae 18.7 20.2 . 33 19.1 21. l 
(17.9) (19.6) (.21) (18.6) (20.6) 

Dry matterb 3.3 3.6 .29 3. 4 3.8 
Cell wall 

" constituents- 6.4 7.5 .ll ~ Q 8.6 I•" 

Acid de<:ergenta 
fiber 3.9 4. 3 .ll 4.4 5.2 

Digestibility of: 
Dry matterc 66.6 65.1 .33 66.9 63.l 

c~~~s~~~~entsc 47.0 44.5 .44 51. l 40.0 
Acid detergentc 
fiber 48.4 42.6 .20 51. l 38.1 

akg/d. 

b% of body weight/d. 
c,<I 

N • 

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

eValues in parathesis were calculated usi~g formulated 
ration values dry matter from Table 2. 

P< 

.16 
(.12) 

.17 

.20 

.01 

.02 

.02 

.01 
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was similar for 03 and 93 rations (table 5). Significantly 

lower DM, CRe, and IDF (P<.02, .02, and .01, respectively} 

digestibility was obse.rved for rations containing cottonseed 

hulls compared to rations containing orchardgrass or 

alfalfa. Villavicencio et al. (1968) also observed lower DM 

and crude fiber (CF) digestion for cottonseed hulls rations 

compared to alfalfa or grass hay rations for dairy cows. 

Comparing responses to increasing amounts of fiber 

types, DMI decreased .13 kg•d-••%-t added orchardgrass wher-

eas mu increased • 27 kg•a-1.3-1 added cottonseed hulls 

(table 6). Response to added alfalfa ~as slightly negative 

(-. 03 kg •d-1.3-1). These results of feeding Alf do .not 

agree with the data of ~augh et al. (1955) where total DMI 

and DMI as corn silage increased by supplementing alfalfa 

hay with corn silage. 

Intake adjusted for body weight did .not affect the 

relative differences in slope or statistical comparisons 

(table 6) .. Intake of ewe increased per% added fiber for 

the three sources. However# ADP intake decreased slightly 

for added orchardgrass and increased for added alfalfa and 

cottonseed hulls.. I:n all categories of intake CSH produced 

the most positive response. Adding cottonseed hulls to corn 

silage-based rations would most effectively increase DM, 

ewe, and ADF intake. This would be especia.l.ly important 
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Table 6. Regressioti coefficientsa for 
increasing fiber type on intake 
and digestibility. 

Variable 

Intake of: 
b Dry matter 

Dry matterc 

Cell wall b 
constituents 

Acid detergentb 
fiber 

Digestibility of: 
Dry matterd 

Cell wall d 
constituents 

d Acid detergent 
f'iber 

Ration 

OG ALF 

----- per % added 

-.13e -.03 
-.02 e .oo 

.04 .07 

-.Ole .03 

.11 -.02 

.48 .42 

.00 .20 

CSH 

-----
. 27e 
.05e 

.25 

. lOe 

-.27 

-.51 

-.69 

a Per % added fiber type on dry matter basis. 
b kg/d. 
c % of body weight/d. 
d % . 
eContrasts 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 that rations containing 303 CSH were consumed 

greater than rations containing alfalfa hay or corn cobs as 

the sole roughage. Villavicencio et al. (1968) compared 303 

CSH rat.ions to 30% alfalfa rations and 303 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 Villavicencio et al. (1968), and McCoy et al. 

(1966), in dairy cows and Cole et al. (1976a, b) for steers. 

Digestibility of DM and CRC increased for OG hut 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 ration increases, digestibility of energy, D.M, organic 

matter, and nitrogen-free extract decreased while crude 

fiber digestibility increased. 

Nitrogen balance 

Nitrogen intake (NI) was lower (183) 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 



'fable ·r. Nitrogen balance data for Control and added fiber rations. 

Nitrogen Variable 

Ration Period Level Intal<eb Fecal Urine Mill< Tissueb Productionab 

------------------------------- g/d -----------------------------
Control 1 9 449.9(4'(2.5) 169.6 164.3 143.0 -30.0( -11.4) 113.1(138.6) 

2 9 367.3(1112.0) 147.6 170.8 110.4 -61.5(-16.8) 48.9( 93,6) 
3 9 4 5 6 . 9 ( 116 5 . 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 4119. 7 ( 4 98. 5) 176.2 186.o 132.2 -114. 7( 4.2) 87.5(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 1117. 4 1115. 8 -24.8( 1, 9) 121. 0 ( 14 ., . 7) 

2 9 1122.9(11111.5) 178.9 170. 3 1110.9 -67.1(-48.5) 73.8( 92.11) 
3 18 455.9(4611.0) 171. 4 166.2 124.5 -6.1( 2.0) 118.4(126.5) 

Cottonseed 1 0 11211 . 5 (115 3 . 5 ) 124.3 152.4 153.4 -38.1( 23.5) 115.11(1'(6.9) 
hulls 2 5.5 1123.0(1125.5) 146.2 152.9 120.6 3.4( 5.9) 1211. 0(126. 5) 

3 11 5411.4(542.5) 170.9 1911.5 136.7 112.4( 40.5) 179.0(177.2) 

S. E. M. 17.5( 19.6) 10.5 12.9 5.5 12.2( 11.5) 14.'{( 12.5) 

aSum of mill< and tissue nitrogen. 
b Values in parathesis were calculated usin~ formulated values (Table 2) for ration analysis. 

..i:::-
ru 
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cows apparently recovered during period III with NI about 

equal to period I, whereas the added fiber ration cows s.how 

an increase in NI for period III. Mean values for fecal, 

urine.r milk, tissue, and production nitrogen are also shown 

in table 7, however, interpetations of these values are made 

by orthogonal contrast and slope comparisons in tables 9 and 

10, respectively. 

Nitrogen quality 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 rations. 

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 f ermen-

ta tion, microbial population, or rate of passage, can affect 

the quality of nitrogen, especially amino acids entering the 

lower digestive tract. Increasing roughage in rations has 

been shown to increase rumen-bypass feed of p:ro·tein and/or 

microbial protein in steers (Topps et al., 1968; Cole et 

al., 1976a, b). Interpetation of DN and BV are made by 

ort.hogonal 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. 

Ration 

Control 

Orchardgrass 
hay 

Alfalfa hay 

Cottonseed 
hulls 

s. E. M. 

% Added 
Period Fiber 

1 9 
2 9 
3 9 

1 0 
2 9 
3 18 

1 0 
2 9 
3 18 

1 0 
2 5.5 
3 11 

aRetained N .;. absorbed N x 100. 

bDigestion coefficient. 

41. 0 62.2 
20.9 59.7 
41.8 65.4 

41.2 60.2 
32.0 60.9 
43.0 68.6 

44.8 62.4 
29.6 57.6 
41.1 62.3 

48.3 70.4 
43.8 65.1 
48.4 68.4 

4.2 1. 2 
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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. 

Nitrogen Orthogonal Contraste 

Variable 0% vs 9% 

---- Mean ----
Intakeaf 406.4 

(439,9) 
Intakeb 11.8 
Fecal a 147.8 
Urine a 160.4 
Milka 128.4 
Tissueaf -36.2 

(3. 4) 
Productionaf 92.2 

(131.7) 
Digested Nc 63.2 
Biologicald 

value 34.7 

ag/d. 

b% of body weight/d. 

c%. 

477.0 
(4.81.2) 

85.3 
178.5 
167.8 
141.4 
-8.8 

(-18.8) 
132.4 

(134.9) 
62.6 

45.1 

dRetained N + absorbed N x 100. 

Hays vs CSH 

P< ----Mean ----
.04 445.6 503.5 

(.23) (458.0) (504.2) 
.04 79,3 89.8 
.11 159.3 198.9 
.73 173.4 173.4 
.19 132.2 130.5 
.21 -37.6 24.1 

(.62) (-27.6) (2. 7) 

.13 94.7 154.6 
(. 90) (125.3) (131. 9) 

,79 64.0 59,3 

.16 37.7 42.2 

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

fvalues in parathesis were calculated using formulated 
values (Table 2). 

P< 
.06 

(.15) 
.06 
.04 
,99 
.84 
.01 

(. 04.) 
.03 

(. 74) 
.03 

.50 
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Table 10. Regression coefficientsa for increasing 
fiber type on nitrogen balance data. 

Ration f 

Nitrogen Variable OG ALF 

Intakeb .78 1. 44 
Intakec .11 .38 
Fecalb -1. 96 .54 
Urineb 1.39 1. 04 
Mil kb -2.46 -1.19 
Tissue b 1. 78 1.03 
Production b -.68 -.14 

Digested N d .004 .00 

Biological value e .10 -.21 

a I 

Per % added fiber type on dry matter basis. 
b g/d. 

cg/100 kg body weight/d. 
d %. 
eRetained N f absorbed N x 100. 

CSH 

10.9 
1. 9 
4.2g 
3,8 

-1. 5 
7,3 
5.8 

-.002 

.007 

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

gContrast CSH and OG significant (P<.05). 
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Orthogonal contrasts indicate adding 91 equivalent 

fiber increases (P<.04) NI but this was concurrent with 

slightly higher Dl'U. Slightly higher (P<. 04) fecal nitrogen 

was observed for 93 rations compared to OS r~tion which is 

related to increased NI but had no effect on DN. Hi9her 

(P<.13) production nitrogen (milk N plus tissue N) observed 

for 93 rations is reflected in slightly higher (P<.16) BV of 

93 rations. 

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 03 versus 9% rations (tab.le 9). N intake 

tended to parallel DM intake (table 5) after these adjust-

ments were made. Tissue N was calculated by difference bet-

ween intake, fecal., urine, and milk N, therefore adjustments 

in N intake using calculated values decreased co:ntrast dif-

ferences for tissue N (table 9) and reversed the trend for 

contrast 0% versus 9%. Using ration analysis values (table 

3) NI was highe:r for CSH rations, fecal nitrogen increased 

(P<.04) resulting ~n decreased DN (P<.03). Lover CP diges-

tion for CSR rations compared to alfalfa hay rations 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 71 CSH rations in steers. Hi9he.r production nitrogen 

for CSR compared to Bays reflected the positive tissue 

balance for CSB whereas m~lk 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 sig:nif icant to the 

dairy cows. 

Response to increasing amounts of each :fiber type indi-

cates CSH rations produce the most favorable nitrogen 

bala:nce (ta.ble 10). CSH rations had the greatest effect on 

NI due to the DfU response. NI increased simila.rily for OG 

a.nd ALF but .much less (P<.06 a.nd .09, respectively) than 

CSH. Fecal and urinary N increased for CSH but digested 

nitrogen and biological value responses were essentially 

zero.. Production :N increased for CSH while OG and ALF were 

slightly negative responses. Although response to CSH was 

overwhelming compared to OG or ALF, response to these added 

fiber sources coarseness of the corn silage and relatively 

similar ADP content of the rations.. was favorable as indi-

cated by relatively small changes in DN and BV .. 
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~D 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 contrast 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 NGB which considers 

a ratio of the four :major VFA varied, but no differences for 

rations were observed indicating a relatively stable rumen 

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) s.how that total VFA 

concentrations were higher {P< .. 11) for rations containing 93 

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 fermentation variables were essentiall_y zero, there-

fore contrast probabilities were not significant. 



Table 11. Volatile fatty acid proportions, acid ratios, and rumen pH for Control and 
added fiber rations. 

Volatile Fatty Acids Ratio Rumen % Added 
TVFAa APRb NG Re Ration Period F1.ber Ac Pr Bu Val pH 

moles/100 moles ----- mm/liter 

Control 1 9 63.8 19.6 14.0 2.6 l13.2 3,3 4.3 6.5 
2 9 62.0 21. 5 12.6 11. 0 uo.5 2.9 3.6 6.7 
3 9 61. 7 21.11 13.8 3.2 l16.2 2.9 3.8 6 .11 

Orchardgrasa 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. 0 111.1 5,5 116.2 3.0 3.6 6.4 

Alfalfa hay 1 0 59.1 20.0 16.8 11. 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 23.2 111. 6 11. 9 90.1 2.4 3.2 6.2 
hull::> 2 5,5 57,5 23,. 2 14.6 4.9 146.1 2.3 2.9 6.3 

3 ll 56.6 23.8 111. 4 4.9 121. 0 2 .11 3.2 6.3 

S. E. M. 2.6 1. 4 1. 3 .9 15.3 . 3 .3 . 3 

a Total volatile ratty acids. 
b Acetate:propionate ratio. 

cNon-glucogenic ratio= (Ac + 2 Bu+ Val) t (Pr+ Val). 

V1 
0 
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Table 12. Orthogonal contrasts of 0% versus 9% rations 
and rations containing Hays versus Cottonseed 
hulls (CSH) for rumen fermentation. 

Orthogonal Contrastc 

Variable 0% vs 9% 

--- Mean --- P< 

Acetatea 
Propionate a 
Butyrate a 
Valera tea 

Total VFAb 

AP Rd 

NG Re 

Rumen pH 

58.1 
22.9 
13.5 

5.5 

86.0 

2.5 

3.1 

6.4 

amoles/100 moles. 

bmm/liter. 

60.4 .60 
22.3 .78 
13.9 .85 

3.5 .21 

131.4 .11 

2.8 .64 

3. 6 . 30 

6.3 .81 

Hays vs CSH 

---- Mean --- P< 

59.9 
22.2 
13.6 

4.2 

118.4 

2.8 

3.5 

6.4 

60.4 .92 
22.1 .93 
13.3 .85 

4.3 .92 

129.2 .65 

2. 8 • 96 

2.8 .96 

6.6 .62 

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

dAcetate:propionate ratio. 

eNon-glucogenic ratio= (Ac+ 2 Bu+ Val) • (Pr+ Val), 
where VFA are expressed as molar percentages. 



Table 13. 

Variable 

Acetateb 
Propionateb 
Butyrateb 
Valerateb 

TVFAc 

APRd 

NGRe 

Rumen pH 

52 

a Regression coefficients for 
increasing fiber types on vola-
tile fatty acids, ratios, and 
rumen pH. 

Ration f 

OG ALF CSH 

-.04 -.03 -.02 
-.02 .18 .01 

.06 -.14 -.02 

.oo -.01 -.03 

1. 81 1.42 2.80 

.01 -.02 .00 

.01 -.04 .00 

.00 -.02 .02 

aUnits are per % added fiber type on dry 
matter basis. 

b moles/100 moles. 
c Total volatile fatty acids, expressed as 
mm/liter. 

dAcetate:propionate ratio. 

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

fNo 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 3/hr during the second period. Since 

intake was lower during the second period for Control cows. 

RFD would be expected to be lower. RFD for OG and ALP 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 9:3 added fiber rations compared to 0% rations (table 

15}. Add:i-ng "long hay equivalents" to rations should 

increase RFD but the 91 rations were fed primarily during 

the second period when intake was lower than the first per-

iod (figure 1). Also RFD decreased for OG and Alf during 

period 2 plus Control RFD for period 1 and 3 were the lowest 

means observed. Means for CSB 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 rations 
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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 Fiber Liquid Solids 

------- %/hr -------
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 
Phase: 

Fluid 16.7 8.3 .01 11.7 14.8 
Solids 6.8 6.4 .66 7.2 8.6 

aObservations for each treatment are: 0% = 
9% = 12' Hays = 14, and CSH = 4 . 

P< 

.13 

.16 

6' 



56 

Table 16. Regression coefficientsa for 
increasing fiber type on dilu-
tion rates. 

Ration b 
Dilution 

Rate OG ALF CSH 

---------- %/hr ----------
Phase: 

Liquid -.06 .04 .17 
Solids -.04 .05 .11 

a Per % added fiber type on dry matter basis. 

bNo significant differences (P>.05) for con-
trasts by Bonferroni F Test. 



57 

for steers. Expected response to added alfalfa or orchard-

grass would be increased RFD. Hodgson and Thomas (1975} 

showed increased RFD with a foraqe 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 RPD response to added fiber has also been shown 

to be negative. 

RSD was slightly lower for 93 rations compared to 0% 

rations (table 15). RSD would be lower for 91 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 recent evidence that spraying YbCl 

on feed may exceed binding capacity of the feed particles 

and the excess YbCl could wash o.ff in the rumen (Ellis et 

al. 1979). This allows some of the YbCl to migrate with the 

fluid phase from the rumen. It is necessary to soak feed-

stuffs to be marked in YbCl solution 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 ~ith this in mind. 



Chapter IV 

EXPERIMENT II 

PBOCEDUR~ 

ExEer.!.!!§ntal Design 

A lat.in square design was utilized with four treatments 

and two replicates. The design had eight cows assigned to 

the four tceatments with four periods of 3 wk each. Two 

weeks of each period was for adjustment to rations and 1 

week for data collection,. . Statistical design and animal 

assignments are shown in Appendix table 2. 

Ration Formulation and Analysi~ 

T.hree rations were formulated to provide 93 (dry-basis) 

of orchardgrass, alfalfa, or cottonseed hulls in a corn 

silage-based ration. A control ration was formulated with 

corn silage as the only £orage. Corn silage was medium to 

coarse chopped with a TLC of 1.27 cm. A.l.falfa and orchard-

grass ~ere chopped to have an average particle length of 10 

cm.. The rations were ·for mu lated to a 60: 40 for-

age: concentrate ratio ~ith 15.53 crude protein, ADP then 

ranged from 18-22.%. Added fiber was substituted for a por-

tion of the corn silage dry matter. 

59 
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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. Covs were fed twice daily at 0700 h and 1400 

h. Orts were 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 

we.ight, ground through a 2. 0 mm screen and analyzed for neu-

tral detergent fiber (NDF) by the procedure of Robertson and 

Van Soest (1978). Acid detergent fiber was determined on an 

aliquot separate from the NDF analysis by the procedure of 

Goering and Van Soest {1970). Crude protein was analyzed by 

Kjeldahl. 

Density ~uremen!§ 

Density of the rations iias measured by a modification 

of the procedure of Clancy et al. (197~. A plexiglass box 

15.0 cm square and 14 .. 0 cm deep with centimeter graduations 

on the side was used. A 2.5 kg weighted lid was placed on 

top of approximately 300 g o:f the ration and after 2 min for 

settling, the volume was determined.. Dry density was calcu-

lated using the dry matter weight of the ration. Density 

was determined six times for each ration during each period. 
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Table 17. Composition of dairy concentrate A. 

Ingredient Concentration 

Dried molasses 
Wet molasses 
Distillers grains 
Wheat 
Pellet binderb 
Trace mineral salt 
Ground limestone 
Dicalcium phosphate 
Sodium sulfate 
Magnesium oxide 
Vitamin mix 
Soybean meal 

aCalculated on as-fed basis. 

bPelleted with a .40-cm die. 

% 
1. 25 
3.00 
2.50 
3.75 
2.00 
1. 75 
2.50 
3.50 

.75 

.75 

.50 
75.75 

100.00 

a Specifications 

3% CP 
25% CP 
10% CP 

8% CP 

12x106 IU A and D 

35% CP 
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Table 18. Ration formulations and specifications used 
to determine effective fiber of feed 
sources added to corn silage-based rations. 

Ration designation 

Ingredient a Control Orchard-
grass 

------------------
Corn silage 60.0 51.0 
Orchardgrass hay 9.0 
Alfalfa hay 
Cottonseed hulls 
Concentrate A 24.8 24.0 
High moisture corn 15.2 16.o 

Specifications: 
Crude proteinb 15.5 15.5 
Acid detergent b 
fiber 18.1 19.5 

NE c 1 150 151 

aCalculated on dry matter basis. 
b % . 
cMcal/kg:(estimated NRC, 1978). 

Alfalfa Cottonseed 
hulls 

% ----------------
51. 0 50.5 

9.0 
9,5 

22.5 25.5 
17.5 14.5 

15.5 15.5 

19.2 22.1 
150 146 
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Chewing TilDe 

Jaw motion was monitored by a bellows pneumograph and a 

four channel physiograph2 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 vas 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 and cud chewing was then calculated as minutes 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 o.f 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 la.boratory in a stoppered flask.. Ru.men fluid 

.2 Narco Biosystems, Inc., Houston, TX. 
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was measured for pH as described for E·xperiment I,. 

~ of P~ssage "Measurements 

Rate of passa9e was measured using the same markers and 

dosing procedures described for Experiment I. Fecal samples 

were ta.ken as grab samples instead of aliquots from total 

co1lection. cows 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 general linear model procedure of SAS usi.ng the model: 

Y = Type Period Cow 

Model for this experiment is further described in Appendix 

table 2.. Rate of passage was determined as described for 

Experiment I. 
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RESULTS AND DISCUSSION 

Ration anal,Isis 

Rations were formulated to be isonitrogenous, however, 

some variation vas observed (table 19). Adding fiber 

sources increased ration dry matter (DM) and acid detergent 

fiber (ADF). Cell wall constituents (CWC) varied but did 

not increase as might be expected by adding these fiber 

sources. Addition of orchardgrass (OG) or alfalfa {ALF) hay 

decreased ration density (table 20). Cottonseed hulls (CSH) 

addition had essentially no effect on ratio.n density. 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 were 

approximately 461 DE while added fiber rations vere approxi-

mately 50% OM. 

Intake 

DMI was highest for CSH rations (table 21). orthogonal 

contrast showed that CSR mean was (P<.06) higher than the 

average DMI for Hays (table 22). No difference was observed 

between OG and ALF. Wheeler et al. (1979) observed higher 

DMI for rations containing 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 Component 

Dry matter 
Crude protein 
Cell wall 

constituents 
Acid detergent 

fiber 

Control 

45.8 
15.2 

36.0 

21.9 

Orchard-
grass 

49.8 
14.5 

37.2 

23.5 

aCalculated on dry matter basis. 

Alfalfa Cottonseed 
hulls 

49.6 49.8 
15.5 14.6 

35.1 36.5 

22.7 26.1 
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Table 20. Influence of added fiber on density 
of corn silage-based rations. 

Ration 

Control a 
Orchardgrass hayb 
Alfalfa hayb 
Cottonseed hullsb 

g/ml 
.310 
.253 
.283 
.305 

Density 

g DM/mlc 
.14 
.13 
.14 
.15 

acorn silage as the only forage. 

bSubstituted 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 ewer ADFI 

------------ kg/d ------------ ·-

Control 18.2 7.4 4.0 
Orchardgrass hay 18.5 8.0 4.4 
Alfalfa hay 18.2 7,8 4.2 
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 

Var lab le Control vs Added P< CSU vs Hays P< 00 vs ALF P< 

Intake of: 
Dry mattera 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.o 4.5 .01 5.1 4.3 .01 4.4 4.2 .15 0\ 

~ 
Chewing time as: 

Eating c 385.5 369.0 .31 372.8 367.2 • 711 375.0 358.6 .38 
Cud chewing c 375,5 372.6 .89 385.9 366.0 ,39 386.0 346.0 .15 
Totalc 761.0 741. 7 • 33 758.6 733.2 .23 761.8 704.6 .03 
Eatingd 21. 3 19.8 .12 19.2 20.l .110 20.4 19.8 .63 
Cud chewingd 20.5 19.9 .66 19.7 20.0 .82 21. 4 18.6 .10 
'l'otal d 112 .1 39.9 .111 39.0 40.4 .38 42.0 38.7 .08 

akg/d. 

bCalculated on dry matter basis. 

cmin/d. 
d min/kg DMI. 
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was highest (21.6%) for cse which may have contributed to 

higher intake. 

ewe intake was (P<.01) higher for added fiber rations 

compared to Control and also higher (P<.01) for CSH compared 

to Bays. ADF intake was higher {P<.01) for added fiber 

rat~ons compared to Control with significance similar to ewe 
intake. With higher intake for CSH and higher ewe and ADF 

content of added fiber rations these differences would not 

be unexpected. Intake of ADF is important to milk fat syn-

thesis. Control ration was only 18.7% which may be minimal 

in most dairy cow rations to support milk fat. Therefore, 

supplementing 93 of these or comparable feedstuffs may sup-

ply a margin of safety for preventing metabolic. disorders. 

£hewj.n_g time 

Time per day the cows spent eating and cud chewing was 

not significantly different (table 23) for the four rations. 

cows on Cont.rol ration spe·nt 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). 

Lo-west cud chewing time was ALF whereas OG and CSH were 

similar. Freer and Campling (1965) o.bserved with sheep that 

less time eating was compensated for by increased rumination 



71 

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 ------------
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 cows in 

this trial. Total chewing time is the total time spent eat-

ing plus cud chewing. ALF ration showed a slightly lower 

(P< .. 07) total chewing time compared to OG.. There was a Sn 

min per day reduction in total chewing time by adding 

alfalfa hay to the rat.ion. 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 61.5 while orchardgrass 

hay is 74.0. 

Total chewi.ng per k.g of DMI (RVI) was not different for 

the rations (table 24). RVI values were LJ2 for Control and 

OG vhile ALF and CSH were 39. Orthogonal contrast of RVI 

for ALF and OG suggest that OG is greater (P<. OB) 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 3 milk fat shows 

that a value of 39 or 42 would maintain milk fat at 3.71 and 

3.8%, respectively. Balch (1971) indicated that mean dif-

ferences of 101 in the BVI 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 ---------
Control 21 21 42 
Orchardgrass hay 20 21 42 
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 3.51 (Sudweeks et 

al., 1979). A 103 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 establis.hed 

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

:Rumen fermentation 

Rumen volatile fatty acid (VFA) 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 OG while propionate was lovest for ALF 

ration. Expected response to added fiber would be lower 

rumen propionate and possibly increased acetate with a sub-

sequent increase in acetate:pr.opio:nate ratio (APR). How-

ever, coarseness of the corn silage (Ttc=1.27 cm) used in 

this experiment may have precluded a signi.ficant response to 

added fiber. Chalupa et al. {1969) increased APR from 1 .. 9 

to 2.8 by supplementing a ration containing pelleted coastal 

bermudagrass hay with 101 long baled coastal bermudagrass 

hay. 

Butyric acid was (P< ... 01) higher for ALF by orthogonal 

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 o.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< OG VB ALF 

Volatile fatty 
acids: 
Acetate a 56.2 57.5 .32 56.6 57.9 .32 59.1 56.7 
Propionate8 26.5 25.5 .61 26.3 25.2 .55 26.1 24.2 
Butyr·atea 111. 9 lll.5 .56 lli.l lli.7 • l!l 12.9 16.5 
Valeratea 2. l! 2.5 .81 3.0 22. 4 .06 1.9 2.5 
Totalb 121.0 86.7 .01 83.9 88.2 .51 79.0 97.3 

Rumen pH: 6.3 6.3 .74 6.2 6. l! .18 6.4 6.3 
APRc 2.2 2.3 .55 2.2 2 • '' 

.28 2. IJ 2. IJ 

NG Rd 3.2 3.3 .72 3.0 3 .l! .21 3.2 3.5 

Rumen dilutione: 
F'luid 11.1 11. 0 .94 12.9 10.l .01 11. 3 B.9 
Solids 6.o 5.6 .62 5 .11 5.7 . 75 5.7 5.6 

amoles/100 moles. 
b mm/liter. 

cAcetate:propionate ratio. 
d Non-glucogenic ratio= (Ac + 2 Bu+ Val) t (Pr+ Val). 

e%/hr. 

P< 

.12 

. lll 

.01 -...:i 
0\ 

.16 

.02 

. IJ9 

.99 

.ll2 

.OIJ 

.87 
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concentration was (P< .. 01) higher for ~ontrol ration compared 

to added fiber rations. This may reflect the slightly 

higher energy of the Control ration. However, Bauman et al. 

(1971) observed higher VFA concentrations in 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 energy intake. 

Acetate:propionate ratios were not significantly dif-

ferent {table 27). Control and CSH rations were 2.2 while 

the OG and ALF rations were 2.4. Non-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 a.nd 

OG were intermediate at 3.2. According to the data of 

Orskov (1975) NGR values in this range correspond to effi-

cient utilization of ration 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). Mean for Control.was not sig-

nificantly different from the mean of added fiber rations 
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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 NG Ra 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<.49 P<.48 

aNGR = (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 
fluid dilution rate. 

No. Rumen Fluid 
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 mean for OG and ALF 

rations,. Increased RFD for CSH may be .related to the higher 

intake. Villavicencio et al. (1968) observed increased DMI 

with CSH rations 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 DH and cellulose digestion for steers. There was 

also a significant (P< .. 04) difference between OG and ALF 

rations where ALF was 2.4%/hr lower than OG ration. Lower 

RFD for ALF may be related to the reduced chewing time 

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 significant dif.ferences occurred between rations for 

rumen solids dilution (RSD) rate (table 29). There was a 

tendency for RSD rate to decrease with addition of hays or 

hulls.. Added fiber sources may be comparatively less diges-

tible than corn silage. If we consider t.he added .fiber as a 

less digestible residue, it would remain in the large parti-

cle pool of the rumen 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 
\ 
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tion time would be longer producing these slightly lower 

fractional turnover rates. However, because of the techni-

que used for solid phase marking the data must be evaluated 

carefully .. 



Chapter V 

EXPERIMENT III 

.PEIOCEDURES 

Experimental ~g~ 

Analysis of covariance was used with animals adjusted 

to a finely chopped corn silage-based ration. Eighteen lac-

tating Holsteins were used with two periods of 3 wk each. 

Periods consisted of 14 d for adaptation to rations and 7 d 

for data collection. Statistical design and animal assign-

ments are shown in Appendix table 3. 

RatiQ!! formulation and analysis 

Three rations vere ~sed with a 60:40 forage:concentrate 

ratio. A control ration was formulated with 601 finely 

chopped corn silage (TLC=.64 cm) and 151 high moisture corn 

and 253 concentrate .mix. Chopped orc.hardgrass hay (same as 

Experiment II .. ) 'Was substituted at 9 and 183 for corn silage 

dry matter. Concentrate mix was the same as that in Experi-

ment II. The rations were calculated to be 14.8-14 .. 61 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 Orchardgrass 

Ingredient a 0% 9% 18% 

--------- % ----------
Corn silage 
Chopped orchardgrass 
Concentrate A 
Dry cracked corn 

Specifications: 
Crude proteinb 
Acid detergent fiberb 
NE c 

1 

60.0 

25.0 
15.0 

14.8 
16.8 

167.8 

aCalculated on dry matter basis. 
b % . 
cMcal/kg (estimated NRG, 1978). 

51.0 
9.0 

25.0 
15.0 

14.7 
18.4 

163.4 

42.0 
18.0 
25.0 
15.0 

14.6 
20.0 

159.0 
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~ collectio!l 

Procedures are the same as described in Experiment II. 

Rations and orts were analyzed as described in Experime.nt I. 

Density measurement procedures are described in Experiment 

II. Rate of passage determinations are described in Experi-

ment .II except a 4-h fecal grab sample was taken and fecal 

grab samples were taken to 64 h post-dosing. 

Statistical analysis 

Data from this experiment were analyzed by the Statis-

tical Analysis System. 1 A_nalysis of the treatments was by 

the general linear .model procedure of SAS using the model: 

Y = Bation Covariate 

Model for this experiment 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 

RatiQA Analysis and Density 

Ration analyses are shown in table 31. 

was higher than calculated for all rations. 

crude protein 

Acid detergent 

fiber content was similar for rations and did not increase 

as expected for rations with added OG. 
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Table 31. Ration analysis for covariate and experi-
mental periods. 

Added Hay 

Component 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 42.1 42.2 42.4 43.9 
Acid detergent fiber 20.0 19.6 19.5 20.4 

a Covariate ration. 
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Densities of rations are shown in table 32. Added 

orchardgrass hay decreased ration density with each added 

increment. Density was 35.51 lower for 181 ration and 14.5% 

lower for 9% ration compared to 03 ration. By comparison 03 

ration (table 32) was 11.7% more dense than Control ration 

used in Experiment II (table 20) which used a medium to 

coarse chop corn silage. 

~fi matter, £~!1 wall constituent, and acid detergent fibe~ 
intake 

Intake of DM, CRC, and ADF are shown in table 33... DM 

intake tended to increase with 9% and 183 rations, but the 

difference was not significant. However, inta.ke of ewe and 

ADF increased linearly (P<.06) with added OG. 

Unadjusted means for intake of DM, ewe, and ADP are 

shown in .figure 2,.. Means for the covariate period were very 

similar.. Trends for these variables are not unexpected. 

DMI would be expected to decrease as cows remain on the 

finely chopped corn silage ration.. Addition of hay to the 

ration should maintain the DMI or produce a slight increase 

in intake.. Slight differences in mn and fiber content for 

rations produced significan·t ewe and ADF intake for rations 

fed during the experimental period.. Since covariate period 

allowed only 2 weeks for adaptation to 03 ration, differ-
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Table 32. Density of fine chop corn silage 
based rations with added chopped 
orchardgrass hay. 

Density 
Added 

Orchardgrass g/rnl g DM/rnla 

0 .35 .18 
9 .30 .16 

18 .23 .14 

a Corrected for dry matter of ration. 
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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 ewe ADF 

------------- kg/d -------------
0% 19.1 8.1 3.7 
9% 19.6 8.3 3.8 

18% 19.8 8.7 4.0 
s. E. M. .4 . 2 .1 

Ration F Test P<. 46 P<.06 P<.06 

Contrast: P< 
Linear .23 .02 .23 
Quadratic .81 .76 .48 
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Figure 2. Intake of dry matter, cell 

wall constituents, and acid detergent fiber 

for Experiment 3. 
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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 3.01 in 42 d on a ration of pelleted coastal 

bermudagrass {PCB). After 84 .don rations containing PCB, 

mi1k fat decreased to 2.41 while intake decreased from 19.2 

kg/d to 17.4 kg/d. supplementing the PCB with 1.4 or 2.8 

kg/d corn silage maintained intake at 19.5 and 19.2 kg/d, 

respectively, which is comparable to intake of 19.2 kg/d 

after 42 don PCB ration. However supplementing 2.1 kg/d of 

baled coastal bermudagrass hay increased intake to 20.9 

kg/d ... 

Volatile fatty acids 

Molar proportions of rumen volatile fatty acids (VFA) 

are shown in table 34. Molar proportion of acetate 

increased linearly (P<.09) with added orchardgrass hay. 

There was a downward trend for propionate with added hay 

however, this was not significant. Molar proportion of 

butyric acid was (P<.04) reduced with 91 and 181 rations. 

Valerie acid was not affected by added hay. Tota.l VFA con-

centration decreased (P<.08) with 91 and 183 rations com-



Table 34. Rumen fermentation parameters for experimental period for fine chop corn silage 
rations with chopped orchardgrass hay. 

Added Rumen 
orchardgrass Ac Pr Bu Val APRa NG Rb 'l'VFAc pH 

-------- moles/100 moles -------- mm/liter 
0% 58 21 18 03 2.8 11.1 88.5 6.4 
9% 61 20 16 03 3.1 4.2 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 ') 

• L 

Ration I•' Test P<.09 P<.27 P<. 011 P<,87 P<.18 P<.36 P<.08 P<.10 

Contrast: P< 
Linear .011 .12 .03 .68 .07 .17 .09 .08 
Quadratlc .54 .81 .18 ,76 .90 . 73 .14 .21 

a Acetate:propionate ratio. 
b Non-glucogenic ratlo = (Ac + 2 Bu + Val) t (Pr+ Val). 

cTotal volatile fatty acids. 

\.D 
I\) 
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pared to 03 ration. Miller et al. (1969) reported slightly 

higher .molar proportion of propionate (25.4 vs 22.3) and 

similar acetate (57.7 vs 57.2) for fine chop corn silage 

compared to t.he same corn silage with coarser chop. Data of 

Chalupa et al .. (1969) show propionate increased from 20.3 

moles/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 d on a ration containing pelleted coastal bermudag-

rass as the roughage. Acetate decreased from 62.7 to 48.6 

moles/100 moles du·ring the same period.. Supplementing the 

pelleted forage vith corn silage or baled coastal bermudag-

rass produced acetate and propionate molar proportions com-

parable to control ration values. 

Acetate: propionate (APR) and no.n-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 ha-y 

to .high-concentrate, low-fiber rations for dairy cows. 

Slight increase in acetate and slight decrease in propionate 

as well as an increase in APB and NGR values agrees with 

other research. APB reported 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. (1971.b) indi-

cated that changes in APR v.hen high-grain, low-fiber rations 
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are fed result primarily from increased propionate produc-

tion and relatively small changes in acetate production. 

Rumen fluid dilution gg 

Least square means for rumen fluid dilution rate are 

shown in tab.le 35. There was a trend fox 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 ration variations such as rations used in these 

experiments. 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). Grovum 

and Williams (1977) have shown with sheep that increasing 

intake decreases rumen retention time of cr-EDTA, hence a 

greater RFD. Therefore much of the data on ration effects 

on RFD may be confounded by changes in 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 32.43/hr during 

the covariate period while only 16.31/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 ---------
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 



17 
~ 16 18 F F 

15 

14 F 9 
D F 0 
I 13 
L 12 u 
T 1 1 
I F 

0 10 Fluid 
N F 

9 
R Solids 
A 8 
T s 

E 7 
s 9 

% 
6 s 18 s 

I 5 
H J s 0 
R 4 

CGV EXP 

PERIOD 

Figure 3. Rumen dilution rates for Experiment 3. 



97 

mean RFD for covariate from 12.5%/hr to 15.9%/hr. If cow 

1180 is deleted from covariate mean then response to ration 

changes appears to para.llel 0% and 93 slopes. Deleting 1180 

from t.he experimental period had very little effect on 183 

mean (15.7 with, and 15.6 without). 

!Uli!!U! solids dilution rate 

Least square means for rumen solids dilutio.n (RSD) are 

show.n in table 35. RSD tended to increase with 91 and 18% 

rations but t:be tre.nd was not significant. This increase 

may be partly due to the slight increase in DMI observed for 

93 and 183 between covariate and experimental periods. Data 

of Grovum and Williams (1977} show shorter tran9it times for 

solid phase as intake i.ncreased from 400 to 1300 g/d for 

sheep. Van Soest (1966) has observed increased fecal parti-

cle size as intake increased in dairy cows suggesting a 

faster RSD. 

Unadjusted means :for covariate and experimenta1 period 

are shown in figure .3. 03 and 9% showed decreasing rates 

while the 181 ration showed a slight inc.rease in solids 

dilution rate. However the technique used to estimate RSD 

precludes any detailed interpretation. 



Chapter VI 

SUMMARY AND CONCLUSIONS 

Three experiments were conducted to determine the 

influence of added fiber sources such as chopped orchard-

grass (OG) and alfal.fa (A.LP) hays or cottonseed hulls (CSH) 

to corn silage-based rations for dairy cows. Variables mea-

sured included intake, digestibility, nitrogen balance, 

rumen fluid and solids dilution rates, chewing time, and 

rumen fermentation patterns. 

In Experiment I, three rations were formulated with O, 

9, and 181 of ration dry ma~ter as OG or ALF, and O, 5.5, 

and 11% CSH substituted for corn silage dry matt.er. A Con-

trol ration of 9% OG was used to .monitor normal changes over 

the 12 wk experimental period. Two lactating Holsteins were 

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 CoEDTA (fluid) and YbCl 

{solid) markers. Rumen fluid samples were taken 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 rations. 

Dry .matter, cell wall constituents (CWC} , and acid detergent 

98 
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fiber (ADF) digestibi1ies were lower for added fiber rations 

·with a ;Significant depression for CSH. Nitrogen balance 

data indicated that signi.ficantly more ni·trogen was absorbed 

and utilized for production by addition of csa. although 

nitrogen diges-tibility of CSH rations was siqnificantly 

reduced. Rumen pH was not affected by t.reatments. Adding 

fiber sources did not e.ffect significant changes in rumen 

VFA patte.rns althoug.b total VFA concentrations were slightly 

higher when fiber was added. Rumen :fluid dilution (BFD) 

ra-tes were higher for CSH compared to OG and ALF rations. 

An abnormal situation occurred w.it.h most o·f the cows duri.ng 

period 2 of this Experiment 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 intake 

of DM. ewe. and ADF. 2) favorable nitrogen balance results 

from added fiber with an increased advantage :for CSB addi-

tion. 3) rumen fermentation patterns are not affected by 

fiber addition to relatively coarse chopped (TLC=1.27 cm) 

corn silage. 4) CSH effects an increase in rumen fluid dilu-

tion rate mo.re than OG or ALF addition •. 

Data from Experiment I indicated that several importan·t 

advantages of adding fiber sources to corn silage-based 

rations are possible. especially with CSH addition. 
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Expe-cted responses ·to added OG or ALF were not observed pos-

sibly due to coarseness of Control .ration or unaccounted 

animal variation. Substitution of 9 or 18$ OG or ALF for 

corn silage DM appeared not to affect digestibility as 

g.reatly as 5. 5 or 113 CSR. Addition of CSH had a pro.nounced 

favorable effect on ni·trogen balance and rumen fluid dilu-

tion rate. However complications during the second period 

o.f the e.xperiment as well as the number of observations in 

the design 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 II• 

In Experiment rI, a replicated latin square arrangement 

was used to evaluate 9% added OG, ALF, or CSH to corn 

silage-based rations. Variables measured included i:ntake, 

chewing t.ime, rumen fluid and solids dilution rates, and 

rumen fermentation patterns. Added OG or ALF decreased 

ration density whereas CSH had very little effect on density 

compared to Control. Dry ma tte.r intake was highest for CSH 

rations while DMI fox OG and ALF was comparable to control. 

Added fiber rations produced significant i:ncreases in intake 

of ewe and ADF. Total chewing time per day ·was signifi-

cantly reduced with ALF addition. Roughage Value Index 

(.RVI) vas also lover 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 additions. 

RFD rate was significantly lower for ALF compared to OG, but 

RFD vas significantly h.igher for CSH compared to OG and ALF'. 

From Experiment II, it was concluded that: 1) adding 

91 OG or ALF hay to a relatively coarse chopped corn silage 

(TLC=1.27 cm) does not affect intake although 93 CSH addi-

tion significantly increases intake, 2) adding 93 OG, ALF, 

or CSH does not affect rumen VFA or pH, 3) reduced chewing 

time was associated with reduced RFD for ALF addition, 4) 

adding "long hay equiva.lents" to coarsely chopped corn 

silage may alter RFD but response depends on source, 5) 

effectiveness of cott.onseea 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 increase chewing time of OG 

or ALF ration as expected, but ALF reduced chewing time per 

day. Reduced RFD for ALP may have been associated with 

reduced chewing time per day. Data from this experiment 

supports observations from experiment I that CSR addition 

increases DMI and RFD. Slight differences in RVI occurred 
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between ALP and OG, but these values of 39 and 42, respec-

tively, were well above the critical value of 31 suggested 

by Sudweeks et al. (1979) as necessary to support 3.5 milk 

fat. Rumen fermentation parameter.:s were not affected as 

expected by the fiber additions. Significant responses to 

added fibe.r i:n 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 component) or a similar ration supplemented 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. Ration density decreased with 9 

and 18% addition of OG. Dry matter intake increased with 

added OG but the trend was not significant. Intake of ewe 
and ADF was significantly higher for added OG rations.. Cows 

with no added hay during experimental period showed a slight 

decrease in DMI from covariate period. Molar proportion of 
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rumen acetate increased linearly with added OG while pro-

pionate showed a decreasing trend. Total VFA were lower for 

9 and 183 added OG rations, however APR increased with added 

OG. Rumen pH was highest for 181 OG ration. RFD vas high-

est for 18% added OG although BPD increased for all treat-

ments from covariate to experimental periods. 

From Experiment III, it was concluded that: 1) adding 

OG hay to finely chopped corn silage decreased ration den-

sity, 2) slightly higher DMI occurs by adding OG hay to 

finely chopped corn silage, 3) rumen acetate and APR 

increase while rumen propionate may decrease with fiber 

additions, 4) higher RFD can occur by adding OG 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 some 

advantages. csn addition consistently increased nrn and 

produced an increased RFD. Increased RPD may he 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 OG or ALF were not realized in 

Experiments I and II and this may have been due to coarse-

ness of the corn silage. OG 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 on ruminant health and 

production and possibly establish requirements for bulk in 

dairy rations .. 

Rumen fluid dilution rate af.fects site of digestion of 

nutrients but also affects changes in 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 p.hysical and chemical factors which stimulate 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 4 week adaption periods 

for finer particle rations to effect changes in rumen fer-

mentation parameters as well as othe.r parameters. 

Future research should use a negative control such as a 

finely chopped corn silage to determine effectiveness of 

fiber sources.. Importance of this technique relates to 

situations where fiber sources such as corn silage have been 

finely 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 equiva-

lent" sources such as hay.. Quantitative llleasurement of 

potential "long hay equivalent" sources must be available to 

f ormu.late rations with adeguate effective fiber.. This 

allo~s optimum use of available feedstuffs and would minim-

ize purchased feedstuffs to supplement effective fiber when 

necessary. 

Two techniques for quantitation of physical form are 

available and appear to merit further development. Density 

measurements using a technique similar to that employed in 

these studies are simple and rapid. It would 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 feedstuf f. There is a standard 

procedure for this technique but the procedure is time con-

suming and may not be suita.ble for routine use in feed ana-

lysis. These two procedures plus feed quality analysis such 

as crude protein, f.iber and mineral analysis may provide 

adequate quantitation of effective fiber.. current defini-

tion for e.ffective 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 

between 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 fiber sources could also be pred-

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

A. Statistical arrangement and cow assignment. 

Ration 
Designation 

Control 

Orchardgrass hay 

Alfalfa hay 

Cottonseed hulls 

Periods 

1 2 3 

l-- - - - - - - :--, I 9% 9% 9% I 

:-0% ll-~J-1 18% 1 
I 0% I j 9% : I 18% : 
I I --- ---
1 °3 I :_~ 5 ~ j~u J 

Cow 
No. 

H-1029 
SH-1270 

H-1284 
SH-0947 

H-1084 
SH-1263 

H-1151 
CH-1267 

B. Model and expected mean squares for analysis of rations 
in Experiment I. 

y = ).l + Li + pj + ck + E( ij k) 
where L Ration groups , 1 throuµ;h 7 ..L. 

p Periods j 1, 2' 3 
c Cows k 1 through 8 
E Residual component 

Source Exoected Mean Sauare 
Rations cr 2 + k1l:Li2;5 e 
Peri eds cr2 + k i:P 2 ./2 e 2 j 

Cows cr 2 + k cr 2 e 3 c 
Residual cr2 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 + 84Pj + c(i)k + i: siPj + E(ijk) 

i=3 
where a = intercept 

T Type of fiber 
P = Periods 
C = Cows 

i=l,2,3 
J = 1, 2, 3 
k = 1 through 6 

6 = Overall slope of observation across 
4 periods 

Si = Deviation from overall slope for each 
fiber type 

Source Exnected Mean Sauares 

Type a2 + K <l 2 + K l:T~ /2 e 1 c 2 -
Period(6) a2 92 3 

(P,-?)2 + i: e 4 J=l J 

Cow(Type) crZ + k 0'2 e l c 

0'2 + k ~ 62 3 - 2 Type x ?eriod (T, i: (P -P)) /2 e 21=1 i .... j=l J 

Residual 0'2 e 
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Appendix Table 2. Statistical design, model, and expected 

mean squares for Experiment II. 

A. Statistical arrangement and cow assignment. 

l 

2 

Periods 

3 

4 

B. Model for 

y = \I 

where 

Ration Designation 

Control Orchard-
grass Alfalfa 

1115 
1262 

987 
1298 

1259 
1288 

1280 
1275 

Latin 

+ Ri 

R = 
p = 
c 

1280 1259 
1275 1288 

1115 1280 
1262 1275 

987 1115 
1298 1262 

1259 987 
1288 1298 

Square arrangement. 

+ pj + 

Rations 
Periods 
Cows 

ck + E(ijk) 

i 
j 

= 1 - 4 
= 1 - 4 

k = l 8 
E Residual component 

Cottonseed 
hulls 

937 
1298 

1259 
1288 

1280 
1275 

1, 1:::: __ __, 

1262 
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Appendix Table 2. (continued) 

Source ExEected Mean Sauare 

Type O' 2 + k LL. 2 /3 e l ]. 

Period a 2 + k LP./3 e 2 J 

Cow cr2 + k cr 2 
e 3 c 

Residual a 2 
e 
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Appendix Table 3. Statistical design and model for 

Experiment !:::!. 

A. Statistical arrangement and cow assignment. 

Covaria-ce 

Periods 

COW # 

f 1232 
1252 
1350 

/ \ 1353 
/ l' 1301 

/ 1365 

Experimental 

Percentage 
OG subs-cj-
tuted for 
corn silage 

0% 
/ ~~~~~~~~~~~~ 

3 wk 
period 
no OG 

// J 1233 / 1167 
/ 1159 

~:------- I U~§ 
' l 131J9 
' ' ' f 113.3 ' 12ll4 

', 1180 'l 1362 1352 
1331 

B. Model for Analysis of Covariance. 

y "' a + Ri + s1cj + !;' 
~ (ijk) 

where a = intercept 
R"' Rations 1 .. 
c • Covariate observation 
E = Residual component 

9% 

18% 

l - 3 
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Appendix Table 3. (continued) 

Source Expected Mean Sauare 
3 

Ration cr 2 + b ET. 2 /5 
e i=li 

Covariate cr 2 +s2 E(C. - C)2 
e l J 

Residual cr2 e 
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Appendix Table 4. Analysis of Variance for Experiment I. 
A. Analysis of Variance for intake and digestibility 

Mean Squares 

Intake Digestion Coefficient 

Source df DMa DMb ewe a AD Fa DM ewe ADF 

Rations 6 3.91 .13 1. 40 .67 3.61 44.23 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 4.67 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 .so 2.89 27. 44 47,57 

akg/d. 

bkg/100 kg body weight/d. 

c%. 



Appendix Table 4. (continued) 

B. Analysis of Variance for nitrogen balance data. 

Mean Squares 

Nitrogen Component 

Source df Intake a Fecal a Urine a Milka Tisauea Production8 Digeat1on° BVc 

I-' 
Rations 6 1961. 51 699,99 235.45 234.41 758,93 878.37 0.11 32. 411 I\) 

I\) 

0% vs 9% 1 2981. 21 1393. 04 o.oo 2.72 3378.42 3189.34 0.20 17.46 
Hays vs CSH 1 3740. 011 707. 611 ll]. 63 123.52 565.13 1217 .06 0.00 81. 411 

Period 2 49·7. 38 2113. 36 52.05 548.21 2061.06 3329.28 0 .1 '( 279.22 
Cow 7 85'{2. 92 1222, 118 641.15 6111. 21 800.10 1978.82 0.21 67.27 
Error 8 610.84 219.96 331,36 61. 21 300.08 4311. 50 0.03 34.54 
'l'otal 23 11187. 311 5~4.25 502.63 417.71 1251.81 1647.62 0.18 88.22 

ag/d. 

b%. 
c BV = Biological Value 

Retained N 1 absorbed N x 100. 



Appendix Table 4. (continued) 

C. Analysis of Variance for rumen parameters. 

Mean Squares 

Volatile Fatty Acids Ratio Rumen Dilution Rate 

Source df Aca Pra Bu~ Vala Totalb APRc NG Rd pH Liquide Sol1de 

Ration 6 0.01 0.02 0.02 0.01 3117 .07 0.05 0.12 0.03 0.15 0.02 I-' 

0% vs 9% 1 o.oo 0.00 0.00 0.00 103.68 0.00 o.oo 0.05 0.08 0.02 
I\) 
w 

Hays vs CSH 1 o. Oil 0.00 0.00 0.03 1545.87 0.011 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 1 0.11 0.10 0.05 0.01 237.02 0.21 0.33 0.11 0.05 o.oo 
Error 8 0.14 0.04 0.03 0.02 1166.21 0.18 0.15 0.17 0.03 0.01 
Total 23 0.12 0.01 0.03 0.01 496.76 0.19 0.25 0.10 0.09 0.01 

amoles/100 moles. 
b mm/liter. 

cAcetate:propionate ratio. 

dNon-gl ucogenic i•a t io = (Ac + 2 Bu + Val) t (Pr + Val). 

e%/hr. 



Appendix Table 5. Analysis of Variance for Experiment I. 
A. Analysis of Variance for regression of fiber types on level for 

intake and digestibility 

Mean Squares 

Intake Digestion Coefficients 

Source df DMa DMb cwc8 AD Fa DMc cwc0 ADFc 

Type 2 0. 1rn 0.23 1. 29 0.87 lj. 811 36.91 10.91 
Period 1 0.01 0.00 8.li2 1. 811 0.56 37.28 5.li7 
Cow(Type) 3 25. 7'f 0.58 l!.07 0.82 9.68 33.56 70.78 
Period*Type 2 7,63 0.25 0.95 1.02 6.13 62.113 32.07 

OG vs Alf 1 1.90 0.06 0.15 0.26 3.13 0.6l! 6.l!8 
00 vs CSH 1 lli.85 o.l!8 1. 79 1.98 12.25 101.03 28.13 
Alf vs CSH l 6.13 0.19 0.91 0.80 3.00 85.61 61.61 

Er•ror 9 1. 68 0.05 0.119 0.211 1. 88 16.71 6l!.47 
'l'otal 17 6.81 0.16 1.82 0.53 3.48 28.07 58.83 

8 kg/d. 
b kg/100 kg body weight/d. 

........ 
I\) 
-I= 



Appendix Table 5, (continued) 

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

Mean Squares 

Nitrogen Component 

Source df Intake a Fecal a Urine a Milka a a b c Tissue Production Digestion 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 2456. 711 2252.28 5715. 97 792.19 0.001 1. 23 ~ 

N 
Cow(Type) 3 117119.40 641.18 962.66 228.80 1707.98 3154.26 0.001 67.46 Ul 

Period•Type 2 3366.60 1676. 114 146.67 215.60 1056.82 1708.11 0.003 7,89 
OG vs ALF 1 73.21 1012.50 lli.61 261. 06 87,78 46.08 0.004 15.00 
OG vs CSH 1 5618.00 33111. 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 o.ooo '{. 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 15114. 70 0.002 64.78 

ag/d. 

b%. 

cBV ; Biological Value 
Retained N t absorbed N x 100. 



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 df Aca Pr8 Bua Vala Totalb APRc NG Rd pH Liquide Sol1dse 

'l'ype 2 0.028 0.071 0.062 0.003 85.1 0.124 0.329 0.101 0.034 0.001 
Period 1 0.001 0.027 0.009 o.ooo 2637.3 0.022 0.079 0.000 0.006 0.001 
Cow(Type) 3 0.213 0.193 0.066 0.008 153.9 0.434 0.546 0.035 0.030 0.004 _. 
Period ••rype 2 0.000 0.037 0.034 0.000 13.7 0.089 o. 409 0.067 0.023 0.103 IV 

Cl\ 

OG vs Alf 1 0.000 0.061 0.066 o,ooo 25.2 0.168 0.390 0.065 0.016 00.014 
OG vs CSll 1 0.000 0.000 0.008 0.000 1.5 0.014 0.038 0.010 o. 0114 0.017 
Alf vs CSH 1 0.000 0.047 0.028 0.000 111. 3 0.084 0.185 0.125 0.007 0.000 

Error 9 0.1211 0.037 0.032 0.018 812.1 0.160 0.1112 0.145 0.083 0.006 
'l'otal 17 0.121 0.080 0.004 0.014 644.6 0.214 0.257 0.097 0.066 0.006 

a moles/100 moles. 
b mm/liter. 

cAcetate:propionate ratio. 

dNon-glucogenic ratio; (Ac + 2 Bu+ Val) ; (Pr+ Val). 

e%/hr. 



Appendix Table 6. Analysis of Variance for Experiment II. 
A. Analysis of Variance for intake and chewing time. 

Mean Squares 

Intake Chewing Time Chewing Time 

Source df DMa cw ca AJWa Eatb 
Cud b Totalb 

Cud 
Chewing Eatc Chewingc Totalc 

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 14.7 2.1 29.8 I-' 

l'V 

Hays vs CSH 1 6.36 1.118 3. 72 165.0 2106.8 31151. 0 4.0 0.5 10.5 --...:i 

Alf' vs OG 1 0 .112 0.09 0.17 1173 .1 61100.0 13053.1 1. 3 30.9 115 .o 
Period 3 0.111 1.80 1. 03 1993.0 559.9 1742.8 4.o 2.2 5 .11 
Cow 7 11. 55 0.62 o.49 5361. 11 13134.o 30554.6 22.6 30.1 84.3 
Error 18 0.99 0.20 0. ocr 11167. 2 2758.4 2279.6 5.5 10.2 12.8 
Total 31 1. 89 0.57 0 .1111 2351.0 l189c(. 6 8996.5 9.3 14.0 29.7 

akg/d. 
b min/d. 

cmln/kg DMI. 



Appendix Table 6. (continued) 

B. Analysis of Variance for rumen parameters. 

Mean Squares 

Volatile Fatty Acids Ratio Rumen Dilution Rate 

Source df Ac 8 Pra Bua Vala 'fotal b APRC NG Rd pH Liquide Sol1ds6 

'l'ype 3 0.137 0.087 0.180 0.014 2821.0 0.113 0.332 0.045 0.223 0.004 
0.089 7026.4 0.078 0.006 0.008 

...... 
Control vs added 1 0.051 0.009 0.000 0.052 o.ooo I\) 

Hays vs CSll l 0.091 0.072 0.018 0.027 96.9 0.262 o.668 0.440 
co 

0.102 0.003 
Alf vs OG 1 0.228 0.137 0.527 0.015 1339.6 o.ooo 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 o. 0111 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 0.0117 0.033 
Total 31 0.106 0.1811 o. 0112 0.010 1157. 2 0.235 0.456 0.101 0.086 0.035 

a moles/100 moles. 
b mm/liler. 

cAcetate:prop1onate ratio. 

dNon-glucogenic ratio = (Ac + 2 Bu + Val) t (Pr +Val). 

e%/hr. 



Appendix Table 7. Analysis of Variance for Experiment III. 
A. Analysis of Covariance for intake. 

Mean Squares 

Intake 

Source df DMa DM~ ewe a AD Fa 
----------~-~----

I-' 

Ration 2 0.88 0.01 0.66 0.11 l\J 
\D 

Linear 1 1. 70 0.01 1. 30 0.28 
Quadratic 1 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 o.47 0.10 

akg/d. 

bkg/100 kg body weight/a. 



Appendix Table 7. (cont 1 nued) 

B. Analysis of Covariance for rumen parameters. 

Mean Squares 

Volatile Fatty Acids Rat lo Rumen Dilution Rate 

Source df Ac a Pra Bua Vala ~'otal b APRc NG Rd pH Llquide Sol1dse 

0.224 0.043 0.061 4011. 4 o. 2li7 0.13li 0.038 
I-' 

Ration 2 0.002 0.297 0.020 w 
Linear 1 0.1111 0.082 0.091 0.003 1135. 9 0.589 0.472 0.181 0.038 0.056 0 

Quadratic 1 0.031 0.002 0.030 0.001 3337.1 0.002 0.028 0.084 0.000 0.022 
Covariate 1 o.1139 0.187 0.083 0.021 578.1 0.605 0.551 0.190 0.111 0.010 
ErroP 14 0.0'{8 0.030 0.015 0.015 135.6 0.152 0.225 0.049 0.191 0.025 
•rot al 17 0.026 0.050 0.025 0.238 202.1 0.237 0.286 0.069 0.174 0.025 

a rnoles/100 moles. 
b mm/liter. 
c Acetate:propionate ratio. 
d Non-glucogenic ratto -= (Ac + 2 Bu + Val) t (Pr+ Val). 

e%/hr. 
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I/KF.i.NI.NG :t;F'f'hCT1. VE FIB.t.h COl'iiTEl~T OP DAI.RY R~'fIONS 

Dy 

Terry Lee fiaddox: 

(ABS~RaC'.l') 

Cottobseed. hulls (CSH) , cnopped orchardgrass \OG) o:i: 

alf..i..,;i.fc. {A.:i.F) hay.s we:i:<a auded to coJ.:'It silage-based. r::at:.i.011s 

't:.O detE:r.mine efi: tCt.s on dry matter: i.ut;;d~:s (DHI} , 11 i trogen 

.bar.lance (NB) , rum.en volat:t.Le :fatty acids (VFA} , a.nu rumen 

fluid. (RFD) an.ct .solids {RSD) a.i.J..utiou rates. Dl.'U was high-

est fo:a: aa.aetl t:ib~r Int.ions 0;.nd. 11i9iler for C::>li t.hu.n ii<,;cJ 

ratioits. DigestihJ.li.t] of DH Wab depr:ess&ci for addea L.l..Ubr: 

ration.:> with i.oilie:;~t for CSli. rlOst fav·orable HB was :tor CSH 

rations. Humen VEA were no't. c:l tereci by f ib~r:- <:,U.aitions. 

fiig·ht&t R.f'D 'Wlas for 0% rations a:uu l(HvEst for 9ib r:ati.ons, 

however CSH had great.est post~V'e iliflUeIJ.cB on :tF'D. ii.Su 

tr:·end was siI£.iil.a.r t:o th.at for RFD. 

In hxperi:ruent II., 4 corn si.lage-nased :r:a't.J.ons cmn.aininy 

9% OG, ALP, or CSH plus a. C:or.ttro.L (9% OG) were coml-'ar:eu :.tor:: 

effect on Dl'l::L, rum.en VYA, c.uewi.1:;,~ ti.me (Ci'), r~SD, and hf'D. 

Rati.on ac:::nsi ty decreased wi.th. OG ana. ALE' wr1ereas CSH 11c..d uo 

effect. compareu t.o Cont.i:ol. DtlI was high.8r for CSH compa.reu 

to OG c:.nu i\L1". Totcl CT (min/u) and Rou9.1H.9e. Vo.lue Inoex 

t CT/Kg DfiI) were rt:duceci for ALP compared t:o OG. :.total VF.ii 

were .:.ewer for aa.ile<l fi.ber: ra.tions compareu to Con.trol. 



Acetc.te:propionctte (APR.) and non-gl.ucogenic (NGR) ru.i:;io wer:e 

not affected by fiber add.J.tions. RFD was reduced for: .11,L.f" 

compared to OG whereas CSH was hi.gher tb.an OG and .ALF. 

Eeaucea. hi''D was associated wit.n r~d.uced totc:.l CT .r:oi: ALE. 

RSD was u.o"t. affected by f.iber aaai tion.s .. 

Chopped OG was su1;<plemen ted at 0, 9, or 183 of r:e;n:..:.Lo.u Dt.l 

in a ::ti11ely c.h.op};;'ed corn s.ilage-bc..sed. ratio.n. Ana.l:tsis o:t 

cova.:riance was per:t:or.-med using '&8 lactating Holsteins. 

Ration den.sit]' decreased with each incr:ement of OG. Di'lI wo.b 

highest foI.: 'i8% OG rati.on.. cow~: on O/o srwwt-d o.ecre;;cscu Dl:U 

w-here<rn cows on 9 and 18:k rations increased Dl:'U frolli covari-

s •. te period... Rumen faCetat.e, 1.Ht and NGit i.ncr:ee.sed wuile pro-

pionate and l:.ot:.al VF'A ctecreased witn i.1H;reasi.1rg OG. R.PD and 

RSD increased with inc:c-easi.n.g OG supplementation. 

Response to 9 an.d 183 SUf•pl.ell!E\htation of OG, ALP, or CSE 

to corn. silage-na~ed r:ati.ons a.ppe;ars to follow similar pat-

tern. as when al.1-±.orage rations we:c·e compared to a.J..1.-concen-

trate ra.tions for l;;i.ctr;.ting d.G;ir:y cows. A more qu~1u.tativt: 

evaluat:Lon of physica.l. :.to:Lm i.s needed fG'l: 11air1 :cal:...:Lous a.na. 

feedstuffs leading to an. acceptaLle routine evaluation 

proced.ur:e. 
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