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INTRODUCTION 

Consumer demand for lean beef and emphasis on the use 

of grain for human consumption and production of alcohol 

for fuel, have resulted in greater use of forage for 

finishing cattle. The Southern Region of the United States 

has a long growing season, adequate rainfall, good soil 

conditions, and is, therefore, well suited to forage production. 

The major setback in year-round production of finished beef 

on forage is due to the seasonality of forage production. 

Therefore, defining chemical composition, digestibility, 

voluntary intake and selective consumption of typical grass-

legume pastures during different times of the year would 

enable cattle producers to establish forage systems for 

optimum use of pasture land. 

The beneficial effects of growing grass-legume mixtures 

have been well established (Blaser et al., 1969). Micro-

organisms supply nitrogen to the legume. An increase in 

legumes improves animal performance. ln addition, the quality 

of legumes does not decline with age as quickly as grasses 

(Johnson and Pezo, 1975). Finally, although grasses may have 

a higher ratio of leaf to stem, legumes have a generally higher 

di~estible nutrient content and a more rapid rate of passage, 

compared to grasses (Metcalfe, 1976). 

Differences in forage quality have been related to 

species, season, environment and various interactions. 

Brown et al. (1963) found a sharp increase in total non-
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structural carbohydrates in tall fescue during an 11-week 

period beginning August 14 in Virginia. Smith (1977) 

also found increased sugar content in tall fescue as tempera-

ture declined. Bush et al. (1972) found that perloline, 

an alkaloid found in tall fescue, decreased digestibility 

of cellulose and crude protein. Bland and Dent (1962) 

reported a positive correlation between sugar level and 

palatability of orchardgrass. Blaser et al. (1969) reported 

that bluegrass had a comparatively lower grazing yield than 

orchardgrass. Digestibility of white clover only decreased 

from 94 to 853 from 14 to 112 days of age (John~on and Pezo, 

1975). This characteristic is also true for other legume 

species. It has been well established that alfalfa has the 

highest feeding value among commonly grown hay crops, and 

makes excellent pasture with grasses such as orchardgrass, 

bromegrass or timothy (Metcalfe, 1976). 

The apparent differences in quality among forages 

illustrate the need for increased research in this area. 

Furthermore, there is need to establish uniform forage 

sampling techniques and adequate indicator methodology. 

Information on chemical composition, digestibility, intake 

and selective consumption of typical forage mixtures is 

needed to allow development of optimum forage systems. 



REVIEW OF LITERATURE 

Forage Sampling Via Esophageal Fistula 

The esophageal fistula has been used for many years 

in studies concerning salivation. It was used in the horse 

by Magendie in 1847 and later by the French physiologist, 

Claude Bernard in 1855. The classic studies of Pavlov in 

1897 also involved the use of the esophageal fistula. Much 

more recently, esophageal fistulation has become widely used 

in ruminants for the collection of grazed forage (Van Dyne 

and Torell, 1964). 

Sampling of grazed forage via esophageal fistula has 

been compared to alternate methods. The rumen-evacuation 

and hand-clipping techniques are two methods frequently 

employed. Esophageal fistula and rumen fistula sampling 

were compared by Lesperance et al. ( 1960a). Esophageal 

fistula samples of animals fed alfalfa hay contained higher 

nitrogen-free extract than ruminal fistula samples. Both 

esophageal and ruminal fistula samples differed in chemical 

composition from the feeds fed, indicating some degree of 

selective consumption of component feeds. 

The rumen-evacuation technique presents considerable 

disadvantage in comparison to hand-clipping or esophageal 

fistula collection. It is not well suited for repeated 

sampling since it is much more time consuming than esophageal 

fistula sampling or hand-clipping. Furthermore, it has been 

J 
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shown that emptying the rumen has a depressing effect upon 

the ability of the animal to digest forage. Therefore, repeated 

sampling may be deleterious to the animal and alter grazing 

performance (Lesperance and Bohman, 1963). 

Hand-clipping is a less desirable sampling technique 

than esophageal or ruminal fistula sampling because it does 

not account for animal selectivity. Galt et al. (1969) 

reported that the species composition of rumen samples differed 

markedly from hand-clipped samples of available forage. The 

crude protein content of the rumen samples was greater than 

the protein values for hand-clipped samples, presumably due 

to animal selctivity of specific plants and plant parts. 

Forage samples taken from esophageal cannulated animals 

have undergone a wide variety of chemical analyses. Of 

primary concern in chemical analysis of esophageal cannula 

samples is contamination by rumen contents and saliva. 

Contamination by regurgitated ~n contents is not a serious 

problem as long as collection time does not exceed 2 h 

(Cook, 1964). Salivary contamination, however, is unavoid-

able and will vary depending on the type of collection bag 

used. 

Salivary contamination of forage samples in conjunction 

with high-temperature drying may bias lignin values. It has 

been shown that excessive moisture and high drying temperature 

cause a non-enzymatic browning reaction in which carbohydrate 

degradation products condense with protein, forming an acid-
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insoluble product which may bias lignin determination 

(MacDougall and DeLong, 1942; Van Soest, 1962). Gaillard 

(1962) indicated that this acid insoluble material may be 

modified xylans. Thus, it is advisable to keep the forage 

as dry as possible by use of screen-bottom or mesh collection 

bags and to dry at relatively low temperatures. 

Salivary contamination may also alter the mineral status 

of the esophageal fistula sample. Sheep saliva contains about 

.8 % ash (McDougall, 1948) whereas bovine saliva contains from 

.85 (Lesperance et al., 1960a) to .89 3 ash (Bailey and 

Balch, 1961). Bath et al. (1956) found that salivary 

contamination increased the ash content of the sample but 

did not significantly alter other components. The magnitude 

of the increase in ash from salivary contamination is usually 

from 1 to 4% (Lesperance et al., 1974). Lesperance et al. 

(l960a) indicated that salivary contamination significantly 

increases the content of phosphorous and calcium in the forage 

sample as well. In addition, nitrogen content may increase in 

the forage sample due to saliva (Cook et al., 1961). Mayland 

and Lesperance (1977) reported that fistula samples also had 

significantly higher concentrations of silica, sodium, zinc 

and cobalt than the forage offered. Small increases in 

potassium, mangenese, iron, and molybdenum, and small decreases 

in magnesium and calcium were noted also. Cook et al. (1961, 

1962) attempted to correct for mineral contamination from 

saliva. This was done by collecting saliva from each animal 
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and saturating a dried sample of ingested forage to obtain 

the total quantity of saliva absorbed by moisture-free 

material. The field-moisture content of the forage in the 

diet was then subtracted from the total saliva withheld by the 

completely dry material to determine the amount of saliva 

actually absorbed by the material consumed. Correction was 

made based on the amount of saliva absorbed by the material 

and the mineral analysis of the saliva (Cook, 1964). This pro-

cedure is subject to criticism since saliva composition and 

secretion rate are variable and since fistula samples may 

not be completely saturated with either plant moisture or 

salivary moisture (Van Dyne and Torell, 1964). 

Another method used for correction of salivary contam-

ination is isotope-dilution. This procedure can be used to 

measure the amount of moisture or various mineral constituents 

added to fistula forage samples by the saliva (Van Dyne and 

Torell, 1964). The major drawback to this method is that the 

amount and composition of saliva c•n vary considerably, 

depending on the type of forage consumed (Bailey and Balch, 

1961; Somers, 1961). Therefore, saliva would have to be 

analyzed before and after collection of each forage sample 

(Van Dyne and Torell, 1964). 

A third and much simpler method to eliminate bias due 

to salivary contamination is to present data on an ash-free 

basis. Various researchers have reported that the chemical 

composition of esophageally collected forage samples is 
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similar to fed material except for an increase in ash content 

(McManus, 1961; Nelson, 1962; Campbell et al., 1968). Another 

reason that presenting data on an ash-free basis is desirable 

is that grazed forages are likely to have soil contamination 

(Van Dyne, 1963). 

An advantage to collecting forage samples via esophageal 

cannula is that botanical composition of samples can be 

determined and used to measure selectivity. Torell (1965) 

used a microscope to identify plants consumed from two- or 

three-species mixed forage pastures. The data obtained 

indicated that percent observations of different species 

closely approximated percent weight for simple mixtures. 

Cook et al. (1958) found that browse plants in esophageal 

fistula samples could be almost completely identified, while 

grasses and herbs were often masticated to the point that 

they could not be identified. Heady and Torell (1959) used 

the microscope-point technique to determine botanical 

composition of esophageal fistula samples from sheep as a 

measure of forage preference. Throughout the 6-month collec-

tion period, esophageal samples exhibited a broad variation 

in species composition and stages of maturity. Lesper~nce 

et al. (1960b) used the microscope-point technique to 

differentiate grasses and broad-leaf plants. Lusk et al. 

(1961) collected plant parts from various species in the 

pasture prior to fistula collection to aid in identification. 

Since grazing animals often select plants and plant parts 



8 

from a mixture of species, collecting samples of forage 

representative of the diet of the grazing animals is a 

complicated problem. The selectivity of the animal may 

vary with the species of animal, available plants, stage of 

maturity, intensity of grazing, and weather conditions (Cook, 

1964). Many studies have shown that grazing animals con-

sistantly select higher quality forage than the forage which 

is available (Lesperance et al., 1974; Kartchner and 

Campbell, 1979; Van Dyne et al., 1980). 

In order to obtain forage samples, via esophageal 

cannula, which are most representative of the forage consumed 

over the entire grazing period, sampling procedure is impor-

tant. Several variations in sampling procedure are apparent 

in the literature. Some investigators kept animals off feed 

overnight prior to collection periods (Bath et al., 1956; 

Cook et al., 1958; Weir and Torell, 1959). Arnold et al. 

(1963) found that witholding feed had an effect on forage 

selectivity. Other researchers (Van Dyne and Van Horn, 1959; 

Van Dyne, 1960) allowed fistulated animals to remain with the 

herd throughout the grazing trial. Exclusive groups of 

f istulated experimental animals were grazed by other workers 

(Cook et al., 1962; Van Dyne, 1962). 

Sampling frequency varies, depending on the length of 

the trial and purpose of the investigation. Most researchers 

sample only once in a given day, but many sample twice daily 

(Van Dyne and Torell, 1964). lt is essential that the sampling 
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scheme be designed to ensure that fistulated animals graze 

during the same time and in the same location as the rest 

of the herd (Van Dyne and Van Horn, 1959; Butcher and Cook, 

1960; Van Dyne, 1962, 1963). 

Animals withheld from feed for a period of time graze 

more vigorously with less chance of contamination of samples 

with regurgitated material (Arnold et al., 1963). However, 

this vigorous grazing may influence forage selectivity. 

More frequent collections appear desirable since significant 

changes can occur in the chemical composition of the diet from 

day to day, even under relatively uniform conditions 

(Lesperance et al., 1960b; Arnold et al., 1963 ). 
Some questions have been raised as to whether the grazing 

behavior of esophageally-fistulated animals differs quanti-

tatively from non-fistulated animals. Arnold et al. (1963) 

indicated that sucessfully f-istulated animals graze normally. 

Accuracy of esophageal fistula sampling cannot be 

established since it is impossible to obtain true grazing 

samples without some form of cannulation. Weir and Torell 

(1959) have shown that esophageal fistula forage samples are 

considerably different from the gross herbage available. 

Hand-clipped samples taken from areas where animals are 

observed grazing are often different in composition than 

average available herbage (Hardison et al., 1954; Edlefsen 

et al., 1960). Van Dyne and Torell (1964) and Holechek et 

al. (1982) believe that esophageal fistula samples represent 
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the best estimate of the intake of grazing animals. 

Data on the precision of esophageal fistula sampling 

are generally lacking. Lesperance et al. (1960a) presented 

data which indicated that the technique may not be extremely 

precise, but variation was much greater between animals than 

between samples from a given animal. Multiple collections 

may provide more representative sampling. Theurer (1970) 

listed factors which may limit the precision with which 

fistula forage samples represent the chemical composition 

of the diet. These include losses of diet sample material 

during fistula sample collection, chemical changes during 

mastication and salivation, and chemical changes during 

sample preparation for labc?ratory analysis. Despite these 

problems, it is now well accepted that fistula samples 

represent the diet of grazing animals better than clipped 

samples (Holechek et al., 1982). 

Use of Indicators 

The indirect method of determining digestibility and/or 

voluntary intake, involves the use of an inert reference 

substance as an indicator. Ideally, the indicator should be 

indigestible and unabsorbable, physiologically inert in the 

digestive tract, pass through the digestive tract at a uniform 

rate, be easily assayed chemically, and preferably be a 

natural feed constituent (Maynard et al., 1979). 

ln grazing studies, voluntary intake is determined by 

use of an external indicator to determine dry matter intake, 
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and an internal, naturally occurring indicator to measure 

digestibility. Dosed marker substances are used to estimate 

fecal output, which in conjunction with digestibility values 

are used to estimate forage intake. 

Perhaps the most commonly used marker substance in the 

past has been chromium sesquioxide (cr2o3 ), usually referred 

to as chromic oxide. More recently, the reliability of this 

substance as a fecal indicator has been questioned. MacRae 

(1974) indicated that cr2o3 does not adhere sufficiently to 

the particulate phase of the digesta. Langlands (1975) 

observed diurnal variations in excretion of cr2o3 , which 

are due to incomplete mixing of the digesta and indicator in 

the gastrointestinal tract. 

Ytterbium. Rare earth elements, such as ytterbium (Yb), 

have many of the qualities necessary for an effective indi-

cator (Prigge et al., 1981). Rare earth elements adhere 

tenaciously to the particulate phase of the digest& (Ellis 

and Huston, 1968). At very low concentrations (below 10-11 M) 

rare earth elements exhibit radio-colloidal behavior, i.e. 

strong adsorptive properties (MacRae, 1974). Garner et al. 

(1960) observed that rare earth elements were indigestible 

and formed tight association with particulate matter during 

passage through the gastrointestinal tract of cattle. Further 

studies involving soluble rare earth salts applied to forage 

showed complete recovery of the metal in feces (Ellis, 1968; 

Bell, 1969). 
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The strong capability of rare earth elements to bind 

to the digesta could reduce diurnal variation in excretion, 

leading to a more precise measure. However, Prigge et al. 

(1981) found a large diurnal variation in fecal excretion of 

Yb. This may have occurred for a variety of reasons. Incom-

plete binding of Yb to the forage could have occured, allow-

ing some Yb to travel with the liquid phase of the digesta. 

In support of this, Ellis et al. (1979) found that 3 to 9% 

of the rare earth marker does not bind to particulate matter. 

Alternatively, Yb may have bound differentially to feed 

particles that left the rumen at different rates from the 

rest of the digesta, or Yb may have formed insoluble hydr-

oxides which possibly travel at different rates than digesta 

particles (Prigge et al., 1981). 

Ytterbium has been the rare earth element moat frequently 

used in recent years (Coleman, 1979; Teeter et al., 1979). 

lt has advantages over the other elements in that it is 

relatively inexpensive and can be readily detected by atomic 

absorption spectrophotometry. Furthermore, Yb offers advan-

tages in dose preparation. lt is soluble in dilute acid and 

doses can therefore be prepared by volume instead of weighing. 

Thus, Yb seems well adapted to routine use in grazing studies 

(Prigge et al., 1981). 

Factors lnf lµencing Voluntary Intake 

Many factors are involved in determining the voluntary 

intake of grazing cattle. Conrad (1966) described two 
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mechanisms by which intake may be controlled: l) a mechanism 

sensitive to distention of the rumen or gastrointestinal fill, 

and the turnover rate of rumen digesta caused by degradation 

and passage (distention theory), and 2) a mechanism sensitive 

to the digestible energy of metabolizable energy absorbed by 

the animal (chemostatic theory). For grazing animals, intake 

appears to be primarily controlled by rumen fill (Moore and 

Mott, 197 3). 

Blaxter et al. (1956) observed higher feed consumption 

when sheep were fed a highly digestible feed that passed 

rapidly through the gastrointestinal tract. Increasing 

digestibility of the feed by 10% under ad libitum feeding 

conditions, increased the body gain by 1003 primarily due to 

more rapid rate of passage. lt was estimated that the dry 

matter fill of the gastrointestinal tract was lOOg/kg body 

weight despite the relative forage quality. Campling and 

Balch (1961) reported that the quantity of forage accumulated 

in the reticulo-rumen had a direct and immediate effect on 

the amount of forage consumed. ln addition, the amount 

of digesta in the reticulo-rumen immediately post-feeding 

was similar for either low or high quality forage (Freer and 

Campling, 1963). Conrad et al. (1964) observed that 

voluntary intake varied to yield a constant fecal output of 

.94 kg fecal organic matter per 100 kg body weight. Ulyatt 

et al. (1967) proposed that voluntary intake, when regulated 

by reticulo-rumen fill, was inversely related to rumen 
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retention time. This was supported by Thornton and 

Minson (1972) who observed high correlations between intake 

and rumen retention time when feeding grasses and legumes of 

different qualities to sheep. Therefore, forage intake 

appears to be primarily regulated by the rate of degrada-

tion in, and passage from, the rumen. In general, when 

digestibility increases, the rate of turnover of rumen digesta 

will increase, and intake will be higher. 

Many investigators reported positive correlations between 

voluntary intake and digestibility (Blaxter et al., 1961; 

Conrad et al., 1964; Minson et al., 1964) while others have 

reported large differences in intake for forages of similar 

digestibility (Minson, 1971a; Laredo and Minson, 1975). 

Variation in voluntary intake has not been consistently 

related to in vitro rate of digestion (Minson, 1971a; Laredo 

and Minson, 1973) or extent of digestion (Minson, 197lb, 

1972). Owen et al. (1969) found that when the distention 

mechanism was responsible for intake control, as with forage-

fed animals, the relationship between digestibility and intake 

was altered by the particle size of the feed. lntake varied 

according to the physical structure of the roughage, even 

when two feeds had equal digestibility. 

Ellis (1978) reviewed voluntary intake-digestibility 

relationships and concluded that in order to elucidate the 

determinants of grazed forage intake all component attri-

butes of the forage-animal-grazing system complex must be 
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considered, including both plant and animal factors. 

The relationship between voluntary intake and the 

chemical composition of forages has been the.focal point of 

much research. However, the variation in the voluntary 

intake of many different forages has not been well described 

by differences in plant chemical composition (Van Soest, 

1965; Moore and Mott, 1973). 

The nutritional status of the animal concerning dietary 

nitrogen has a role in the regulation of voluntary intake 

(Egan, 1965,1972; Weston, 1971). Although it is not clear 

whether the mechanism is distention or chemostatic, the fact 

remains that low dietary nitrogen levels will result in low 

forage intake and submaximal fill of the reticulo-rumen. 

Protein concentrate supplementation of low-protein forage 

diets has a more substantial effect on intake than on digesti-

bility (Blaxter et al., 1971; Moore et al., 1969; Ventura et 

al., 1972). It has been established that the voluntary 

intake of forages is severely limited if the crude protein 

content of the forage is below 7~ (Zemmelink et al., 1972). 

Van Soest (1965) reported that the percentage of cell 

wall constituents was the only structural component of 

forages consistantly related to intake. Intake was not 

closely related to digestibility when the dry matter of the 

forage contained less than 50 to 603 cell walls. Above this 

level, both intake and digestibility were negatively correlat-

ed with cell walls. Among forages having equal digestibility, 

the forage having the highest ratio of cell contents to 
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digestible cell wa.lls should have the highest intake (Van 

Soest, 1965; Osbourn et al., 1966; Allinson·and Osbourn, 1970). 

Cellulose may also influence voluntary intake of grazing 

animals. Research indicates that the amount of digestible 

cellulose in the forage remains unchanged with advancing 

maturity, while the percent of indigestible cellulose increases 

(Tilley et al., 1969; Tergas et al., 1971). In accordance 

with this, Waldo et al. (1972) indicated that cellulose in 

forage is made up of a potentially digestible and potentially 

indigestible component. Gill et al. (1969) found that the 

rate of digestion of tbe digestible fraction of cellulose 

was correlated with forage intake. 

Smith et al. (1972) indicated that the rate of in vitro 

cell wall digestion was closely correlated with the lignin: 

cellulose ratio and that cell ~all digestibility was related 

to lignin. Allinson and Osbourn (1970), however, found that 

the lignin complex in planta varies widely among species. 

Although increased lignin is often highly correlated with 

decreased quality within a species as it matures, intake and 

digestibility differences among specie• are less closely 

associated with lignif ication. 
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Summary 

A grazing trial was conducted to determine the relative 

value of three mixed-forage pastures, alfalfa-orchardgrass, 

bluegrass-white clover, and fescue-red clover. Three steers, 

three heifers, and one esophageally cannulated steer were 

randomly assigned to each pasture treatment. Chemical 

composition, digestibility, voluntary intake, and selectivity 

of the forages were determined through use of esophageally 

cannulated steers and a rare earth marker (ytterbium). Forage 

intake appears to be most closely related to DM digestibility 

and content of the NDF and ADF fiber fractions. Some degree 

of forage selectivity was observed, although the specific 

species selected for and determinants of selectivity were not 

apparent. From the data obtained on levels of intake, digesti-

bility and chemical composition, alfalfa-orchardgrass and 

bluegrass-white clover offer the highest quality forage of 

the three compared during the time of year studied. Fescue-

red clover was consistently inferior in all respects. The 

digestible dry matter intake by cattle grazing alfalfa-
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orchardgrass, bluegrass-white clover, and fescue-red clover, 

was 3.2, 2.9 and 2.2 kg/d, respectively. More work needs 

to be done on a wider variety of pastures during different 

times of the grazing season. 

(Key words: Beef Cattle, Forage, Voluntary Intake, Digesti-

bility, Chemical Composition, Selectivity). 

Introduction 

Worldwide trends indicate that livestock are in ever 

increasing competition for available grain. Thus, there is 

an increased need for research in the area of forage utili-

zation in feeding ruminants. The need is especially critical 

concerning forage finishing of cattle. Among the primary 

concerns in forage research is the lack of accurate methods 

of determining voluntary intake. Uniform forage sampling 

techniques and adequate indicator methodology also need to 

be established. 

Beneficial effects of grazing grass and legume in 

combination are well established (Blaser et al, 1969). 

There is need for information on intake, digestibility, 

selectivity and chemical composition of typical grass-

legume pastures. Bluegrass has a lower grazing yield than 

orchardgrass (Blaser et al., 1969). Defining the average 

intake and digestibility of common pastures, and determin-

ing differences in chemical composition as well as patterns 

of selective consumption, would enable the producer to 

establish forage systems for maximum use of pasture land 

for livestock. With appropriate use of indicators, reli-
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able estimates of digestibility and intake of grazed forage 

can be established (Ellis, 1979). An experiment was con-

ducted to establish a technique of determining voluntary 

intake of grazing beef cattle, making use of esophageally 

cannulated animals and a rare-earth marker; to determine 

voluntary intake, digestibility, selectivity, and chemical 

composition of.three mixed-forage pastures; and to relate 

chemical composition and digestibility to voluntary intake 

levels. 

Experimental Procedure 

ln order to determine the relative value of three 

mixed-forage pastures, a 10-d trial was conducted beginning 

August 1, 1981. Prior to the grazing trial, three steers 

were surgically equipped with esophageal cannulas by the 

method of Van Dyne and Torell (1964). Mesh collection bags 

were used to allow saliva to drain from collected forage 

samples. Three groups of seven cattle were randomly assigned 

to the treatments according to sex and weight. Each treat-

ment group included three intact steers and three intact 

heifers plus one esophageally cannulated steer. The average 

initial weight of the cattle was 313 kg. 

Pastures compared were 1.01 hectare lots of alfalfa-

orchardgrass, bluegrass-white clover, and fescue-red clover 

located at the Southwest Virginia Research Station, Glade 

Springs. Forage availability was not limiting at any time 

during the grazing trial. Pastures were not fertilized in 

1982. ln August of the previous year, the alfalfa-
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orchardgrass pasture received 45 kg K2o, and the fescue-

red clover pasture received 30 kg of N. ln May, 1982 hay 

was cut from each pasture. The amount of hay removed was 

1100, 4500 and 1500 kg from the alfalfa-orchardgrass, 

bluegrass-white clover and fescue-red clover pastures, 

respectively. At the beginning and end of the grazing 

trial, pastures were evaluated visually for percent grass. 

Percent broadleaf plants was determined by difference, and 

therefore included both legumes and broadleaf weeds. 

Cattle were dosed daily throughout a 10-d grazing trial 

with 2 g hydrous ytterbium nitrate (Yb(No3 )3 • 6H2o) to 

serve as an external indicator. Dosing was intiated 5 d 

prior to the onset of the trial to adjust cattle to the 

treatment and to equalize the marker through the digestive 

tract. Two g doses of Yb(No3 )3 • 6H2o were weighed into 

gelatin capsules and administered to cattle by bolus gun 

for 15 d. 

Fecal grab samples were collected daily at dosing time 

(0800 h) throughout the 10-d trial. Forage samples were 

collected twice daily, morning and afternoon via esophageal 

cannula, for use as representative samples of the forage 

actually grazed by all animals in the treatment group. Care 

was taken to insure that cannulated ·steers grazed during 

the same time of day and in the same vicinity as other animals 

in the group, during the sampling procedure. Because the 

cannulated steers were tame, it was possible to install and 

remove mesh collection bags in the field. Cannulated steers 
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were permitted to graze with collection bags until bags were 

full of forage, a period of time that ranged from 15 to 45 

min. All forage and fecal samples were labelled and frozen 

immediately after collection. 

Following the grazing trial, the cattle were reweighed. 

Fecal and esophageal samples were dried at 50 C in a forced-

air oven and ground through a Wiley Mill fitted with a 1 mm 

screen. A representative portion of each esophageal sample 

was removed and refrozen prior to drying, to be used in 

botanical analysis by the microscope-point technique 

(Lesperance et al., 1960b). The two daily samples were 

thoroughly mixed. Random aliquots were removed from each 

and mixed together. Dried esophageal and fecal samples 

were composited for the first 5 and last 5 d of the trial 

for analysis. 

Fecal concentration of Yb was determined by atomic 

absorption spectrophotometry using a nitrous oxide flame. 

A 1 g subsample of feces was ashed in a muff le furnace and 

digested in 20 ml of an acid solution (3 N HCl + 3 N HN03 ) 

for use in the Yb assay (Conner, 1977). ln vivo digesti-

bility of the forage samples was determined by using indi-

gestible neutral detergent fiber (lNDF) as the internal 

indicator, by a modification of the Goering and Van Soest 

(1970) procedure. After 6 d of incubation, the unfer-

mented residues were transferred from incubation tubes to 

600 ml berzelius beakers with 100 ml of neutral detergent 

solution, and .s g Na2so4 • The mixture was then refluxed 
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for 20 min, filtered into 30 ml course porosity sintered 

glass crucibles, rinsed once with hot water (90 C) and 

twice with acetone. The residue was dried in a drying 

oven at 60 C for 12 h and weighed. lndigestible neutral 

fiber as percent of dry matter was calculated by the 

following formula: 

Percent lNDF s: 

(crucible wt + lNDF wt) - (crucible wt) x 100 
initial sample wt 

Percent digestibility was then calculated: 

Percent digestibility = 

100 - ~3lNDF in forage) x 100 
· 3lNDF in feces) 

Fecal output was determined by the following formula: 

Fecal output, kg/d = 
Yb dosed, mg/d 

Yb in feces, mg/kg 

Fecal output values and digestibility values were used to 

determine forage dry matter intake: 

Forage intake = 

Fecal output x 100 
100 - 3 digestibility 

Forage samples were further analyzed for dry matter, ash, 

crude protein (A. o. A. c., 1980), neutral detergent fiber, 

acid detergent fiber (Goering and Van Soest, 1970), lignin 

and cellulose (Van Soest and Wine, 1968). 

The data were statistically analyzed using the general 

linear models procedure of SAS (1979). Duncan's (1955) 

multiple range test was used to determine differences between 
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the treatment means. The statistical model included effects 

of treatment and day for selectivity and chemical composi-

tion. The effects were tested by the treatment x day inter-

action. Fecal output, voluntary intake and digestibility 

analyses included effects of treatment, period, block, 

treatment x block and treatment x period. Treatment and 

block effects were tested by the treatment x block inter-

action. All other effects were tested by the treatment x 

block x period interaction. 

Results and Discussion 

Chemical Composition 

The chemical composition of the forage samples collected 

by esophageal cannula on a DM and OM basis is presented in 

tables 1 and 2, respectively. Differences (P <.OS) in chemi-

cal composition were similar whether expressed on a DM or OM 

basis, with the following exceptions. Differences in CP 

and lignin (P <.OS) content between alfalfa-orchardgrass and 

fescue-red clover on an OM basis were not apparent (P >.OS) 

on a DM basis. The NDF content of alfalfa-orchardgrass and 

bluegrass-white clover did not differ (P > • 05) on an OM 

basis, but differed (P<.05) on a OM basis, with the level 

in the bluegrass-white clover being highest. These apparent 

differences indicate the need to express esophageal cannula 

forage samples on a ash-free basis to account for salivary 

contamination. Therefore, chemical composition in relation to 

forage intake will be discussed on an OM basis. 

Bluegrass-white clover was highest in CP content, 



TABLE l. CHEMICAL COMPOSITION OF FORAGE SAMPLES OBTAINED BY ESOPHAGEAL CANNULA 

Com2osi~ion of d£I matte£ 1 ~ 
Dry Crude 

ND Fa ADFb Forage matter Ash protein Lignin Cellulose 
, . 

Alfalfa-
12.3c 14. l c 66.4c 36.3c 7.9c 26.2c orchardgrass 23.l 

Bluegrass-
10.4d 1s.ad 69.7d 37.6cd a.ad 2a.6d white clover 23.a 

N 
Fescue- "" red clover 24.6 12.2c 13.1 c 70.4d 3a.4d a.6cd 2a.ad 

SEM t1.s t.4 t.3 t.9 t.s t.3 t.4 

8 Neutral detergent fiber 
bAcid detergent fiber 
c,dMeans with different superscripts in same column are different lP < .05). 



TABLE 2. CHJ::MICAL COMPOS IT ION OF FORAGE SAMPLES OBTAINED BY ESOPHAGEAL CANNULA 

Forage 
Organic4 
matter 

t 
Alfalfa-

87.7d orchard grass 

Bluegrass-
89.6e white clover 

Fescue-
87.Bd red clover 

SEM + -.4 

a Dry basis 
bNeutral detergent fiber 
cAcid detergent fiber 

Crude 
protein 

16.0d 

17.7e 

14.9f 

+ -.3 

Coml)QSition Qf organic matter. % 
NDFb ADFc Lignin 

75.Bd 41.4d 9.1 

77.ade 42.ode 9.9 

ao.ze 43.7e 9.9 

+ -1.2 '!. 7 + -.3 

d,e,fMeans with different superscripts in same column are different (P<.05). 

Cellulose 

29.9d 

3I.9e 

32.98 

+ -.4 

N 
Vl 
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followed in order by alfalfa-orchardgrass and fescue-red 

clover (table 2, P<.05). The NDF content was generally 

lowest for the alfalfa-orchardgrass and similar for the 

other two forages, but differences were not always signi-

ficant. The ADF content followed a similar pattern, with 

alfalfa-orchardgrass being lowest. There was a trend for 

alfalfa-orchardgrass to contain a lower percentage of lignin 

than the other two forages. Bluegrass-white clover and 

fescue-red clover had similar contents of lignin. Alfalfa-

orchardgrass had the lowest content of cellulose with no 

differences between the other two forages (P > .05). 

Apparent Digestibility 

Apparent digestibility values for the various forage 

components are presented in table 3. Dry matter digesti-

bility was higher for the alfalfa-orchardgrass and bluegrass-

white clover, than for fescue-red clover (P <. 05). Organic 

matter digestibility was consistently higher (P <.OS) for 

alfalfa-orchardgrass than bluegrass-white clover. The OM 

digestibility of fescue-red clover was lower than for the 

other two forages. Crude protein digestibility was con-

sistently higher for bluegrass-white clover, followed in 

order by alfalfa-orchardgrass and fescue-red clover (P < .05) •. 

Similar patterns in digestibility were observed for all 

fiber components. However, values between alfalfa-

orchardgrass and fescue-red clover were not significantly 

different for NDF and lignin. 

Relationship to Chemical Composition. The forage with 



TABLE 3. APPARENT DlGESTlBlLlTY OF FORAGE COMPONENTS 

Dry Organic Crude 
ND Fa ADFb Forage matter matter protein Lignin Cellulose 

% % % % % % % 
Alfalfa-

52.7c 58.9c 56.6c 57.6c orchard grass 43.0c 4.7c 72 • 7C 

Bluegrass-
52.0c 54.7d 59.7d 61.ld 45.l d 7.7d 73.8d white clover 

Fescue- N 

48.7d -...J 
red clover 52.l e 55.oe 5S.Bc 39.Be 3.9c 68.4e 

SEM !.3 !.3 !.4 :t .s :t. 5 !.4 :t .3 

•Neutral detergent fiber 
bAcid detergent fiber 
c,d,eMeans with different superscripts in same column are different (P <. .05). 
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the highest DM and CM digestibiiities, alfalfa-orchardgrass, 

consistently had the lowest content of the fiber components 

ie., NDF, ADF, lignin and cellulose. The content of the 

various fiber fractions in alfalfa-orchardgrass was lower 

(F< .OS) than for fescue-red clover. There was also a 

trend for bluegrass-white clover to be intermediate in 

content of the fiber components, although these differences 

were not always significant. 

The relationship between dry matter and organic matter 

digestibility and. CP content was less consistent than the 

relationship concerning the fiber components. During the 

grazing trial, fescue-red clover contained the lowest CP 

and also had the lowest DM and OM digestibilities. However, 

the opposite relationship was observed with the other two 

forages. Alfalfa-orchardgrass had higher DM and OM digesti-

bilities, while bluegrass-white clover had the highest CP 

content. 

The relationship between the chemical components and 

their respective digestibilities was unclear, except for CP 

which exhibited a directly proportional relationship. The 

digestibilities of NDF, ADF, lignin and cellulose were 

generally highest for bluegrass-white clover, but the 

digestibility of OM and DM was generally highest for alfalfa-

orchardgrass. The only consistent trend was that of fescue-

red clover, which had the lowest digestibility for all the 

chemical components measured. Therefore, it was likely that 

the fiber components played an important role in determining 



forage digestibility. 

Rrv Matter Intake 
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The data for fecal output and fora~e intake are presented 

in table 4. Voluntary intake is expressed as kg/d, kg • 100 

kg body weight-1 • d-l and kg digestible DM/d. Throughout 

the grazing trial, no differences (P> .OS) in voluntary 

intake were observed between cattle grazing alfalfa-

orchardgrass and bluegrass-white clover treatments. However, 

there was a trend toward higher intake by cattle grazing 

alfalfa-orchardgrass. Intake was consistently higher for 

alfalfa-orchardgrass than fescue-red clover throughout the 

trial. The values were 6.0 and 4.4 kg/d for alfalfa-

orchardgrass and fescue-red clover, respectively. Throughout 

the trial, there was a distinct trend toward higher intake 

by cattle grazing alfalfa-orchardgrass, followed in order by 

bluegrass-white clover and fescue-red clover. 

Relationship to Chemical Composition. The relationship 

between voluntary intake and chemical composition was very 

similar to the relationship of chemical composition to 

digestibility. Bluegrass-white clover contained the highest 

percentage of CP, but was intermediate in voluntary intake. 

There was a trend for f escue-red clover to be lowest in 

both CP content and voluntary intake. 

The relationship between CP and voluntary intake of 

forage is a complex issue. Weston (1971) related intake 

to grams of CP digested per gram of OM digested. Egan 

(1965) found that supplemental nitrogen increased intake of 



TABLE 4. FECAL OUTPUTa AND VOLUNTARY lNTAKEa OF CATTLE GRAZING ALFALFA-ORCHARDGRASS, 
BLUEGRASS-WHITE CLOVER, AND FESCUE-RED CLOVER 

Forage 

Alfalfa-
orchardgrass 

Bluegrass-
white clover 

Fescue-
red clover 

SEM 

8 Dry basis 

Fecal output, 
kg/d 

2.3 

2.1 

1.9 

+ -.2 

~~ m1tt1i: i3t•k~ .. -
Kg•lO kg body_ Digestible dry 

Kg/d weight-1 ·d-1 rMtter intake, 
kg/d 

6.ob 1.9b 3.2b 

5.5bc 1.Bb 2.9bc 

4.4c 1.4c 2.2c 

+ -.4 + -.1 :t .2 

b,cMeans with different superscripts in same column are different (P <. 05). 

w 
0 
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low-protein hay, presumably by enhancing energy utilization. 

Egan (1972) later proposed that nitrogen status affected 

the level of ruminal distention at which intake is con-

trolled. Minson and Milford (1966) found that when CP varies 

to a broad extent, it will alter the energy value of digest-

ible OM. However, most researchers agree that CP will not 

limit intake unless it is below 73 of the dry matter. Table 

l shows that the percent CP on a dry basis does not approach 

this level. ln this study, the low CP value associated 

with the low intake of fescue-red clover may be a consequence 

of a proportionately higher fiber fraction. In forage-fed 

animals, if nitrogen is not limiting, the distention theory 

of intake control is considered operative (Moore and Mott, 

1973). In this case, the fiber fraction of the diet would 

be most influential in determining forage intake. 

Of the forages compared, the fescue-red clover, con-

sumed in the smallest amounts, consistently had the high-

est percentage NDF. The NDF content of fescue-red clover 

was 80.23 while NDF content of the higher intake alfalfa-

orchardgrass was 75.83. The NDF content of bluegrass-

white clover was intermediate to the other two forages, but 

did not differ significantly from either one. The same 

observation was true in terms of the voluntary intake of 

bluegrass-white clover. 

Van Soest (1965) reported that the percentage of cell 

wall constituents (CWC), analyzed as fiber insoluble in 

neutral aetergent solution, or neutral detergent fiber (NDF), 
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is the only chemical factor consistantly related to intake. 

The present study agrees with these findings, as there was 

a consistent inverse relationship between NDF content and 

level of forage intake. 

Similar trends were observed for the relationship 

between voluntary intake and ADF between treatments. 

Although differerices between the ADF content of alfalfa-

orchardgrass and bluegrass-white clover were only slight, 

the ADF content of fescue-red clover was higher (P< .05) 

than the other two forages. 

When the ADF fraction was broken down into its compo-

nent fractions of lignin and cellulose, a similar trend was 

apparent. The alfalfa-orchardgrass was lower in both lignin 

and cellulose content than the fescue-red clover. However, 

bluegrass-white clover had an intermediate level of intake, 

but did not differ signicantly from fescue-red clover, in 

content of lignin and cellulose. 

Lignin is generally thought to be a structural factor 

which limits intake. Van Soest (1965) states that positive 

relations between voluntary intake and lignin can occur in 

at least two ways: rejection of immature forage because 

of palatability, taste or toxic factors, or because of 

species interactions in mixed forage systems, ie. selecti-

vity. Smith et al. (1972) reported that the rate of in 

vitro cell wall digestion was closely related to the lignin: 

cellulose ratio. Increased digestion would influence intake 

by increasing digesta passage rate. Therefore, factors 



33 

other than the absolute quantity of these two fiber compo-

nents, seem to influence voluntary intake of forage. 

Relationship to Digestibility. The DM digestibility 

values of the three forages closely reflect the respective 

voluntary intake values. Determination of digestibility 

on an CM basis revealed a difference (P <.05) between the 

alfalfa-orchardgrass and bluegrass-white clover treatments 

which was also evident in the voluntary intake trends. 

Higher digestibilities were generally associated with 

higher intake levels. Blaxter et al. (1956) observed that 

sheep consumed greater amounts of feed when it was highly 

digestible and passed through the digestive tract quickly. 

Researchers generally agree that the higher the rate of 

turnover from the rumen, the higher the intake. 

The relationship between voluntary intake and the 

digestibilities of CP, NDF, ADF, lignin and cellulose, 

differed somewhat from the above mentioned relationship. 

The digestibilities of these components were consistently 

lowest in fescue-red clover, when compared with the other 

two forages. Fescue-red clover also had the highest content 

of the fiber fractions. Accordingly, the voluntary intake 

of fescue-red clover was lowest. The voluntary intake of 

alfalfa-orchardgrass and bluegrass-white clover was higher, 

as were the digestibilities of these components. However, 

the digestibilities of these components were generally higher 

in bluegrass-white clover than alfalfa-orchardgrass, while 

the trend was for higher voluntary intake of alfalfa-
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orchardgrass. The trend for lower digestibility of the 

fiber components in the alfalfa-orchardgrass, was accompani-

ed by a trend towards a lower content of these fractions, 

which may be responsible for the higher intake of alfalfa-

orchardgrass than bluegrass-white clover, despite lower 

digestibilities of the fiber components. 

The voluntary intake of digestible UM was highest by 

cattle grazing alfalfa-orchardgrass (table 4). Although 

the intake of alfalfa-orchardgrass was not significantly 

(P>.05) higher than that of bluegrass-white clover, there 

was a clear trend toward higher intake of alfalfa-

orchardgrass. lntake of digestible DM was consistently 

lower by cattle grazing fescue-red clover although not 

significantly lower than intake of bluegrass-white clover. 

Forage Selectivity 

The species composition of the three forage systems at 

the beginning and end of the grazing trial is presented in 

table 5. Although these figures do not give an exact repre-

sentation of forage selectivity, they do indicate that a 

general pattern of selectivity was taking place. In the 

case of the alfalfa-orchardgrass pasture, grass percentage 

decreased, whereas the percentage of grass in the bluegrass-

white clover and fescue-red clover pastures increased. 

However, the changes were relatively small and may have 

been a consequence of error in estimation. lf the estimates 

were accurate, changes of this magnitude may be meaningful 

in terms of the 10-d duration of the trial. Since the 



TABLE 5. ESTIMATES OF SPECIES COMPOSITION OF PASTURES4 

Beginning ot: trial Eng of trial 
Forage Grass Other Grass Other 

% % % % 
Alfalfa-orchardgrass 59 41 50 50 

Bluegrass-white clover 91 9 97 3 

Fescue-red clover 96 4 98 2 
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grazing trial was relatively short, only small changes in 

pasture makeup would be expected •• These changes may 

therefore be indicative of some degree of selectivity. 

More specifically, the decrease in percent grass in the 

alfalfa-orchardgrass pasture may indicate preference for 

grass. The increase in percent grass in the other two 

forage systems may represent selection for components other 

than grass. 

The pattern of forage selection, as indicated by visual 

estimation, was also apparent in species analysis of the 

esophageal forage samples by the microscope-point technique 

(Lesperance et al., 1960b) as shown in table 6. There was 

a significant sampling day effect. ln the case of the 

alfalfa-orchardgrass treatment the percentage of grass con-

sumed was considerably higher than the percentage broad-

leaf plant. Since the relative proportion of grass to 

broad-leaf plant was almost equal in the pasture, it would 

appear that the cattle were selecting for grass. ln the 

bluegrass-white clover treatment group, cattle were select-

ing all species in approximately equal proportion to what 

was available in the pasture. Finally, the cattle grazing 

the f escue-red clover selected a higher percentage of 

broad-leaf plant than was estimated to be present through-

out the trial. 

lt is apparent that some degree of forage selectivity 

was taking place. However, with these 1data, it is imposs-

ible to describe exactly what species were being selected, 

or what factors were involved in determining selectivity. 



37 

TABLE 6. SPECIES COMPOSlTIOrf' OF FORAGE SAMPLES 
OBTA !NED BY ESOPHAGEAL CANNULA 

Kind S?' :elant 
Forage Grass Broad-leaf 

3 3 b 
Alfalfa-orchardgrass 84.09b 15.1 

Bluegrass-white clover 94.7c 5.3c 

Fescue-red clover 95.2c 4.8c 

SEM + -.5 + -.s 

aBy microscope-point technique (Lesperance et al., 1960b). 
b c ' Means with different superscripts in column are different 

(P < • OS). 
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lt is also important to note that the trends observed may 

be due to error in estimation or sampling via cannula. 

lt is also possible that the visual pasture assessment 

differs markedly from what was available to the grazing 

animal. 

Table 7 presents the average cattle weight gains for 

various treatment groups. Since these represent a period 

of only 10-d, they are of limited value, but they show 

interesting trends. The average weight gains for cattle 

grazing alfalfa-orchardgrass and bluegrass-white clover 

were higher (P <.OS) than those for cattle grazing fescue-

red clover. These gains fol.low the differences in forage 

quality. Furthermore, there was a trend toward greater 

weight gain by cattle grazing alfalfa-orchardgrass than 

cattle grazing bluegrass-white clover, which followed the 

trend toward higher intake of alfalfa-orchardgrass. 

The results of this study indicate that there is a 

relationship between voluntary forage intake and chemical 

composition and digestibility. lntake seems to be most 

closely related to DM digestibility and content of NDF and 

ADF. Determinants of grazed forage intake appear to be 

highly species oriented. In agreement with this, Van Soest 

(1965) found that in some forage species (ie., orchardgrass) 

there is a close relationship between intake and chemical 

composition, while in others (ie., alfalfa and bluegrass) 

there is no consistent relationship between intake and 

digestibility or chemical composition. The selectivity 
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TABLE 7. AVERAGE CATTLE WE lGHT GA INS 

Forage Weight gain 

Alfalfa-orchardgrass 

Bluegrass-white clover 

Fescue-red clover 

kg d 
·a .9 

.Ba 

a,bMeans in same column with different superscripts are 
different (P < • 05). 
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observed in this study may have been partly responsible for 

the lack of consistency in terms of these relationships. 

Since relationships between species are not uniform, altered 

selectivity in mixed-forage pastures may confound these rela-

tionships. However, from the data obtained on levels of 

intake, digestibility, chemical components, and weight gains, 

alfalfa-orchardgrass and bluegrass-white clover offer the 

highest quality forage of the three compared, during the 

time of year studied. More work needs to be done on a 

wider variety of pastures during different times of the 

grazing season. 
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TABLE 1. EXAMPLE OF ANALYSIS OF VARIANCE, VOLUNTARY 
INTAKE (KILOGRAMS PER DAY) 

Source 

treatment 

Period 

Block 

Treatment x 
period 

Treatment x 
block 

Error 

Total 

* (P .( • 05), 

Degrees of 
freedom 

2 

1 

5 

2 

10 

15 

35 

Sum of 
squares 

15.19 

29.27 

17.95 

2.92 

21.76 

12.58 

99.66 

** *** ( p .< • 01 ) , ( p <. • 001 ) • 

Mean 
squares 

7.59 

29.27 

3.59 

1.46 

2.18 

.84 

F 

9.06** 

34.89*** 

4.28* 

1.74 

2.59*. 
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TABL.£ 2. EXAMPLE OF ANALYSIS OF VARIANCE, PERCENT CRUDE 
PROTEIN, DRY BAS IS 

Source 

Treatment 

Day 

Error 

Total 

Degrees of 
freedom 

2 

9 

18 

29 

*** (P < .001). 

Sum of 
squares 

37.63 

8.76 

18.52 

64.91 

Mean 
squares 

18.82 

.97 

1.03 

F 

18.21*** 

.94 
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DIGESTIBILITY, INTAKE AND SELECTIVITY 

OF THREE MIXED-FORAGE 

PASTURES BY CATTLE 

by 

K. P. Thompson 

(ABSTRACT) 

A grazing trial was conducted to determine the relative 

value of three mixed-forage pastures, alfalfa-orchardgrass, 

bluegrass-white clover, and fescue-red clover. Three steers, 

three heifers and one esophageally cannulated steer were 

randomly assigned to each pasture treatment. Chemical 

composition. digestibility, voluntary intake, and selectivity 

of the forages were determined through use of esophageally 

cannulated steers and a rare earth marker (ytterbium). Forage 

intake appears to be most closely related to DM digestibility 

and content of the NDF and ADF fiber fractions. Some degree 

of forage selectivity was observed, although the specific 

species selected for and determinants of selectivity were not 

apparent. From the data obtained on levels of intake, digesti-

bility and chemical composition, alfalfa-orchardgrass and 

bluegrass-white clover offer the highest quality forage of 

the three compared during the time of year studied. Fescue-

red clover was consistently inferior in all respects. The 

digestible dry matter intake by cattle grazing alfalfa-

orchardgrass, bluegrass-white clover and fescue-red clover 



was 3.2, 2.9 and 2.2 kg/d, respectively. More work needs 

to be done on a wider variety of pastures during different 

times of the grazing season. 

(Key words: Beef Cattle, Forage, Voluntary lntake, Digesti-

bility, Chemical Composition, Selectivity). 
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