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This study involved three separate research efforts in which

a total of 23 sheep, 6 calves and 5 horses were employed.

Six calves and six sheep were used in a reversal study to

determine the effects of ration ingredients and level of feeding on

their taste reactions to sucrose solutions. In period I, half of the

calves and sheep were fed alfalfa pellets and half were fed "complete

pellets", a ration containing a variety of feed ingredients. In period

II, the rations were reversed so that all animals consumed both

rations. Taste reactions were determined using the two-choice

preference test, the two choices being tap water or a sugar solution

containing 5% or 20% sucrose. Taste reactions were observed at

both levels of sucrose concentration in all combinations with two

levels of feed intake; ad libitum and maintenance.

When fed ad libitum, animals generally showed greater



responses to both concentrations of sucrose when, consuming alfalfa

pellets than when consuming complete pellets. Alfalfa-fed sheep

and calves displayed a strong preference for 5% sucrose solution,

while weak preference and nondiscrimination were displayed by

calves and sheep, respectively, on complete pellets. Generally,

responses to 20% sucrose concentration by calves consuming both

rations and by sheep on alfalfa fell into the nondiscrimination zone.

When the sheep were fed the complete pellets they rejected the 20%

sucrose solution.

Maintenance feeding did not alter the responses displayed by

alfalfa-fed calves and sheep to 5% sucrose solution. Reactions for

both species continued to remain in the strong preference zone when

consuming alfalfa pellets. Feed restriction, however, increased the

responses of complete-fed calves to 5% sucrose from weak preference

at full-feed to strong preference. Reactions of complete-fed sheep

were elevated slightly, particularly during the initial days of

observation. With the exception of alfalfa-fed sheep, feeding at

maintenance increased animal responses to the higher sucrose

concentration (20%). Mild preference was displayed by calves,

while sheep responses fell into the nondiscrimination zone at this

concentration.

The results indicate that ration ingredients affected taste

responses as did feeding level. Animals tended to consume more



grams sucrose/unit of metabolic size when eating alfalfa, regardless

of sucrose concentration or feeding level. The trend, however, was

for greater sucrose consumption by both species when fed at main-

tenance, indicating a selection for higher caloric intake.

A second study involved the use of the two-choice preference

test to determine the taste reactions of five weanling foals to ascend-

ing concentrations of sucrose, sodium chloride (NaCl), acetic acid

and quinine hydrochloride (quinine). The foals were individually

penned and fed a. combined ration of concentrate pellets and hay to

appetite.

The foals did not discriminate between sucrose solution and tap

water until a concentration of 1. 25% was reached. At this level,

the foals showed a mild preference. This reaction changed to

moderate preference at 2. 5%, 5. 0% and 10% sucrose and then fell

back into the nondiscrimination zone at 20% sucrose. Responses to

NaCl remained in the nondiscrimination zone until a concentration

of 0.63% was reached; where the mean response point crossed into

the rejection zone. Further increases in the concentration of NaCI

to 5% brought about strong rejection responses. Foals were indif-

ferent to acetic acid up to 0.16 ml /100 ml. At this and higher

concentrations, rejection responses occurred. Taste reactions to

quinine fell into the nondiscrimination zone from 0.16 to 10 mg/100

ml. At higher concentrations (20, 40, 80 mg/100 m1), the foals



rejected quinine. A comparison of the taste reactions of the young

horse with those of some ruminant species would indicate that the

horse, though unique, responds similarly to the sheep in his taste

behavior.

Seventeen lambs, nine ewes and eight wethers, were used to

study the relationships between the rate at which an animal eats his

feed, size of an animal's rumen and other organs of the GIT, and

animal performance. A completely pelleted ration, containing 60%

roughage and 40% concentrate was provided in ad libitum quantities

for 12 hours during the day. The animals were then fasted for 12

hours. Eating rate was determined by weighing the feed remaining

at the end of two one-half hour intervals after the presentation of the

daily allocation of fresh feed. Eating rate was expressed as the

actual grams of feed consumed in 30 and 60 minutes (FC-30, FC-60),

as the grams consumed /unit of metabolic size in 30 and 60 minutes

(ERI-30, ERI-60), and as propensity to eat in 30 and 60 minutes.

Propensity to eat was defined as the percent of the daily ration con-

sumed in the first 30 or 60 minutes after feed presentation.

Analysis of the ERI data at 30 and 60 minutes indicated that the

male lambs ate significantly (P< . 05) faster than the female lambs.
0.75The difference was on the order of 3.0 g/kg wt. at 30 minutes

0.75and 3.5 g/kg wt. at 60 minutes. Differences within sex in

ERI-30 and ERI-60 were noted (P< .01). The ERI of animals on an



individual basis, however, was found to be a repeatable measurement

both at 30 and 60 minutes (P< 01). The various expressions of eat-

ing rate were all highly correlated with one another.

Total weight gain, average daily gain (ADG) and feed efficiency

(kg feed/kg gain) were significantly correlated with FC at 30 and 60

minutes (P< . 01) and ERI at 30 and 60 minutes (P< . 05). The results

suggest that eating rate may be a useful and easily obtained index of

rate of gain, and could possibly be used in a selection program.

Though significant (P< . 05) correlations between FC-30, FC-60,

ERI-60 and two estimates of rumen size (weight of the full rumen and

rumen contents weight) were noted, none of the eating rate terms

were correlated with rumen tissue weight. Eating rate, however,

was positively and significantly, correlated with weight of the

abomusum tissue.

Rumen size was significantly correlated to ADG and feed

efficiency, but not to average daily feed. The data suggest that

rumen size is related, at least in part, to rate of gain of the animal.

Adjusting the weight of the rumen tissue and rumen contents to a

metabolic size basis or an empty body weight basis, however,

failed to establish any consistent trends between these parameters

and animal performance.

Weight gain and feed efficiency were positively associated with

the tissue weights of the abomusum and small intestine.



Interpretation of the data indicated that more of the variation in ADG

was accounted for by variation in the small intestine weight, than by

variation in the weights of the rumen or a.bomasum.
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SOME PSYCHOPHYSIOLOGICA.L ASPECTS OF TASTE AND EATING
RATE IN CATTLE, SHEEP AND HORSES

INTRODUCTION

For centuries, man has been interested in the satiation of his

palate as well as his nutritional needs. When given the opportunity,

animals too are motivated to eat certain foodstuffs as a result of

palatibility assessments. With the increasing popularity of intensive

confinement operations, however, livestock may no longer choose

which foodstuffs to eat, and find themselves in a situation where they

must consume what is presented to them. Often times, this includes

waste and by-product feedstuffs with sensory characteristics differing

quite markedly from feedstuffs to which the animal is accustomed.

Under such circumstances, information concerning the taste behavior

of animals may be beneficial in assuring adequate levels of intake

and performance.

The taste responses of some ruminant species have been the

subject of recent investigations at this station. In each instance,

however, animals have been fed a common ration to appetite. The

question arises whether ruminants would respond differently when

ration ingredients vary or when fed at different levels of intake. A.

study to evaluate what effects ration ingredients and level of feeding

have on taste reactions to a particular taste category (i. e., sweet)

would seem to be of value.
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In an effort to hold down the cost of production, the horse indus-

try, like other areas of the livestock industry, has become increas-

ingly interested in the use of by-product feedstuffs, particularly crop

residues. Thus, an understanding of the taste reactions of horses

would seem to be of value. A review of the literature, however,

indicates that no such information is available. A study of the taste

reactions of the horse is, therefore, needed. '

Information in the literature concerning the eating rate of

animals suggests that eating rate and animal performance may be

related, Relationships between the speed of eating and rumen size,

and rumen size and animal performance have been reported by sepa-

rate research groups, A. study of the associations between these

three parameters (eating rate, rumen size, animal performance)

under the same experimental conditions would seem to be of value

since information of this nature would aid in animal selection pro-

grams.

The purpose of this study was to determine what effects ration

ingredients and level of feeding have on the taste reactions of cattle

and sheep to sucrose solutions. Observations were also made on the

taste reactions of horses to sweet, salty, sour and bitter tasting solu-

tions. Finally, the relationships between the rate at which sheep eat

their feed, size of the rumen and other gastrointestinal tract organs,

and animal performance were investigated.
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REVIEW OF LITERATURE

Part I: Taste Reactions

The taste reactions of ruminants, both domestic (pygmy goats,

normal goats, sheep and cattle) and feral (black-tailed deer), have

been the subject of numerous studies at the Oregon station. In the

last half-a-decade, no less than five advanced-degree dissertations

have been written on this and related subjects at this station. Conse-

quently, an extensive review (and some repetition) of the literature

concerning taste reactions and interrelated factors has been compiled.

Goatcher (1969, 1970) presented in -depth literature reviews pertaining

to a number of topics in the area of gustation. Subjects considered,

among others, were: existence of water and alkaline tastes, taste

groups, factors influencing taste responses (environmental and intra-

organic), experimental methods of studying taste reactions, species

and individual differences in taste responses, taste modifiers, inter-

action of tastes and taste thresholds. Subsequent reviews on these

and additional subjects have been presented by Crawford (1970), Rice

(1972) and Mehren (1973). In light of the detailed nature of the reviews

available, an exhaustive literature review on taste will not be pre-

sented herefn, However, discussion of certain aspects of taste,

which bear directly upon this study, is deemed appropriate.



4

Physiological Characteristics of Taste

The gustatory organs of mammals, more commonly referred to

as taste buds, are anatomically located in the mucosa of the oral and

pharyngeal cavities. Although the maximal concentration of receptors

is in the mucosa of the tongue, particularly the dorsal aspect, they

have been found on various structures related to the oral cavity, such

as upper margins of the gullet, epiglottis, soft palate, pharynx, and

larynx. However, no systematic study on the extent of importance in

taste perception of these latter cells has been made (Kare, 1970).

Taste buds, which actually contain many receptor cells each projecting

microvilli out into the taste pore, are usually concentrated on the

circumvallate and fun.giform papillae of the tongue. The distribution

and numbers of taste buds varies greatly among species. In the cow,

the greatest concentration of taste buds is on the posterior portion of

the tongue, with somewhat fewer on, the tip, and relatively few in the

middle. Whereas, in the dog, for example, the reverse is true.

While the sheep has some 10,000 taste buds and the calf 25,000, the

chicken has only a few dozen (Kare, 1970).

Taste impulses arise when the taste stimuli, in solution with

saliva, come into contact with, and are adsorbed to, specific sites

on receptor-cell microvilli. This results in a small change in the

spatial configuration of the macromolecules comprising the surface
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of the microvillus membrane, a local release of potassium from the

receptor cell, depolarization and initiation of electrical impulses in

adjoining nerve fibers.

Taste impulses pass from the tongue to centers in the brain by

way of cranial nerves; the specific nerve carrying the impulse depends

upon the location on the tongue where the impulse originates. The

taste buds of the anterior two-thirds of the tongue are innervated by

nerve fibers from the chorda tympani, a small branch of the seventh

cranial nerve (facial). Afferent impulses from taste buds located on

the posterior one-third of the tongue pass to the brain over the glosso-

pharyngeal or ninth cranial nerve. The vagus (tenth cranial nerve)

innervates taste receptors in the pharynx and larynx (Bell, 1959;

Kare, 1970). Impulses pass from the tongue over these neural path-

ways to the tractus solitarius of the medulla. From the medulla,

second order neurons extend on to the thalamus, and from the thala-

mus, third order neurons radiate to the cortex (Kare, 1970). A more

detailed discussion of the anatomy and physiology of taste mechanisms

can be found in Kitchell (1963) or Beidler (1963).

Functions and Classification of Taste

The evolutional aspects of and justification for the functions of

taste have been discussed by Goatcher (1969) and Crawford (1970).

Suffice it to say that the functions of taste can be grouped into three



main categories: protection, identification and motivation. Of the

three, animal scientists are concerned primarily with motivation,

although identification and protection from ingestion of toxic feed and

forage are important considerations,

The prevailing opinion, among these who have worked or are

working in the area of gustation, is that there are but four basic

tastes: sweet, salty, sour and bitter (Beidler, 1952; Wenger, Jones

and Jones, 1959; Skramlik, 1963; Bekesy, 1964a, b; Goatcher, 1969,

1970; Goatcher and Church, 1970e; and others). This classification,

which is categorized on man's taste reactions, assumes that animals

share man's taste world, and has been challenged by some workers

over the years (Kare and Ficken, 1963; Kare, 1970). Kare (1970)

stated that, with animals, it is more appropriate to divide responses

into the dimensions of pleasant, unpleasant and indifference. How-

ever, the use of the four taste categories, when referring to taste

classification of animals, still persists.

Factors Which May Influence Taste

A. partial listing of some of the factors, both external (environ-

mental) and internal (intraorganic), which may influence taste sensi-

tivity in animals and, therefore, the type and magnitude of the taste

response has been presented by Rice (1972). Of the external factors

that bear mentioning, the nature and temperature of the taste medium,



and visual and positional cues are of major concern and have been

reviewed by Goatcher (1969, 1970), Crawford (1970) and Goatcher

and Church (1970e).

Factors of an internal nature that may alter behavioral taste

thresholds include age, sex, diurnal variation, presence of disease,

and genetic constitution (Goatcher, 1969, 1970; Crawford, 1970;

Goatcher and Church, 1970e); odor, body hydration, diet and relative

availability of desired foodstuffs (Rice, 1972). Nutritional deficiency,

specifically caloric deficiency and diet, from the standpoint of the

feed ingredients comprising the ration, are of primary concern in the

present study.

Caloric Deficiency: Taste vs. Calories

According to Bell (1959) the preference shown for certain sub-

stances can be affected by the biochemical needs of the animal. The

existence of a state of need in an organism will alter the initial reac-

tion of that organism to a class of stimuli (Smith and Duffy, 1957).

On this same subject, Goatcher (1970) indicated that, when an animal

is deprived of a nutrient to the point that a deficiency state develops,

behavioral taste thresholds may be increased or decreased. Gener-

ally, behavioral taste thresholds are decreased in deficiency states

and preferences are shifted to higher concentrations, thereby afford-

ing the animal a mechanism to compensate for the deficiency.
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Richter (1942) studied the effect of insulin treatment and the

resulting reduction in blood glucose level on dextrose appetite. Adult

rats, treated daily with progressively increasing doses of insulin

(from 2 to 16 units per day for 26 to 54 days), all manifested a

markedly increased appetite for a 40% solution of dextrose. Average

daily dextrose intake increased from 14.6 ml for the last 10 days

before treatment to 31.5 ml for the last 10 days of insulin injection.

The author (Richter, 1942) stated that the rats apparently made an

effort to correct the lowered blood sugar by ingesting large amounts

of dextrose. Mayer-Gross and Walker (1946; cited by Goatcher, 1969)

reported that insulin-induced sugar hunger resulted in a switch in

preference from lower to higher concentrations of sucrose (concen-

trations not reported). In a similarly conducted study (Jacobs, 1958),

insulin administration shifted the preference of rats for glucose solu-

tion from the 10% solution they preferred prior to insulin treatment

to a 35% solution. The reinforcer associated with this altered prefer-

ence was shown to be glucose. Interestingly enough, Zawalich (1973)

reported that, when alloxan, a diabetogenic compound which causes

rapid destruction of the pancreatic beta cells when injected intra-

venously, was applied to the surface of the tongue, it reversibly

inhibited the sweet taste response induced by glucose. Alloxan had

no effect on solutions of other basic taste qualities.
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In studies with human subjects, Janowitz and Grossman (1949)

could show no changes in thresholds for sugar (sucrose) taste either

during the development of appetite and hunger sensations or following

their subsidence. Abolition of hunger sensations using D-amphetamine

also failed to show any consistent changes in acuity of gusto-olfactory

senses.

Smith and Duffy (1957) allowed hungry and satiated rats to drink

either a 20% solution of sucrose, a 0.1% solution of saccharin or water

in an apparatus which provided a continuous record of drinking. All

subjects accepted both sugar and saccharin in greater quantity than

water. Over a 24-hour period, both sugar and saccharin were con-

sumed in larger quantity by hungry rats than by satiated rats. This

difference was due to more frequent contacts with the drinking tube

by the hungry rats, because hunger had no effect on the average

amount consumed per contact. Likewise, Sheffield and Roby (1950)

and Bacon, Snyder and Hulse (1962) demonstrated that hungry rats

drank significantly more saccharin solution than satiated rats. In

the latter report, deprivation significantly increased both relative

preference for saccharin over water and the concentration of maxi-

mum preference. Hungry rats showed a maximum preference for

the 4.5 g/1 concentration, while satiated rats showed a maximum

preference for a 1.8 g/1 concentration.
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As the level of feeding decreased from ad libitum to complete

food deprivation, Hsiao and Pertsulakes (1970) noted that rats drank

less water or saline solution but more sucrose (4. 6% or 9. 3%) or

saccharin (0. 4 %) solutions. At ad libitum feeding levels, food intake

was reduced when accompanied by liquids containing calories (sucrose

but food intake was constant with liquids having no caloric value.

There is general agreement in the literature among nutritionists

and physiologists alike that animals, particularly monogastrics, fowl

and, to a lesser extent, ruminants eat to satisfy their caloric needs.

With this in mind, it is interesting to speculate whether the alterations

in preference for sucrose solution, which results from caloric depri-

vation (hunger) or insulin administration, are reactions by the animal

to taste or caloric properties of sugar. Furthermore, if it is calories,

then how can one account for the increased preference for saccharin,

a compound with no caloric value? In an attempt to answer this ques-

tion, Jacobs (1961) separated taste and calories by comparing intakes

of substances having properties of taste alone (saccharin), taste plus

calories (glucose) or predominantly calories (corn syrup solids).

Intake of glucose solution by satiated rats appeared to be independent

of taste. The animals adjusted their intake of the various solutions,

which were offered at two concentrations, to provide a constant

caloric input regardless of the energy source or added saccharin.

Food intake was highest when saccharin solution alone was available
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and decreased when solutions containing calories were presented. In

a similar situation (Jacobs and Sharma, 1969), test solutions of

saccharin (sweet), saccharin-corn solids mixture (sweet and calories)

and corn solids (calories) were used. Under ad libitum feeding condi-

tions the rats responded to calories, ignoring the sweetness added to

corn solids. Food deprivation, however, significantly increased in-

take of all three solutions, but particularly the saccharin solution.

Thus, hunger seemed to affect taste more than calories. On the basis

of this and additional studies (Jacobs, 1962, 1963), Jacobs and Sharma

(1969) hypothesized that animals on ad libitum feeding schedules eat

for calories more than hungry animals, and that animals deprived of

food eat for taste more than those fed ad libitum. Though common

sense assumes that hungry animals would be less discriminating

about taste rather than more, this model provides a basis by which

the animal seeks out and ingests the needed food or nutrient on the

basis of its sensory qualities. Recently, Booth (1972a, b) has chal-

lenged this thesis by showing that, in a short-time situation, freely

fed rats can be observed to respond to taste at least as strongly as

starved rats. Obviously, this controversy will continue to rage on

until all the many aspects of energy balance (biochemical, behavioral

and environment) are worked out.
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Diet

Taste responses to solutions of pure stimulants, though not

representative of most livestock feeding situations, are of interest

as this information helps to predict the ingestive responses of a

species when confronted with foods containing high levels of such

stimulants (Goatcher, 1970; Goatcher and Church, 1970e; Rice, 1972).

Molasses, when used in large amounts in dry rations or in liquid sup-

plements, is an example of a foodstuff that falls into this category.

However, under practical livestock feeding conditions, diets usually

contain several foodstuffs and, consequently, combinations of taste

stimuli. Under these conditions, interactions of the four basic

tastes become important.

The subject of taste interactions of stimulants in pure solutions

has been reviewed by Goatcher (1970). The results of taste interaction

studies are somewhat variable. For example, Fabian and Blum (1943)

concluded that salt increased the sweetness of sugars, whereas

Kamen et al. (1961) reported that salt decreased sweetness. On the

basis of electrophysiological responses, Andersen, Funakoshi and

Zotterman (1963) showed that the sweet response elicited by sucrose

was depressed by that of sodium chloride.

The influence of intact feedstuffs, containing mixtures of stimu-

lants, on taste reactions or interactions is less well understood.
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Tepperman (1961) discussed a number of interrelations among taste,

metabolism and nutrition. He cited specific examples of how the level

of carbohydrate, fat or protein in the diet (referred to as metabolic

mixture), which may be controlled in part by taste, can influence

metabolic pathways.

Though not usually a foodstuff in the practical sense, ethyl alco-

hol. was shown to enhance the sweetness of sucrose and the bitterness

of quinine, and to depress salty and sour tastes (Martin and Pangborn,

1970).

In light of the following discussion, it is reasonable to assume

that the taste reactions of animals may be influenced by the chemical

nature of the ingredients comprising the ration, and that dietary ingre-

dients may influence behavioral taste thresholds.

Species Differences in Taste

The subject of species differences in taste reactions has

received considerable emphasis in previous reviews and, therefore,

will be mentioned herein only in passing.

Church (1971) summarized, on the basis of work conducted at

the Oregon station, the taste responses of some ruminant species to

the four taste groups as follows: sheep show only a week preference

for sweets, cattle show a preference for sweets and sour, deer show

preference for sweet, sour and bitter, and goats (normal and pygmy)
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show a preference for sweet, salt, sour and bitter. All species

responded to the four primary taste groups. The sensitivity ranking

of these species, from most sensitive to least, was given to be:

cattle, deer, pygmy goats, normal goats and sheep. Taste reactions

of many other species of animals have been characterized. Suffice

it to say that species differ in their taste responses and, as has been

most aptly stated by Kare and Ficken (1963), "no pattern, chemical,

physical, nutritional, or physiological can be offered to explain the

collective comparative results. "
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Part II: Eating Rate, Rumen Size and Performance

Eating Rate

The rapidity with which feed is ingested by ruminant animals

has been of interest to researchers more from the standpoint of pos-

sible oropharyngeal regulation of voluntary food intake. After study-

ing the eating behavior in cattle, Balch (1958) considered it unlikely

that oropharyngeal- based mechanisms would limit feed intake in rumi-

nants. Further evidence in support of the suggestion was presented

by Camp ling and Balch (1961). They collected the hay swallowed by

cows as it passed through the cardia during the first three hours of a

meal. The length of the period of eating was almost doubled and the

cows consumed about 177% of their normal voluntary intake of hay.

This negated the importance of either exhaustion of the salivary glands

or of the muscles of the jaw and reticulo-rumen in determining the

point at which a cow stopped eating hay offered ad libitum.

Eating rate, also referred to as rate of eating or appetite

(Conrad, 1966), has been expressed in a variety of manners and

terms including: number of boli swallowed per unit of time, usually

per minute (Schalk and Amadon, 1928; Gill, Camp ling and Westgarth,

1966); jaw movements or chews per minute (Fuller, 1928; Balch, 1958;

Gill et al. , 1966); bites per minute (Hardison et al. , 1956; Duckworth

and Shirlaw, 1958); quantity of feed consumed per unit of time (Bailey,



16

1959; Putnam, Lehmann and Davis, 1964; and others); time per unit

of feed (Burt, 1957; Stoddard, 1969); and propensity to eat (Purser

and Moir, 1966a, b). However, as pointed out by Church (1969), rela-

tively few papers are available on the effect of certain variables on

eating rate. Some probable factors which may modify normal eating

rate are palatability of the feedstuff or ration, amount and physico-

chemical nature of the feed, the degree of hunger or satiety, whether

the animal has a restricted time to eat and presence of deficiency or

disease states.

Eating rate has received considerably more attention in dairy

cows than in some of our other livestock animals. Burt (1957) deter-

mined rates of eating hay, kale and concentrates in lactating dairy

cows of two different age groups (cows and heifers). There were

significant differences between animals and between days of measure-

ment in rates of eating in both groups. The cows, however, were a

more variable group and generally ate faster than the heifers. A

positive relationship between the rates of eating of all three different

foods and liveweight was noted. He concluded that the errors in the

determination of mean rates of eating were such that observations

made for 4-5 days gave satisfactory comparisons of individual rates

of eating.

Bailey (1959) demonstrated the effect of different physical form

on eating rate in dairy cows. Mean eating rates for hay, dried grass,
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silage, fresh grass and dairy cubes were (g food/minute): 70, 83,

248, 283, and 357, respectively. More fibrous foods were eaten

slower than less fibrous foods and stimulated a larger flow of saliva

per unit weight of food consumed. More fibrous foods are also chewed

more slowly (Fuller, 1928; Hardison et al., 1956; Duckworth and

Shirlaw, 1958; Gill et al., 1966). Freer, Campling and Balch (1962)

found that, when the time of access to roughages was limited, the rate

at which cows ate increased.

Changes in the rate of eating during meals were shown to occur

by Suzuki, Fujita and Shinde (1969), among others. In studies in which

cows were fed twice daily, the rate of eating silage or hay was highest

in the first five or ten minutes and then fell gradually until the end of

eating. Silage was eaten faster than hay. The quality of the feed,

individuality of cow and pregnancy were listed as probable factors

which affected the rate of eating throughout a meal.

Preliminary results reported by Stoddard (1969) showed that

dairy cows took about 3 minutes to eat a kilogram of grain when fed

up to 4.5 kg of concentrate mix per feeding, Cows receiving about

5.5 kg of grain concentrate required about 3.5 minutes/kg. The

rate of grain consumption (minute/kg) tended to increase with milk

production, although the individual variation was sufficiently great

to question the trend. Eating rate seemed to be more related to body
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weight of the cows, with smaller cows requiring more time per kg of

grain than larger cows.

Limited information has been gathered relative to the eating

rate of beef cattle. In a report by Putnam and Davis (1963) it was

noted that heavier animals spent less time at the feeder daily than

animals of lighter weight. Further studies by this group (Putnam,

Lehmann and Davis, 1964) showed that body weight was directly

related to the speed with which feed was consumed, and that type of

ration (mainly hay vs. mainly concentrate; ground vs. pelleted) also

affected eating rate. Rate was determined by dividing daily consump-

tion by hours spent at the feeder.

In each year from 1966 to 1968, Frisch and Vercoe (1969)

measured food intake, liveweight gain and eating rate on three each

of Brahman, A.fricander and Shorthorn x Hereford male cattle. Eat-

ing rate was determined by weighing the feed and feed container at

set intervals (usually 10 minutes) for about an hour during feeding.

This was done on three or four successive days, twice during each

test period. Initially rates were measured for both morning and

evening feeds, but due to the non-significant affect of time, rates in

1968 were recorded for the evening feed only.

The eating rate of animals was found to be a highly repeatable

measurement both at different times (a. m. or p. m. ) and on different

days. Eating rate of animals within breeds and years were
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significantly correlated with both voluntary feed intake (r = 0,61,

P< .01) and liveweight gain (r = 0.63, P < ,01). Contrary to the

reports of Putnam and associates (1963, 1964), eating rate was not

correlated with liveweight. It was suggested (Frisch and Vercoe,

1969) that, under specific conditions, eating rate may be a useful

index of intake and gain, and could possibly be used in a selection

program where large numbers of animals are to be tested.

On the subject of eating rate and voluntary feed intake, Balch

and Camp ling (1962) cited some German workers who also found a

close positive correlation between the speed of eating, expressed as

amount of food per minute, and voluntary intake of food in cattle.

The rate of eating in sheep was measured by Forbes and Wright

(1968) using 18 dry ewes. A more detailed account of this and an

additional experiment was reported by Forbes, Wright and Bannister

(1972). The ewes were fed in turn on dried grass, ground and pelleted

dried grass or hay during three 21-day periods. Rate of eating was

recorded on 6 of the last 10 days of each period, and was expressed

as weight of feed eaten at 30, 60 and 90 minutes after offering the

daily allocation of fresh food. Mean amounts of dry matter consumed

in the first 30 minutes were: 282g, 324g, and 220g for the dried

grass, pelleted dried grass and hay, respectively. The difference

between the rate of eating pelleted dried grass and hay was significant

(P < .01). Eating was much slower during the second and third
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30-minute intervals than in the first 30 minutes after feeding. In the

case of the dried grass and hay, rate of eating was positively related

to total voluntary intake and rate of passage (P < .01), and negatively

related to mean retention time (P < .01). With the pelleted dried

grass these relationships were not significant. Interpretation of the

statistical analysis of the data suggested that variation in rate of

eating was associated more with variation in voluntary intake than

with variation in mean retention time.

In a second experiment by this group (Forbes et al., 1972),

rate of eating during the first 30 minutes after feeding was faster

when hay was fed in restricted amounts (two-thirds of ad libitum)

than when it was fed ad libitum. In neither experiment was there a

significant relationship between rate of eating and liveweight.

Chase and Wangeness (1973) studied the feeding behavior of

sheep fed a complete ration composed of 20% chopped hay and 80%

concentrate. Analysis of some 1,800 individual meals showed a

mean meal size of 135g, meal duration of 12.6 minutes and eating

rate of 11.7 g/minutes. Increasing meal size from less than 50 g

to 350 g resulted in an increase in both eating rate and meal duration.

With larger meals the eating rate appeared to level off while duration

continued to increase.

Purser and Moir (1966a, b) described a relative measure of

eating rate called propensity to eat. This is simply an expression
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of the percent of the daily ration consumed in a specific period of

time after food presentation. In their studies with 11 Merino wethers,

this period of time was four hours.

Rumen Size

Of special interest in the reports of Purser and Moir (1966a, b)

was the association that was noted between propensity to eat and esti-

mated rumen volume. Rumen volume was evaluated by these authors

as a possible explantion for at least part of the individual variation in

microbial population observed among sheep of similar size, and con-

suming identical diets. Volume was estimated using the Cr2O3 dilu-

tion method. All animals were fistulated, individually penned and fed

once daily a semi-purified diet in amounts varying between 880 and

903 g/day. The linear relationship between propensity to consume

feed (rapidity of feed intake) and increased estimated rumen volume

was significant (P < .01).

In subsequent experiments on these same animals (Purser and

Moir, 1966a), individual differences in rumen volume were estimated

both prior to and after slaughter. While sheep liveweight varied

from only 62 kg to 76 kg, estimated rumen volume (as determined

by Cr2O3 dilution) varied from 4 liters to 10 liters.

Rumen parameters measured after slaughter included weight of

rumen and rumen contents, volume of rumen contents (termed
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"physiological volume") and water-filled rumen volume (termed

"physical capacity"). The different estimates of rumen volume

resulted in markedly different values Volume estimated with Cr2O3

(before slaughter) overestimated the physiological volume by a factor

of 30-50%, whereas physical capacity was on the order of three to

four times the physiological value. However, it was considered that

both these estimates of rumen volume having meaning as relative

measures of physiological rumen volume since there were highly

significant relationships between these parameters. Some of the

other important relationships shown to exist between the various

measurements taken included: sheep weight and empty rumen weight,

physical capacity and empty rumen weight, weight of rumen contents

and physical capacity, physiological volume and sheep weight, and

percent dry matter of rumen contents and physiological volume.

Church, Jessup and Bogart (1962) reported a high correlation

.97) between measurements of rumen volume and rumen wet

tissue weights of suckling lambs. As suggested by Church (1969),

the best measure of physiolpgical fill should be a measure of stomach

contents of a normally fed animal.

Physiologically effective volume does seem to be a repeatable

measurement (Egan, 1970). As might be expected, values in the

literature (for rumen size) are of a highly variable nature, owing to
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differences in measurement techniques, age and weight of animals

used and nature and amount of diets fed.

Boyne et al. (1956) reported mean organ and content weights

for the various parts of the alimentary tract from 21 5-year-old

Cheviot ewes. Average weight of the reticulo-rumen was 1160 g,

while the mean contents weight was 7750 g, of which 14.2% was dry

matter. Approximately two-thirds of the total contents of the tract

were contained in the reticulo- rumen.

Weight changes in rumen contents, with time after feeding, was

measured by Watanabe and Umezu (1962) using a single sheep, 28 kg

in body weight. The weight of rumen contents varied from about

4500 g to 7100 g depending upon the time after feeding and the type of

ration being consumed. Further studies on the diurnal pattern of

reciulo-rumen contents have been reported by Gray, Pilgrim and

Weller (1958) and Minson (1966).

Packett, Myers and Jackson (1966) noted that reticulo-rumen

ingesta volumes in roughage-fed sheep were higher (average 5.6

liters) than in concentrate-fed sheep (average 3. 3 liters), whereas

the cecal ingesta volumes were similar between sheep fed the two

types of diets.

The amounts of digesta in the reticulo-rumen of sheep at the

end of the first meal after presentation of fresh food were measured

directly and indirectly by Egan (1970). Indirect estimates were made
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by the polyethylene glycol dilution technique. There was a close

relationship between the two measurements. Sheep eating wheat

straw, oat hay and lucerne hay had mean digesta volumes of (ml):

4520, 5240, and 6980, respectively. Digesta contents weights fol.=

lowed this same trend.

Rumen Size and Feed Intake

Blaxter, Wainman and Wilson (1961) concluded that sheep ate to

a constant distension of their digestive tracts as measured by the

"fill". This was determined by the digestibility of the food and the

rate of passage of the undigested residues.

Data reported by Purser and Moir (1966a) showed a significant

(P < .01) positive correlation between dry matter intakes of material

low in nitrogen and physiological rumen volume. The authors sug-

gested that the ad libitum intake of dry matter of poor quality, bulky

roughage was proportional to the rumen volume.

Positive relations between the weight of the empty reticulo-

rumen and voluntary intake have been found in lambs (Wardrop and

Coombe, 1960, 1961) and calves (Kesler, Ronning and Knodt, 1951).

This relation comes as no surprise since the concept of physical

limitations of voluntary food intake imposed by the capacity of the

digestive tract, particularly the reticulo-rumen, has long been

appreciated. Campling (1970) concluded that voluntary intake of
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certain roughage diets is limited by the capacity of the reticulo-rumen

and the extent of delay in this organ.

The regulation of voluntary food intake in ruminants is a subject

deserving of its own literature review and will not be dealt with here.

Rumen Size and Performance

The relationship between rumen size and animal performance

has received only limited consideration in the literature. Johns,

Ulyatt and Glenday (1963) ran several groups of sheep, both ewes and

lambs, on four different pastures to determine the effect of parture

type on liveweight gain, carcass composition and rumen characteris-

tics. A. significant (P < .01) relationship was shown between rumen

volume, as determined by water fill, and empty liveweight. Rumen

contents and empty liveweight were not related. Rumen volume

varied from 16.2 liters to 19.3 liters, and weight of rumen contents

from 3.7 to 5.3 kg. It is noteworthy that the pasture which gave the

lowest liveweight also gave the highest rumen contents weight.

Sinclair et al. (1958) made observations on the rumina of 75

feedlot lambs at slaughter. Feedlot performance data were available

on 42 of the sheep. A significant correlation (r = 608, P < .01) was

noted between total rumen weight and average daily gain. Relative

length of papillae in the anterior-ventral sac was also significantly

correlated with average daily gain.
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Sinclair and Kunkel (1959) reported positive relationships be-

tween initial weight, final weight, 114-day weight gains, terminal

28-day weight gains and reticulo-rumen weight. The weight of total

reticulo-rumen tissue was largely proportional to overall size of

the animal which, in turn, was affected by feedlot gain. Although

this was offered as a possible explantion of the high correlation

between reticulo-rumen weight and average daily gain, the possibility

of increased functional capacity of the large rumen, as noted by

Purser and Moir (1966b), should not be overlooked.

The relation between lamb feedlot gain and reticulo-rumen

weight was further substantiated by Kunkel et al. (1962). They

interpreted their data to indicate that the weight of total reticulo-

rumen tissue was a sensitive expression of body weight gain, but

that papillary length may be independent of body growth.
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SECTION I

Experimental Procedure

Six Hampshire ram lambs (average initial weight 67 kg) and

six Holstein male calves (average initial weight 162 kg) were used in

an experiment with a switch-back design to determine the effects of

ration ingredients and level of feeding on their taste reactions to

sucrose solutions. The animals were housed in individual pens

measuring 1.5 by 5.0 meters for the duration of the experiment. The

pens were cleaned and wood shavings replenished at periodic intervals.

Feed and water consumption data were recorded on an individual basis.

In period I of the reversal study, half of the calves and sheep

were fed alfalfa pellets and half were fed pellets containing a variety

of feed ingredients, The latter ration will be referred to from hereon

as the "complete pellet" ration and animals receiving this ration as

the "complete-fed animals. " Vitamin A and an antibiotic premix

were added to both rations. The ingredient composition and calculated

analyses of the rations are presented in Table 1. In period II, the

rations were reversed so that all animals consumed both rations.

Taste reactions were determined using the two-choice prefer-,

ence test as outlined by Goatcher and Church (1970a). Basically, this

procedure involved giving animals a choice between two containers,
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Table 1. Ingredient composition and calculated analysis of
experimental rations.

RationItem Alfalfa Pellets Complete Pellets

Ingredienta

Alfalfa hay, suncured 99.00 40.00

Barley, ground 44.00

Millrun, wheat 7.50

Soybean meal 6.75

Bone meal 0.75

Salt, trace-mineralized 1.00 1.00

Calculated Analysis

Crude Protein, % 15.00 14.6

TDN, % 50.5 63.3

Calcium, % 1.2 0.7

Phosphorus, % 0.2 0.5

Digestible energy, Mcal/kg 2.235 2.722

Net energyc for maintenance
Mcal/kg 1.095 1.443

aVitamin A and antibiotic premixes were added and supplied per kg of
ration: 2,145 I. U. Vitamin A; 11 mg oxytetracycline hydrochloride.

bAir-dry basis.
cNet energy for maintenance values apply only to calves.
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one container holding tap water and the other tap water plus the chemi-

cal being tested (test solution). In this case, animals were given a

choice between tap water and a sugar solution containing 5% or 20%

sucrose. Cattle and, to a lesser extent, sheep have been shown to

prefer 5% sucrose, while 20% sucrose is adversely high for both

species (Goatcher and Church, 1970c).

Fluid was provided in identical plastic containers for a period

of about 12 hours (usually 9 a. m. to 9 p. m. ), at which time the

amount of fluid taken from each container was determined gravimetri-

cally. On the following day the position of the test solution was

reversed in order to avoid positional or visual bias. The position of

the test solution was reversed each day thereafter. Taste reactions

were observed at both levels of sucrose concentration and at two

levels of feed intake: ad libitum (full-feed) and maintenance. The

maintenance requirements for sheep were calculated on a digestible

energy (DE) basis using the formula of Garrett, Meyer and Lofgreen

(1959) which has been accepted and used by the N. R. C. (1968) in

calculating the nutrient requirements of sheep. Maintenance require-

ments for the calves were estimated using the Net Energy for main-

tenance (NEm) formula (N. R. C., 1970).

The sequence of combinations of sucrose concentration and

feeding level tested during each period is presented in Table 2.
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Table 2. Sequence of feeding level and sucrose concentration
tested during each period of reversal study.

Feeding Level Sucrose Concentration Duration

Ad libitum 5% 12 days

Ad libitum 20% 12 days

Maintenance 5% 10 days

Maintenance 20% 10 days

Taste reactions were determined by expressing intake of the test

solution as percent of the total fluid intake. Percent of total fluid

intake as test solution was averaged for each consecutive 2-day

period. The average of six such values (from six animals) constitutes

the final response point for the 2-day period for each species. Values

were interpreted using taste thresholds developed by Goatcher and

Church (1970a). The various taste thresholds are presented in Figure

1. As can be noted, responses falling between 40% and 60% are con-

sidrered in the nondiscrimination zone; above 60%, in the preference

zone; below 40%, in the rejection zone.

Sucrose consumption data were analyzed by the t-test to deter-

mine if differences due to ration were statistically significant. This

was done for both species at each feeding level-sucrose concentration

combination.
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Results and Discussion

For the most part, when fed ad libitum, animals showed greater

responses to both concentrations of sucrose when consuming alfalfa

pellets than when consuming complete pellets.

Mean taste reactions of ad libitum-fed sheep and calves to 5%

sucrose solution are presented in Figure 2. As may be noted,

alfalfa-fed sheep and calves displayed a strong preference for the 5%

sucrose solution. Their preference for sucrose ranged from 90-99%,

which indicates that they drank the test solution almost exclusively.

Weak preference and nondiscrimination were displayed by calves and

sheep, respectively, on complete pellets. Reactions elicited by

alfalfa-fed sheep to 5% sucrose were higher than responses previously

reported by Goatcher and Church (1970c). These authors reported

taste reactions for adequately-fed sheep, over a range of sucrose

concentrations (.08%-20%), to fall in the nondiscrimination zone.

Their sheep were fed a ration similar to the complete pellet ration in

the present study, which, interestingly enough, also elicited responses

in the nondiscrimination zone for most of the experimental period.

Cattle are known to have a preference for sweet tasting com-

pounds (Stubbs and Kare, 1958; Bell., 1959; Goatcher and Church,

1970a; Kare, 1970). Although ration differences were observed in

the strength of the reaction, responses of calves on both rations fell

in the preference zone.
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Figure 3 shows mean taste reactions of sheep and calves to 20%

sucrose concentration when fed ad libitum. Generally, responses of

calves consuming both rations and of sheep on alfalfa fell in the non-

discrimination zone. There was a trend towards greater preference

during the latter days of observation, which culminated in the alfalfa-

fed calves showing a moderate preference for 20% sucrose during the

last 2-day octave of observation. When the sheep were fed the com-

plete pellets, they rejected the 20% sucrose solution. Responses

displayed by all but the complete-fed sheep were higher than the rejec-

tion responses reported by Goatcher and Church (1970c) for both

sheep and cattle at 20% sucrose. The data indicate that the animals

were less tolerant of an adversely high level of sucrose (20%) when

consuming complete pellets than when consuming alfalfa pellets.

Considerable individual animal variation existed in taste reac-

tion to both 5% and 20% sucrose. It was not uncommon for responses

to vary from almost complete rejection to almost complete preference

on the same observation day. As an example of this variation, the

reactions of the animals to 5% and 20% sucrose on the last day of

each ad libitum feeding period are shown in Table 3.
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Table 3. Example of variation in individual taste reactions to 5%
and 20% sucrose

Ration
Sucrose Concentration

5%
Sheep Calves Sheep

20%
Calves

Alfalfa

Complete

98.4
98.5
98.7
97.3
96.8
98.6

5.1
98.4
99.2
68.5

100.0
2.8

100.0
91.7
98.4

100.0
100.0
100.0

0.8
99.6
2.9

100.0
100.0
100.0

% Intake
a

76.7
3.6

55.4
8.5

98.6
100.0

0.8
2.2
5.0

45.4
61.6
10.9

67.8
57.6
67.9
78.0
76.1
95.6

0.0
50.6
68.4
43.1
68.5
72.2

aPercent total intake as test solution.

Mean taste reactions of maintenance-fed sheep and calves to 5%

sucrose are presented in Figure 4. Calves on both rations and alfalfa-

fed sheep showed a strong preference for 5% sucrose solution, while

sheep consuming complete pellets were basically indifferent to this

concentration. A comparison of the taste reactions observed at full-

feed and at maintenance (Figures 2 and 4) indicates that maintenance

feeding did not alter to any extent the responses displayed by alfalfa-

fed calves and sheep. Reactions for both species continued to remain

in the strong preference zone when consuming alfalfa pellets. Feed
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restriction, however, increased the responses of complete-fed calves

from weak preference at full-feed (Figure 2) to strong preference

(Figure 4). Although more variable, reactions of sheep fed complete-

pellets at maintenance were elevated slightly, particularly during

the initial days of observation.

Figure 5 shows the mean taste reactions of maintenance-fed

sheep and calves to 20% sucrose concentration. With the exception

of alfalfa-fed sheep, whose reactions remained in the nondiscrimina-

tion zone, feeding at maintenance increased animal responses to the

higher sucrose concentration as compared to ad libitum feeding.

Generally, weak to moderate preference was displayed by calves,

while sheep responses were in the nondiscrimination zone.

A. summary of the effects of feeding level (ad libitum vs. main-

tenance) on taste sensitivity is presented in Table 4.

Some diarrhea was experienced by calves shortly after being

placed on maintenance feeding. The diarrhea ranged in severity from

mild to moderate, with more severe cases being observed at the 20%

sucrose concentration. In some individuals the diarrhea persisted

throughout the 10-day maintenance feeding periods, whereas in others

the condition improved progressively. Far fewer incidences of

diarrhea were observed in the sheep.

Statistical analysis of feed intake/unit of metabolic size

(kg wt. .?5) at full-feed showed that sheep ate more (P < .01) complete



0
0

100

80

60

40

20

A

X/

Average of five sheep

1

X X sheep - alfalfa
X sheep - complete

it calves - alfalfa
calves - complete

1

3 95
Days

7

Figure 5. Mean taste responses of maintenance-fed sheep and calves to 20%
sucrose solution.



40

pellets than alfalfa pellets during the 20% sucrose preference phase

(ad libitum-20% sucrose). However, no other significant relationships

between ration and feed intake were noted. Animals tended to eat less

feed per unit of metabolic size at the 20% sucrose concentration than

at the 5% concentration.

Animals tended to consume more sucrose/unit of metabolic size

when eating alfalfa, regardless of sucrose concentration or feeding

level (Table 5). Also, calves consumed more sucrose/unit of meta-

bolic size when maintenance-fed than when full-fed, whereas consump-

tion values for sheep changed to a lesser extent. This may partly

explain the low incidence of diarrhea observed in sheep at mainten-

ance feeding. It is conceivable that, with the increase in sucrose

consumption by calves, sufficient quantities were passing unfermented

into the lower gut, upsetting the normal concentration gradient and/or

resulting in unfavorable bacterial growth and, hence, diarrhea.

Jacobs and Sharma (1969) hypothesized that, when an animal is

adequately fed, the caloric properties of ingested food are critical,

and, when it is deprived, the taste properties receive priority in

regulating intake. Had the present work not included studies on the

effect of maintenance feeding, it would be impossible to determine

whether the greater preference for sucrose solutions of alfalfa-fed

animals was related to the caloric or taste properties of sucrose.

When energy intake was equilibrated to the maintenance level,
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Table 4, Taste Sensitivity of Sheep and Calves to Sucrose Solution as Affected by Level of Feeding.

Sucrose Feeding Level Sensitivity

Concentration Ad Libitum Maintenance Change

5%

Sheep-Alfalfa ++ Preference ++ Preference None

Sheep-Complete ND* ND None

Calves-Alfalfa ++ Preference ++ Preference None

Calves-Complete + Preference ++ Preference Increased

20%

Sheep- Alfalfa ND ND None

Sheep-Complete ++ Rejection ND Increased

Calves-Alfalfa ND + Preference Increased

Calves-Complete ND + Preference Increased

+ Weak
++ Strong
* Nondiscrimination

Table 5, Average Grams Sucrose Consumed Per Unit of Metabolic Size wt kg.
75).

Level of Feeding
and Concentration

of Sucrose

Sheep Calves

Alfalfa
Pellets

Complete
Pellets

Alfalfa
Pellets

Complete
Pellets

Ad libitum - 5% 93, 5* 33, 0 147. 0* 75, 4

Ad libitum - 20% 103. 0* 36, 8 232, 6* 142, 4

Maintenance - 5% 82. 3* 42, 3 171, 6 147.4

Maintenance - 20% 107,6 96. 3 247,7* 175. 8

*Combinations made within a species for a given feed-sucrose concentration combination. Alfalfa
mean differs significantly from complete mean (P < .05),
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alfalfa-fed animals generally continued to show greater preference

for sucrose and consumed more sucrose per unit of metabolic size

than complete-fed animals. This is interpreted to mean that the

animals were reacting, at least in part, to the taste properties of

sucrose, and that this reaction was affected by the foodstuffs the

animals were consuming. The trend, however, was for greater

sucrose consumption by both species when fed at maintenance, indi-

cating a selection for higher calorie intake.

Summary

The two-choice preference test was, used in a switch-back

design experiment to determine the effects of ration ingredients and

feeding level on taste responses of six lambs and six calves to a solu-

tion containing 5% or 20% sucrose (test solution). Taste responses

were determined at both sucrose concentrations, on two different

rations and at two levels of feed intake: ad libitum and maintenance.

When fed ad libitum, animals showed greater responses for both

concentrations of sucrose when consuming alfalfa pellets than when

consuming complete pellets. Maintenance feeding increased responses

to both sucrose concentrations in animals on complete pellets and in

calves on alfalfa with 20% sucrose. The results indicate that ration

ingredients affected taste responses as did feeding level. Animals
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tended to consume more sucrose per unit of metabolic size when

eating alfalfa, regardless of sucrose concentration or feeding level.
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SEC TION II

Experimental Procedure

Five weanling foals (4 males 1 female) with an average initial

weight of 202 kg were used to investigate the taste reactions of horses

to sweet, salty, sour and bitter tasting solutions. The work was

prompted by the apparent lack of any knowledge on the taste reactions

in this species.

The foals were maintained in individual box stalls measuring

2. 4 by 4. 3 meters, which were located in newly constructed equine

research facilities. The stalls were cleaned and refurbished weekly

with bedding material. The foals were removed from the stalls and

exercised periodically.

A good quality grass hay was fed free choice, via hay bags,

from the onset of the experiment. Over a period of several days

the foals were fed increasing amounts of a pelleted concentrate feed

twice daily. After an adjustment period, the concentrate feed was

fed ad libitum along with the hay. Table 6 shows the ingredient com-

position of the concentrate pellets. The combined ration of hay and

concentrate was considered adequate to meet the nutrient require-

ments of horses of this weight range as set by the N. R. C. (1973),
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About half-way through the experiment it became economically

desirable to replace the barley grain in the ration with corn grain.

Barley was replaced weight for weight with corn, and no other ration

alterations were made. Crude protein (Kjeldahl N x 6,25) determina-

tions were made on composite samples of the barley-based and corn-

based rations. The barley-based ration analyzed 21.4% C. P. and

the corn-based ration analyzed 19. 2% C. P.

Table 6. Ingredient composition of concentrate pellets fed to wean-
ling foals.

Item Percent

Ingredienta
Barley, steam rolledb 40

Corn, ground 20

Oats, ground 5

Soybean meal (48. 5 %) 10

Cottonseed meal (41%) 15

Molasses 5

Dried whey 2

Salt, trace mineralized 1

Dicalcium phosphate 1

Limestone 1

aVitamin A and D were added and supplied per kg of ration: 5, 000
I. U. Vitamin A, 500 I. U. Vitamin D.

bCorn replaced barley for second half of experiment.
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During the adoption phase, four foals were treated for internal

parasites with a commercial wormer*. One foal displayed inappe-

tance and severe diarrhea and, consequently, was not wormed. When

the foal did not respond to antidiarrhoetic treatment he was treated

via, stomach tube with piperazine for removal of ascarids. The foal

was heavily parasitized and within two days after worming his

appetite returned to normal and his feces solidified.

Taste reactions were determined using the two-choice pre-

ference test (Goatcher and Church, 1970a) which entailed giving the

foals a choice between two containers. The test solution (chemical

dissolved in tap water) was placed into one container and water alone

into the other. Equal amounts of fluid were provided in 10-liter

plastic containers for a period of about 11 hours, at which time the

amount of fluid taken from each container was determined gravimet-

rically. The amount of test solution consumed was expressed as a

percent of the total fluid taken from both containers. In order to

avoid errors due to visual or positional bias, the procedure was

repeated with the relative positions of the two fluids reversed. Per-

cent of total fluid intake as test solution during this 11-hour period

was averaged with the one obtained for the first 11 hours of the test

period. The average of five such values (from five foals) constitutes

the final response point for a single concentration of a chemical.

Equigel, Shell Company
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The procedure was carried out for each test chemical over a series

of ascending concentrations.

In addition, a tap water vs. tap water test was performed at

the beginning of the experiment to determine the amount of normal

variation in intake from a specific container in the absence of a test

chemical. As was pointed out by Goatcher (1969), theoretically,

50% of total fluid intake should be consumed from each container when

no other influences are present except position of the animals relative

to the containers. Ten individual observations were made on each

animal.

Results and Discussion

Water Test

Statistical analysis of the mean response data from the water

test (tap water vs. tap water) by student's t-test indicated that there

was no difference between the actual means and a theoretical mean

of 50%. In other words, taking into account the normal variation in

amount of fluid consumed from each container, the foals drank half

their total fluid intake from each container. This is in agreement

with work with sheep by Goatcher and Church (1970a), who then

developed taste thresholds by placing a 95% confidence interval

around the theoretical mean of 50%. Values in the present study
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were interpreted using these taste thresholds (Goatcher and Church,

1970a), which are presented schematically in Figure 6. Responses

falling between 40% and 60% are considered in the non-discrimination

zone; above 60%, in the preference zone; below 40%, in the rejection

zone.

Sweet

Sucrose was the chemical compound used to provide a sweet

taste. A series of sucrose concentrations from . 01% to 20% were

tested, with each succeeding concentration being double the previous

concentration. The foals did not discriminate between the test

solution and tap water until a concentration of 1.25% was reached

(Figure 7). At this level the UDT was crossed, and foals showed a

weak preference for the sucrose solution. The mean response

points changed to moderate preference at 2.5%, 5.0% and 10%

sucrose, and then fell back into the nondiscrimination zone at 20%

sucrose. The PRT was never crossed. The young horse, like

cattle and normal goats, appears to be fairly sensitive to sucrose

as compared to sheep and pygmy goats (Goatcher and Church, 1970c).

The horse is, however, less sensitive to sucrose than deer (Craw-

ford, 1970).

Many workers in the field of taste have observed deviant taste

behavior in individual animals. Kare, Pond and Campbell (1965)
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demonstrated that substantial individual variation existed in the taste

behavior of pigs from the same, litter to saccharin solutions. For

example, in a litter of eight pigs, six selected the saccharin solution

over water while two avoided the solution of artificial sweetner. Kare

(1961) reported that calves varied in their response to the common

sugars from indifferenct to pronounced preference. The present

study is no exception. One foal totally rejected (zero intake) the

sucrose solution at 10% and 20% after displaying an indifferent

reaction at the 5% level. This was the same colt that had been

heavily parasitized and off feed. While this one colt totally rejected

10% sucrose, the other subjects showed reactions ranging from weak

preference (69%) to absolute preference (100%, Table 7). Eliminating

the low values of this one animal changed the foals' mean response

at 10% from moderate to strong preference, and at 20% from that

of indifference (54%) to weak preference (67%). The response points

displayed in Figure 7 include these low values.

As the concentration of sucrose increased, a drop in feed intake

in some individuals was noted, particularly in those foals consuming

considerable amounts of sucrose solution.

Salty

Mean taste reactions to sodium chloride (NaCl) at concentrations

ranging from . 01% to 5% are presented in Figure 8. Responses
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remained in the nondiscrimination zone until a level of . 63% was

reached. At this level the mean response point crossed the LDT and

the foals rejected the NaC1 solution. Further increases in the con-

centration of NaCl to 5% brought about strong rejection responses.

The RET was crossed at a concentration somewhere between 1.25%

and 2.5%.

Table 7. Variation in individual foal taste reactions to moderate to
high concentrations of sucrose.

Foal Sucrose Concentration, g /100 ml
Number 5 10 20

% Intakea

1 97 100 84

2 68 69 40

3 65 92 81

4 46 0 0

5 79 95 64

Mean 71 71 54

S. D.b 19 41 35

apercent of total intake as test solution.
bStandard deviation.

In taste studies conducted at this station with several ruminant

species, only pygmy goats have been shown to prefer NaC1 solution

(Goatcher and Church, 1970c). The response pattern of the foals to

NaC1, though unique, does resemble patterns displayed by cattle and
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normal goats (Goatcher and Church, 1970c). Their relative sensi-

tivity ranking would probably lie between these two other species.

As was the case for sucrose, considerable individual animal

variation existed in taste reactions to NaCl.

Sour

To elicit a sour response, acetic acid was used at concentra-

tions ranging from .00063 to 1.25 m1/100 ml. Foals were indifferent

(mean reactions fell within 40-60%) to acetic acid up to . 16 m1/100 ml

(Figure 9). At this level and higher a rejection reaction was observed.

The rejection response was almost complete (3.2%) at the 1.25 ml/

100 ml level. The UDT was approached at . 00125 ml /100 ml but

never exceeded. Although the foals appeared slightly more tolerant

of sour solutions, they displayed a taste pattern similar to normal

goats (Goatcher and Church, 1970d) and to sheep (Goatcher and

Church, 1970b).

The pH of the acetic acid solutions were determined using a

Fisher Accumet pH meter (Figure 10). The foals did not discriminate

against acetic acid until a pH of 3.1 was reached. The RET was

crossed at a pH between 2.9 and 2.8. Goatcher and Church (1970d)

reported the pHts of concentrations of acetic acid which elicited RET

responses to be: < 2.7, 2.9 3.0 and 3.2 for pygmy goats, normal
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goats, sheep and cattle, respectively. These values compare well

with the RET pH of 2.8-2.9 observed with foals.

Considerably more individual variation, as can be noted by

the magnitude of the standard errors (S. E. ), was observed in the

foals' reactions to acetic acid.

Bitter

Quinine hydrochloride (quinine) was tested as concentrations in

which succeeding increments doubled from 16 to 80 mg/100 ml. The

foals did not discriminate between tap water and quinine solution

until a concentration of 20 mg/100 ml of quinine was reached (Figure

11). At this and higher concentrations (40 mg%, 80 mg%) the foals

rejected the quinine solution. All the foals strongly rejected the 80

mg% concentration and it was considered unnecessary to test higher

concentrations.

Goatcher and Church (1970d) reported that both pygmy and

normal goats preferred weak concentrations of quinine, as did Craw-

ford (1970) for deer. Although the foals showed no liking for quinine,

they were rather tolerant of it at the higher concentrations. From a

comparative standpoint, the foals were more tolerant of quinine than

either cattle or sheep, and equally as tolerant as goats (Goatcher and

Church, 1970d).
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Performance

In addition to the taste response data, body weight gain and

concentrate consumption data were collected during the study.

Individual performance data for the 56-day test period are presented

in Table 8.

Table 8. Horse performance data for 56-day test period.

Initial Final Total
Foal wt., wt., Avg. daily concentrate Feed
Number kg kg gain, kg consumed, kg efficiencya

1 231 288 1.02 301 5.28

2 281 345 1.14 348 5.44

3 168 229 1.09 296 4.85

4 177 238 1.09 257 4.21

5 154 188 O. 61 141 4. 15

Mean 202 258 0. 99 269 4. 79

S. Db 52. 8 60, 4 0.22 78. 3 0.59

akg concentrate/kg gain
bStandard deviation

Summary

The two-choice preference test was used to characterize the

taste reactions of five immature horses to sweet, salty, sour and

bitter tasting solutions. Sucrose was preferred to tap water by the

foals at concentrations ranging from 1.25% to 10%. Concentrations
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above and below this range resulted in indifference. Responses to

NaC1 remained in the nondiscrimination zone until a concentration of

.63% was reached. At this level, the mean response point crossed

into the rejection zone. Further increases in the concentration of

NaCl to 5% brought about strong rejection responses. Foals were

indifferent (mean reactions fell within 40-60%) to acetic acid up to

.16 m1/100 ml. At this and higher concentrations, rejection

responses occurred. Taste reactions to quinine fell into the non-

discrimination zone from . 16 to 10 mg/100 ml. At higher concen-

trations (20, 40, 80 mg/100 ml), the foals rejected quinine. A

comparison of the taste reactions of the young horse with those of

some ruminant species would indicate that the horse, though unique

in his own right, responds similarly to the sheep in his taste

behavior.
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SECTION III

Experimental Procedures

Seventeen lambs (9 ewes and 8 weOters), with an average initial

weight of 29 kg, were used to study the relationships between eating

rate, size of the rumen and animal performance. Prior to their use

in this experiment, the lambs were maintained on spring pasture with

their dams. The lambs Were weaned and placed in individual pens

measuring 1.5 by 5.0 meters .for the duration of the experiment.

Standard vaccination and worming procedures used at the Oregon

State University sheep center were followed.

A growing-finishing ration containing 60% roughage and 40%

concentrate was fed once daily to appetite. Table 9 lists the

ingredients composition and calculated analysis of the ration. Water

was supplied free-choice in plastic 10-liter buckets.

Feed consumption data were recorded on a. daily basis and

body weight gain was recorded at periodic intervals. Total weight

gain, average daily gain, average daily feed consumed and feed

efficiency (kg feed/kg gain) were computed from the data.

After all the lambs were consuming a full-feed of the ration

for approximately a month, the rate at which each animal ate (termed

"eating rate"), during the first 30 and 60 minutes after presentation
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Table 9. Ingredient composition and calculated analysis of lamb
growing-finishing ration.

Item Percent

Ingredienta

Alfalfa hay, ground

Barley, steam rolled

Cottonseed meal (41%)

Molasses, cane

Urea

Salt, trace-mineralized

60. 0

27.5

6.0

5.0

0.5

1. 0

Calculated Analysis

Crude protein, % 15. 8

T. D. N. , % 56.8

Calcium, % .8

Phosphorus, % .3

Digestible Energy, Mcal/kg 2. 540

An antibiotic premix was added and supplied 11 mg oxytetracycline
hydrochloride per kg of ration.
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of fresh food, was recorded. On the morning that eating rate

measurements were taken, the orts were removed and weighed

and the feed containers were replenished with 2.5 kg of fresh feed.

The amount of feed consumed in 30 and 60 minutes was determined

by weighing the feed remaining in the containers, to the nearest

gram, at the end of two on-half hour intervals. Following the

measurements of eating rate, the containers were again replenished

with feed, if necessary, and placed back into the pens. The lambs

had feed available at all times. A total of four measurements on

four different days were taken using this procedure.

A great deal of variation was noted from day to day in the

individual eating rates of the lambs. This was probably due to

variation in daily feeding pattern and, consequently, differences

in the degree of appetite (readiness to eat) displayed by an individual

at the onset of an eating rate measurement. It was observed that

some animals, but not always the same ones, would be eating or

would commence to eat when the observer entered the barn, whereas

others waited for the presentation of fresh feed before eating. The

data obtained from the procedure just described were considered not

to be a valid measure of the lambs' eating rate and were discarded.

The lambs were then converted to a new feeding regimen in which

feed was presented in ad libitum quantities for 12 hours during the

day. The feed containers and feed were then removed and the
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animals were fasted for 12 hours. On the following morning, feed

was again presented for 12 hours. The eating rate during the first

30 and 60 minutes after food presentation was determined as

previously described. Eating rate was measured on two or three

successive days, four times during a 4-week period. A total of

nine measurements were taken.

Eating rate was expressed as the grams of feed consumed in

30 and 60 minutes (FC-30, FC-60), as the grams consumed per unit

of metabolic size (kg wt.. 75), and as propensity to eat at 30 and 60

minutes. The grams of feed consumed per unit of metabolic size

will be referred to as the eating rate index at 30 (ERI-30) and 60

(ERI-60) minutes. Propensity to eat is defined as the percent of the

daily ration consumed in the first 30 or 60 minutes after feed

presentation.

At the completion of the eating rate phase of this study, the

animals were slaughtered in the Oregon State University meats lab

to ascertain the size of the rumen and other organs of the gastro-

intestinal tract (GIT). The sheep were slaughtered over a 4-week

period in groups of 3 to 5, starting with the heaviest ones. Feed

was provided for 1 hour, approximately 2 hours before the sheep

were to be slaughtered. This was done to enable the measurement

of the fill of the normally fed animal.
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The animals were killed by severing the jugular veins. Care

was taken not to >cut the esophagus. The abdominal cavity was

quickly opened and the esophagus was tied off in the proximity of

the cardia. The entire GIT was removed from the abdominal cavity

and placed in a plastic tub. Ligatures were then tied between the

following contiguous parts: reticulo rumen and omasum, omasum

and abomasum, abomasum and small intestine, and small intestine

and large intestine. Owing to the difficulty of separating the

reticulum and rumen, and since digesta passes freely between these

two organs, they were considered as one organ, the rumen.

The animals were killed in quick succession so that the entire

operation of removing the GIT from the sheep was complete within

about 90 minutes.

After removal of obvious fat and adherent tissue, the separate

parts of the GIT (rumen, omasum, abomasum, small intestine, large

intestine) and their contents were weighed. The digesta contents

were removed, sampled for subsequent dry matter determinations

(A. 0. A. C., 1965) and the empty organs were weighed. In the case

of the rumen and omasum, it was necessary to wash out these organs

thoroughly with water to remove the digesta. The washed organs

were blotted dry and weighed. The contents weights of the various

organs were determined either directly, by transferring to suitable

tared containers and weighing, or indirectly by difference. Due to
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the high dry matter in the rumen contents, the volume was not

measured. Only weight of the contents of the rumen were, therefore,

determined. All weighing was done to the nearest gram.

The sheep were weighed the afternoon before slaughter and

this is the final liveweight referred to in this study.

For the most part, the data were analyzed by simple correla-

tion and linear regression procedures. However, the eating rate

data were analyzed for differences due to sex using the least-

squares analysis of variance method, from which repeatability

coefficients were calculated. In addition, some stepwise multilinear

regression models were developed.(Steel and Torrie, 1960).

Results and Discussion

The primary objective of this study was to determine if some

relationship existed between eating rate and animal performance.

If more than a casual relation exists between these two parameters,

then eating rate, as suggested by Frisch and Vercoe (1969), may be

a useful and easily obtained index of feed intake and gain, and could

possibly be used in a selection program. Secondly, it was desired

to investigate the relations between size of an animalts rumen and

other GIT components, eating rate and animal performance, since

limited information in the literature suggests that animals with
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larger rumens eat faster and gain more rapidly than animals with

smaller rumens.

The performance data for the 17 lambs are presented in Table

10. The lambs were selected from a larger group of animals on the

basis of their initial weights, the intent being to obtain the most

uniform group of lambs possible. Considerably more variation in

initial weight was obtained than was expected. Initial weights

ranged from 24.0 kg to 32.6 kg and final weights ranged from 39.7

kg to 54.2 kg. The range in final weight was accentuated by the

fact that some animals did not adapt quickly to eating the pelleted

ration, and gained little or none for the first two weeks. As a group,

however, the lambs performed well over the test period, having an

average daily gain (ADG) of .256 kg and an average feed efficiency

of 7 kg feed/kg gain. Average daily feed intake, expressed as per-

cent of mean body weight, was 4. 43 %.

A total of 153 individual eating rate measurements (17 animals

x 9 observations/animal) were taken during the course of this study.

The mean values for the various expressions of eating rate are

listed in Table 11. Comparison of the relative magnitude of the

data on grams of feed consumed at 30 (FC-30) and 60 (FC-60)

minutes indicates that the sheep ate considerably more feed during

the first half-hour after food presentation than during the second

half-hour. This comes as no surprise, since several reports
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Table 10. Lamb performance data.

Total Average Average
Lamb Initial Final wt. gain daily daily Feeda
number wt., kg wt., kg kg gain, kg feed, kg efficiency

1 32.2 48.4 16.6 180 1. 55 8. 61

2 31.8 51.2 19.4 273 1.67 6. 12

3 30.4 54.2 23.8 335 2.00 5.98
4 28.6 51.2 22.6 318 1.97 6. 18

5 28.6 51.9 Z3, 3 274 1.92 7. 02

6 27.7 47.4 19.7 214 1.81 8.46
7 28.6 52.4 23.8 280 2.04 7.30
8 31.8 52.6 20.8 267 1. 82 6, 82

9 28. 1 50. 1 22. 0 259 1. 65 6. 37

10 27.2 50.1 22.9 269 1.90 7.07
11 27.2 46. 7 19. 5 212 1. 60 7. 54

12 30. 4 52. 6 22.2 285 1. 77 6.22

13 32.2 51.2 19.0 224 1.67 7.49
14 26.3 52.6 26.3 337 1.81 5.37
15 26.3 44.9 18. 6 202 1. 55 7, 68

16 32.6 52.6 20.0 256 1. 62 6.31
17 24.0 39.7 15.7 171 1.34 7.84

Mean 29.0 50.0 21.0 256 1.75 6.96
S. D. b 2.52 3. 62 2. 76 49.8 . 19 . 91

a kg feed/kg gain
b Standard deviation.
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Table 11. Mean values for the various expressions of eating rate.

Animal
Actual grancts feed

consumed
Eating ratea

index
Propensityb

to eat
number 30 60 30 60 30 60

1 285 330 18.5 22.0 24.6 29.4

2 769 834 42.1 45.7 36.1 39.8

3 621 676 31.8 34.7 32.0 35.4

4 564 695 30.8 37.9 27.4 33.0

5 611 717 34.2 40.2 32.0 37.7

6 536 620 31.7 36.7 36.8 42.7

7 582 665 32.9 37.7 29.3 33.8

8 500 605 29.8 35.8 31.1 38.5

9 565 686 33.4 40.5 35.5 42.1

10 533 646 31.0 37.6 31.0 37.4

11 585 729 35.6 44.4 35.2 44.0

12 466 578 25.5 34.3 22.3 29.2

13 533 619 30.7 35.6 26.0 30.1

14 698 843 38.7 46.9 30.6 37.0

15 416 537 29.0 34.4 25,5 32.8

16 518 627 29.0 35.2 29.6 34.3

17 386 483 26.9 32.3 26.0 33.2

Mean 539 640 31.3 37.2 30.0 35.9

S. D. c 113 121 5.22 5.73 4.32 4.56

a Actual grams feed consumed per unit of metabolic size.

b Percent of daily ration consumed in first 30 and 60 minutes after
food presentation.

c Standard deviation.
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(Forbes and Wright, 1968; Suzuki et al., 1969; Forbes et al., 1972)

indicate that eating rate is not constant. After the 12-hour fast, the

lambs were eager to eat and there was only an occasional problem

with inappetence.

Data for the grams of feed consumed/unit of metabolic size at

30 and 60 minutes, which will be referred to as eating rate index

(ERI), and for propensity to eat at 30 and 60 minutes were analyzed

statistically to determine if differences in eating rate were related

to lamb sex. The repeatability coefficients (r) for these measure-

ments were then ca.lculated from the expected mean squares. The

analysis of variance and repeatabilities for ERI at 30 and 60 minutes

are presented in Tables 12 and 13, respectively.

Differences due to sex were observed. On the average, the

male lambs ate faster than the, female lambs, the difference being

on the order of 3 g/kg wt. . 75 . 75
at 30 minutes and 3.5 g/kg wt. at

60 minutes. Differences in the rate of eating within sex (males and

females) were also noted. Though differences between sex and

among lambs within a sex were observed, the ERI on an individual

basis was found to be a repeatable measurement at both 30 and 60

minutes. This means that the rate at which a given animal ate, when

expressed as a function of metabolic size, was relatively constant

from measurement to measurement. The repeatability coefficient

is actually an intra-class correlation and measures the degree of



Table 12. Analysis of variance and repeatabilities of grams feed
consumed per unit of metabolic size at 30 minutes.

Sources df MS

Total 153

Regression 17

Mean 1

Sex 1 383.53 4.33*

Within males 7 503.42 5.69** . 342

Within females 8 278.91 3.15** .193

Error 136 88.49

71

* Significant at . 05 level of probability.

** Significant at . 01 level of probability.

Table 13. Analysis of variance and repeatabilities of grams feed
consumed per unit of metabolic size at 60 minutes.

Sources df MS

Total 153

Regression 17

Mean 1

Sex 1 487.46 4.20*

Within males 7 532.15 4.59** .285

Within females 8 438.22 3. 78 ** .236

Error 136 115.95

* Significant at . 05 level of probability.

** Significant at . 01 level of probability.
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association or correlation of a repeatable event. From a statistical

standpoint, the r values are not large, but are large enough to be of

interest as they set the upper limit of the heritability coefficient for

eating rate (W. D. Hohenboken, Personal communication). Frisch

and Vercoe (1969) have previously reported that eating rate in cattle

was a highly repeatable measurement.

Analysis of variances for propensity to eat at 30 and 60 minutes

were not significant, nor were their repeatability coefficients. As

might be expected, the various eating rate terms were all highly

correlated with one another (Table 14).

Table 14. Simple correlation coefficients between eating rate terms.

FC
60

ERI
30

ERI
60

Propensity
30

Propensity
60

FC-30

FC-60

ERI-30

ERI-60

Propensity 30

.97 .95

.95

.89

.96

.95

.66

. 62

. 71

. 63

.53*

.56*

.65

. 65

.94

* Significant at . 05 level of probability. All other correlations
significant at . 01 level of probability.

Some significant relationships between performance measure-

ments and eating rate terms are shown in Table 15. As may be noted,

total weight gain, ADG and feed efficiency were all significantly

correlated with FC at 30 and 60 minutes and ERI at 30 and 60 minutes.



Table 15. Simple correlation coefficients between performance measurements and eating
rate terms.

Final
wt.

Total
wt.
gain

Avg.
daily
gain

Avg. Feed
daily effic-
feed ien cy

Actual g feed con-
g feed con- sumed/kg wt. 75
sumed (FC) (ERI)

Propensity
to eat

30 60 30 60 30 60

Initial
wt. .65** -:07 .15 .15 -.14 .03 -.09 -.17 -.26 -.08 -.26

Final wt. .72** .80** .73** -.63** . 50* .45 . 25 .23 .12 -.05

Total wt.
gain .90** .82** -.70** .63** .66** .48* 53* .22 .17

Avg. daily
gain . 78** -.87** . 68** . 68 ** .48* .49* .17 .06

Avg. daily
feed -.39 .49* .45 .29 .26 .21 .09

Feed efficiency -. 66 ** -.70** -. 52* -. 57* -.13 -.06

*Significant at .05 level of probability.
**Significant at .01 level of probability.
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Propensity to eat was not related to any of the performance parame-

ters. Linear regression equations for some of these associations

are shown in Table 16.

Table 16. Significant linear regressions between performance
measurements and eating rate terms.

Dependent
variable

(y)

Independent
variable

(x)
Regression

equation F* r2

ADG ERI-30 113.9 + 4.55 4.42 .23

ADG ERI-60 98.2 + 4.25 4.73 .24

ADG FC-30 94.2 + .300 13.26 .47

ADG FC-60 77.8 + .278 13,01 . 46

Avg. daily feed FC-30 1. 30+ . 0008 4. 80 . 24

Feed efficiency ERI-30 9.79- .090 5.55 .27

Feed efficiency ERI-60 10. 32 - . 090 7.24 . 32

Feed efficiency FC -30 9.83- .0053 11.85 .44

Feed efficiency FC -60 10.29- .0052 14.18 .49

* All F values significant at . 05 level of probability or higher.

The relationships between ADG, feed efficiency and FC-30 and

FC -60, though highly significant, are difficult to interpret as this

eating rate term may be confounded by liveweight. Though there are

reports to the contrary (Frisch and Vercoe, 1969; Forbes et al.,

1972), Putnam and associates (1963, 1964) and others observed that

eating rate was also related to liveweight. In the present study, mean

liveweight of the lambs during the time which the eating rate measure-

ments were taken was significantly related to FC -30 (r = . 62, P <. 01)
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and FC-60 (r = .54, P < . 05), but not to ERI at 30 or 60 minutes.

Since the relation of gain and intake of a particular feed above

maintenance can be considered linear (Blaxter, 1964; cited from

Frisch and Vercoe, 1969), it is reasonable to assume that the larger

animal, who consumes more feed (at a faster rate), benefits from a

greater supply of nutrients over maintenance and gains faster. ADG

and average daily feed were highly correlated in the present study.

Although more variation in ADG and feed efficiency could be accounted

for by variation in FC at 30 and 60 minutes (Table 16), ERI at 30 and

60 minutes would presumably be better indices of eating rate because

they correct for metabolic size. As previously mentioned, these

expressions of eating rate were also significantly related to ADG and

feed efficiency.
The relationship between eating rate and intake is well estab-

lished in the literature (Frisch and Vercoe, 1969; Balch and Camp-

ling, 1962). Forbes and associates (1968, 1972), however, observed

that eating rate and intake were related when sheep were fed on

dried grass or hay, but not when pelleted grass was given. Only one

significant relation between daily intake of a pelleted ration (contain-

ing 60% roughage) and rate of eating was noted in the present study

(Table 16).

The relationships between feed efficiency and eating rate terms

were negative simply due to the way feed efficiency was expressed
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(kg feed/kg gain). Had the reciprocal of this term been used, the

correlation coefficients would have been positive.

The results clearly indicate that, under the conditions of this

experiment, ERI at 30 and 60 minutes and animal performance were

significantly and meaningfully associated. Although more difficult

to interpret, significant relations between FC-30, FC-60 and

performance were also noted.

The weights of the organs of the GIT, both full and empty, wet

contents weight, dry contents weight and percent dry matter in the

digesta of the various organs are presented in appendix Tables 7

through 11.

Three criteria were used to estimate the size of the rumen

compartment. These were: the weight of the full rumen of the

normally-fed animal (termed "total rumen weight"), the rumen

tissue weight, and the weight of the contents (wet and dry) of the

normally-fed animal. The correlation coefficients between these

parameters were all significant as might be expected (Table 17),

Purser and Moir (1966a) indicated that there was a tendency for

animals with small rumen volumes to have higher percent dry matter

of the rumen contents. They reported a significant relationship

(P< . 01) between these variables when the data from one animal was

excluded. In the present study, volume was not measured, however,

relationships between wet rumen contents weight and %dry matter in
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the rumen and total rumen weight and % dry matter in the rumen

narrowly missed being significant (P> . 05). This does establish a

trend towards animals with less fill having higher dry matter in the

rumen contents (Table 17).

Table 17. Simple correlations between the estimates of rumen size
and between percent dry matter in rumen digesta and
estimates of rumen size.

Rumen
tissue
wt.

Wet rumen
contents
wt.

Dry rumen
contents
wt.

Percent dry
matter,
rumen contents

Total rumen wt. .62** 1. 0** -.47

Rumen tissue wt. .57* .59* -.16

Wet rumen
contents wt. .94** -.48

Dry rumen
contents wt. 17

* Significant at . 05 level of probability.
** Significant at . 01 level of probability.

Table 18 shows the relationships between the estimates of

rumen size and eating rate. None of the eating rate terms were

significantly associated with rumen tissue weight which, in the opinion

of the author, was the best estimate of rumen size of those taken.

Significant relations between FC at 30 and 60 minutes, ERI-60, total

rumen weight and wet contents weight were noted. These latter

rumen parameters may be taken to be an estimate of the fill in this
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organ. Since physiological fill is a reasonable estimate of rumen

size (Church, 1969), these data may suggest a relationship between

eating rate and rumen size. This suggestion is strengthened by the

lack of a consistent relationship between eating rate and feed intake.

To conclude, however, on the basis of this study that eating rate

and rumen size are significantly and meaningfully correlated would

be, at this point, presumptuous.

Table 18. Simple correlation coefficients between rumen size
measurements, abomasal tissue weight and eating rate.

Variable

Ruman Parameter

Abomasum
wt.

Tissue
wt.

Wet
contents
wt.

Dry
contents
wt.

Total
wt.

FC-30 .38 .53* .49* .54* .74 **
FC-60 .35 .56* .48* .56* .67**

ERI-30 .21 .44 .42 .44 .58*
ERT-60 .21 .49* .41 .48* .51*

Propensity, 30 .07 .29 .40 .28 .53*
Propensity, 60 -.02 .27 .35 .26 .33

* Significant at . 05 level of probability.
*=:c Significant at . 01 level of probability.

One surprising relationship shown to exist was that between

eating rate and abomasal tissue weight. As may be noted from

Table 18, every expression of eating rate except propensity at 60

minutes, was positively and significantly associated with weight of the

abomasum tissue. The significance of this finding is unclear.



79

FC-30 was also related to the total abomasum weight (r .50,

P< . 05) and to small intestine weight (r = .49, P < . 05),

The act of eating increases the rate of passage of digesta out

of the rumen. With a rather finely ground, pelleted ration, like that

fed in the present study, it is likely that most of the digesta would

pass through the sulcus omasi into the abomasum with little being

held up by the omasum. It is possible that animals with larger

abomasums could accommodate a greater quantity of digesta before

reflexly inhibiting further passage of digesta from the rumen. If

sheep do eat to a constant fill, as suggested by Blaxter et al. (1961),

then the animal that could accommodate more digesta in the abomasum

would have more room for feed in the rumen, which could explain the

faster eating rates in these animals.

Coefficients of correlation were calculated to evaluate relation-

ships between animal performance--total weight gain, ADG, average

daily feed, feed efficiency--and the various estimates of rumen size

(Table 19). Linear regression equations for some of these associa-

tions are shown in Table 20.

Rumen size, as estimated by total rumen weight, rumen tissue

weight or rumen contents weight, was significantly related to ADG

and feed efficiency, but not to average daily feed intake. Again, it

should be mentioned that the negative coefficients for feed efficiency

were due to the way this term was expressed.
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Table 19. Simple correlation coefficients between estimates of
rumen size and measurements of animal performance.

Total
rumen
wt.

Rumen
tissue
wt.

Wet rumen
contents
wt.

Dry rumen
contents
wt.

Final wt. 54* . 67** . 51* . 46

Total wt. gain . 50* . 54* . 48* . 44

ADG .684* . 62** .66* .59*

Average daily feed . 30 . 41 .28 .29

Feed efficiency -. 81 -. 65** -. 794* -. 68g4

* Significant at . 05 level of probability.
** Significant at . 01 level of probability.

Table 20. Significant linear regressions between rumen size and
animal performa,hce:

Dependent Independent
variable variable Regression

(y) (x) equation

ADG Total rumen wt. 62.94 + .,:. 9 31 12.83 . 46
ADG Rumen tissue wt. -24,18 + . 354 9.66 . 39
ADG Wet rumen contents

wt.
83.81 + . 032 11.59 . 44

Feed eff. Total rumen wt. 11.15 - . 0007 28.06 . 65
Feed eff. Rumen tissue wt. 12.24 - . 007 10.79 . 42
Feed eff. Wet rumen contents

wt.
10.74 - . 0007 25.46 . 63

* All F values significant at . 01 level of probability or higher.
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A number of the coefficients were of sufficient magnitude and

statistical significance to support the hypothesis that ruminal size

is, at least in part, related to rate of gain of the animal.

Previous research (Sinclair, et al., 1958; Sinclair and Kunkel,

1959; Kunkel, et al., 1962) has indicated that rumen tissue weight of

lambs was significantly correlated with ADG. The present data also

indicate that physiological fill, as estimated by weight of rumen con-

tents of the normally-fed animal, is positively correlated to rate of

gain in lambs. When pondering the basis of the relationship between

ruminal characteristics and rate of gain, Kunkel et al. (1962) sug-

gested four plausible explanations for the correlation: (1) a diversity

in chemical activities of rumen microbes that causes both animal

growth and ruminal development to be correlated but not interdepen,

dently affected, (2) improved growth resulting from physiological

advantage facilitated by ruminal development, (3) a direct reflection

of general body growth in ruminal development, (4) a combination of

such factors. Their (Kunkel, et al., 1962) data indicated that the

general growth of the organ was controlled by the growth of the

animal; a reasonable conclusion provided the animals are consuming

typical forage-based rations.

Sinclair and Kunkel (1959) pointed out that weight of the total

reticulo-rumen tissue was proportional to overall size of the animal

and that feedlot gain was also a determinative part of the size.
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Therefore, correlation of rate of gain to weight of the rumen tissue

can be accounted for largely by the significant parallelism of both

these paramenters with final weight (Tables 15 and 19). Adjusting

the weight of the rumen tissue and rumen contents to a. metabolic size

basis or to an empty body weight basis, however, resulted in con-

flicting interpretation of the data (Table 21). The lack of any con-

sistent trends between rumen size, expressed as a function of

metabolic size or empty body weight, and ADG casts some doubt on

the true biological relationship between these parameters.

Table 21. Relationships between adjusted rumen size and average
daily gain.

Item
Correlation
Coefficient

Rumen tissue wt/
unit metabolic size vs. ADG .29

Rumen tissue wt/kg
empty body wt. vs. ADG .24

Wet rumen contents wt/
unit metabolic size vs. ADG .50*

Wet rumen contents wt/
kg empty body wt. vs. ADG .43

* Significant at . 05 level of probability.

Trends in the relationships between final liveweight, weight

gain (total and average) and GIT weights distal to the rumen would



Table 22. Simple correlation coefficients between performance measurements and gastro-
intestinal tract weights.

Omasum
tissue
wt.

Abomasum weights Small intestine Large intestine % dry
matter
L. I.

contents
Total

wt.
Tissue

wt.
Wet con-
tents wt.

Total
wt.

Tissue
wt.

Wet con-
tents wt.

Total
wt.

Tissue
wt.

Final wt. .62** . 51* . 74** __- . 72** .68** .64** - . 53*

Total wt.
gain .60* - .67** .61** .61** .49* - .50*

Avg. daily
gain .62** .62** .56* . 79** . 79** .69 ** .60*

Avg. daily
feed .54* .52* .59* .60* .72 **

Feed
efficiency -.64** -. 54* -. 59* -. 73** -. 67** -. 66**

*Significant at .05 level of probability.
**Significant at .01 level of probability.
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indicate that cause and effect dependence between these variables is

implied (Table 22). This would be expected because the heavier

animal is, at least in part, heavier because it gained faster. It is

reasonable to assume that the organs of the heavier animal would,

themselves, be heavier. The larger animal also eats more, which

would account for the greater digesta contents weights.

Comparison of the coefficients of determination (r2) between

ADG and the tissue weights of the rumen, abomasum and small

intestine indicates that considerably more of the variation in ADG

was accounted for by variation in small intestine weight than by

variation in the weights of the other two organs (Table 23).

Table 23. Linear regression equations between rumen, abomasum
and small intestine tissue weights and average daily gain.

Dependent Independent
variable variable Regression

(y) (x) equation F*

ADG Rumen tissue wt -24. 18 + . 354 9. 66 . 39

ADG Abomasum tissue wt. 67. 32 + 1. 04 9. 35 . 38

ADG Small intestine -56. 82 + . 347 25. 4 . 63
tissue wt.

* All F values significant at . 01 level of probability.

As may be noted from Table 22, average daily feed was signifi-

cantly associated with the tissue weights of the abomasum, small
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intestine and large intestine, while the correlation between intake

and rumen tissue weight was well below the significant level. Ulyatt

et al. (1967) and Balch and Camp ling (1962) have indicated that

distension of the gut distal to the rumen may be concerned in the

regulation of voluntary intake of ground and pelleted roughages, but

not when long roughages are eaten. The data in the present study

would bear this observation out.

A significant relationship between percent dry matter of the

large intestine contents and some of the performance parameters was

also noted. Perhaps this too is a cause and effect relation, resulting

from the greater feed intake of the better gaining animals.

Some stepwise multiple linear regression models were generated

in which corrected total MT tissue weight, ERI-60 and FC-60 were

regressed on ADG, average daily feed and feed efficiency. The

corrected total GIT tissue weight is actually the sum of the organ

weights of the GIT, adjusted for regression on empty body weight,

This removes the variation in GIT weight due to empty body weight.

For the purpose of the following discussion, corrected GIT

tissue weight will be referred to as X1, ERI-60 as X2 and FC-60 as

X3. The order in which the various independent variables (X1, X2,

X3) were brought into the prediction equation and the respective

coefficients of determination are presented in Table 24.
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Table 24. Coefficients of determination and order of entering
independent variables.

Dependent Entering
variable independent

(y) variable (x) r2

ADG X
1

. 63

X1 +X3 .81

X1 +X3 +X2 .82

Average daily feed X1 .64

X1 +X2 .67

X
1

+X2 +X3 .67

Feed efficiency X3 .48

X3 + X2 .59

X
3

+X2 +X1 .60

Variation in GIT weight accounted for 63% of the variation in

ADG. Bringing FC-60 into the equation increased the r2 to .81.

Little increase in precision occurred when ER-60 was brought into

the equation. The prediction equation for average daily feed followed

the same pattern only the relative inportance of ERI-60 and FC -60

were reversed. FC-60 was first to be brought into the prediction

equation for feed efficiency, followed by ERI-60. The GIT tissue

weight added little to the precision of the equation.

Additional models were run in which corrected tissue weight

of the individual organs of the GIT were used to predict gain, feed
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intake and feed efficiency. The relative importance of the various

organs in accounting for variation in ADG was (from high to low):

small intestine, rumen, abomasum, large intestine and omasum.

This supports the data shown in table 23, which indicate that more

of the variation in ADG was accounted for by variation in small

intestine weight. Variation in the weight of the large intestine and

small intestine accounted for most of the variation in average daily

feed, with the other organs accounting for little or none. The

ranking for feed efficiency was small intestine, large intestine,

rumen, abomasum and omasum, although variation in total GIT

weight accounted for little of the variation in feed efficiency (Table

24).

Summary

Seventeen lambs with an average initial weight of 29 kg were

used to study the relationships between eating rate, size of an animal's

rumen and other organs of the GIT, and animal performance. A

pelleted, growing-finishing ration containing 60% roughage and 40%

concentrate was available for 12 hours during the day and then

removed for 12 hours. Eating rate was determined by weighing the

feed remaining at the end of two one-half hour intervals, after the

presentation of the daily allocation of fresh feed.
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Differences in eating rate index (ERI) at 30 and 60 minutes (an

expression of grams of feed consumed per unit of metabolic size)

were noted between male and female lambs. The wethers ate faster

than the ewes, the difference being on the order of 3 g/kg wt: 75 at

30 minutes and 3.5 g/kg wt.. 75 at 60 minutes. Differences within

sex in ERI-30 and ERI-60 were also noted. The ERI of the lambs on

an individual basis, however, was found to be a repeatable measure-

ment both at 30 and 60 minutes.

FC at 30 and 60 minutes and ERI at 30 and 60 minutes were all

significantly correlated with total weight gain, ADG and feed

efficiency. These results suggest that eating rate may be a useful

and easily obtainable index for rate of gain, and could possibly be

used in a selection program. ERI, however, would presumably be

a better index because it corrects eating rate to a unit of metabolic

size basis, thereby removing the possible confounding effect of

liveweight on eating rate.

The relationships between eating rate and rumen size (as

estimated by total rumen weight, rumen tissue weight or rumen

contents weight) were less clear-cut. Though significant correlations

between FC-30, FC-60, ERI-60 and total rumen and contents weights

were noted, the data are not conclusive enough to confirm the

associations between these parameters. Eating rate was, however,

positively correlated with weight of abomasal tissues.
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Rumen size was significantly correlated to ADG and feed

efficiency, but not to average daily feed, The data suggest that

rumen size is related, at least in part, to rate of gain of the animal.

Adjusting the weight of the rumen tissue and rumen contents to a

metabolic size basis or to an empty body weight basis, however,

failed to establish any consistent trends between these parameters

and animal performance. Animal performance was positively

associated to the tissue weights of the abomasum and small intestine.

Interpretation of the statistical analysis of the data indicated that

more of the variation in ADG was accounted for by variation in the

small intestine weight, than by variation in the weights of the rumen

and abomasum.
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APPENDIX TAB LE 1.

Consumption by horses of water as an average of the percent taken
from container A during the first 11 hours and from container B

during the second 11 hours of 22-hour test periods.

Animal
number

Perioda
Mean1 2 3 4 5

1 98. 6 43.2 47. 6 40. 2 45. 8 55. 1

2 92.9 71.8 71.6 56. 7 19.7 62.5

3 47. 8 29. 8 56. 4 47. 6 46. 5 45. 6

4 47.5 74.5 87.6 4.6 91.9 61.2

5 44.8 37.2 53.4 53,2 41.8 46. 1

Mean 66.3 51.3 63.3 40.4 49.1 x=54. 1

a A period consisted of two successive days, 11 hours per day.
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APPENDIX TABLE 2.

Consumption by horses of sucrose solution as percent of total daily
fluid intake.

Concen-
trationa

Animal Number
Mean1 2 3 4 5

. 01 47. 4 20. 1 67. 4 65. 6 74. 4 55. 0

. 02 36. 4 54.2 51.0 47.0 44.8 46.7

. 04 35.6 51.4 56.2 49.6 48.2

. 08 57. 8 43.5 51.2 46.4 43.1 48.4

. 16 64. 4 60.4 44.2 53.5 52.4 55.0

. 32 49. 0 71.7 53.0 51.4 54.7 56.0

. 63 53. 6 51.2 41.6 80.8 53.9 56.2

1.25 96. 1 49.8 63.6 48.9 65.6 64.8

2. 50 91. 0 66.3 61.7 61.2 75.0 71.0

5. 00 97. 0 68.0 65.2 46.5 79.1 71.2

10. 00 99. 5 68.6 92.2 00.0 94.8 71.0

20.00 83. 5 40.0 81.4 00.2 63.8 53.8

a g/100 ml
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APPENDIX TABLE 3.

Consumption by horses of sodium chloride solution as percent of
total daily fluid intake.

Concen-
trationa

Animal Number
Mean1 2 3 4 5

. 01 58. 1 57.4 54.6 62.2 55.7 57. 6

.02 50.8 69.0 75.2 36.5 55.5 57.4

.04 59.2 44. 0 39. 8 48. 3 59. 0 50. 1

.08 76.8 45.2 61.4 50.6 41.0 55.0

.16 51.3 33.2 65.8 47.3 35.3 46.6

. 32 66, 6 89. 8 48. 7 00. 3 60. 8 53. 2

.63 40.2 27.4 52.3 11.6 57.4 37.8

1. 25 30.6 06.6 21.0 00.2 55.4 22. 8

2.50 07.7 21.2 04.8 00.4 17.2 10.3

5. 00 05. 7 00.2 02.2 00. 0 01.2 01. 9

a g/100 ml
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APPENDIX TABLE 4.

Consumption by horses of acetic acid solution as percent of total
daily fluid intake.

Concen-
trationa

Animal Number
Mean1 2 3 4 5

.00063 64.4 51.6 48.2 02.9 56.3 44.7

.00125 99.7 49.6 52.3 48.3 41.6 58.3

.0025 54.0 50.6 41.2 49.8 40.8 47.3

.005 97.6 54.0 53.0 04.0 72.8 56.3

.01 81.0 34.0 47.2 00.8 84.2 49.4

.02 91.9 39.7 56.5 00.6 64.8 50.7

.04 84.2 50.0 51.9 04.4 60.2 50.1

.08 89.7 51.2 51.8 02.8 76.4 54.4

.16 96.6 OZ. 6 47. 6 02. 7 16. 8 33. 3

.32 99.4 06.4 39. 0 00.9 05.4 30.2

.63 95.4 11.2 16.0 01.2 03.2 25.4

1.25 09.5 03. 0 02.8 00.5 00.0 03.2

a m1/100 ml
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APPENDIX TABLE 5.

Consumption by horses of quinine hydrochloride solution as percent
of total daily fluid intake.

Concen-
trationa

Animal Number
Mean1 3 4 5

.16 55.6 50.6 51.5 30.6 34.0 44.5

. 32 41.5 100.0 68.2 04.6 53.2 53.5

.63 78.5 50.8 40.9 47.0 43.6 52.2

1.25 56.8 50.8 52.4 36.4 51.4 49.6

2.50 43.4 12.3 48.4 46.7 77.0 45.6

5.00 56.5 51.0 39.2 11.2 50.8 41.7

10.00 45.4 04.7 69.9 44.0 45.8 42.0

20.00 40.1 50.1 33.2 01.9 28.7 30.8

40.00 33.0 13.2 66.6 00.0 09.4 24.4

80.00 02.4 09.4 34.3 02.0 05.6 10.7

mg/100 ml
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APPENDIX TABLE 6.

Empty body weight, carcass weight and dressing percents of lambs
on eating rate study.

Animal
number

Empty body
wt. , kg

Carcass a
wt. , kg

Dressingb
Empty bodyc
wt. dressing

1 41.6 25.2 51.6 60,5

2 41. 1 26.3 51.3 64. 0

3 45.2 22.7 41.8 50, 1

4 42.1 25.0 48.8 59. 4

5 44.3 25. 9 49.8 58. 3

6 40.9 24.5 51.7 59. 9

7 45.2 25. 7 49.1 57. 0

8 43.5 25.0 47.4 57.4

9 40.4 21.9 43.7 54. 2

10 42.4 24.6 49.1 58. 0

11 39.7 22.6 48.3 56. 9

12 42.9 22.2 42.2 51. 8

13 44.9 26.9 52.4 59. 9

14 42.7 24.0 45.7 56. 3

15 37.1 21.0 46.7 56. 6

16 44.8 25. 0 47.4 55. 6

17 33.9 18.9 47. 7 55. 9

Mean 41.9 24.0 47.9 57.2

a 7-day chilled carcass weight.

Carcass wt, Carcass wt.
Final liveweight Empty body wt.
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APPENDIX TABLE 7.

Weight in grams of the full organs ( tissue and contents) of the gastro-
intestinal tract.

Animal
number

Reticulo-
rumen Omasum Abomasum

Small
intestine

Large
intestine

1 4938 343 611 1910 2006

2 7912 394 942 1987 1675

3 6841 282 1181 2 118 1692

4 7193 348 608 2210 1898

5 6212 303 533 1747 1484

6 52 17 300 424 1350 1606

7 5166 242 668 2 002 2013

8 7387 345 555 1936 1594

9 7952 207 734 1811 1792

10 5844 309 495 1790 1775

11 5506 253 499 1415 1629

12 732 7 246 660 2289 1901

13 5017 267 497 1633 1638

14 7110 244 773 2432 2128

15 5952 227 539 1803 1624

16 6073 276 623 1779 1460

17 4612 215 482 1261 1400

Mean 6250 282 637 1851 1724
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APPENDIX TABLE 8

Tissue weight in grams of the organs of the gastrointestinal tract.

Animal
number

Reticulo-
rumen Omasum Abomasum

Small
intestine

Large
intestine

1 720 100 155 873 778

2 788 114 218 102 7 613

3 905 94 197 1170 776

4 808 109 182 965 996

5 904 95 216 820 643

6 644 91 181 82 6 62 8

7 777 89 192 1018 812

8 887 118 169 882 606

9 938 90 220 879 640

10 741 82 183 837 662

11 693 81 158 749 560

12 837 101 167 968 612

13 850 96 199 809 732

14 825 97 199 1033 612

15 667 73 120 847 585

16 778 106 193 882 464

17 714 81 123 740 500

Mean 793 95 181 9Q1 660
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APPENDIX TABLE 9.

Digesta weight in grams of the organs of the gastrointestinal tract.

Animal
number

Reticulo-
rumen Omasum Aboniasum

Small
intestine

Large
intestine

1 4218 243 456 1037 1228

2 7124 280 724 960 1062

3 5936 187 984 948 916

4 6385 239 426 1245 902

5 5308 208 317 927 841

6 45 73 209 243 524 978

7 4389 153 476 984 1201

8 6500 227 386 1054 988

9 7014 117 514 932 1152

10 5103 227 312 953 1113

11 4813 172 341 666 1069

12 6490 145 493 1321 1289

13 4167 171 298 824 906

14 6285 147 574 1399 1516

15 5285 154 419 956 1039

16 5295 170 430 897 996

17 3898 134 359 521 900

Mean 5458 187 456 950 1064
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APPENDIX TABLE 10.

Percent dry matter in the digesta of the organs of the gastrointestinal
tract.

Animal
number

Reticulo -
rumen Omasurn Abomasum

Small
intestine

Large
intestine

1 2 1. 3 22.4 16.8 10.7 14.9
2 19.4 21.2 16.7 12.5 17.3

3 19.6 24.0 23.4 10.4 19.4
4 18.4 22. 7 12. 3 10.9 17. 6

5 20. 7 23. 1 14.8 13. 1 18. 5

6 2 1. 3 19.1 14.8 12.5 14. 6

7 21.2 20.9 15.8 10.7 18.0
8 20.1 2 1. 8 13.5 10.7 16. 6

9 20.3 2 1. 2 14.1 11.7 15. 9

10 20.8 2 1. 4 16.3 12.0 16.2

11 17. 7 2 1. 0 16.3 11.8 15.2
12 17.6 22.9 14.2 10.4 15. 7

13 19. 1 21.2 19.5 11.0 15. 1

14 18.6 21.5 14.5 10.4 14.4
15 19.2 21.2 14.2 10.1 15. 1

16 19.4 24.4 14. 0 10.0 14. 7

17 22.0 20.6 15.5 11.7 14.5

Mean 19.8 21. 8 15.7 11.2 16. 1
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APPENDIX TABLE 11.

Weight in grams of the dry matter in the digesta of the organs of
the gastrointestinal tract.

Animal
number

Reticulo-
rumen Omasum Abornasum

Small
intestine

Large
intestine

1 898 54 77 110 183

2 1382 59 121 120 184

3 1166 45 231 99 178

4 1172 54 52 136 158

5 1097 48 47 122 156

6 974 40 36 66 142

7 931 32 75 105 216

8 1306 49 52 113 164

9 1424 25 72 109 183

10 1061 49 51 114 180

11 853 36 56 78 163

12 1142 33 70 137 202

13 797 36 58 90 136

14 1169 32 83 146 219

15 1014 33 60 97 157

16 1028 41 60 90 147

17 857 28 56 61 130

Mean 1075 41 74 105 170


