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This study involved the use of the two-choice preference test,

where the choices were tap water and tap water-chemical solutions,

to determine the responses of sheep to ascending concentrations of

20 chemicals (taste stimulants). The chemicals testedwere: the

sugars, sucrose, maltose, lactose, glucose, fructose and galactose;

the sodium salts of chlorjde, acetate (NaAc), propionate (NaPr) and

butyrate (NaBu); the acids, hydrochloric, acetic (HAc), propionic

(HPr), butyric (HBu) and lactic (HLa); and, quinine hydrochloride

(QHC1), urea, sodium saccharin, sodium hydroxide and ethanol.

Each sheep was individually penned andfed to appetite. Re-

sponses were ecpressed on the basis of percent intake (that is, the

percent that the amount of test fluid consumed was of tctal fluid in-

take for a given time period). Three groups of ten sheep. each

were used successively, the groups being divided into two units of

five animals and these units thenbeing placed on alternate concen-

trations of a test chemical.
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The mean responses of the units of five sheep were plotted

graphically and analyzed by the linear regression technique when

definite rejection trends were apparent. The chemical concentra-

tions at the acceptance and rejection thresholds (that is, where the

test chemical comprised 40% and 20% of total fluid intake, respec-

tively) were estimated from the regression line. When rejection

trends did not occur the responses were assessed on the basis of

their position relative to the non-discrimination zone. The non-

discrimination zone was described as that zone where the test fluid

comprised not less than 40% nor more than 60% of total fluid intake.

It was derived by determining the normal variation, with tap water

in both containers, around a theoretical mean intake of 50% from

each container.

The responses to the sugars were, generally, of an indifferent

nature. One unit of animals displayed a. moderately strong prefer-

ence (79. 2% of intake) for sucrose at the . 1461 M concentration while

another unit was indifferent to the sugar at that concentration. A

weak preference (69.0% of intake) occurred for glucose at the . 2775 M

concentration. These were the only positive preferences observed

for any of the test chemicals. Moderate degrees of rejection were

manifested for sucrose concentrations above . 4382.M and for maltose

concentrations above. 0028 M. The pattern of the responses to so-

dium saccharinwas similar to that of the sugars: indifference at lower



and intermediate concentrations and moderate degrees of rejection

at higher concentrations.

The acceptance and rejection thresholds for NaC1 were at con-

centrations of . 0429 M and . 3764 M, respectively. The thresholds

for NaAc were similar to those for NaC1. NaPr and NaBu had lower

threshold concentrations than NaCl and NaAc-.-possibly because of

smell.

The threshold concentrations and pH's obtained for HAc were:

acceptance, . 0024 M, pH of 4. 2; rejection, . 0276 M, pH of 3. 4. The

thresholds for HC1 were at lower concentrations and lower pH's than

for HAc. HPr and HBu were discriminated against at lower concen-

trations and higher pH's than was HAc--possibly due 'to smell. The

concentrations at the acceptance and rejection thresholds of NaOH

were, respectively, .0036 M ('pH 11. 5) and .0132 M (pH 12. 0). A

comparison of these values with those for HC1 indicates that sheep

are more tolerant of highly alkaline pH's than of highly acid pH's.

QHC1 elicited acceptance and rejection threshold concentra-

tions of. 00048 M and . 0037 M, respectively. The responses to

urea were highly variable, but appreciable intake was observed at

concentrations of .4163 and 8325 M,

The thresholds for ethyl alcohol were at higher concentrations

than for any other of the test chemicals, sucrose and glucose being the

exceptions. The acceptance threshold for ethanol was at a



concentration of. 2621 M and the rejection threshold was at 1. 422 M.

With respect to glucose, NaC1, HAc and QHC1, the sensitivity

series for the four primary taste groups, in order of increasing

sensitivity, was: sweet, salty, sour and bitter. However, after

comparing the threshold values derived in this study for the sheep

to values reported for the goat and calf, the conclusions can be made

that the sheep is relatively indifferent to sweet tasting substances

and relatively tolerant to bitter tasting substances.

Considerable individual variation existed in the taste responses

exhibited by the sheep used in this study.
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TASTE RESPONSES IN SHEEP

INTRODUCTION

Man has been interested in the sense of taste for a great many

years, due, primarily, to his concern for the pleasurable aspects

of eating and drinking. Althougha considerable amount of research

haw been reported on the various species, much remains to be done,

particularly with respect to the domestic animals.

Chemoreception evolved from the general process of gross

chemical sensitivity seen in protozoa to the much more sophisticated

chemical senses of the higher vertebrates. Responsiveness to

chemical stimuli developed early in the process of evolution, as

evidenced by arneboid protozoa, which respond through the process

of chemotrophism to chemicals in their environment. From the

general chemical responsiveness of these"fjrst" animals, chemical

sensitiveness evolved into a specialized system of detection (neurons

modified into sensory cells) with the coelenterates and marine arthro-

pods, the detector systems of which are responsive, notably, to

certain amino acids. Terrestrial arthropods exhibit further refine-

ments of the chemical senses in that certain of them--the blowfly,

Phormia, for example_-:possess chemoreceptor cells sensitive to

specific groups of chemicals (that is, sugars, cations, anions and

water).



In the lower vertebrates, receptors for taste, smell and the

common chemical sense are identified as separate entities. The

taste buds of fishes may be found in the mouth or distributed over

the external surface while in amphibians and reptiles they are re-

stricted to the mouth. Some fish use taste for orientation and navi-

gation. Finally, the chemical senses reach their greatest develop-

ment in the higher vertebrates. In these animals olfactory receptors

are located in the nasal area, gustatory receptors are found in the

mouth, and receptors for the common chemical sense are present

in mucous membranes. Among the perceptive processes of animals,

the chemical senses would seem to be the most primitive.

In animals in which taste is restricted to the mouth, gustatory

receptors function as detectors which monitor some aspects of the

chemical nature of the diet. In order for the chemical components

of prehended material to be detected, some degree of solution must

occur before passage of the material from the mouth. Solution is

required for free movement of ions and molecules to and from the

receptors. The receptors themselves are arranged into spindle-

shaped groups, often referred to as taste buds. Taste buds are lo-

cated mainly on the lateral sides of papillae, which are distributed

primarily over the dorsal surface of the tongue. Some buds may be

present on the palate and on the pharynx and larynx. The number of

taste buds present in the mouth of the sheep has been estimated to be

2
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10, 000 and the number in the ox to be Z5, 000.

The receptor cells within a taste bud project microvilli out into

a taste pore where they are bathed in the saliva coating the tongue.

It is in this environment that taste stimuli in solution may come into

contact with, and be adsorbed to, specific sites on receptor-cell mi-

crovilli. When a receptor site-stimulant combination occurs, there

is produced a small change in the spatial configuration of the macro-

molecules comprising the surface of the villi membrane, the main

results being that potassium ions escape from the receptor cell, de-

polarization occurs, and short electrical impulses are caused to flow

in adjoining nerve fibers. The magnitude of depolarization is pro

portional to the number of receptor sites filled by taste stimuli and,

thus, provides the signal for quantity in the stiniulatory process.

The nature of the signal for quality is less certain. It may be due

to either the summation of electrical events across a number of

fibers or to the activity in single neural channels.

Taste impulses pass from the tongue to the tractus solitarius

in the brain stem through first order neurons which, for the anterior

portion of the tongue, are carried by the chorda tympani and for the

posterior part by both the chorda tympani and glossopharyngeal

nerves. Second order neurons extend on to the thalamus and third

order neurons then radiate to the cerebral cortex.

The relationship of taste to the nutrition of an animal is not
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clear. While there have been many studies involving the preference

of adequately fed animals for complex mixtures of nutrients (intact

feedstuffs), and while there have been numerous experiments rela-

tive to the preference of deficient animals for single nutrients, the

results have evolved few broad generalizations. What can be said

with some degree of certainty, though, is: (I,) in many cases, defi-

cient animals can regulate their intake of a needed nutrient in the

absence of the sense of taste; (2) an animal that has lost the normal

urge to eat can sometimes be motivated to eat through taste; (3) the

preference for intact feedstuffs by adequately-fed, normal animals

is not consistently related to the nutritional value of the feeds; and

(4) the taste stimulating properties of feeds can have a significant

influence on voluntary intake.

Since the sensory evaluation of food material by an animal re-

sults in palatability perceptions where taste is receiving support

from smell and tactile qualities, the relationship between taste and

nutrition becomes highly complex when the overall sense stimulating

properties of the food are considered. One can speculate that the

sense of taste evolved first as a protective mechanism, later taking

on aspects of an identification system, then finally coming to play a

role in motivating the organism to eat during periods of stress.

With domestication, though, taste appears to have assumed somewhat

more of an hedonic role. In livestock, where selection from among
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a number of feed components is often necessary, where the identifi-

cation of toxic materials may be critical, and where stress is fre-

quently encountered, taste probably has a part in the several func-

tions: protection, identification and motivation.

Taste is likely to become of greater significance in the future.

As population increases and amount of tillable land decreases, the

economic pressure of the human demand for foods now utilized in

livestock feeding is sure to intensify. Consequently, livestock pro-

ducers are not going to be searching for new and more economical

feeds just to gain a more advantageous cost-price ratio, rather, in

order to realize any profit at all, they are going to be forced to new

and exotic materials, probably with considerably different sensory

qualities from the common feedstuffs presently used.

With the emphasis on higher production in domestic animals, it /
is often necessary for these species to consume feed at their maxi-

mum capacity and so, as a result of this trend, the sensory qualities

of the feed assume greater importance. For while it is true that

animals will usually eat enough of a feed of low palatability to sustain

themselves, it may not be possible under such conditions to achieve

satisfactory production levels. On the other hand, it might be de-

sirable in some cases to limit intake (as in supplemental feeding),

under which circumstances advantage could be taken of the knowledge

gained of the negative aspects of certain chemicals on intake. And



then, perhaps, as taste knowledge accumulates for more and more

species, it will eventually be possible to determine some of the basic

principles that underlie this chemical sense

The purpose of this study was to determine the reaction of

sheep to various chemicals in water solution by use of the preference

test technique. The work was prompted by the apparent lack of any

knowledge on taste reactions in this species.



REVIEW OF LITERATURE

Classification: Taste Groups

It is generally agreed that there are but four basic tastes:

sweet, bitter, salty and sour. Tastes which cannot be described in

terms of pure sensations of one of the four primary taste groups are

thought to be the result of mixtures rather than separate tastes them-

selves. In the past a number of additional tastes have been proposed

but they were mostly of a tactile or olfactory nature. Taste and smell

are still seriously confused by a great many people. Of the large

number of proposed tastes, other than the four basic groups, only

two still receive any, appreciable support. These are the water and

alkaline tastes.

Studies on the water taste have been reviewed by Pfaffmann

(1956). He noted that the water response could be associated with the

response to prior stimuli. The water reaction was less after saline

and more after acid solutions. He suggested that the reaction tQ

water by mammals does not indicate a specific water sensitivity but

rather excitability, differences toward certain ions, Na+ in particular.

The implication.is.that the water response may be the result of a

hypotonic reaction. Bell and Kitchell (1966) could not detect a water

response in the goat, sheep and calf.
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In 1938, Hahn, Kuckulies and Taeger (quoted by Liljestrand

and Zotterman, 1956) irrigated a small area of the tongue through use

of a U-shaped glass tube with a hole in its bottom and found a taste

at a threshold value 100-1, 000 times lower than that of the sweet

taste caused by alkaline solutions. These workers believed that they

had observed a specific alkaline taste. Contrary to this view,

Moncrieff (1946) considers the alkaline taste to be a reaction of the

common chemical sense to the normally irritating properties of the

alkalies. He suggested that a comparison between the sensitivity at

the tip of the tongue (where taste buds occur) with that at the dor sum

might allow the question to be resolved. In 1948, Kloehn and Brogden

made such a comparison and found that sensitivity was greater at the

tip. They noted stingingness at both areas, though, and concluded

that the alkaline taste is the result of taste receptors and either pain

or the common chemical sense or both. Lilje strand and Zotterman

(1956) applied alkaline solutions to the tongue of a cat and observed

a continuous burst of impulses in the chorda tympani nerve. They

suggest that the alkaline taste is the result of a general stimulation

of several kinds of fiber endings. Thus, it appears that the alkaline

taste is a complex sensation and not a primary taste.

Evidence seems to be preponderant for a classification of taste

into four primary modalities. Pfaffmann (1955, 1956) stimulated rat

nerves with substances representing the four taste groups but was
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unable to link characteristics of discharges with chemicals used.

Kimura and Beidler (1956) ins erted microelectrodes directly into

taste buds but likewise could not correlate discharge characteristics

with chemicals employed. However, in earlier work by Pfaffmann

(1941), the activity in single catnerve fibers was recorded as various

solutions were applied to the tongue and it was found that the fibers

could be grouped according to the solutions to which they responded:

acid fibers, acid-salt fibers, and acid-quinine fibers. He concluded

that stimulation of all three fiber groups mediated a sour taste while

the acid-salt group mediated a salt response and the acid-quinine

fibers mediated a bitter taste. Beidler (1952) indicates that this

earlier work along with some later data showing taste nerve activity

in response to sucrose can be taken as evidence for the four-

modality theory in as much as the receptors were shown to be at

least somewhat specific to compounds associated with the theory.

Studies using narcotics give evidence in support of four basic

tastes. Skramlik (1963) used several different anaesthetics and

showed that they had differential affects on the four types of taste

sensations. Bitter was the most susceptible while the order of

susceptibility of sweet, sour and salty depended on the particular

anaesthetic used. Recovery to the original sensitivity took signifi-

cantly different times and a period of hypersensitivity often occurred

before complete recovery. He concluded that each principal
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sensation depends on its own particular substrate for existence and

that the substrates are fairly independent of one another.

Wenger, Jones and Jones (1956) have marshalled the evidence

in favor of four primary taste systems. In addition to the two points

already mentioned, differential influences of narcotics and differ-

entially sensitive fibers, they list: subjective evidence or the capa-

city of individuals deprived of the sense of smell to classify gustatory

stimulants into the four groups, the differential sensitivity of areas

of the tongue to the different taste qualities, and, the fact that tastes

may interact to alter one another's thresholds.

Some more recent evidence for the four modality theory comes

from electrical stimulation studies. Bekesy (1964b) stimulated the

tongue electrically, under controlled conditions, and produced the

four basic tastes. He also observed that the different tastes cor-

respond to four kinds of papillae which can be distinguished by ana-

tomical differences as well as other means. This worker has shown

(1964a) that taste and temperature stimuli presented simultaneously

to the left and right sides of the tongue may add together or remain

separated and that the six sensations form two well-defined groups:

bitter, warm sweet; and sour, cold, salty.

However, Kare and Ficken (1963) object to the use of the four

modality classifications of tastes in studies with animals other than

man. They base their objection on the results of the findings arising
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from comparative studies on taste. These studies revealed that the

type and strength of within taste group responses varied markedly

with species. For example, with respect to the toxic sugar, xylose,

it was found that as the concentration increased above that required

for discrimination, the chick manifested responses of increasing re-

jection whereas the calf displayed responses of increasing acceptance.

It was also found that while maltose was one of the most highly pre-

ferred sugars by the rat it was the least preferred by the calf.. These

differences in response to different chemicalswithin the same taste

group prohibit predictions of responses to one chemical based on

knowledged of the responses to others. And, more obviously, they

prohibit the extrapolation of data to other species. It appears that

the appropriateness of the use of the four taste classification with

animals other than man is open to serious question. However, one

might justify use of the concept as a convenient frame of reference

and as a useful aid to discussion.

The nature of the chemicals involved in the different tastes has

been exhaustively discussed by a number of authors: Parker (1922),

Moncrieff (1946), Amerine, Pangborn and Roessler (1965), and

others. It seems that there exists no single chemical concept which

will completely explain the stimulating properties of the chemicals

within taste groups; usually several concepts must be employed to

characterize the substances into taste classes. The following is a



general description of the four types of taste substance5.

Sweet

The sweet taste is associated with an assortment of non-ionized

aliphatic hydroxy compounds such as sugars, sugar derivatives, al-

cohols and glycols. Lead acetate and beryllium salts are sweet as

are the synthetic compounds saccharin, dulcin (p-ethoxyphenylurea)

and cyclamate. Shutz and Pilgrim (1957) determined the sweetness

(to man) of various compounds relative to sucrose at a moderate

Salty

Salt stimuli are exemplifed by common salt, sodium choride.

12

concentration, 9. 12%:

Sub stance
Sweetness

(sucrose 1)

Saccharin 306. 0

Dulcin 90. 7

Calcium cyclamate 33. 8
Levulose 1. 15

DL-alanine 1. 07

Glycerol . 84
Mannitol . 72

Glycine 65

Alpha-dextrose . 64

Alpha, beta-dextrose . 61

Galactose . 59

D-mannose . 59

Sorbitol . 51

Maltose . 46

Lactose . 30
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Both the anion and cation are important to stimulation but the cation

may have the more important influence. The generally accepted

anion series for sodium salts, in order of decreasing strength, is

SO4, Cl, Br, I, HCO3, NO3 and the cation series for chlorides is

NH4, K, Ca, Na, Li, Mg. However, some salts produce both salty

and bitter tastes (for example, KBr and NH4I) and some evoke mainly

a bitter taste (as with KI and CsC1); the bitter taste appears to in-

crease with molecular weight. Ionization is necessary for charac-

teristic stimulation, and additivity between the different salts seems

to exist

Sour

The sour taste is produced by acids. Some of the more com-

mon acids which cause a true sour taste are acetic, HC1 and HZSO4.

Picric acid is bitter as well as sour and citric is sweet as well as

sour. Stimulation by mineral acids has been found to be dependent

primarily upon H+ concentration, but with respect to organic acids4

the undjssociated molecules, which may be adsorbed to receptor cell

surfaces, also are of significance. As has been observed many

times, at the same pH acetic acid is a stronger stimulus than HC1,

while at equi-moiar concentration the reverse is true. This greater

stimulating power of organic acids may be explained by a binding of

the undissociated acid units to receptor sites and their consequent



participation in stimulation.

Bitter

The bitter and sweet taste are similar in that they each are

evoked by a variety of compounds. Some of the more common bitter

substances are quinine, brucine, tannins, caffeine, strychnine and

magnesium and ammonium salts. The bitter and sweet taste are

often associated in that frequently the lower members of a homolo-

gous series will be sweet while the higher members will be bitter.

For example, ethylene glycol is sweet while propylene glycol is only

slightly sweet and hexamethylene glycol is bitter. The reverse may

also be true: bitterness progressing to sweetness in a homologous

series.

Koh and Teitelbaum (1961), working with rats, determined the

sensitivity series of representatives from each of the four basic

taste groups. They found the following values:

14

Compound Concentration (M)

Sucrose 0099
Sodium chloride . 00074
Hydrochloric acid . 00046
Quinine hydrochloride . 000012



Factors Influencing Taste Responses

Environmental Factors
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Disregarding such obvious influences as contamination and rela-

tive inaccessability of one of several taste substances, there are at

least two major external (or environmental) factors which affect taste

responses. These are the nature and temperature of the taste

medium.

For some time food technologists have been interested inhow

taste media might affect sensitivity to the various taste substances.

As a consequence of the fact that consumer acceptance is often based

on the intensity of the taste of a product, work has been done to de-

termine the taste intensity-media characteristics relationship.

Mackey and Valassi (1956) determined the taste thresholds of

sucrose, sodium chloride, caffeine and tartaric acid in water solu-

tions, tomato juice and custard. These latter two were in three

forms: liquids, gels and foams. Intensity was greater in water than

in the juice or custard. Masking of the strength of the taste sub-

stances decreased from gel to foam to liquid. It has also been shown

that the taste intensities of quinine,caffeine and saccharine are

greater in water than in mineral oil (Mackey, 1958).

The nature of the taste media clearly affects taste intensity.

These influences are probably due to several causes: a lessening of
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solubility of the stimuli, adsorption of the taste substance to material

in the media, and physical interference resulting in fewer taste mole-

cules reacing receptors.

At the present time it is not possible to determine from the

literature any general pattern for the effects of temperature on taste.

Nagaki, Yamashita and Sato (1964) studied the electrophysiological

response of the cat to solutions of sodium chloride, quinine and

hydrochloric acid at various temperatures. They concluded that the

greatest sensitivity was at a temperature of 30° C--approximately

the temperature of the tongue. On the other hand, Beidler (1954)

found no change in response magnitude of taste receptors of rats for

5 M sodium chloride at temperatures of 20°, 25° and 30°C. Sato

(1963) has reviewed work performed on several species of animals.

He presents data showing that manis most sensitive to sodium

chloride at about 32°C, to tartaric acidat about 34° C, to quinine at

about 35° C, and to sucrose at about 37° C. Bekesy (1964a) has shown

that warm stimuli may interact with bitter and sweet stimuli and that

cold may interact with salty and sour. Species differences may, in

part, account for the anomolous results with temperature.

The position of food or liquid containers may play a prominant

role in choices by laboratory animals (Young, 1945). A rat may

persistently take a food located at its right or at its left with no re-

gard for quality (Young, 1948). Pick and Kare (1962) have studied
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the results of artificial visual and positional cues on the behavior of

chickens in taste studies. They found that artificial cues greatly in-

fluencedbehavior in otherwise neutral situations. The preference of

the chicken for a solution normally refused was curvilinearly related

to stability of positional cues. Container and positional bias probably

also occurs in the larger domesticated species, but does not appear

to have been studied in these animals.

Intra-organic Factors

Richter and Campbell (1940) reported data indicating that human

subjects between the ages of 52 and 85 years had taste thresholds

nearly three times greater than individuals aged 15 to 19 years.

Cooper and Bilash (1959) tested the taste sensitivity of 100 people

and observed that curves of development and decline for the four

taste primaries were very much the same--all commenced to decline

after the early fifties. No sex differences were noticed. Cicala

andMcMichael (1964) obtained lower quinine aversion thresholds

with 100 day old rats than with 22 day old animals. With human sub-

jects of from 3 to 55 years of age, Glanville, Kaplan and Fischer

(1964) noted similar responses of the two sexes up to ages 16-20

years. Taste sensitivity reached a maximum in this age range and

began todecline at a faster rate in the male. Females at all ages

showed responses which were more sensitive to hydrochloric acid
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with little change in age. Thus, the literature seems to indicate that

taste sensitivity declines with age.

Diurnal variations in acuity of the sense of taste for sucrose

was proposed by Goetzl, Ahokas and Payne (1950). They observed

that freely selected meals were preceded by periods of greater taste

sensitivity to sucrose and followed by periods of lesser sensitivity.

Irvin and Goetzl (1952) described an experiment indicating the

existence of a diurnal pattern of taste acuity for sodium chloride.

However, Janowitz (1949) suggested that taste ::acuity undergoes only

minor variation throughout the day, after he failed to show any con-

sistent changes in acuity of gusto-olfactory senses with abolition of

hunger sensations using D-amphetamine. In an attempt to resolve

the question Hammer (1951) determined the relation of taste, odor

and flicker-fusion thresholds to food intake. He found that these

thresholds fluctuated in a diurnal pattern which was related to food

intake, and suggests that a number of physiological factors (for

example, fatigue and general body condition) influence sensory

thresholds. Furchgott and Friedman (1960) tested the affect of

hunger on absolute thresholds of taste and smell. They observed

that the effects were small and noticeable only in some individuals.

Further, they believe, on the basis of their data, that the conflicting

results of previous studies can be explained in terms of inter-subject

variability. The matter seems to be unresolved at the present time.
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However, the literature points toward an absence of diurnal varia-

tions in taste acuity.

A number of different diseases cause alterations in taste re-

sponses. These alterations range from marked increases to marked

decreases in sensitivity. Henkin (1967) presents data and cites re-

search pertaining to the affect of several disease states on the sense

of taste. Diseases that tend to.be associated with an increase in

taste sensitivity to certain compounds. include adrenal cortical insuf-

ficiency, adrenogenital syndrome and cystic fibrosis; those that tend

to be associated with a reduction in taste sensitivity include familial

dysautonomia, hypogonadism and facial hypoplasia. The influence

of heredity and hormones are intimately involved in several of the

diseases. When carbohydrate-active steroids (prednisolone) are ad-

ministered to patients with adrenal cortical insufficiency or the

adrenogenital syndrome, their thresholds return to normal. Henkin

also points out that, in patients with cystic fibrosis of the pancreas,

alterations in taste responses occur mainly in male offspring, and in

their mothers, indicating that the trait, is genetic.

Bernard, Halpern and Kare (1961) showed that rats severely

depleted of vitamin A displayed decreased strengths of rejection of

quinine sulfate solutions and a decrease in the selection of sodium

chloride solutions. When vitamin A was administered the depleted

rats regained their normal ability to reject the quinine and select the
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salt. The authors suggest that vitaminA may have a direct influence

on the functioning of taste cells, a reasonable assumption in view of

its affect on epithelial tissues.

Adrenalectomy lowers the preference threshold of salt solutions

for rats (Bare, 1949). It has been proposed (Epstein and Stellar,

1955) that salt preference in the adrenalectomized rat (and normal

animal as well) is under multi-factor control. The factors proposed

are: level of salt in the internal environment, taste stimulation,

gastric factors and dehydration produced by hypertonic solutions in

the stomach. Herxheimer and Woodbury (1960) noted a fall in salt

preference of rats treated with deoxycorticosterone. They suggested

that the affect on the salt taste threshold may be through electrolyte

distribution in brain cells.

Davidenkov (1940) reported a case of what he believed to be an

inherited inability to eat sugar. Six members of an apparently nor-

mal, healthy family with no record of intermarriages were observed

to be unable to consume sweet tasting substances- -even saccharin

could not be tolerated. However, polysaccharides, which do not

taste sweet but which are broken down to glucose, could be eaten as

in the case of normal people.

Fischer (1967) has reviewed his own work and the work of

others in an effort to delineate the degree of genetic control exerted

on certain features of gustation in man and primates. He points out
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that taste thresholds of most compounds follow a Gaussian or mono-

modal distribution and that the thresholds of most of the bitter

phenyithiourea (PTC) type compounds follow a bimodal distribution.

Populations are often classified on the basis of reactions to PTC type

compounds into "taster" and "non-taster" groups. It was suggested

that mediators of gustatory chemoreception can be classified as

Gaussian sensors (sensors of compounds with unrelated structures)

and bimodal receptors (receptors of compounds with particular FTC

type chemical structures). He further suggested that little genetic

control is involved in man's ability to detect in water solution corn-

pounds having taste thresholds which follow a Gaussian distribution,

but that genetic control is stronger with respect to PTC type com-

pounds where the distribution is bimodal.

Fischer and Griffin (1961) observe that there is a relationship

between taste thresholds for 6-n-phenylthiouracil (PROP) and sali-

vary thyroid acitivity, and that this activity is increased in the

saliva of "non-tasters". They also point out that subjects with low

thresholds (sensitive tasters) for PROP and quinine dislike more

foods than do subjects with high thresholds (non-tasters). Dislikes

for foods could not be associated with sucrose, NaC1, or HC1 re-

sponse (Fischer, etal., 1961).

Abnormal appetites due to nutrient hunger are fairly common

occurrences, and have been known for many years. Green (1925)
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described the bone-chewing habits of cows grazed on phosphorus de-

ficient pastures. In many cases taste and/or smell play direct roles

in allowing an animal to satisfy a nutrient hunger. Richter, Holt and

Barelare (1937) reported that the vitamin B1 deficient rat could

choose immediately a thiamine solution from among a group of 2 to

12 other solutions containing various foods. According to this re-

port, a reaction was shown to both the taste and smell of the vitamin

solution.

Jacobs (1961) used substances having properties of taste alone

(saccharin), taste plus calories (glucose), or mainly calories (corn

syrup solids) to study the influence of taste on glucose intake. He

concluded that under conditions of ad libitum feeding the intake of

glucose solution was independent of taste. However, Mayer-Gross

and Walker (1946) demonstrated that insulin-induced sugar hunger

switches preference from lower concentrations of sucrose solutions

to higher concentrations. Taste appears to mediate sugar intake at

lower concentrations whereas at higher concentrations, physiological

conditions (for instance, osmotic state) seem to be the mediator

(Stellar, Hyman and Samet, 1954; Smith and Duffy, 1957; Jacobs,

1958). Kare, Halpern and Jones (1961) reported that in the case of

chickens (which are normally indifferent to sugar solutions when

adequately fed), restriction of caloric intake led to a preference for

sucrose solution and an increase in total fluid intake.
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Likewise, sodium deficient animals markedly change prefer-

ences and intake patterns of salt solutions (Nutrition Reviews, 1967);

taste is apparently necessary for most efficient satisfaction of a salt

appetite.

One can reason that if an animal is exposed to high concentra-

tions of an aversive chemical and later is tested as to preference for

lower concentra.tions of the same chemical, then in all likelyhood a

preference for the lesser concentration will differ substantially from

that observed for ananimal that has never been exposed to the high

concentrations. On the other hand, experience apparently has no

affect on preference when the chemical is not objectionable (such as

sugar). Wagner (1965) searched for effects of experience on sugar

preference in the rat and found none.

Experimental Methods of Studying Taste Responses

The usual means of studying taste responses are based either

on the electrophysiology of nerves, on animal behavior or on a

physiological response. Behavioral methods include the conditioned

response and the preference test. Preferences may be based on im-

mediate choice, rate ofingestion or on quantity ingested.

Nerve activity can be recorded by, freeing an end of a nerve,

attaching it to suitable electrodes and then displaying the resulting

electrical impulses on an oscilloscope after appropriate amplification
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(Dukes, 1955). With respect to taste, the activity over the gustatory

nerves is measured as taste cells are stimulated by gustatory sub-

stances.

Zotterman (1935) adapted electrophysiological methods to taste

studies. He found that stimulation of taste receptors of the cat re-

sulted in large discharges when the stimulants were acid, bitter or

salt but not when they were sweet. In the goat, sheep and calf, ac-

tivity can be obtained from the sweet response as well (Baldwin, Bell

and Kitchell, 1959). Taste sensitivity as measured by electro-

physiological responses agrees approximately with behavioral meas-

urements (Pfaffmann, 1957). This paper also reports that although

an induced change in the physiological state of the rat caused a

change in preference behavior, no alteration in electrophysiological

gustatory response was noted; the author suggests that a behavioral

change resulting from modified physiological conditions is not a re-

flection of a change in the afferent neural message, but a change in

its significance for central neural processes.

Parotid gland flow rate has been used to measure the response

of man to taste stimuli (Chauncey and Shannon, 1960). Feller etal.

(1965) have used as a measure of stimulatory effectiveness the

volume of parotid saliva produced by a standardized application of

taste stimulant to the tongue.

It is widely known that the conditioned-response technique was
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first extensively used by the Russian physiologist, Pavlov. Ba-

sically, what the technique consists of is the formation of an associa-

tion between two stimuli, one being of such a nature as to cause some

observable reflex action. The other stimulant can then be applied and

its effects judged through the reflex action with which it has been as-

sociated. The Russian worker, Andreev (quoted byPick, 1961) has

used this technique to determine discrimination thresholds in cattle.

Koh and Teitelbaum (1961) conditioned one group of rats to

taste in order to avoid shock and another group to taste in order to

obtain food. The thresholds determined by these two variations of

the conditioned-response technique are reported to have agreed well

between themselves and with taste thresholds determined using elec-

trophysiology or preference as reported by other investigators.

The two-choice preference test was originally developed by

Richter (1941) and was used primarily in rat work. The method has

been adapted to use with goats (Bell, 1959) and cattle (Stubbs and

Kare, 1958; Bell and Williams, 1959). In this type of taste testing,

an animal is provided with two identical containers, one in which

water is placed and the other in which water plus the taste stimulant

is placed. The amount of chemical solution taken is expressed as a

percent of the total taken from both containers. The relative posi-

tions of the fluids are reversed within each concentration in order

to avoid positional or container bias.
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Variations of the preference test are numerous. The imme-

diate choice or the rate of ingestion may be measured in a two-choice

situation and daily consumption from a single source (with test sub-

stance presented on alternate days) may be recorded (Young, 1948).

Species and Individual Differences in Taste Responses

Kare (1961, 1963) has reviewed his own work and that of others

in discussions of some comparative features of taste. After com-

paring data on the taste responses of a number of species to various

taste stimuli, he concludes that, No pattern, chemical, physical,

nutritional or physiological, can be offered to explain the collective

comparative results'T. It is pointed out that within a species, indi-

vidual variation is great but represents a difference in degree while

the differences between species are absolute.

Pfaffmann (1953) found significant species differences between

the rat, rabbit and cat in their taste responses to different stimuli

as measured by electrophysiological methods. In a preference-

avoidance test, Carpenter (1956) noted marked species differences

between the cat, rabbit and hamster. From another electrophysio-

logical study, Beidler, Fishman and Hardiman (1955) report that,

with the exception of the sheep, those species in which sodium pre-

dominates in red blood cell electrolyte content (racoon, cat, dog)

showed greater taste responses to KC1 than to NaC1. In the rat,
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hamster and Guinea pig, where there is an electrolyte reversal, a

reversal was also found in sensitivity to KC1 and NaC1.

Fisher, Pfaffmann and Brown (1965) studied the preference of

squirrel monkeys, rats and men for dulcinand saccharin tastes.

Using a two-bottle preference test, it was. found that squirrel monkeys

strongly prefer dulcin and reject saccharin, while rats prefer sac-

charin and are indifferent to dulcin.

Ficken and Kare (1961) used the single stimulus method to study

individual variation in the ability of chickens to taste various com-

pounds. It was found that the response to single concentrations

varied from preference to complete rejection and that preference

thresholds varied markedly between individuals. Likewise, pigs

were shown to vary greatly in their individual responses to saccharin

(Kare,. Pond and Campbell, 1965). No relationship was observed

between response to saccharin and responses to other compounds,

nor was there appreciable influence exerted from prior taste ex-

per i e nc e s.

Cattle were shown to respond behaviorally to substances repre-

senting the four primary taste groups (Stubbs. and Kare, 1958).

These workers, using the two-choice preference test, found the calf

to prefer dilute sucrose solutions and to show different degrees of

rejection of dilute HC1 NaC 1 and quinine sulfate solutions. Bell

and Williams (1959) determined the rejection thresholds (20% of
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total fluid intake) of the calf to be: quinine dihydrochioride, . 000097

M; acetic acid, . 026 M; and sodium chloride, . 42 M. The accept-

ance thresholds (40% of total fluid intake) were . 000024, . 0083 and

105 M, respectively. Glucose solutions, at all concentrations

tested, were preferred to plain water. Bernard and Kare (1961)

combined the electrophysiological method and the preference test in

a study of taste responses in the calf. Among the chemicals tested,

electrophysiological reactions were obtained for NaCI, HC1 and

acetic acid commencing at .001 M and for KC1 and propionic acid

starting at. 01 M. Fructose and glucose responses started at . 5 M,

sodium saccharin at . 003 M and quinine sulfate at . 001 M. Sugars

had more affect behaviorally than electrophysiologically.

Bell (1959) used the preference test to determine the rejection

and acceptance thresholds of several chemicals for the goat. These

thresholds were, respectively, quinine dihydrochioride, 125 and

12. 5 mg per 100 ml; sodium chloride, 5 and 1. 25 g per 100 ml; and

acetic acid, 5 and 1. 25 ml per 100 ml. Estimates from graphical

data relative to the reaction of the goat to sodium bicarbonate (Bell,

1963) indicate that this animal responds with about equal sensitivity

to both sodium chloride and sodium bicarbonate.

Bell and Kitcheil (1966) found from an electrophysiological

study of the goat, sheep and calf, that all three species possessed

taste receptors responding to salt, sweet, sour and bitter solutions
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EXPERIMENTAL PROCEDURE

The animals used in these experiments were three groups of

ten sheep each. Group 1 consisted of five Columbia and five Hamp-

shire wethers, having an initial and final weight of 36 and 54 kg,

respectively. Group Z was composed of cross-bred wethers averag-

ing in initial weight 35 kg and in final weight 51 kg. Group 3 was

made up of Hampshire ewes with an average initial weight of 39 kg

and an average final weight of 56 kg. The groups followed one

another in time: Group 1 was started on trial in July of 1965, Group

2 in April of 1966 and Group 3 in August of 1966.

As the animals were placed on trial they were individually

penned and fed grass hay free choice. Then, over a period of

several days, they were fed increasingamounts of a concentrate-

type diet which was then fed ad libitum along with a good quality hay

until the sheep were removed from the trial. The concentrate ration

included 1% trace mineralized salt and a variety of feedstuff ingre-

dients; it was considered to be nutritionally adequate for sheep of the

weight range involved.

The taste testing procedure was essentially the same as the

two-choice preference test developed by Bell (1959) for the goat. In

the present study, fluid was provided for each sheep in two identical

stainless steel containers of 4 1 capacity, each. This volume
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provided a sufficient amount of fluid in each container to meet a

sheep's requirement for at least 12 hours. The test fluid (chemical

dissolved in tap water) was weighed into one container and tap water

alone was weighed into the other. After about ten hours of time had

elapsed, the containers were reweighed to determine the amount of

fluid taken from each container, The amount of test solution con-

sumed was expressed as a percent of the total fluid taken from both

containers. One container was then replenished with fresh test solu-

tion of the same concentration and the other with fresh water, the

relative positions of the two fluids being reversed for the succeeding

ten hours in order to avoid errors due to visual or positional cues.

After another ten hours of time had passed the amount of the fluids

taken and the percent of the total fluid taken as test solution was

again determined. This figure was then averaged with the one ob-

tained for the first ten hours of the test period; the resulting value

constitutes the preference of the single sheep for a given concentra-

tion of the chemical under test. The average of five such values

(from five different sheep) constitutes the final response point for a

single concentration of a chemical; units of five animals each were

assigned to alternate and increasing concentrations. This procedure

was carried out for each test chemical.

A total of 20 chemicals were studied in the manner just

described, These chemicals were:

31
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In addition, several chemicals were tested in opposition to each

other. These were: maltose versus sucrose, both at 5% concen-

tration; and glucose versus sucrose, both at 20% concentration. A

test of butyric versus hydrochloric acid was also conducted at a con-

centration of. 03 ml per 100 ml. The procedure for testing the

chemicals in opposition to one another was the same as has been

described for testing ascending concentrations of chemicals against

water, with the exceptions that only a single concentration was used

and that the water choice was replaced with the opposing chemical

solution.

Also, two tests with water were carried out. One of the tests

involved opposing distilled water to tap water, and the other con-

sisted of using tap water as both choices. The reason for testing

tap water against distilled water was to determine if the chemicals

normally occurring in tap water would affect sheep taste responses.

Tap water, only, was used in the other test to determine the normal

variation of intake (with respect to either one of the containers) from

the 50% level in the absence of chemical treatments. Theoretically,

Sugars Salts Acids Miscellaneous

Suc ro Se Sodium chloride Hydrochloric Quinine hydrochloride
Lactose Sodium acetate Acetic Sodium saccharin
Maltose Sodium propionate Propionic Sodium hydroxide
Glucose Sodium butyrate Butyric Urea
Galactose Lactic Ethyl alcohol
Fructose
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50% of total fluid intake should be consumed from each container

when no other influences are present except position of the animal

relative to the containers.

Because the pH of the tap water varied from day to day, the

pHts of the acid solutions used were determined by sampling from the

solutions after they were made up and then using a standard labora-

tory-type p1-I meter.

For the most part the data were analyzed using the linear re-

gression procedure. Regression equations and values were calcu-

lated where appropriate, and the significance of various statistics

was determined using the t-test. The analysis of variance technique

was used on the data from the tap water versus tap water test.
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The chloride content of tap water varies considerably from

area to area and some species of animals are sensitive to the

chemical (Kare, 1966). In order to judge adequacy of experimental

design, it was, therefore,. thought necessary to know whether the

local tap water contained chloride in such quantities as to repel the

experimental animals.

Fifteen observations were made with respect to the individual

preferences of Group 1 sheep in situations involving choices between

tap water and distilled water (Appendix Table 1). The mean prefer-

ence for tap water was 61. 7%. Using the t-test, the hypothesis was

tested that this mean response to tap water was equal to the hypo-

thetical mean of 50% (as previously described in Experimental Pro-

cedure). The hypothesis was rejected (P < . 05), indicating that, if

anything, the animals preferred tap water over distilled water. It

was concluded from these data that tap water could be used without

biasing the results of the taste preference-tests.

It was desired to know the amount of normal variation (in the

absence of chemical treatments) around the hypothetical mean intake

of 50% from each container. To find out what this variation was,

tests were performed with the three groups of sheep, using tap water
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as both choices. The mean responses (Appendix Tables Z, 3 and 4)

of units of five animals each were then analyzed statistically.

Table 1 shows there suits of the analysis. The variance,

standard deviation and mean were calculated for each of the three

groups. According to the F-test, no significant difference in vari-

ance existed between groups. This allowed a pooling of the variances

and standard deviations, and permitted an analysis of variance to

determine if there were significant differences between the three

means--there were none.

Analysis of variance
d

aA test of whether the group variances differ significantly from each other.

bNot significant at the 5% level of probability.

cA test of whether the group means differ significantly from a theoretical mean of SO%.

dA test of whether the group means differ significantly from each other.

Table 1. Various statistics and tests used to determine the normal variation involved in the
present testing technique.

Statistics and tests
Group Pooled

values1 2 3

Variance 17.8 31.0 20.2 23.0
Standard deviation 4. 2 5. 6 4 5 4. 8
Mean, % 47.7 51.4 49.0 49.4
F_valuea

Group 1 vs. group 2
Group 2 vs. group 3 b

1. 13
Group 2 vs. group 3 b

1. 53
t_valuec b1.91 88b b

.73

Source Degrees of freedom Mean Square F

Treatment 2 196.13
Error 33 758.61
Total 35 844. 51
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The t-test was employed to determine if any of the means were

significantly different from a theoretical mean of 50%- -none were.

A 95% confidence interval was then placed on the theoretical mean.

This interval was found to be 50% ± 10. 55% and was rounded, for

convenience, to an interval of from 40% to 60%. A mean response,

of a unit of five sheep, falling between 40% and 60% can, therefore,

be considered a non-discrimination reaction; that is, a reaction of

the type that can be expected 19 times out of 20 when water alone is

presented in both containers.

Sugars and Sodium Saccharin

Six sugars were studied: three disaccharides (sucrose, lactos

maltose) and three monosaccharides (glucose, fructose, galactose).

Figure 1 and Appendix Tables 5 and 6 present the responses of

Groups 1 and 2 to ascending concentrations of sucrose. Discrimina-

tion between sugar solution and water did not occur until the 5% con-

centration was reached. At. that level, one unit of five sheep from

Group 1 displayed a fairly strong preference (79. 2%) for sucrose

while one unit from Group 2 failed to discriminate between the solu-

tions. At higher concentrations rejection began to take place. At

10% concentration two units failed to discriminate between water and

sucrose solution; at 15% one unit did not discriminate and one showed

a moderate rejection; and at 20% both units commenced to reject the
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Figure 1. Taste responses of two groups of sheep to ascending concentrations of sucrose.
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sucrose solution. From an inspection of the reactions at the latter

three concentrations, the sucrose concentration at the acceptance

threshold (40%) can be set at 15% (. 4382 M).

Lactose was tested at concentrations of from . 004 to 1. 94%.

All responses were within the non-discrimination zone (Appendix:

Figure 1 and Table 7). At concentrations of from .001 to 3%, mal-

tose prompted discriminatory responses only at the two highest con-

centrations, 2 and 3%, and these were weak reactions of rejection.

The responses of Group 1 to concentrations of glucose (. 001

to 10%), fructose (.0064 to 1. 94%) and galactose (. 004 to 1. 29%) are

presented, respectively, in Appendix Figures 3, 4 and 5 and Ap-

pendix Tables 9, 10 and 11. The only substantial discrimination with

respect to these three sugars, occurred with glucose at the 5% level.

The reaction, however, was only weakly positive (69%).

The taste reactions of Group 2 in choice situations involving

sugars are shown in Appendix Figure 6 and Appendix Tables 12 and

1 3. When maltose and sucrose (both at 5% concentration) were

offered opposite to one another, total fluid consumption was similar

to that of the control intake (water consumption by the same animals

before and after the test, with tap water in both containers) and sugar

selection was within the 40 to 60% zone. The percent intake of

sucrose was 47. 3 and of maltose, 52. 7. When, at the 20% level, glu-

cose was offered in opposition to sucrose, the animals failed to
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discriminate between the two (percent intake of sucrose was 46. 7

and of glucose, 53. 3), but total fluid intake was well below that of

the control intake.

The taste response pattern which developed when sodium sac-

charm was offered is presented in Appendix Figure 7 and Appendix

Table 14. Percent intake remained within the 40 to 60% zone until

a concentration of 37. 5mg per 100 ml was reached; at that level and

the one subsequent to it (250 mg per 100 ml) a moderate degree of

rejection took place.

Salts

Figure 2 (and Appendix Table 15) shows the responses to

sodium chloride. The regression equation was calculated and from

this the best fitting line, as shown in the graph, was determined.

The regression line allowed the chemical concentration at the ac-

ceptance (40%) and rejection (20%) thresholds to be estimated. They

were, respectively, 25 and 2. 2%.

The response patterns for the sodium salts of acetate (NaAc),

propionate (NaPr) and butyrate (NaBu) are shown, respectively, in

Appendix Figures 8, 9 and 10 and Appendix Tables 16, 17 and 18.

Table 2 summarizes the data for the salts.
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Figure 2. Taste responses of group 2 to ascending concentrations of sodium chloride.



Table 2. Summary of the linear regressions of sheep taste re-
sponses on ascending concentrations of various salts.

40). from theoretical mean of 50% (P < . 05),
hnot significant.

Acids

Figure 3 (and Appendix Table 19) shows theresponses of Group

3 to various concentrations of acetic acid (HAc). The acceptance

threshold was reached at a concentration of. 014 ml per 100 ml and

the rejection threshold was at a concentration of . 158 ml per 100 ml.

The responses to propionic (l-JPr), butyric (HBu), lactic (HLa) and

hydrochloric acids are shown, respectively, in Appendix Figures 11,
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Item
Salt

NaC1 NaAc NaPr NaBu

Threshold

Acceptance (y)
40%

conc. .251 . 128 . 045 . 005

Molar conc. . 0429 . 0156 . 0047 * 00045

Rejection (Y20%)

% conc. 2. 200 4. 250 1. 875 . 037

Molar conc. 3764 . 5181 . 1952 . 0034

Slope (b) -6. 24c
_

9e
_

76d -6.

Intercept (a) 56. 1g 42 7h 5h 32

R2 . 872 . 448 . 536 . 622

S. E. of estimate 6. 33 10. 25 10. 25 8. 47

S.D. of y 6.81 11.24 10.92 8.92
20%

S. D. of b . 98 1. 94 1. 32 3. 79

cDifferent from 0 (P < . 001), d(
. 025), e(

. 10),
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12, 13 and 14, and Appendix Tables 20, 21, 22 and 23. A summary

of the reactions to the acids is presented in Table 3.

Group 3 sheep were placed in a choice situation involving bu-

tyric acid (. 03 ml per 100 ml, pH 4. 1) and hydrochloric acid (. 03 ml

per 100 ml, pH 2. 6). Their responses are shown in Appendix

Figure 15 and Appendix Table 24. The preference for butyric acid

in this situation was 71% and for hydrochloric acid, 29%. Total fluid

consumption, however, was reduced by about 25%.

Quinine, Urea, Ethyl Alcohol and Sodium Hydroxide

The reactions of Group 1 to various ascending concentrations

of quinine hydrochloride are displayed in Figure 4 and Appendix

Table 25. The acceptance threshold was 29. 6 mg per 100 ml and

the rejection threshold, 157. 6 mg per 100 ml. The responses of

Groups 2 and 3 to quinine are shown, respectively, in Appendix

Figures 16 and 17 and Appendix Tables 26 and 27. A summary of

the reactions to quinine of all three groups is presented in Table 4.



Table 3. Summary of the linear regressions of sheep taste responses on ascending concentrations
of various acids.

Threshold

Acceptance (y )40%

cDifferent from 0 ( < . 01), d (P < . 025), e( . 20). Different from theoretical mean of 50%
005), g( < . 01), (P < . 025), 1not significant. 3Specific gravity of 1. 19, 37. 5% HC1.(P<

Acid
Item HAc HPr HBu Hia HC1

Ml/100ml
Molar conc.

pH

Rejection (y

Ml/100 ml
Molar conc.

pH

Slope (b)

Intercept (a)

R2

S. E. of estimate
S. D. of y

20%
S.D. ofb

)

.014

. 0024

4. 2

. 158

. 0276

3.4
60c

36.
9

. 846

5. 00

5. 32

1.19

.004

. 00054

5. 1

. 029

. 0039

4,2
-6. 74e

36. 6'

. 688

7. 17

7. 95

3.20

.002

. 00022

6. 6

. 052

. 0057

4.7
5e

1'

. 603

6. 73

7. 46

2.13

. 017

. 0024

4. 1

. 070

. 0097

3.0
54e

57

. 582

13. 74

16. 88

6,14

003

. 00037

3. 8

Ol8

. 0022

2.8
-8.

1g

. 966

2. 43

2. 56

1.09
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CDifferent from 0 (P < . 05), d( . 10), e(
. 40).

significantly different from a theoretical mean of 50%.

The responses to urea, ethanol and sodium hydroxide are pre-

sented, respectively,. in Appendix Figures 18, 19 and 20 and Ap-

pendix Tables 28, 29 and 30. The responses to urea were quite

variable (R2 = . 111) at the higher concentrations. Therefore, the

linear regression analysis is not presented for this chemical. A

summary of the responses to ethanol and to sodium hydroxide is

shown in Table 5.
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Table 4. Summary of the linear regressions of the taste responses
of groups 1, 2 and 3 sheep on ascending concentrations of
quinine.

Item
Group

2 3

Threshold

Acceptance (y )40%
Mg/100 ml 29 60 3. 92 5. 4

Molar conc. .00082 .00011 .00015

Rejection (Y20%)

Mg/100 ml 157. 60 18. 10 108. 80

Molar conc. . 0044 . 0005 . 0030

Slope (b) -8. 65e
_

Intercept (a) 57.8 33.
6f

43.

R2 .753 .789 .563
S. E. of estimate 10. 77 7. 07 9. 52

S.D. ofy
20% 11.77 10.44 10.60

S. D. of b 2. 57 4. 95 2. 27



cDifferent from 0 (P < . 10).

dNot significantly different from a theoretical mean of 50%.

eMolarity of 12.

Chemical
Item Ethanol Sodium hydroxide

Thre shold

Acceptance (y )

Ml/lOOml
40%

1.56 031e

Molar conc. . 2621 . 0036

pH 11.5

Rejection (y20%)

Ml/100 ml 8. 30

Molar conc. 1.4220 .0132

pH 12.0

Slope (b) -8. -10.

Intercept (a) 50.
8d

46. 0d

.741 .845
S. E. of estimate 8. 96 7. 32

S. D. of y 10. 10 8. 1220%
S.D. ofb 2.83 3.28
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Table 5. Summary of the linear regressions of the taste responses
of group 3 sheep on ascending concentrations of ethyl
alcohol and sodium hydroxide.



DISCUSSION

An almost universal characteristic of taste in higher animals

is the 'sweet toothu. Most domestic animals (cattle, goats, horses)

possess this attribute of being attracted to sweet-tasting substances.

However, the results obtained in this study with respect to sugars

do not fully support the idea of such a characteristic existing in

sheep

Three of the sugars (lactose, galactose, fructose) while being

tested at concentrations up to 1 94, 1 29 and 1 94%, respectively,

failed to elicit discriminatory responses. Maltose solution was never

preferred over water and was rejected to a slight degree at concen-

trations of 2 and 3%. The only positive responses to the sugars oc-

curred with sucrose and glucose at the 5% levels. The preference

for sucrose was moderately strong while that for glucose was less

pronounced.

Discrimination did not occur when maltose was opposed to

sucrose (both at 5% concentration) or when, at the 20% level, glucose

was offered in opposition to sucrose. In the latter case, total fluid

intake was greatly reduced. Often, however, there were marked

preferences by the individual sheep. For example, in the sucrose-

maltose test, sheep 5 and 9 preferred sucrose (88. 5 and 91. 0%,

respectively) while sheep 3 and 4 preferred maltose (93. 5 and 97. 0%,
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re spectively). The individual responses were distributed uniformly

enough between the sugars that the mean reactions of each of the four

units of five sheep did not fall outside of the non-discrimination zone.

In general the results with the sugars and with sodium sac-

charin (which produced a trend similar to that of the sugars: non-

discrimination at the lower concentrations followed by rejection at

the higher levels) indicate that sheep are, at the most, only weakly

responsive to sweet tasting substances. These results are in accord

with those of Kare (1966) who observed that the responses of aged

ewes to various sugars were much less pronounced than in other

ruminants. The data for the sugars also indicate that the responses

at a given concentration depend on the particular sugar under con-

sideration, suggesting different degrees of acceptabilities of these

compounds.

The sucrose concentration at the acceptance threshold (Figure

1) was estimated to be 15% (. 438ZM). Sucrose concentration at the

rejection threshold was in excess of ZO% (. 5843 M): this was the

highest concentration offered and both units of sheep tested at that

level consumed more than 20% of their total daily fluid as sucrose

solution, Thus, sucrose was not only a fairly ineffective stimulant

at low and intermediate concentrations but also at the higher concen-

trations.

The effectiveness of stimulation was greater with the salts than
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with the sugars. The order of increasing sensitivity to the salts

(with respect to rejection thresholds) was NaAc, NaCl, NaPr and

NaBu. When the acceptance threshold was considered, the order

was reversed for NaAc and NaCi, sensitivity to NaCl being less.

The variation associated with the regression of NaCl intake on in-

creasing concentrations was considerably less than that encountered

with the other three salts. Smell may account, in part, for the

greater amount of variation in the responses to the salts of the three

fatty acids. Smell may also be partly responsible for the generally

lower thresholds observed for NaAc, NaPr and NaBu.

After sugars and salts, the next group of taste stimulants in

the order of stimulating effectiveness was the acids. On a molar

basis HAc was rejected at 7. 3% of the concentration required to

cause rejection of NaCl. The sensitivity series of the acids, based

on molar concentration at the rejection threshold and in order of in-

creasing sensitivity, was: HAc, HLa, l-lPr, HBu and Hcl. When

the acceptance threshold was considered, HAc was equal in concen-

tration to HLa and the relative positions of HBu and HPr were re-

versed. The sensitivity series was changed when at the rejection

threshold decreasing H+ concentralion (or increasing pH) was used

as the criteria, the series then being: HC1, HAc, HLa, HPr and

HBu,

+The fact that HAc is rejected at lower H concentrations (and
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higher molar concentrations) than HC1 may be explained on the basis

that the undissociated HAc molecules are entering into stimulatory

activities. However, it is not clear why HPr and HBu were rejected

at H+ and molar concentrations much lower than for HAc. One pos-

sible explanation for the lower thresholds for HPr and HBu is that

these acids are being responded to through the sense of smell. It is

a well known fact that when a substance has the property of giving

rise to sensations of both taste and smell, detection of the substance

through the sense of smell is possible at concentrations far below that

required for detection through the sense of taste.

The combined amount and molar proportions of HAc, HPr and

HBu normally present in the rumen vary depending on the diet and

time after feeding. The average combined amount of HAc, HPr and

HBu present in the rumen of the sheep is about 100 mM per liter and

their molar proportions are about 60, 25 and 10, respectively

(A nnison and Lewis, 1959). The molar proportions in this case are

equivalent to mM per liter. From Table 3 it can be seen that at the

acceptance threshold 1-JAc was at a concentration of 2. 4 mM per liter

(or about i/zo of the concentration normally present in the rumen)

while HPr and HBu were at . 5 and . 2 mM per liter, respectively,

these latter two acids being at only i/so of their average rumen con-

centration.

Bernard and Kare (1961),. using calves, obtained
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electrophysiological responses to HAc at lower molar concentra-

tions than to HPr-. 001 for HAc as opposed to . 01 for HPr. They

suggested that the wide range of responses observed for these acids

may indicate a role for chemoreception in the process of rumination.

The data obtained in this study indicate that smell may be the basis

for differential behavioral sensitivity to HAc, HPr and HBu.

When HBu and HC1 were offered as the two choices, both at

pH's somewhat below those of their rejection thresholds, a decided

preference was exhibited for HBu (71% of intake). However, despite

the preference demonstrated for HBu, total fluid intake was reduced

by 30. 7%, as compared to control intake, The reduction in total

fluid intake was primarily the result of the aversion for HC1 at the

concentration tested, indicating that in this case pH was more influ-

ential than smell.

The responses to quinine were determined for Groups 1, 2 and

3 sheep. As can be seen in Table 4, the threshold concentrations

varied markedly between the groups, the greatest differences being

between the acceptance thresholds. The relatively low quinine

thresholds demonstrated by Group 2 may be explained, at least in

part, on the basis of prior treatment. Group 2 was involved in as-

sessing urea responses before they were placed on quinine. In Ap-

pendix Figure 18 and Appendix Table 28 it can be seen that con-

sistent rejection of the urea solution by the two units of sheep did not
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occur until the 2. 5 and 5% concentrations were reached. Appreciable

amounts of urea solution were ingested at the higher concentrations;

so much, in fact, that one animal died and two others became no-

ticeably ill. Presumably, others of the group experienced varying

degrees of illness. It was assumed that the illness associated with

the bitter taste of urea may have influenced subsequent tests involv-

ing bitter stimulants such as quinine. On the basis of this assump-

tion, only the threshold values for Groups 1 and 3 were used to de-

termine the average threshold concentrations of quinine. These con-

centrations were, at the acceptance threshold, . 00048 M, and at the

rejection threshold, . 0037 M.

While a positive preference was never manifested for ethyl

alcohol, the tolerance for the chemical was remarkably high. With

the exception of the sugars, ethanol was accepted at concentrations

higher than for any other of the chemicals studied. In contrast to

the indifference of sheep to ethyl alcohol, rats have been shown to

prefer ethanol at concentrations of from 2. 4 to 4. 4%, 9 to 1 over

water (Richter and Campbell, 1940).

The sheep of Group 3 commenced to discriminate between

NaOH solution andwater, at a pH of 11. 5, and at a pH of 12 the re-

jection threshold was reached. This represents a range of. 5 pH

units between the acceptance and rejection thresholds. For HC1 the

corresponding values of the acceptance and rejection thresholds and
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the range between the thresholds was 3. 8, 2. 8 and. 8 pH units, re-

spectively. Thus the range between thresholds was somewhat nar-

rower for NaOH and slightly greater tolerance was exhibited on the

alkaline side of neutral. Kare (1966) has found the calf to be tolerant

to pH, particularly on the alkaline side of neutral.

When the acceptance and rejection thresholds of NaCl, HAc,

glucose and quinine hydrochloride (QHC1) are considered, the four

primary taste groups can be arranged in the following sensitivity

series based on sheep taste reactions:

With respect to either the acceptance or rejection threshold, sheep

were least sensitive to the sweet taste and most sensitive to the

bitter taste. There was greater sensitivity to saltiness than to

sweetness and greater sensitivity to sourness than to saltiness. The

tastegroup thresholdswithin the acceptance and rejection sensitivity

series progressed by about one order of magnitude and the two series

differed within a single taste group, also, by about one order of

magnitude. Bell and Kitchell (1966) obtained electrophysiological

Taste group

Threshold

Acceptance Rejection

Sweet (Glucose, M) >. 5551

Salty (NaC1, M) . 0429 . 3764

Sour (HAc, M) . 0024 . 0276

Bitter (QHC1, M) . 00048 . 0037
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responses with sheep to glucose, NaCl, HAc and quine dihydro-

chloride at molar concentrations of. 83, . 005, . 2 and . 02, respec-

tively. With the exception of NaC1, appreciably greater concentra-

tions were involved in eliciting electrophysiological responses than

in inducing the preference behavior in this study. The opposite case

was true for NaCl.

Bell (1959) used the two-choice preference test to determine

the reactions of calves and goats to chemicals representing the four

primary taste groups. He used glucose, NaC1, HAc and quinine di-

hydrochloride and offered the chemicals in descending concentrations.

When the threshold values for the calf and the goat are compared with

the values obtained for the sheep in this present study, marked

species differences in taste sensitivities are apparent:

With respect to these data it appears that the sheep is more sensitive

to NaCl than either the goat or the calf and is less sensitive than either

to quinine. The data on glucose and HAc are somewhat equivocal. At the

Glucose (M)

Acceptance
Thresholds

Rejection
Sheep Goat Calf Sheep Goat Calf

>. 5551 2.2 1. 11

NaCl (M) .0429 . 210 . 105 . 3764 . 840 .42

HAc (M) . 0024 .. 208 . 0083 . 0276 . 833 . 026

QHC1 (M) . 00048 00031 . 000024 . 0037 . 0031 . 000097
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acceptance threshold the sheep is more sensitive than the calf to

HAc while at the rejection threshold the calf is the more sensitive.

In the present study, glucose was not offered at concentrations suf-

ficiently high to permit the acceptance thresholdto be determined.

It should be pointed out that these species relationships with respect

to sensitivities are true only when they are based on the acceptance

or rejection thresholds. If sensitivity is defined as the lowest con-

centration which will evoke a response outside of the non-discrimina-

tion zone (either below 40% of fluid intake or above 60%) then while

the relationship between the sheep and the calf will remain unchanged

the taste responses of the goat to glucose, NaCl, HAc and QHC1 are

seen to be the most sensitive of the three species. This is true be-

cause the goat demonstrates positive preference responses (responses

greater than 60%) to the different chemicals at lower concentrations

than are required to cause the acceptance threshold to be crossed.

According to the graphical data presented by Bell (1959) this occurs

with the goat but not with the calf, an exception being for glucose

where the intake of the calf surpasses the 60% level when the sugar

is at a concentration of 2. 5%. In the present study, sheep taste re-

sponse patterns were similar to those of the calf (as reported by Bell)

in that the 60% level was exceeded only for sucrose and glucose at

the 5% concentration.

Considerable variation existed in the taste reactions of the
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sheep used in this study. Figure 5 shows the individual responses

of Group 2 sheep to various concentrations of NaCl. Although there

were pronounced variations in the taste responses within each of the

units, the 'standard error of estimate" was only 6. 33, indicating that

about 2/3 of the mean response points would be expected to fall

within 6. 33 units (%) of the regression line. The size of the "standard

error of estimate" values, themselves, varied substantially between

chemicals. For example, the standard error value of the HC1 re-

gression was 2. 43% while that for HLa was 13. 74%. The use of mean

response values in determining regression characteristics overcomes,

to some extent, the influence of the individual variation within units,

while the process of determining desired values from the data by

using the regression line counteracts, in part, the influence of the

variation between units. However, there are at least two sources of

variation that cannot be easily controlled. These sources are: (1)

the variable physiological state of the animal, which might on one

day dictate one response to a certain concentration of a given chemi-

cal and on the next day dictate a considerably different response to

the same concentration of the same chemical; (2) the psychological

makeup of the animal which would include, among other things, the

degree of its propensity to be influenced, both before and during the

experiment, by prior taste experiences.



Figure 5. Individual responses of group Z sheep to ascending concentrations of sodium chloride.
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SUMMARY AND CONCLUSIONS

This study involved the use of the two-choice preference test,

where the choices were tap water and tap water-chemical solutions,

to determine the responses of sheep to ascending concentrations of

10 chemicals (taste stimulants). The chemicals tested were: the

sugars, sucrose, maltose, lactose, glucose, fructose and galactose;

the sodium salts of chloride, acetate (NaAc), propionate (NaPr) and

butyrate (NaBu); the acids, hydrochloric, acetic (HAc), propionic

(I-JPr), butyric (HBu) and lactic (HLa); and, quinine hydrochloride

(QHC1), urea, sodium saccharin, sodium hydroxide and ethyl alcohol.

Each sheep was individually penned and fed to appetite. Re-

sponses were expressed on the basis of percent intake (that is, the

percent that the amount of test fluid consumed was of total fluid in-

take for a given time period). Three groups of ten sheep each

were used successively, the groups being divided into two units of

five animals and these units then being placed on alternate concen-

trations of a test chemical.

The mean responses of the units of five sheep were plotted

graphically and analyzed by the linear regression technique when

definite rejection trends were apparent. The chemical concentra-

tions at the acceptance and rejection thresholds (that is, where the

test chemical comprised 40% and 20% of total fluid intake,

59



60

respectively) were estimated from the regression line. When rejec-

tion trends did not occur the responses were assessed on the basis

of their position relative to the non-discrimination zone. The non-

discrimination zone was described as that zone where the test fluid

comprised not less than 40% nor more than 60% of total fluid intake.

It was derived by determining the normal variation, with tap water

in both containers, around a theoretical mean intake of 50% from

each container.

The responses to the sugars were, generally, of an indifferent

nature. One unit of animals displayed a moderately strong prefer-

ence (79. 2% of intake) for sucrose at the . 1461 M concentration while

another unit was indifferent to the sugar at that concentration. A

weak preference (69. 0% of intake) occurred for glucose at the . 2775M

concentration. These were the only positive preferences observed

for any of the test chemicals. Moderate degrees of rejection were

manifested for sucrose concentrations above .4382 M and for maltose

concentrations above,. 0028 M. The pattern of the responses to so-

dium saccharin was similar to that of the sugars: indifference at

lower and intermediate concentrations and moderate degrees of re-

jection at higher concentrations.

The acceptance and rejection thresholds for NaCl were at con-

centrations of . 0429 M and . 3764 M, respectively. The thresholds

for NaAc were similar to those for NaC1. NaPr and NaBu had lower



threshold concentrations than NaC1 and NaAc- -possibly because of

smell.

The threshold concentrations and pH's obtained for HAc were:

acceptance, . 0024 M, pH of 4. 2; rejection, . 0276 M, pH of 3. 4. The

thresholds for HC1 were at lower concentrations and lower pH's than

for HAc. HPr and HBu were discriminated against at lower concen-

trations and higher pH's than was HAc--possibly due to smell. The

concentrations at the acceptance and rejection thresholds of NaOH

were, respectively, .0036 M (pH 11.5) and. 0132 M (pH 12. 0). A

comparison of these values with those for HC1. indicates that sheep

are more tolerant of highly alkaline pH's than of highly acid pH's.

QHC1 elicited acceptance and rejection threshold concentrations

of. 00048 M and . 0037 M, respectively. The responses to urea were

highly variable, but appreciable intake was observed at concentra-

tions of .4163 and .8325 M.

The thresholds for ethyl alcohol were at higher concentrations

than for any other of the test chemical sucrose and glucose being the

exceptions. The acceptance threshold for ethanol was at concentra-

tion of. 2621 M and the rejection threshold was at 1, 422 M.

With respect to glucose, NaC1, NAc and QHC1, the sensitivity

series for the four primary taste groups, in order of increasing

sensitivity, was: sweet, salty, sour and bitter. However after com-

paring the threshold values derived in this study for the sheep to
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values reported for the goat and calf, the conclusions can.be made

that the sheep is relatively indifferent to sweet tasting substances

and relatively tolerant to bitter tasting substances.

Considerable individual variation existed in the taste responses

exhibited by the sheep used in this study.
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Sheep 1

aMean of the 15 observations.

Period

Meana 61.7
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Appendix Table 1. Consumption of tap water, with distilled water
as the alternate choice, as percent of total daily
fluid intake by group no. 1 sheep.

Z 94.5

3 76.5 81.5

4 93.5 75.0

5 88.0

6 57.0 39.5

7 Z9.5

8 70.0 61.0

9 47.5 30.0

10 62.5 20.0
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Appendix Table 2. Consumption of water as an average of the per-
cent taken from container A during the first ten
hours and from container B during the second
ten hours of 20-hour test periods by group no, 1
sheep.

Sheep
Period

1 2 3 4 5 6

1 19.0 64.5 50.0 45.0 31. 0 50. 0

2 55. 0 53. 5 49. 5 62. 0 50. 5 77. 5

3 42. 0 44. 5 46. 5 22. 0 70. 0 43. 0

4 58. 5 45. 5 43. 5 41. 0 44. 0 59. 0

5 50. 5 48. 5 45. 5 38. 0 43. 0 44. 0

Mean 45.0 51. 2 47.0 41. 6 47.7 54.7

6 57. 0 27. 5 53. 5 50. 5 48. 5 38. 0

7 42.0 29.5 50.5 49.0 43.5 35.5

8 58. 5 31. 0 49. 0 70. 0 72. 5 82. 0

9 17.0 64.0 44.5 50.0 51.5 42.5

10 54.5 61.5 46.0 4.5 23.5 76.5

Mean 52. 8 42. 7 48. 7 44. 8 47. 9 54. 9
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Appendix Table Consumption of water as an average of the per-
cent taken from container A during the first ten
hours and from container B during the second
ten hours of 20-hour test periods by group no. 2
sheep.

Sheep
Period

1 2 3 4

1 50. 5 50. 0 28. 5 44. 0 56. 5 70. 0

2 28. 5 25. 0 75. 0 30. 0 47. 0 42. 5

3 50. 0 99. 0 50. 0 41. 0 52. 0 49. 5

4 48.0 43.0 59.0 50.0 46. 5 71.0

5 35. 0 56. 5 65. 5 48. 5 37. 5 35. 0

Mean 42. 4 54. 7 55. 6 42, 7 47. 9 53. 6

6 54. 0 69. 5 60. 5 59. 5 29. 5 62. 5

7 53. 0 47. 5 45. 0 93. 5 45. 0 53. 0

8 38.0 72.5 54.5 33.5 51.0 58.0

9 90. 0 51. 0 52. 0 32. 5 60. 5 37. 0

10 51.0 50.0 68.0 46. 5 42. 0 39. 5

Mean 57. 2 58. I 56. 0 53. 1 45. 6 50. 0
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Appendix Table 4. Consumption of water as an average of the per-
cent taken from container A during the first ten
hours and from container B during the second ten

Mean 46. 7 46. 7 46. 5 51. 8 44. 9 46. 7

6 48. 0 50. 0 64. 0 69. 5 48. 5 49. 0

7 76. 0 52. 0 8. 0 55. 5 49. 5 53. 5

8 60.0 57.0 53.5 61.0 19.0 31.5

hours of 20-hour test periods by group no.
sheep.

3

Sheep
Period

1 2 3 4 5 6

1 40.0 36. 0 37. 0 48. 5 49. 5 18. 5

2 49.0 50.5 51.5 71.0 38. 5 41.0

3 75. 5 58. 0 41. 5 61. 5 55. 0 90. 5

4 39. 0 48. 0 53. 5 54. 5 30. 0 45. 0

5 30.0 41.0 49.0 23.5 51.5 34.0

9 53. 5 38. 0 54. 5 48. 0 50. 0 40. 5

10 46. 0 70. 5 79. 5 40. 5 45. 5 54. 5

Mean 56.7 53.5 51.9 54.9 42. 5 45.8



Appendix Table 5. Consumption of sucrose solution as percent of
total daily fluid intake by group no. 1 sheep.
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Concentration of sucrose solution (g/100 ml)

6 58. 5 28. 5 68. 5 32. 0

7 48. 0 49. 0 30. 5 1. 0

8 44. 5 45. 0 80. 0 77. 0

9 73. 0 29. 5 49. 0 59. 5

10 65. 0 48.5 25.0 20. 5

Mean 57. 8 40. 1 50. 6 38. 0

Sheep .001 .01 .1 .1 5 10 15 20

37.5 51.5 85.5 94.5

2 66.0 24.5 90.0 24.0

3 47. 0 57. 0 63. 0 29. 5

4 54. 5 67. 0 69. 0 82. 0

5 53.0 50.0 88.5 8.0

Mean 51.6 50. 0 79. 2 47. 6



Appendix Table 6. Consumption of sucrose solution as percent of
total daily fluid intake by group no. 2 sheep.
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Concentration of sucrose solution (g/100 ml)
Sheep . 001 . 01 . 1 1 5 10 15 20

1 42.5 25.0 50. 0 18. 0

2 1.0 32.5 45.5 72.5

3 49. 5 50.0 100.0 50. 0

4 35.5 44. 5 49. 5 10. 5

5 79. 5 54. 5 25. 5 0. 0

Mean 41.6 41. 3 54. 1 30. 2

6 36.5 61.5 53.5 28.0

7 71.0 48.5 38.5 0.0

8 47. 5 23. 0 68. 5 55. 5

9 57. 5 78. 5 36. 0 25. 0

10 66.0 23.5 65.0 25. 0

Mean 55. 7 47. 0 52. 3 26. 7
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Appendix Table 7. Consumption of lactose solution as percent of total daily fluid intake by group no.

sheep.

Sheep
Concentration of lactose solution (g/100 ml)

. 004 . 008 . 016 . 032 . 064 . 16 . 32 . 64 1. 29 1.94

1 5.0 21.0 51.0 68.0 72.5

2 50.0 43.5 44.5 81.5 53.5

3 45. 5 46. 0 63. 5 47. 5 41. 5

4 23. 5 47. 0 33. 5 43. 5 45. 5

5 74. 5 46 5 55. 0 26. 5 68. 0

Mean 39. 8 40. 8 49. 5 53. 4 56. 2

6 48. 0 54. 0 46. 0 52. 5 52. 5

7 40. 5 53. 0 47. 0 38. 0 46. 0

8 34. 5 37. 5 60. 5 46. 5 54. 0

9 59. 5 58.0 29. 5 46. 5 51. 0

10 81.0 36.5 57.0 22.5 44.5

Mean 52. 7 47. 8 48. 0 41. 2 49. 6
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Appendix Table 8. Consumption of maltose solution as percent of
total daily fluid intake by group no. 1 sheep.

Concentration of maltose solution (g/100 ml)
Sheep . 001 . 01 . 1 1 2 3

1 65.0 50.5 8.0

2 80.0 49.0 61.0

3 19.5 64.0 33.0

4 16.5 64.0 43.5

5 41.,5 27.5 20.5

Mean 48.5 51.0 33. 2

6 46.0 36.0 35.0

7 41.0 12.5 29.5

8 42.5 63.5 69.5

9 70.0 98.5 51.0

10 8.5 2.0 .5

Mean 41. 6 42. 5 37. 1



Appendix Table 9. Consumption of glucose solution as percent of
total daily fluid intake by group no. 1 sheep.
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6 43. 5 57. 5 39. 5

7 46. 5 53. 5 7. 0

8 56. 5 47. 5 98. 0

9 26. 0 1. 5 76. 5

10 78. 5 70. 5 77. 5

Mean so. a 46. 1 59. 7

Sheep 001 01 1 1 5 10

1 66. 5 32. 5 68. 5

2 66. 5 54. 0 88. 0

3 22.0 12. 0 27. 0

4 48,0 64. 0 71.0

5 50.5 26. 0 90. 0

Mean 50. 7 37. 7 69. 0

Concentration of glucose solution (g 100 ml)



Appendix Table 10. Consumption of fructose solution as percent of total daily fluid intake by groupno. 1 sheep.

Sheep
Concentration of fructose solution (g/100 ml)

. 0064 . 016 . 032 , 064 , 16 . 32 . 64 1. 29 1. 94

1 58. 5 50. 0 37. 0 75. 0 65. 0

2 60.5 71.0 77. 5 54, 0 43. 0

3 43. 5 35. 5 49. 5 56. 0 36. 5

4 42 0 66 5 55 5 55 5 53 0
5 60. 0 45. 0 51. 5 26. 0 57. 5

Mean 50.9 53. 6 54. 2 53. 5 51. 0

6 49. 5 49. 0 69. 5 70. 0

7 54.0 45. 5 42. 0 57. 5

8 58.5 58. 0 53, 5 36. 0

9 30.0 38. 5 45. 5 48. 5

10 51.5 62. 5 91. 5 1. 0

Mean 48. 7 50. 7 60. 4 42. 6



6 46. 0 50. 0 53. 5 45. 0

7 50.5 48. 0 48. 5 48. 0

8 51.5 40. 5 66. 0 53. 5

9 58.0 32. 5 68. 5 37. 5

10 48.0 49. 5 54. 5 54. 0

Mean 50. 8 44. 1 58. 2 47. 5

Appendix Table 11. Consumption of galactose solution as percent of total daily fluid intake by group
no. I sheep.

Sheep
Concentration of galactose solution (g/100 ml)

004 . 008 . 016 . 032 . 064 . 16 , 32 . 64 1. 29

1 49. 5 23. 5 65. 0 47. 5 76. 0

2 53. 0 42. 0 48. 0 51. 5 35. 0

62. 5 48. 5 37. 0 36. 5 1. 0

60.0 485 520 375 660
5 27. 5 44. 0 58. 0 34. 0 56. 5

Mean 50. 5 41. 3 52. 0 41. 4 46. 9
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Appendix Table 12. Consumption of sugar solution as percent of
total daily fluid intake with sucrose and maltose
as the two choices by group no. 2 sheep.

aAverage of the two means.

Sheep
Sugar

Sucrose (5%) Maltose (5%)

1 32.5 67.5

2 83.0 17.0

3 6.5 93.5

4 3.0 97.0

5 88.5 11.5

Mean 42. 7 57. 3

6 51.0 49.0

7 74.5 25.5

8 21.5 78.5

9 91.0 9.0

10 21.5 78.5

Mean 51. 9 48. 1

Averagea 47. 3 52. 7



Average of the twO means.

Sugar

39. 0

64. 0

31. 0

0

51. 0

47. 8

64. 0

62. 5

15.5

5

97. 0

59. 0

53. 3
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Appendix Table 1 3. Consumption of sugar solution as percent of
total daily fluid intake with sucrose and glucose
as the two choices by group no. 2 sheep.

Sheep Sucrose (20%) Glucose (20%)

61. 0

0

69. 0

46. 0

49. 0

Me an 52. 2

6 36.0

5

84. 5

44. 5

10 3.0

Mean 41. 0

Averagea 46. 7



Concentration of sodium saccharin solution (mg/TOO ml)
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Appendix Table 14. Consumption of sodium saccharin solution as
percent of total daily fluid intake by group no. 2

sheep.

Sheep 125 . 250 , 375 2.50 3.75 25.0 37. 5 250

1 35.0 32. 5 22. 5 36. 0

2 80.5 60. 5 48. 5 34. 0

3 37.0 34. 0 34. 5 7. 0

4 64.5 50. 5 65. 0 27. 5

5 51.5 39. 5 56. 0 57. 0

Mean 53.7 43. 4 45. 0 32. 3

6 51.5 35. 0 51. 0 17. 5

7 10,0 29. 0 56. 5 35. 0

8 52.0 51. 5 56. 5 35. 0

9 62.0 70. 0 45. 5 26. 0

10 53.0 45. 0 50. 0 25. 5

Mean 45. 7 46. 0 51.9 27. 8



Appendix Table 15. Consumption of sodium chloride solution as percent of total daily fluid intake by
group no. 2 sheep.

Sheep
Concentration of sodium chloride solution (g 100 ml)

. 04 . 08 . 16 . 32 . 63 1. 25 2,5 5 10 20

1 41.0 51.5 31.5 8,0 2.0
2 31.0 50. 0 41. 5 22. 5 1. 5

3 52.0 32.5 37.0 14.0 1.0

4 75.5 52.5 27.5 21.5 1.0

5 52. 0 56. 0 49. 5 29. 5 1. 5

Mean 50. 3 48. 5 37. 4 19. 0 1. 4

6 40.0 29. 0 13. 5 6. 0 1. 0

7 44.5 71.5 54.5 17.0 1.0

8 47.5 36.0 41.0 15.0 1.0

9 40.0 27.5 2.0 1.0 1.0

10 21.0 37.5 32.5 12.5 1.0

Mean 38.6 40. 3 28.7 10. 3 1. 0



6 59. 0 50. 5 3, 0 2. 0 4. 5

7 65. 0 90. 5 74. 0 90. 0 20. 0

8 47.0 53.0 10. 5 5. 5 8. 0

9 26. 0 49. 0 48. 0 39. 0 50, 0

10 12. 5 42.0 2. 0 2, 5 12. 5

Mean 41.9 57. 0 27. 5 27, 8 19. 0

Appendix Table 16, Consumption of sodium acetate solution as percent of total daily fluid intake by
group no. 3 sheep.

Concentration of sodium acetate solution (g/100 ml)Sheep .02 .04 .08 .16 .32 .63 1.25 2.5 5 10

1 55.0 3,0 3.0 27.0 1.5
2 35.5 40. 5 24. 0 43, 0 7. 0

3 38. 0 65. 5 55. 5 65. 0 8. 0

4 38.5 71.0 81.0 46.0 1.5
5 39. 5 7. 0 0. 5 25. 5 0. 5

Mean 41. 3 37. 4 32. 8 41. 3 3. 7



Appendix Table 17. Consumption of sodium propionate solution as percent of total daily fluid intake
by group no. 3 sheep.

Sheep
Concentration of sodium propionate solution (g/100 ml)

. 01 .02 04 . 08 . 16 . 32 . 63 1. 25 2. 5 5

1 17.5 15.0 3.0 3.5 4,5

2 80. 5 5. 5 40. 5 34. 0 47. 0

3 38. 5 55. 5 65. 5 78. 5 49. 5

4 59.0 49.0 71.0 74.0 37.0

5 62.0 15.0 7.0 2. 5 26.5

Mean 51. 5 28. 0 37. 4 38. 5 32. 9

6 51.0 52.5 3.0 2.0 1.5

7 39. 5 64. 5 74. 0 74. 0 13. 0

8 49.0 5.5 10. 5 6. 0 13. 5

9 47. 0 57. 0 48. 0 9. 0 2. 5

10 53.5 23.0 2.0 1.5 1.5

Mean 48. 0 40. 5 27. 5 18. 5 6. 4



Appendix Table 18. Consumption of sodium butyrate solution as percent of total daily fluid intake by
group no, 3 sheep.

Concentration of sodium butyrate solution (g/100 ml)

Mean

6 46.5 50.0 7.5 17.0 1.0

7 89. 5 65. 0 72. 0 62. 5 99. 5

8 53.5 0.5 0.5 2.5 26.0

9 55.5 34.0 2.5 2,0 1,0

10 38.0 5.5 1.0 5.0 1.5

Mean 56. 6 31. 0 16. 5 17. 8 25. 8

. 01 02 . 04 . 08 . 16 , 32 .63 1. 25 2. 5

18.5 2.0 2.5 5,0 1.5

42. 5 0. 5 1.0 1, 0 0. 5

80.0 40.5 23.0 41.0 1.0

88.0 1.5 1.0 12.0 2.0

24.0 1.0 0.5 1.0 1.0

50.6 9. 1 5, 6 12, 0 1. 2

Sheep .. 005

1



9 27. 0 42. 5 27. 5 48. 0 1. 0

10 69. 5 59. 0 29. 5 38. 5 1. 0

Mean 50. 2 46. 0 24. 3 23. 0 1. 0
pH 5. 3 4. 4 3. 6 3. 1 2. 7

Appendix Table 19. Consumption of acetic acid solution as percent of total daily fluid intake by group
no. 3 sheep.

Sheep
Concentration of acetic acid solution (ml/l00 ml)

. 0025 .005 .01 .. 02 .04 .08 . 16 . 32 . 63 1.25

1 32. 0 36. 5 40. 5 28. 0 7. 0

2 24. 5 39. 5 41. 5 24. 5 1. 0

3 62. 5 50. 5 7. 0 27. 5 15. 5

4 81.5 41.0 43.5 8.5 1.0

5 28.0 37.0 13.0 16.5 1.0
Mean 45. 7 40. 9 29. 1 21. 0 5. 1

pH 6. 6 4. 8 3. 9 3. 3 2. 9

6 65.5 56.5 46.5 4.5 1.0

7 46.5 25.5 6.5 14.0 1.0

8 45.5 46.5 11.5 10.0 1.0



89

Appendix Table 20. Consumption of propionic acid solution as percent
of total daily fluid intake by group no. 3 sheep.

Concentration of rbpionic acid solution (ml/IO0 ml)
Sheep .00063 .00125 .0025 .005 .01 .02 .04 .08

1 43.0 51. 5 40.0 25. 5

2 77.0 51.5 38.5 28.0

3 40.. 0 55. 0 35. 5 29. 5

4 26. 5 45. 0 .2. 5 1. 5

5 53. 0 34. 0 37. 5 37. 0

Mean 47. 9 41.. 5 30. 8 24. 3

p1-1

6

7

8

9

7.3

37. 0

18.0

58. 5

. 36. 0

6.8

49. 5

47.5

43. 0

47. 5

4.7

3. 0

2.0

32. 5

43. 5

3.9

1. 5

1.5

2. 0

22. 5

10 78.5 45.5 8.5 3.5

Mean 45. 5 46. 6 17. 9 6. 2

pH 7.2 6.1 4.3 3.7



Appendix Table 21. Consumption of butyric acid solution as percent of total daily fluid intake by group
no. 3 sheep.

Concentration of butyric acid solution (ml/100 ml)
Sheep . 00063 . 0.0125 . 00Z5 . 005 01

7

8

9

10

1.0

4. 0

12,5

10.0

Mean

pH

8. 0

3. 3

16

6.5

0.5

29 5

5.0

6. 0

5.5

00

1 50. 0 52. 0 4. 0 34. 5 28.5

2 58.0 57. 5 73. 0 27. 0 27.0

62.5 450 495 595 55. 0

59. 5 50. 0 98. 0 39. 0 26. 5

34. 0 60. 5 18. 5 40. 5 35. 0

53.0 45.0 48.0 57. 0 50. 0

58.5 51.5 7.5 25.5 0.5

49. 0 45. 5 60. 5 50. 5 6. 5

48.0 51.5 35.0 53.0 61.5

380 48.5 59.0 52.0 1.0

02 04 08

31.0 51.0 22.0

13,0 19.0 1,0

41. 0 60. 0 45, 5

1.5 . 3,5 4,5

35, 5 51. 5 30. 5

40. 5 51. 5 2.5

0.5 L.0 3.5

3. 5 33. 0 .0. 5

46.0 19.0 21.5

1.0 20.5 50. 0

21. 3 31. 0 18. 1

4. 3 3. 9 3. 6

51. 0 50. 7 45. 1 43. 8 29. 1

7. 4 7. 2 7. 0 6. 3 5. 0



Concentration of lactic acid solution (ml/100 ml)
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Appendix Table 22. Consumption of lactic acid solution as percent
of total daily fluid intake by. group no. 3 sheep,

6 49. 0 43. 0 47. 5 2. 5

7 30.0 64. 0 47. 5 2. 5

8 53. 0 60. 0 43. 5 21. 5

9 67. 5 68. 5 59. 5 22. 0

10 51. 5 52, 0 53. 0 2. 5

Mean 50. 5 57. 5 50. 1 10. 2

pH 7. 1 6.4 4, 0 3. 0

Sheep .00063 . 00125 . 0025 . 005 .01 . 02 . 04 . 08

1 52.5 25. 5 34. 0 22. 0

2 18.5 37. 0 26. 5 14. 5

3 44.5 59, 5 41. 0 54. 5

4 56.5 51.5 42. 0 24, 0

5 48,0 51. 0 43. 5 51. 5

Mean 46. 0 44. 9 37. 4 33. 3

pH 7.3 6. 8 4. 7 3.4



Concentration of hydrochloric acid solution
(ml 37. 5% }-ICl/l00 ml solution)
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Appendix Table 23. Consumption of hydrochloric acid solution as
percent of total daily fluid intake by group no. 3

sheep.

6 30. 5 83. 0 8. 5 1. 0

7 62. 5 37. 5 2. 0 1.: 0

8 40. 0 31. 0 47. 0 1. 0

9 46. 5 43. 0 16.0 1 0

10 50. 5 35. 5 12. 0 1 0

Mean 46. 0 46. 0 17. 2 1. 0

pH 7. 2 5. 2 2.7 2. 2

Sheep .00063 .00125 . 0025 . 005 . 01 . 02 . 04 . 08

1 50.,0 40.0 8.5 1.0

2 23. 0 40. 5 35. 5 1. 0

3 44. 0 41. 5 43. 0 62. 5

4 64.5 44,5 7,5 1.0

5 40.5 38.5 40.5 U0

Mean 44.4 41.0 27.0 13.3

pH 7.3 7.0 3.4 2.4



2

Me an

6

8

9

10

Me an

Averagea

aAverage of the two means.

86. 5

0

66. 0

5

46. 5

64. 1

8. 0

99. 5

97. 5

86. 5

95. 5

77. 4

70. 7

1 3. 5

40. 0

0

38. 5

53. 5

9

92. 0

0. 5

2. 5

13,5

4. 5

22. 6

29. 3
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Appendix Table 24. Consumption of acid solution as percent of total
daily fluid intake with butyric and hydrochloric
acid as the two choices by group no 3 sheep

Acid
Butyric Hydrochloric

Sheep pH4l pH26
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Appendix Table 25. Consumption of quinine-HCl solution as percent
of total daily fluid intake by group no. 1 sheep.

Concentration of quinine-HC1 solution (g/100 ml)

6 49. 0 46. 5 45. 0 9. 0

7 44. 5 42, 5 24. 5 6. 0

8 53. 0 42. 5 18. 0 8. 0

Sheep .0032 . 0063 . 016 . 032 . 063 . 16 . 32 . 63

1 30. 5 57, 5 39. 0 25. 0

2 64.0 33.5 21.5 1.0

3 58.0 3.0 3.5 0.5

4 48.0 33.5 54.5 12.0

5 25 0 58. 0 31. 5 7. 5

Mean 45. 1 37. 1 30. 0 9. 2

9 45.0 56.0 7.5 1.0

10 67.5 99.0 2.5 1.5

Mean 51.8 57. 3 19. 5 5. 1
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Appendix Table 26. Consumption of quinine-HC1 solution as percent
of total daily fluid intake by group no. 2 sheep.

Concentration of quinine-HC1 solution (g/100 ml)
Sheep .0016 .0032 .0063 .016 .032 .063

1 51.0 50.5 15.0

2 52.5 80.5 6.0

3 27.0 22.5 12.5

4 13.0 27.0 2.5

5 57.5 43.5 6.5

Mean 40. 2 44. 8 8. 5

6 44.5 30.5 9.5

7 19.0 10.0 2.5

8 46.5 48.0 8.0

9 50.0 30.5 6.5

10 47.5 15.0 11.0

Mean 41. 5 26. 8 7. 5



Concentration of quinine.-HC1 solution (g/100 ml)
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Appendix Table 27. Consumption of quinine-HC1 solution as percent
of total daily fluid intake by group no. 3 sheep.

6 52.5 51. 5 5. 5 16. 5

7 40.Ô 50. 0 5. 0 21. 0

8 52.5 60. 0 48. 5 6. 5

9 38.5 48. 0 28. 5 6. 0

10 72.0 27. 0 51. 5 14. 0

Mean 51. 1 47. 3 27. 8 12.8

Sheep . 0016 .0032 .0063 .016 .032 .063 . 16 . 32

44.5 13.0 47.0 7. 0

2 42.0 a9. 5 10.5 2. 5

3 53.0 59. 5 41. 5 48. 5

4 58.0 33. 0 14. 5 1. 5

5 Z2. 0 6. 0 16.0 1. 0

Mean 43 9 28. 2 25. 9 12. 1



ConcentratiOn of urea solutiOn (g/100 ml)
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Appendix Table 2. Consumption of urea solution as percent of total
daily fluidintake by group no. 2 sheep.

6 61. 5 65. 0 36. 0 15.5

7 79. 0 51. 0 63. 5 37. 0

8 55. 5 47. 0 47. 0 67. 5

9 48. 5 39. 0 45. 5 6. 0

10 65. 0 37. 0 60. 5 1 3. 5

Me an 61. 9 47. 8 50. 5 27. 9

Sheep .04 .08 . 16 . 32 63 1.25 2. 5

1 27.0 19. 5 22. 0 7. 0

2 43.5 46. 0 36. 5 26. 0

3 48.0 60. 5 34. 0 39. 5

4 500 64. 0 38. 5 13.0

5 51.0 47. 5 13.5 7. 5

Mean 43.9 47. 5 28. 9 18. 6



Appendix Table 29. Consumption of ethanol solution as percent of
total daily fluid intake by group no. 3 sheep.

Concentration of ethànbi solution (ml/100 ml)

98

Sheep .. 16 . 32 .. 63 1. 25 2. 5 5 10 20

1 31.5 51.5 36.0 18.0

2 12.5 27.5 49.5 1.0

3 53. 0 42. 0 38. 0 31. 0

4 48. 5 73. 5 48. 0 24. 5

5 47. 0 44. 5 45. 0 7. 5

Mean 38. 5 47. 8 43. 3 16. 4

6 31.5 26.5 15.5 4. 0

7 65.5 28.5 56.5 5. 0

26.0 14.0 11.0 6. 0

9 515 37.5 51.5 5. 0

10 25.5 57.0 26.0 3. 0

Mean 40.0 32.7 32.1 4. 6
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Appendix Table 30. Consumption of sodium hydroxide solution as
percent of total daily fluid intake by group no, 3
sheep.

6 50. 0 58. 5 18. 0 1. 0

7 79. 0 73. 5 47. 5 1. 0

8 9. 0 43. 5 18. 5 3. 0

9 48. 0 47. 5 20. 5 1. 0

10 23. 5 37. 5 6. 5 2. 0

Mean 41. 9 52. 0 33. 0 1. 6

pH 9. 8 11. 3 11.9 12. 6

Sheep

Concentration of sodium hydroxide solution
(ml 12.M NaOH/l00 ml solution)

0025 .005 . 01 . 02 . 04 . 08 . 16 . 32

1 48. 5 47. 0 30. 0 8. 0

2 35. 0 36. 0 29. 0 7. 5

3 81. 0 83. 5 76. 5 25. 5

4 41. 0 54,5 10.0 6. 0

5 28. 5 44. 0 6. 0 7. 0

Mean 46. 8 53. 0 30, 3 10.8

pH 8. 6 10. 5 11. 6 12. 3
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Appendix Figure 1. Taste responses of group 1 to ascending concentrations of lactose.
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Appendix Figure 2. Taste responses of group I to ascending concentrations of maltose.
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Appendix Figure 3. Taste responses of group 1 to ascending concentrations of glucose.



Appendix Figure 4. Taste responses of group 1 to ascending concentrations of fructose.
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Appendix Figure 5. Taste responses of group 1 to ascending concentrations of galactose.
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Appendix Figure 6. Taste reactions of group Z in choice situations involving sugars.
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AppendixFigure 7. Taste responses of group ito ascending con-
centrations of sodium saccharin.
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Appendix Figure 8. Taste responses of group 3 to ascending concentrations of sodium acetate.
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Appendix Figure 9. Taste responses of group 3 to ascending concentrations of sodium
propionate.
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Appendix Figure 10. Taste responses of group 3 to ascending
concentrations of sodium butyrate.
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Appendix Figure 11. Taste responses of group 3 to ascending
concentrations of propionic acid.
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Appendix Figure 12. Taste responses of group 3 to ascending con-
centrations of butyric acid.
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Appendix Figure 13. Taste responses of group 3 to ascending con-
centrations of lactic acid.
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Appendix Figure 14. Taste responses of group. 3 to ascending con-
centrations of hydrochloric acid.
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Appendix Figure 15. Taste reaction of group 3 in a choice situation
involving acids.
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Appendix Figure 16. Taste responses of group 2 to ascending con-
centrations of quinine hydrochloride.
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Appendix Figure 17. Taste responses of group 3 to ascending con-
centrations of quinine hydrochlo ride.
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Appendix Figure 18. Taste responses of group Z to ascending concentrations of urea.
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Appendix Figure 19. Taste responses of group 3 to ascending concentration of ethyl alcohoL
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Appendix Figure 20. Taste responses of group 3 to ascending concentrations of sodium hydroxide.
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