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Abstract. Six squirrel monkeys were presented with solutions representing the four primary tastes.
The solutions included various concentrations of glucose or sodium saccharine (sweet), sodium chlor-
ide (salty), citric acid (sour), and quinine sulfate or sucrose octaacetate (bitter). A 24 hr two-bottle
choice technique was employed. Amount of food, water, and solution consumed every 24 hr was re-
corded. The results showed that the maximum intake for glucose solution was with the 5.0% concen-
tration, although maximum caloric intake was with the 1.25% concentration where there was a poten-
tiation of food intake. Water was preferred oveT sodium saccharine at three of the four concentrations
which were tested, and water was preferred over or equally to the concentrations of sodium chloride
and citric acid that were used. However, quinine sulfate and sucrose octaacetate were preferred over
or equally to water at most of the concentrations which were tested.

1. Introduction

During recent years the squirrel monkey (Saimiri Sciureus) has become a favourite experi-
mental subject for neuroanatomical (Gergen and MacLean, 1962; Emmers and Akert,
1963), neurophysiological (MacLean et al., 1963; Dua and MacLean, 1965; Snell, 1965),
pharmacological (Cook and Kelleher, 1961, 1962), and primate communication and
social behaviour (Ploog and Melnechuk, 1969) experiments. This small South American
primate's popularity has to some extent been attributed to its small body and large brain
(Carmichael and MacLean, 1961), and its safe and easy handling (Kelleher et al., 1963).
Brodie and Marshall (1963) feel that the squirrel monkey might prove to be the most
useful primate for gastrointestinal, physiological and pharmacological studies because of
its higher spontaneous gastric acid secretions.

In their natural environment these monkeys are known to eat buds, fruits, nuts and a
wide variety of insect matter (Thorington, 1968). Under captive conditions they are
maintained on different proportions of commercial monkey chow, peanuts, fruits like
bananas, apples and grapes, and at times on a mixture of milk, eggs and cereals (DuMond,
1968). Some laboratories also feed them insects and meal worms (personal observations).
While the squirrel monkey has been used in the laboratory for the last two decades, few
systematic studies hata been done on its food and water intake, and taste preferences.

t In conducting the research described in this report, the investigators adhered to the "Guide for
Laboratory Animal Facilities and Care', as promulgated by the Committee on the guide for Lab-
oratory Animal Resources, National Academy of Sciences - National Research Council.
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The present report concerns the squirrel monkey's acceptance of solutions representing
the four basic tastes in man; viz., sweet, sour, salty, and bitter.

2. Method

Six male squirrel monkeys (Saimiri Sciureus), weighing between 474 and 556 g at the
beginning of the experiment and between 575 and 657 g at the end of the experiment,
were housed in individual cages and kept on Purina monkey chow (25% protein) ad
libitum. In addition to the Purina pellets, a thin slice of apple or banana was given
twice a week. On two occasions oranges were also tried but the monkeys did not seem
to like them. As it was planned to present the monkeys with a 2-bottle preference situ-
ation at a later date, ad lib water was also provided through 2 inverted bottles fixed to
one of the side walls of the cage. Each morning at 8:30 a.m. fluid intake and food intake
for the previous 24 hr were determined. The room temperature and humidity were main-
tained at 21-24°C and 60-65%, respectively. The animals were kept in an artificially
lighted room and the light-dark cycle was rotated at 12hr, light being available from
8:00 a.m. to 8:00 p.m. During the initial one and a half month's period when these
monkeys were quarantined and became acclimatized to the new surroundings, it was re-
alized that the walls and floor of the cages were not suitable for the measurement of daily
food intake because the monkeys threw food pellets onto the floor through the walls and
bottom of the cages. The cages were subsequently modified so that all the walls and floor
were reinforced with small mesh. After this initial period of l i months, systematic record-
ing of food and water intake was done.

Total 24 hr intake was recorded by weighing the food, water, and test solution to the
nearest gram. On two days where only water and food were available, intake was recorded
every 12 hr. The taste preference experiments were conducted using the two-bottle choice
technique. One bottle always had water and the other the test solution. Monkeys had
access to both of the bottles for 24 hr, after which the positions of the bottles were re-
versed and the monkeys were given access to the same solutions for another 24 hr. Thus,
each test solution was presented twice in any test trial. After the 2 day test trial, the
monkeys were maintained on only water for another two days. Such a procedure should
have minimized any possibility of carry-over effects from the previous test solution. The
test solutions were offered in an ascending series of concentrations. The various test sol-
utions used were: Glucose (1.25, 2.5, 5.0, 10.0, 20.0, 30.0, 40.0 and 50.0g%), sodium
saccharine (0.001, 0.01, 0.05 and 0.1 g%), sodium chloride (0.9, 1.8 and 3.6 g%), quinine
sulphate (0.001,0.002,0.004,0.008,0.016,0.032,0.064g%),sucrose octaacetate(0.001,
0.002, 0.004, 0.008, 0.016,0.032,0.064 and 0.128 g%), and citric acid (0.00625, 0.0125
and 0.025 M). The solutions were made weight by volume with tap water.

3. Results

On a typical day the average food intake across animals was 37 g with 31.5 g or 85% of
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Fig. 1. Average water and food intake during 12 hi of light (day) and 12 hi of dark (night). (Hori-
zontal bars lepresent standard enoi of the mean).

this being consumed during the 12hr light period (Figure 1). The average water intake for
this day was 66 g with 5 5 g or 83% being consumed during the 12 hr of light.

3.1 GLUCOSE

Figure 2 represents 24 hr intake of glucose solution, food, water, and calories. It can be
seen that the intake of glucose solution increased as a function of concentration up to
the 5% and 10% concentrations, after which further increases in concentration were
accompanied by decreases in consumption of the solution. There was a decrease in 24 hr
food and water intake at all concentrations of glucose except for 1.25% and 2.5% glucose
solutions. At the 1.25% concentration the food intake showed a 36% increase over the
control value (r = 3.80, p < 0.05). The series was later repeated for 1.25% glucose sol-
ution and consistent results, showing increase in food intake, were again observed.
Although there was a depression in food intake for the other concentrations of glucose,
the total 24 hr intake increased 7-16% with concentrations varying from 2.5% to 30%
glucose. On the days of 1.25% glucose, the 36% increase in food intake was accompanied
by a 39% increase in caloric intake. With the 40% and 50% concentrations the total
caloric intake was somewhat lower than on control day. Thus, in most test trials of glu-
cose intake, the animals showed enhanced total caloric intake irrespective of decreased
caloric intake through food, the extra calories coming from glucose.

The total fluid intake at all concentrations of glucose was higher than water intake
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Fig. 2. Average 24 hr intake of various glucose concentrations. Water, food and caloric intake are also shown. (Horizontal bars represent
standard error of the mean).
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Fig. 3. Average 24 hr intake of various sodium saccharine concentrations. Water and food intake are
also shown. (Horizontal bars represent standard error of the mean).

when only water was available in spite of the fact that water intake was depressed at all
of the glucose concentrations. The depression of water intake was very conspicuous
between 2.5 to 20% glucose. At higher concentrations of glucose, water intake did in-
crease somewhat but was still less than the volume of glucose solution taken even at the
50% concentration.

3.2 SACCHARINE

Two of the monkeys were very erratic in their response to sodium saccharine. The graph
presented in Figure 3 is the average of 4 monkeys only. Sodium saccharine was preferred
over water only in the concentration of 0.01%. There was a sharp drop in its intake at
concentrations of 0.05% and 0.1%. The food intake and total fluid intake did not show
any change with any strength of sodium saccharine solution.

To make sure that it was not the acidic pH of the solution which may have made the

 by guest on F
ebruary 8, 2011

chem
se.oxfordjournals.org

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


346

100

80

2
- 60
mu

<r 4 0

20

S. DUA-SHARMA AND EDWIN R. SMUTZ

60

4 0

20

8
o

0.9 X 1.8 X

CONCENTRATION OF N a d (7.)

3.6 y.

Fig. 4. Average 24 hi intake of various sodium chloride concentrations. Watei and food intake are
also shown. (Horizontal bars represent standard enoi of the mean).

intake of sodium saccharine so low, the solution was neutralized by making the solution
in a buffered base. This, however, did not change the curve.

3.3 SODIUM CHLORIDE

Figure 4 represents the average of four monkeys only. Sodium chloride intake was always
lower than water intake and decreased to almost nothing at the 3.6% concentration. Total
food and fluid intake did not show any appreciable change with sodium chloride concen-
tration.

Two of the monkeys which consumed rather larger and variable amounts of sodium
saccharine also took more of sodium chloride even at higher Concentrations. Since all
other monkeys did not Uke sodium saccharine and these two took more both of sodium
saccharine and sodium chloride, it was felt that perhaps the monkeys were drinking for
the sodium salt. Their blood along with all others was, therefore, tested for serum sodium.
The results indicated that the mean value of serum sodium in these two monkeys was
121.8meq/L as compared to the mean value of 141.4 meq/L in the other four monkeys,
thus suggesting that the two monkeys might have been drinking the sodium saccharine
and sodium chloride solutions in order to compensate for a low level of serum sodium.
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Fig. 5. Average 24 hr intake of various citric acid concentrations. Water and food intake are also
shown. (Horizontal bars represent standard error of the mean).

3.4 CITRIC ACID

The intake of acid solution was le^s than water at 0.0125 and 0.025 molar concentrations
(Figure 5). At 0.00625M concentration, the intake was about the same as water. Total
fluid and food intake remained relatively constant across all conditions.

3.5 QUININE AND SUCROSE OCTAACETATE (SOA)

Quinine sulfate solutions were preferred over or equally preferred to water at concen-
trations between 0.001-0.016% with food and total fluid intake showing little change
as a function of quinine concentration (Figure 6).

Results for the other bitter solution, sucrose octaacetate, were variable up to 0.008%.
There was.however, a definite preference over water for 0.016 and 0.032%concentrations.
At 0.064% ̂ almost equal amounts of water and SOA solution were taken. No essential
change in total fluid or food intake was observed across conditions.

4. Discussion

In wildlife conditions, animals exhibit time feeding habits that vary widely with species
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Fig. 6. Average 24 hi intake of quinine sulfate (upper graph) and sucrose octaacetate Qower graph).
Water and food intake are also shown. (Horizontal bars represent standard error of the mean).

and are very dependent on ecological factors, availability of the specific foods and mod-
alities of food seeking (Le Magnen, 1967). Depending upon the day-night cycle of feeding
activity some animals have been divided into diurnal and nocturnal species. In experi-
mental conditions rat (Bare, 1959; Teitelbaum and Campbell, 1958), mouse (Wiepkema,
1954), and rabbit (Chefillard et al., 1939) are shown to have a day-night feeding cycle
and consume 60-80% of their daily intake at night. Squirrel monkeys maintained on ad
lib feeding under laboratory conditions in the present study consumed about 85% of their
water and food during 12 hr day time and only about 15% during the night. These animals
thus seem to be diurnal in their feeding habits, preferring to restrict most of their con-
sumption to the day.

The 24 hr water intake of these monkeys was quite variable and averaged 66 g on a
typical day. This contrasts with Wuttke (1970), who reported an average daily water
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intake of 94.3-106.1 ml. However, his three squirrel monkeys were slightly heavier than
the monkeys used in the present study and this may partly explain the greater average
intake.

The paired-choice 24 hr cumulative-intake method has been used as an index of relative
acceptability of various test solutions compared to water. A common criticism of this
method is that the 24 hr choice technique does not reflect preferences or aversions that
are simply the consequences of the sensory qualities of the solution. Ingestion is influenced
substantially by shifts in the water balance of the animal or other post ingestion conse-
quences that occur when solutions of sugar and salts are consumed (Jacobs, 1962; Mailer
and Hamilton, 1968). It is true that solutions like sugars and salts have posj ingestion
effects and this may not only change the ratio of solution intake to water intake but
may also modify food intake. A substance like quinine, on the other hand, is non-caloric
but very bitter in taste. About 20% of the compound appears in the urine unchanged or
conjugated with glycuronic acid, and the rest undergoes destruction in the body (Krantz
and Carr, 1969). If the animal consumes high concentrations of this taste solution in
quantities much more than water or much less than water, without any change in food
intake, it would suggest that the animal must be discriminating the solution on the basis
of its taste rather than its post ingestional and metabolic consequences. In this sense the
intake of certain solutions on a 24 hr basis may in fact be a better indication of accept-
ability than the short exposure test. This idea is supported by observations on solutions
like glucose, where in spite of the caloric need reduction by glucose intake, the animal
continues to consume large volumes of glucose solutions. If the animal was only respond-
ing to the reinforcing properties of glucose as a substance for caloric need reduction, the
intake should have compensated the caloric need only. However, in the present study the
monkeys consumed larger volumes of glucose solution, over and above the amount suf-
ficient for caloric compensation, thus indicating that the glucose intake in these cases was
being influenced by other factors such as sensory properties or taste. The animal 'liked'
the glucose solution and discriminated it on the basis of its taste.

Both behavioral and physiological methods indicate that in the squirrel monkey sucrose
is preferred to water at a weaker concentration than fructose or glucose (Pfaffmann, 1974,
Ganchrow and Fisher, 1968). Using different concentrations of glucose, Wagner et al.
(1965) found that the maximal preference was for 20-30% glucose solution in both 10 or
60min periods, dark and Harriman's (1969) monkeys indifferently preferred the sugars
over water at low concentrations, significantly preferred fructose, glucose and sucrose and
not lactose and maltose at intermediate concentrations, and exhibited decrements in
preference for fructose, glucose and sucrose and rejected lactose and maltose at higher
concentrations. In the present studies, the 24 hr glucose intake was maximal for 5 and
10% solutions. The 24 hr caloric intake was 7-16% higher than in the water alone con-
dition with concentrations varying from 2.5 to 30% glucose. This increase was manifest
in spite of the reduction in caloric intake through food. Mailer and Hamilton (1968) have
reported similar results in rhesus monkeys. Their animals consumed a large percentage of
their calories through the sucrose solution as the concentration increased.
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An interesting feature of the interaction between glucose and food intake was the
potentiating effect of 1.25% glucose solution on food intake. At this concentration, the
food intake increased by about 36%. At all other concentrations the food intake decreased,
showing decrements with increasing glucose concentrations. The biological implications
of this potentiating effect are not quite clear.

Fisher et al. (1965) indicated that squirrel monkeys have a strong preference for dulcin
and an aversion for sodium saccharine, while rates showed a preference for saccharine but
were indifferent to dulcin, and human subjects preferred both the substances. The present
results provide further evidence for species differences in taste preference among various
animals (Ogawa et al, 1972). The response to saccharine was not monotonic. The squirrel
monkeys preferred sodium saccharine at a lower concentration (0.01%) but showed
strong aversion to concentrations of 0.05% and above. These results parallel those of
Fisher et al. (1965) who observed the threshold for sodium saccharine aversion in squirrel
monkeys at 5 x 10"43f (0.012%) and above in a bar pressing situation. In the case of
rhesus monkeys the preference for saccharine has been shown to be below 0.01 M but
aversion to 0.04M saccharine was obtained (Weiskrantz, 1960).

Of the three concentrations of sodium chloride tested, 4 of the 6 monkeys always
took lower amounts of salt solution as compared to water. The other two monkeys,
which showed larger and variable intakes of sodium chloride, also consumed larger
amounts of sodium saccharine and showed significantly lower serum sodium levels. It is
suggested that these two monkeys might have been ingesting both sodium chloride and
sodium saccharine solutions for their sodium salt since the phenomenon of specific
appetites is well known and has been shown across species. For example, Beilharz et al.
(1962) showed a large appetite for sodium solution in their sodium deficient sheep. The
low serum sodium of the two high intake monkeys lends support to this notion.

Squirrel monkeys did not seem to care much for the acidic solutions. Citric acid in
concentration of 0.00625 M was taken in equal amount to water but higher concen-
trations were taken in much less amount. The low intake of oranges in the laboratory was
commensurate with this rejection of acidic taste.

Patten and Ruch (1944) found the response to bitter food in the rhesus monkey or
chimpanzee to be especially variable and difficult to quantify. The modal rejection
threshold was 0.025% for rhesus monkeys and 0.0062% for chimpanzees. In man and rat
the rejection thresholds were much lower and were found to be 0.0025 and 0.0003%,
respectively. The results of the present study indicate that the rejection threshold for
bitter in squirrel monkeys is higher than the values obtained in rhesus monkeys. In fact,
at some concentrations the squirrel monkeys even seemed to 'like' the solution in that
they consumed more of the quinine sulphate solutions (up to 0.016%) and of the SO A
solutions (up to 0.032%) than water. When an animal consistently drinks more of bitter
solution than water on a cumulative 24 hr basis, the animal must prefer the bitter and be
able to discriminate between the two solutions. These results are rather interesting in
view of the small response shown to quinine by most afferent fibers in the squirrel monkey
taste nerve (Frank, 1974). It is quite likely that in the squirrel monkey's natural environ-
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ment bitter foods are common. There is well documented evidence that cinchona tree,
from which quinine is extracted, is indigenous to the forests of South America (Rollo,
1975).

References

Bare, J. K.: 1959, 'Hunger Deprivation, and the Day-Night Cycle', /. Comp. Physiol. Psychol. 52,
129-131.

BeDiaiz, S., Denton, D. A., and Sabine, J. R.: 1962, 'The Effect of Concurrent Deficiency of Water
and Sodium on the Sodium Appetite of Sheep', / Phytiol. 163, 378-390.

Brodie, D. A. and Marshall, R. W.: 1963, 'Gastric Content of Fasted Primates: A Survey', Science 141,
174-175.

Carmichael, M. and MacLean, P. D.: 1961, 'Use of Squirrel Monkey for Brain Research, with Descrip-
tion of Restraining Chair', Electroenceph. Clin. Neurophysiol. 13, 128-129.

Chefillaxd, L., Gasnier, A., and Mayer, A.: 1939, 'Les modalitej de ingestion chez les lapins qui
S'alimentent spontanement', Ann. Phytiol. 15, 271-281.

Clark, W. L. and Harriman, A. E.: 1968, 'Acceptance of Five Common Sugars by Squirrel Monkeys
(Saimiri Sciureuj) in Two Bottle Drinking Preference Tests', The Am. Midland Naturalist. 81,
253-258.

Cook, L. and Kelleher, R. T.: 1961, The Interaction of Drugs and Behavior', in E. Rothlin (ed.),
Neuro-Psychopharmacology, Amsterdam, Elsevier, pp. 77—92.

Cook, L. and Kelleher, R. T.: 1962, 'Drug Effects on the Behavior of Animals', Ann. N.Y. Acad. Set
96,315-335.

Dua, S. and MacLean, P. D.: 1964, 'Localization for Penile Erection in Medial Frontal Lobe', Am. J.
Physiol. 207, 1425-1434.

DuMond, F. V.: 1968, The Squirrel Monkey in a Seminatural Environment', in L. A. Rosenblum and
R. W. Cooper (eds.), The Squirrel Monkey, Academic Press, New York.

Emmers, R. and Akert, K.: 1963, A Stereotaxic Atlas of the Brain of the Squirrel Monkey, The Uni-
versity of Wisconsin Press, Maidson.

Fisher, G. L., Pfaffmann, C, and Brown, E.: 1965, 'Dulcin and Saccharine Taste in Squirrel Monkeys,
Rats, and Men', Science 150, 506-507.

Frank, M.: 1974, The Classification of Mammalian Afferent Taste Nerve Fibers', Chemical Senses and
Flavor, 1,53-60.

Ganchrow, J. and Fisher, G. L.: 1968, Two Behavioral Measures of the Squirrel Monkey's (Saimiri
Sciureus) Taste for Four Concentrations of Five Sugars', Psychol. Rep. 22,503-511.

Gergen, J. A. and MacLean, P. D.: 1962, A Stereotaxic Atlas of the Squirrel Monkeys' Brain (Saimiri
Sciureus), Washington, D.C.: U.S. Government Printing Office, Public Health Service Publication
No. 933.

Hemmingsen, A. M. and Krarup, N. B.: 1937,'Rhythmic Diurnal Variations in the Oestrous Phenomena
of the Rat and their Susceptibility to Light and Dark', Det. Kgl. Danske Vidensk. Selskab. Biol.
Medd. 13(7), 61.

Jacobs, H. L.: 1962, 'Some Physical, Metabolic, and Sensory Components in the Appetite for Glucose',
Am. J. Physiol. 203,1043-1054.

Kelleher, R. T., Charles, A. G., Riddle, W. C, and Cook, L.: 1963, 'On the Use of the Squirrel Monkey
in Behavioral and Pharmacological Experiments', J. Exp. Anal Behav. 6, 249-252.

Krantz, J.C., Jr. and Carr. C. J.: 1969, The Pharmacologic Principles of Medical Practice, William and
Wilkins, Baltimore, p. 955.

Le Magnen, J.: 1967, 'Habits and Food Intake', in Charles F. Code (ed.), Handbook of Physiology,
Section 6, Alimentary Canal, Vol 1, Control of Food and Water Intake, American Physiological
Soc. Washington, D.C., pp. 11-30.

Maclean, P. D., Denniston, R. H., and Dua, S.: 1963, 'Further Studies on Cerebral Representation of
Penile Erection: Caudal Thalamus, Midbrain, and Pons', J. Neurophysiol. 26, 273-293.

 by guest on F
ebruary 8, 2011

chem
se.oxfordjournals.org

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


352 S. DUA-SHARMA AND EDWIN R. SMUTZ

Mallei, 0. and Hamilton, C. L.: 1968, 'Sucrose and Caloric Intake in Normal and Diabetic Monkeys',
/. Comp. Physiol. Psychol. 66,444-449.

Moncrieff, R. W.: 1944, The Chemical Senses, Wiley, New York.
Ogawa, H., Yamashita, S., Noma, A., and Sato, M.: 1972, Taste Responses in the Macaque Monkey

Chordatympani'.TVi.ysfo/. Behav. 9, 325-331.
Patton, H. D. and Ruch, T. C: 1944, 'Preference Thresholds for Quinine Hydrochloride in Chimpan-

zee, Monkey and Rat ' , / Comp. Psychol. 37, 35-49.
Pfaffmann, C: 1974, 'Specificity of the Sweet Receptors of the Squiirel Monkey', Chemical Senses

and Flavor 1,61-67.
Ploog, D. and Melnichuk, T.: 1969, 'Primate Communication',Neurosci Res.-Prog. Bull. 7, 419-510.
Rollo, I. M.: 1975, 'Drugs Used in the Chemotherapy of Malaria', in L. S. Goodman and A. Gilman

(eds.), 77te Pharmacological Basis of Therapeutics, MacMillan, New York, p. 1062.
Snell, T. C: 1965, The Responses of the Squirrel Monkey Chordatympani to a Variety of Taste

Stimuli', Thesis for degree of Master of Science, Brown University.
Teitelbaum, P. and Campbell, B. A.: 1958, 'Ingestion Patterns in Hyperphagic and Normal Rats',

J. Comp. PhysioL Psychol. 51, 135-141.
Thorington, R. W.: 1968, 'Observations of Squirrel Monkeys in a Colombian Forest', in L. A.

Rosenbaum and R. W. Cooper (eds.), The Squirrel Monkey, Academic Press, New York.
Wagner, M. W., Green, K. F., and Manley, M. B.: 1965, 'Paired Comparison Method for Measurement

of Sugar Preference in Squin-el Monkeys', Science 148, 1473-1474.
Weiskrantz, L.: 1960, 'Effects of Medial Temporal Lesions on Taste Preference in Monkey', Nature

187,879-880.
Wiepkema, P. R.: 1964, Time Patterns of Food Intake in C.B.A. Mice', Arch. Neerl. Zool 16,

166-167.
Wuttke, W.: 1970, 'The Effect of d-Amphetamine on Schedule-Controlled Water Licking in the

Squirrel Monkey', Psycho-pharmacologia (Berl.) 17, 70-82.

 by guest on F
ebruary 8, 2011

chem
se.oxfordjournals.org

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/

