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Sammanfattning
Abstract

Recent studies suggest that frugivorous primates might display a preference for the ethanol produced by
microbia in overripe, fermenting fruit as an additional source of calories. The present study therefore assessed
taste responsiveness of eight spider monkeys (Ateles geoffroyi) to dietary ethanol and determined taste
preference thresholds for ethanol and sugarcane alcohol, as well as relative taste preferences for ethanol
presented in sweet-tasting solutions and in fruit matrices, respectively. A two-bottle preference test of short
duration (1 min) was used, in which ethanol solutions between 0.05% and 3% were tested against either
water, a sucrose solution, or pureed fruit. The determined taste preference thresholds for ethanol and
sugarcane alcohol were both at 0.5% ethanol, and all tested concentrations above the threshold were
significantly preferred over water. The spider monkeys significantly preferred sucrose solutions spiked with
0.1, 0.5 and 3% ethanol over non-spiked solutions of the same sucrose concentration (30mM and 60mM), but
significantly rejected the ethanol-spiked 30mM solution when tested against a sweeter (60mM) sucrose
solution without ethanol. The spider monkeys significantly preferred pureed fruits (mango, melon, and
papaya) spiked with 3% ethanol when tested against the same fruits without ethanol, and the degree of
preference for the ethanol-spiked puree increased with the sugar content of the fruit. These results show that
spider monkeys display a preference for the taste of ethanol at concentrations found in fermenting fruit, but
also determined that they are more attracted to sweet taste than to ethanol.
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1 Abstract

Recent studies suggest that frugivorous primates might display a preference for the ethanol
produced by microbia in overripe, fermenting fruit as an additional source of calories. The
present study therefore assessed taste responsiveness of eight spider monkeys (Ateles geoffroyi)
to dietary ethanol and determined taste preference thresholds for ethanol and sugarcane alcohol,
as well as relative taste preferences for ethanol presented in sweet-tasting solutions and in fruit
matrices, respectively. A two-bottle preference test of short duration (1 min) was used, in which
ethanol solutions between 0.05% and 3% were tested against either water, a sucrose solution,
or pureed fruit. The determined taste preference thresholds for ethanol and sugarcane alcohol
were both at 0.5% ethanol, and all tested concentrations above the threshold were significantly
preferred over water. The spider monkeys significantly preferred sucrose solutions spiked with
0.1, 0.5 and 3% ethanol over non-spiked solutions of the same sucrose concentration (30mM
and 60mM), but significantly rejected the ethanol-spiked 30mM solution when tested against
a sweeter (60mM) sucrose solution without ethanol. The spider monkeys significantly
preferred pureed fruits (mango, melon, and papaya) spiked with 3% ethanol when tested against
the same fruits without ethanol, and the degree of preference for the ethanol-spiked puree
increased with the sugar content of the fruit. These results show that spider monkeys display a
preference for the taste of ethanol at concentrations found in fermenting fruit, but also
determined that they are more attracted to sweet taste than to ethanol.

Keywords:

Alcohol, spider monkeys, taste responsiveness, taste preference thresholds

2 Introduction

Ethanol is a natural by-product of the microbial fermentation of fruit sugars (Janzen 1977). Its
production starts when overripe fruits lose their structural integrity so that microbia can invade
the fruit pulp which contains the fruit sugars (Dominy 2004). Recent studies suggest that this
so-called dietary ethanol might be used by frugivorous primates as a supplemental source of
calories (Gochman et al. 2016). Some authors even claim that the predilection of nonhuman
primates for alcohol-containing overripe fruits would reflect the evolutionary origin of human
alcoholism (Dudley 2000; Dudley 2014). Other authors, however, emphasize that the ethanol

content in overripe fruits is usually low and thus unlikely to substantially contribute calories



and that frugivorous animals usually prefer ripe over overripe fruits (Levey 2004; Milton 2004;
McGrew 2011).

Behavioral tests on the voluntary consumption of ethanol in a variety of nhonhuman primate
species yielded mixed results: Pigtail macaques (Macaca nemestrina) showed no preference
for a 5% ethanol solution when tested against water, and clearly rejected higher ethanol
concentrations of 10% and 20% (Anderson and Smith 1963). The same species, presented with
10% ethanol in orange juice, readily consumed this mixture when no alternative liquid source
was offered (Elton et al. 1976). Squirrel monkeys (Saimiri sciureus) consumed 5% and 10%
ethanol when no alternative liquid source was offered (Kaplan et al. 1982) and were found to
accept ethanol concentrations of 1-4% when diluted in sucrose solutions, again, with no
alternative liquid source offered (Mandillo et al. 1998). Rhesus macaques (Macaca mulatta)
were found to prefer 2% and 4% solutions of ethanol over water, but not higher concentrations,
in three-bottle choice tests (Kornet et al. 1990).

Chimpanzees (Pan troglodytes) have been observed to voluntarily ingest the fermented sap of
the raffia palm from human-made receptacles which may contain ethanol concentrations up to
4% (Hockings et al. 2015). Aye-ayes (Daubentonia madagascarensis) and slow lorises
(Nycticebus coucang) were found to prefer sucrose solutions spiked with 2% and 4% ethanol
over sucrose solutions spiked with lower concentrations of ethanol in five-alternative choice
tests (Gochman et al. 2016).

It should be emphasized that the majority of the studies mentioned above aimed at assessing
the mechanisms underlying alcohol dependence and thus used concentrations of ethanol that
are often higher than those found in fermenting fruit. According to previous publications, the
usual range of ethanol concentrations found in naturally fermenting fruit ranges from 0.04% to
4.5% (Eriksson and Nummi 1982, Dudley 2002, 2004, Dominy 2004, Sanchez et al. 2004).

Additionally, these studies usually employed long-term access to ethanol so that post-ingestive
factors (in the case of ethanol: intoxication effects) were sought for. Similarly, studies in mice
(Mus musculus) (Belknap et al. 1993), Egyptian fruit bats (Rousettus aegyptiacus) (Sanchez et
al. 2004; Korine et al. 2011), African elephants (Loxodonta africana) (Morris et al. 2006), tree
shrews (Ptilocercus lowii) (Wiens et al. 2008), and frugivorous birds (Zungu and Downs 2017)
usually employed unphysiologically high concentrations of ethanol and long-term exposure to
the stimulus. Thus, there is a clear need for behavioral tests assessing the responsiveness of

different species, in particular non-human primates, to ethanol concentrations that are naturally



found in fermenting fruits and which clearly separate between consumption based on the taste

of ethanol and on its post-ingestive effects, respectively.

Spider monkeys are highly frugivorous New World primates and specialize on consuming ripe
fruit (Di Fiore et al. 2010; Gonzalez-Zamora et al. 2009). Thus, they are a particularly suitable
species to further assess the taste responsiveness of nonhuman primates to dietary ethanol.
Their responsiveness to sweet (Laska et al. 1996, 1998, 2001), sour (Laska et al. 2000, 2003),
bitter (Laska et al. 2009), salty, and umami (Laska and Hernandez Salazar 2004; Laska et al.
2008) taste stimuli has been assessed in previous studies. The ethanol concentrations used in
the present study ranged from 0.05% to 3%, as | tried to cover a broad part of the concentrations

found in naturally fermenting fruit.

It was therefore the aim of the present study to assess taste responses of spider monkeys to
ethanol presented at concentrations found in fermenting, overripe fruits. To this end, a two-
bottle preference test of short duration was employed (Richter and Campbell 1940a).

The first experiment aimed to determine the spider monkeys’ absolute taste preference
threshold and absolute taste preference for ethanol solutions between 0.05% and 3% tested
against water. The second experiment assessed the animals’ relative preference for ethanol by
testing mixtures of ethanol and sucrose against sucrose solutions without ethanol. This
experiment also determined the attractiveness of ethanol to spider monkeys relative to sucrose.
The third experiment assessed the spider monkeys’ taste preference for ethanol in fruit matrices
by presenting the animals with ethanol-spiked pureed fruit against pureed fruit without ethanol.

3 Materials & Methods
3.1 Animals

Testing was carried out using five male and three female adult spider monkeys (Ateles
geoffroyi) (Figure 1) aged between 4 and 25 years. Unfortunately, the age of the animals is onl
approximative, as they come from rescue backgrounds, thus making any correlational analysis
between their age and the results irrelevant. Not all animals participated in all three
experiments, as some did not show any motivation to participate in the first experiment. They
were kept at the field station UMA Dofia Hilda Avila de O’Farrill of the Universidad
Veracruzana, near Catemaco, in the state of Veracruz, Mexico. Six of the animals were kept in

enclosures under natural light conditions, while the other two were free roaming. All of them



were fed fresh fruits and vegetables every day, in amounts that there were still leftovers present
in the feeding areas the next morning. The animals kept in the enclosures had no access to
water, as the water contained in the fruit was enough to quench their thirst. Some of the animals
had participated in previous studies using the method described below (Larsson et al. 2014,
Laska 1994, 1996, 1997, 1999, Laska et al. 2000, 2001, 2003, Laska and Hernandez Salazar

2004) and were already familiar with the procedure.

Figure 1: A spider monkey (Ateles geoffroyi)

3.2 Taste Stimuli

The stimuli used were ethanol (CAS# 64-17-5), sugarcane alcohol, and sucrose (CAS# 57-50-
1). The pure ethanol was chemically synthesized whereas the sugarcane alcohol was distilled
from Saccharum officinarum. The two substances clearly differed in both taste and smell as
perceived by humans. Pure ethanol and 96% sugarcane alcohol were used for the first
experiment while only pure ethanol was used for the experiments two and three. During the
first and the second experiment, solutions were prepared using purified water, while in the third
experiment, ethanol was diluted using pureed fresh fruit. The ethanol and the sucrose were
obtained from Sigma-Aldrich (St. Louis, Missouri, USA), and the sugarcane alcohol was

obtained from Alcoholera Orozco Hermanos (San Andrés Tuxtla, Veracruz, Mexico).

The stimuli were prepared using weight percentages, as equipment in the field allowed for more

precision in that way.



3.3 Procedure

A two-bottle preference test of short duration (Richter and Campbell 1940a) was used to
determine gustatory responsiveness of the spider monkeys to the ethanol and sugarcane alcohol
solutions. The tests were performed between three and six times per day and per individual and
took place in the morning before feeding and/or in the afternoon at least one hour after feeding,
with 30-minute intervals between tests. Each pair of stimuli was presented ten times. Bottle
position was pseudo-randomized between and within individuals to minimize the effect of
possible position preferences. The spider monkeys were allowed to drink for 1 minute from a
pair of 100mL graduated cylinders with metal drinking spouts (Figure 2). The volume
consumed from each bottle was used to assess gustatory responsiveness to the presented
stimuli. If an animal drank only from one bottle without trying the other one within the first 10
seconds of a given trial, the first bottle was removed so that the animal tried the second one,

which was then also removed and then re-presented simultaneously with the first bottle.

Figure 2: A) One of the cylinders used in the tests B) The two-bottle preference test

Determination of absolute preference and taste preference threshold for ethanol

To assess the taste preference threshold and the absolute preference for ethanol, six spider
monkeys were given the choice between purified water and different concentrations of ethanol

diluted in purified water.



Determination of absolute preference and taste preference threshold for sugarcane

alcohol

To assess if the impurities in sugarcane alcohol, which were detectable for humans both as a
taste and as a smell different from the pure ethanol, affected the absolute preference and taste
preference threshold, the experiment was repeated using sugarcane alcohol instead of pure
ethanol. With the sugarcane alcohol, dilutions were made so that the tested solutions contained
0.05% to 3% ethanol, and not 0.05% to 3% sugarcane alcohol, to make sure the results from

both experiments were comparable.

In both aforementioned experiments aiming to assess taste preference thresholds, testing started
at a concentration of 3% ethanol and decreased as follows: 2%, 1.5%, 1%, 0.5%, 0.1%, 0.05%,
etc. until an animal failed to show a significant preference or aversion. To maintain the animals’
motivation to cooperate when presented with less attractive concentrations, the testing did not

follow the order of decreasing concentrations but was pseudo-randomized.
Determination of relative preference for ethanol

Relative preference for ethanol was assessed by presenting eight spider monkeys with a sucrose
solution in one bottle and a sucrose solution spiked with ethanol (0.1%, 0.5%, and 3%) in the
other bottle. The experiment was subdivided into three test series, with the sucrose

concentration of the stimuli varying between the series.

In the first test series, both the spiked and the non-spiked stimuli had a sucrose concentration
of 30mM.

In the second test series, the experiment was repeated with a sucrose concentration of 60mM
for both stimuli. This was done in order to assess if the degree of sweetness had an effect on

the spider monkeys’ taste responsiveness to ethanol.

In the third test series, the experiment was repeated with a 60mM non-spiked sucrose solution
and an ethanol-spiked (0.1%, 0.5%, and 3%) sucrose solution of 30 mM. This was done in
order to assess if preference for the ethanol-spiked solution was due to it being hypercaloric

compared to the non-spiked alternative in the previous test series.

In the third test series, the 0.1% and 0.5% ethanol-spiked sucrose solutions contained less

calories than the non-spiked alternative, and the 3% ethanol-spiked sucrose solution contained



more calories than the non-spiked alternative, based on caloric values of 4 kcal/g for sucrose
and 7 kcal/g for ethanol (Cederbaum 2012).

Assessment of taste preference for alcohol in fruit matrices

To assess taste preference in conditions that aimed to mimic the overripe fruit found in the wild
even better than a simple mixture of ethanol and sucrose, three different kinds of pureed fruit
were presented to the spider monkeys which either were spiked with ethanol (3%) or not. Fruits
used were mango (Mangifera indica), cantaloupe melon (Cucumis melo), and papaya (Carica
papaya), as all three have different textures and sweetness and thus cover a certain range of the
“flavour-palette” found in the spider monkeys’ diet. The fruit was pureed thoroughly enough

to be presented in the same bottles as used in the previous experiments.
3.4 Data analysis

For each test series or experiment, the volume of liquid consumed from each bottle was
recorded for every trial and monkey. After ten trials, the volumes consumed from each bottle
were converted into percentages relative to the total volume consumed from both bottles. The
criteria for a preference at the individual level were as follows: an animal was only regarded as
significantly preferring one of the two alternative stimuli if it (1) reached the criterion of 66.7%
preference (relative to the total amount of liquid consumed) and (2) consumed more from the
bottle containing the preferred stimulus in at least eight out of ten trials. According to the
binomial test, the ratios 9/10 and 10/10 correspond to p< 0.01, and the ratio 8/10 corresponds
to p<0.05.

4 Results
4.1 Determination of absolute taste preference and taste preference threshold for ethanol

Figure 3 summarizes the mean performance of the six spider monkeys in the two-bottle
preference test when presented with ethanol concentrations ranging between 0.05% and 3%
and purified water as the alternative stimulus. With concentrations between 0.5% and 3.0%,
the animals clearly preferred the ethanol solutions over water and met both preference criteria.
With the concentration of 0.1%, the animals still showed a preference for the ethanol but only

met one of the two preference criteria, and with 0.05% ethanol they failed with both preference



criteria. Appendix 1 shows the detailed results for each individual as well as the group average

and standard deviation for each of the tested ethanol concentrations.
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Figure 3: Taste responsiveness of six spider monkeys to various concentrations of ethanol
tested against purified water as an alternative. Each symbol represents the mean value (xSD)
of ten trials per animal and per concentration, for the six monkeys tested. White symbols
represent concentrations for which both preference criteria (66.7% preference, and binomial
test p<0.05) were met, grey symbols represent concentrations for which only of the two
preference criteria was met, and black symbols represent concentrations for which none of the
two preference criteria were met. The horizontal solid line represents chance level (50%
preference) and the horizontal dotted line represents the first preference criterion (66.7%

preference).

4.2 Determination of absolute taste preference and taste preference threshold for

sugarcane alcohol

Figure 4 summarizes the mean performance of the six spider monkeys in the two-bottle
preference test when presented sugarcane alcohol solutions containing ethanol concentrations
ranging between 0.05% and 3% and purified water as the alternative stimulus. With
concentrations between 0.5% and 3.0% ethanol, the animals clearly preferred the sugarcane
alcohol solutions over water and met both preference criteria. With the ethanol concentration
of 0.1%, the animals still showed a preference for the sugarcane alcohol but only met one of

the two preference criteria, and with 0.05% ethanol they failed with both preference criteria.



Appendix 2 shows the detailed results for each individual as well as the group average and

standard deviation for each of the tested ethanol concentrations.
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Figure 4: Taste responsiveness of six spider monkeys to various concentrations of sugarcane
alcohol tested against purified water as an alternative. Each symbol represents the mean value
(£SD) of ten trials per animal and per concentration, for the six monkeys tested. White symbols
represent concentrations where both preference criteria were met (66.7% preference, and
binomial test p<0.05), grey symbols represent concentrations where only of the two preference
criteria was met, and black symbols represent concentrations where none of the two preference
criteria were met. The horizontal solid line represents chance level (50% preference) and the
horizontal dotted line represents the first preference criterion (66.7% preference).

4.3 Determination of relative taste preference for ethanol

Figure 5 summarizes the mean performance of the eight spider monkeys in the two-bottle
preference test when presented with 30mM sucrose solutions spiked with 0.1%, 0.5%, and 3%
ethanol, respectively, and a 30mM sucrose solution without ethanol as the alternative stimulus.
With all three tested concentrations, the animals clearly preferred the ethanol-spiked solutions
over the non-spiked alternative and met both preference criteria, not only as a group but also
individually. Appendix 3 shows the detailed results for each individual as well as group means

and standard deviation for the three tested ethanol concentrations.
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Figure 5: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 30mM sucrose solution tested against a 30mM sucrose solution without ethanol as
the alternative. Each symbol represents the mean value (£SD) of ten trials per animal and per
concentration, for the eight monkeys tested. White symbols represent concentrations where
both preference criteria were met (66.7% preference, and binomial test p<0.05). The
horizontal solid line represents chance level (50% preference) and the horizontal dotted line

represents the first preference criterion (66.7% preference).

Figure 6 summarizes the mean performance of the eight spider monkeys in the two-bottle
preference test when presented with 60mM sucrose solutions spiked with 0.1%, 0.5%, and 3%
ethanol, respectively, and a 60mM sucrose solution without ethanol as the alternative stimulus.
With all three tested concentrations, the animals clearly preferred the ethanol-spiked solutions
over the non-spiked alternative and met both preference criteria, not only as a group but also
individually. Appendix 4 shows the detailed results for each individual as well as group means

and standard deviation for the three tested ethanol concentrations.
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Figure 6: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 60mM sucrose solution tested against a 60mM sucrose solution without ethanol as
the alternative. Each symbol represents the mean value (+SD) of ten trials per animal and per
concentration, for the eight monkeys tested. White symbols represent concentrations where
both preference criteria were met (66.7% preference, plus binomial test p<0.05). The
horizontal solid line represents chance level (50% preference) and the horizontal dotted line

represents the first preference criterion (66.7% preference).

Figure 7 summarizes the mean performance of the eight spider monkeys in the two-bottle
preference test when presented with 30mM sucrose solutions spiked with 0.1%, 0.5%, and 3%
ethanol, respectively, and a 60mM sucrose solution as the alternative stimulus. With all three
tested concentrations, the animals clearly rejected the ethanol-spiked solutions over the
alternative and met both rejection criteria, not only as a group but also individually. Appendix
5 shows the detailed results for each individual as well as group means and standard deviation
for the three tested ethanol concentrations.
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Figure 7: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 30mM sucrose solution tested against a 60mM sucrose solution without ethanol as
the alternative. Each symbol represents the mean value (+SD) of ten trials per animal and per
concentration, for the eight monkeys tested. Black symbols represent concentrations where
none of the two preference criteria were met. The horizontal solid line represents chance level

(50% preference) and the horizontal dotted line represents the first rejection criterion (66.7%
rejection).

4.4 Assessment of taste preference for ethanol in fruit matrices

Figure 8 summarizes the mean performance of the eight spider monkeys in the two-bottle
preference tests when presented with pureed fruit spiked with 3% ethanol, and a non-spiked
pureed fruit as the alternative. With all three fruit types tested (mango, melon, and papaya), the
animals as a group significantly preferred the ethanol-spiked pureed fruits over the non-spiked
alternative and met both preference criteria. Appendix 6 shows the detailed results for each

individual as well as group means and standard deviation for the three tested ethanol

concentrations.
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Figure 8: Taste responsiveness of eight spider monkeys to pureed fruit spiked with 3% ethanol
tested against plain pureed fruit as the alternative. Each symbol represents the mean value
(xSD) of ten trials per animal and per concentration, for the eight monkeys tested. White
symbols represent concentrations where both preference criteria were met (66.7% preference,
plus binomial test p<0.05). The horizontal solid line represents chance level (50% preference)

and the horizontal dotted line represents the first preference criterion (66.7% preference)

5 Discussion
5.1 Taste preference threshold and absolute taste preference for ethanol

The results of the present study show that spider monkeys significantly preferred ethanol
solutions between concentrations of 0.5% and 3% when tested against water. The range of
concentrations tested here corresponds to the range of ethanol concentration found in naturally
fermenting fruit (Eriksson and Nummi 1982, Dudley 2002, 2004, Domini 2004, Sanchez et al.
2004). This result is remarkable as to my knowledge, no primate species tested so far has been
found to prefer ethanol solutions when tested against water, except for Rhesus macaques
(Macaca mulatta) (Kornet et al. 1990, Vivian et al. 1999).

Ethanol has been found to interact with sweet taste receptors (Hellekant et al. 1997, Danilova
& Hellekant 2000) and activating a sucrose-responsive gustatory neural pathway (Lemon et al.
2004). Nevertheless, this interaction also happens in primates that do not prefer ethanol over
water and therefore, it is unclear whether this contributes to the taste responsiveness to ethanol
displayed by different primate species. Also, spider monkeys might recognize ethanol as an

additional source of calories besides fruit-sugars, as Gochman et al. (2016) suggested.

13



5.2 Taste preference threshold and absolute taste preference for sugarcane alcohol

Impurities in sugarcane alcohol did not affect the taste preference threshold for ethanol nor the
taste preference for ethanol at all tested concentrations above the taste preference threshold.
An increase in preference could have been expected as sugarcane alcohol contains a small
amount of sugars and ethanol has been shown to increase gustatory nerve response to sucrose
(Danilova & Hellekant 2000). Furthermore, small impurities in drinks have repeatedly been
shown to affect human taste perception, for example minerals in drinking water (O’Mahony
1972, Whelton et al. 2007), and such a difference in taste perception, and thus taste preference,

could have been expected in the present study.
5.3 Relative taste preference for ethanol

The results of the present study show that spider monkeys significantly preferred ethanol-
spiked sucrose solutions over non-spiked sucrose solutions of the same sucrose concentration.
These findings are in line with Danilova and Hellekant’s (2000) electrophysiological findings,
as they found that ethanol increased sweetness sensation when mixed with sweet solutions.
Nonetheless, when the non-spiked stimulus was sweeter than the ethanol-spiked alternative,
the animals in the present study significantly rejected the ethanol-spiked stimulus with all tested
ethanol concentrations. This indicates that spider monkeys have a stronger preference for
sucrose than for ethanol and that they choose the sweeter solution regardless of total caloric
value. Previous research has shown that in food preference tests, spider monkeys preferred the
more caloric food available (Laska 2000b). In the present study, spider monkeys chose sweet
taste over calories when presented with sucrose-ethanol solutions. Thus, the findings of the
present study do not support claims that a presumed predilection of non-human primates for
alcohol-containing overripe fruits would reflect the evolutionary origins of human alcoholism
(Dudley 2000, Dudley 2014), as in the present study, the spider monkeys clearly preferred the

sweeter, non-alcohol-containing stimuli over the less sweet, alcohol-containing ones.
5.4 Taste preference for ethanol in fruit matrices

The results of the present study show that the spider monkeys preferred the pureed fruit spiked
with ethanol over the non-spiked alternative. However, the preference was not as strong as in
the first two test series of the second experiment. The ethanol-spiked fruit puree was preferred
to a higher degree in fruits with a higher sugar content and a lower water content (See Table
1). These results might simply reflect the monkey’s taste preference regarding the different
fruits, which are in line with Laska’s (2000b) findings. Otherswise, these findings could

14



indicate that a higher sugar and /or calorie content increased the preference for ethanol in spider
monkeys, which is in line with Danilova and Hellekant’s (2000) findings, as they found that
ethanol increased sweetness sensation when mixed with sweet solutions. Both options could

explain the preference for ethanol increasing with the sugar content of the fruits.

Table 1: Water content, sugar content, caloric value, and measured preference for the fruit
puree spiked with ethanol for the 3 fruit types tested in experiment 4. Source: McCance and
Widdowson’s The Composition of Foods: Edition 6 (2002)

Preference for
Water content (%) Sugar content (%) | Kcal/100g | ethanol (%)

Mango 82.4 13.8 57 83.6
Papaya 88.5 8.8 36 76.7
Melon 92.1 4.2 19 72.5

It is important to point out that this result does not indicate that spider monkeys would prefer
overripe, ethanol-containing fruit, rather than ripe fruit. Indeed, in this experiment, the ethanol-
spiked and the non-spiked stimuli had the same sugar content, as it was not possible to reduce
the sugar content of the ethanol-spiked stimulus in a way to match the sugar transformation by
bacteria in in overripe fruit, without altering the puree’s texture. As a result, one of the major
differences in taste between ripe and overripe fruit, i.e. the sugar content difference, was not
covered by this experiment. This experiment only allows to conclude that spider monkeys
preferred the ethanol-spiked stimulus in fruit matrices, and thus still preferred the ethanol-

spiked stimulus even when diluted in a complex-tasting matrix.
5.5 Comparison between spider monkeys and other primates

Only few studies so far assessed taste responses to ethanol in primates. Most of these studies
focused on long-term intake of unphysiologically high concentrations of ethanol and
investigated long-term effects of ethanol intake and the development of alcohol dependence in
primates. These studies have nonetheless shown that ethanol can be attractive at least when
mixed with an attractive (usually sweet) taste substance, to several primate species such as
squirrel monkeys (Saimiri sciureus) (Mandillo et al. 1998) and rhesus monkeys (Macaca
mulatta) (Meisch & Henningfield 1977).

Voluntary alcohol intake has also been reported in different primate species, both in the wild

and in experimental setups. Free-ranging chimpanzees (Pan troglodytes verus) have been
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observed ingesting the fermented sap of the raffia palm (Raphia hookeri) which contains up to
6.9% alcohol (Hockings et al. 2015). Captive vervet monkeys (Chlorocebus aethiops) also
voluntarily ingested 6% ethanol solutions even when ad-libitum water was available (Juarez et
al. 1993). Rhesus monkeys (Macaca mulatta) have also been observed to voluntarily consume
ethanol solutions at concentrations between 0.5% and 6% (Kornet et al. 1990, Vivian et al.
1999). Finally, Gochman et al. (2016) reported that slow lorises (Nycticebus coucang) and aye-
ayes (Daubentonia madagascariensis) voluntarily consumed fermented nectar (containing up
to 3.8% ethanol) and preferred the highest available ethanol concentration (5%) in a multiple-

test choice paradigm.

In most of these studies, the highest concentrations of ethanol accepted by the monkeys ranged
from 4% to 6.9%. These ethanol concentrations are markedly higher than the ones found in
most naturally fermenting overripe fruit (Eriksson and Nummi 1982, Dudley 2002, 2004,
Domini 2004, Sanchez et al. 2004). Also, the fermented raffia palm sap acquires this unusually
high ethanol concentration because the fermentation happens in man-made receptacles. My
results are in line with the results from the aforementioned studies as the spider monkeys tested
here displayed a significant preference for the 3% ethanol solution when tested against water,
and an even stronger preference for an ethanol-sucrose mixture when tested against a non-

spiked sucrose solution of the same concentration.

In humans, the average taste detection threshold obtained from L.J. Van Gemert’s “Flavour
thresholds” (2011), is 0.43% ethanol, but the results from the different studies vary
tremendously. For example, Rothe et al. (1972) determined a taste detection threshold for

ethanol in humans of 0.001%, while Richter (1941) reported 3% for the same substance.

The taste preference threshold determined for spider monkeys in the present study is 0.5%.
This indicates that the spider monkeys’ taste sensitivity to ethanol is close to that of humans,
given that the monkeys’ taste preference threshold is very similar to the average human taste
detection threshold. Nonetheless, taste preference thresholds are only a conservative
approximation of an animal’s ability to perceive a given taste and are usually higher than the
taste detection thresholds which are commonly determined using sophisticated signal detection

methods.
5.6 Comparison between spider monkeys and non-primate mammals

Among non-primate mammals, the most tested animal for alcohol consumption is the rat

(Rattus norvegicus domesticus). Richter and Campbell (1940b) showed that in a two-bottle
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preference test, rats preferred ethanol at concentrations of 1.8% to 4.4% over water. In the
present study, the spider monkeys significantly preferred ethanol concentrations between 0.5%

and 3%, which indicates a lower taste preference threshold in spider monkeys than in rats.

Egyptian fruit bats (Rousettus aegyptiacus) have been shown to increase consumption of fruit
when these contained 0.1% ethanol, but only during the summer (Korine et al. 2011).
Furthermore, fruit consumption did not change with ethanol concentrations of 0.01%, 0.3%,
and 0.5%, and fruit consumption significantly decreased with ethanol concentrations of 1%
and 2% (Sanchez et al. 2004; Korine et al. 2011). In the present study, the spider monkeys
significantly preferred ethanol-spiked pureed fruit at all tested ethanol-concentrations (0.1%,
0.5%, and 3%), which suggests a higher tolerance to ethanol in the spider monkeys compared
to the Egyptian fruit bats. The ethanol tolerance in Egyptian fruit bats seems to be lower than
the ones reported in several primate species, indicating that tolerance and preference for ethanol

might depend more on phylogenetic relatedness than on dietary specialization.

Taste preference for ethanol has also been tested in sheep (Ovis aries). Goatcher and Church
(1970) determined that sheep showed no preference for ethanol even though they exhibit a
“remarkably high” tolerance to it, which might indicate an absence of taste receptors sensitive
to ethanol. Goatcher and Church (1970) estimated the sheep’s lower detection threshold at an
ethanol concentration of 1.56%. As the determined taste preference threshold for ethanol in
spider monkeys in this study was 0.5%, this suggests that spider monkeys have a higher taste

sensitivity to ethanol than sheep, and possibly other ruminants.
5.7 Comparison between spider monkeys and non-mammals

Only very few non-mammal species have been tested so far regarding their taste preference for
ethanol. Zungu and Downs (2017) tested three bird species (cape white-eye, Zosterops virens;
speckled mousebird, Colius striatus; and the red winged starling, Onychognathus morio) in a

two-choice test paradigm, and none of them showed a preference for the ethanol-enriched diet.

Bees (Apis mellifera) have been reported to show a preference for ethanol-spiked sucrose
solutions up to 2.5% ethanol but find the taste of ethanol aversive when diluted in water
(Mustard et al. 2019).

The results from the present study differ from the aforementioned two studies as the tested
spider monkeys showed a significant preference for ethanol, both when diluted in water and in

a sucrose solution.
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5.8 Conclusion

The spider monkeys in the present study have shown a preference for ethanol concentrations
between 0.1% and 3% diluted either in water, sucrose solutions, or pureed fruit, when tested
against alcohol-free alternatives of the same diluent. The spider monkeys had a stronger
preference for sucrose than for ethanol, regardless of the total caloric content of the stimuli.
Spider monkeys are one of the few tested primates so far that show a preference for ethanol
solutions over water. Their sensitivity appears to be in line with previous findings in other
species, including humans. Spider monkeys in the present study had a lower preference
threshold than previously tested rats, and a higher sensitivity than previously tested sheep. The
results do not support the notion that spider monkeys might use ethanol as an additional source

of calories.
6 Societal & ethical considerations

The experiments reported here comply with the American Society of Primatologists’ Principles
for the Ethical Treatment of Primates and also with current Swedish and Mexican laws. The
experiments were performed according to a protocol approved by the ethical board of the
Federal Government of Mexico’s Secretariat of Environment and Natural Resources

(SEMARNAT; Official permits no. 09/GS-2132/05/10).

All the experiments performed in the present study relied on the voluntary cooperation of the
animals. All spider monkeys participated in the experiments on their own will and were not
forced in any way to consume any substance if they did not want to. The caretakers and a
veterinarian were present every day at the field station and monitored the health and behaviour
of every animal. None of the stimuli used (ethanol, sugarcane alcohol, and sucrose) were
presented in quantities high enough to induce inebriation, or for a long enough duration to

induce long-term side effects, such as cirrhosis, in the animals.

Animal studies help us to better understand alcohol dependence in humans. This study
addressed the taste of alcohol, rather than its intoxication or dependence effects, hoping to
approach the subject from a different and, so far, understudied angle. Furthermore, increasing
knowledge regarding taste perception in non-human primates might also contribute to better

welfare, for example in appropriate diet or enrichment, in captive animals.
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Appendix

Monkeys Ethanol concentration in spiked solution

0.05% 0.1% 0.5% 1.0% 1.5% 2.0% 3.0%
Grufion 65.0% 87.4% 89.0% 92.1% 93.7% 94.5% 94.7%
Lucas 46.3% 87.4% 89.0% 92.1% 93.7% 94.5% 94.7%
Cejitas 58.5% 73.2% 87.9% 95.4% 94.3% 96.1% 94.9%
Mary 64.9% 82.2% 88.0% 84.2% 89.2% 88.9% 93.7%
Patas 48.8% 32.0% 49.3% 58.4% 44.2% 76.8% 60.6%
Kika 55.9% 49.1% 69.2% 70.7% 57.4% 69.5% 67.5%
Group mean 56.6% 68.6% 78.7% 82.1% 78.8% 86.7% 84.3%
SD 7.9% 22.9% 16.3% 14.6% 22.1% 11.0% 15.9%
SE 3.2% 9.4% 6.7% 6.0% 9.0% 4.5% 6.5%

Appendix 1: Taste responsiveness of six spider monkeys to various concentrations of ethanol

tested against purified water as an alternative. Individual ten-trial average, group mean, group

standard deviation (SD), and group standard error (SE).

Monkeys Ethanol concentration in spiked solution

0.05% 0.1% 0.5% 1.0% 1.5% 2.0% 3.0%
Grufion 64.0% 73.1% 89.1% 92.7% 84.3% 95.7% 85.7%
Lucas 58.3% 75.8% 93.6% 94.0% 90.2% 94.7% 87.1%
Cejitas 63.8% 79.4% 94.7% 94.7% 91.5% 94.1% 92.9%
Mary 57.9% 86.5% 87.0% 93.4% 86.3% 91.3% 89.9%
Patas 57.9% 38.0% 41.2% 40.7% 70.1% 52.2% 66.3%
Kika 55.0% 44.8% 50.0% 53.2% 77.2% 62.5% 42.6%
Group mean 59.5% 66.3% 75.9% 78.1% 83.3% 81.7% 77.4%
SD 3.6% 19.9% 23.8% 24.5% 8.2% 19.2% 19.5%
SE 1.5% 8.1% 9.7% 10.0% 3.3% 7.8% 7.9%

Appendix 2: Taste responsiveness of six spider monkeys to various concentrations of sugarcane

alcohol tested against purified water as an alternative. Individual ten-trial average, group

mean, group standard deviation (SD), and group standard error (SE).
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Monkeys Tested ethanol concentration
0.1% 0.5% 3.0%
Gruion 96.5% 97.2% 94.1%
Lucas 92.5% 97.0% 98.2%
Cejitas 94.9% 95.8% 96.9%
Brutus 95.5% 96.0% 94.0%
Mary 93.7% 93.8% 89.5%
Frida 97.8% 96.0% 87.8%
Kika 93.9% 93.4% 88.9%
Patas 90.3% 94.4% 80.6%
Group mean 94.4% 95.5% 91.2%
SD 2.4% 1.4% 5.7%
SE 0.8% 0.5% 2.0%

Appendix 3: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 30mM sucrose solution tested against a 30mM sucrose solution without ethanol as
the alternative. Individual ten-trial average, group mean, group standard deviation (SD), and

group standard error (SE).

Monkeys Tested ethanol concentration
0.1% 0.5% 3.0%
Grufon 97.2% 96.9% 97.6%
Lucas 97.2% 95.7% 95.5%
Cejitas 98.1% 98.7% 98.3%
Brutus 96.0% 94.4% 98.3%
Mary 95.8% 97.7% 96.6%
Frida 98.9% 98.4% 83.4%
Kika 94.5% 96.5% 95.6%
Patas 98.0% 97.4% 96.9%
Group mean 97.0% 97.0% 95.3%
SD 1.4% 1.4% 4.9%
SE 0.5% 0.5% 1.7%

Appendix 4: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 60mM sucrose solution tested against a 60mM sucrose solution without ethanol as
the alternative. Individual ten-trial average, group mean, group standard deviation (SD), and

group standard error (SE).

25



Monkeys Tested ethanol concentration
0.1% 0.5% 3.0%
Gruion 10.1% 10.7% 12.5%
Lucas 3.9% 5.7% 4.0%
Cejitas 1.3% 2.8% 2.4%
Brutus 3.7% 6.5% 3.2%
Mary 3.1% 7.4% 5.0%
Frida 1.4% 1.2% 1.4%
Kika 3.8% 3.1% 3.6%
Patas 2.9% 2.5% 2.7%
Group mean 5.0% 6.7% 5.8%
SD 2.7% 3.2% 3.5%
SE 1.0% 1.1% 1.2%

Appendix 5: Taste responsiveness of eight spider monkeys to various concentrations of ethanol
diluted in a 30mM sucrose solution tested against a 60mM sucrose solution without ethanol as
the alternative. Individual ten-trial average, group mean, group standard deviation (SD), and

group standard error (SE).

Monkeys Tested fruit type
Mango Melon Papaya

Gruion 91.2% 78.8% 81.5%
Brutus 87.0% 77.0% 66.7%
Lucas 85.0% 84.6% 82.4%
Cejitas 93.0% 85.9% 83.0%
Mary 81.9% 75.7% 88.1%
Frida 66.8% 51.8% 56.9%
Kika 75.7% 59.9% 78.4%
Patas 88.5% 66.1% 76.5%
Group mean 83.6% 72.5% 76.7%
SD 8.7% 12.1% 10.2%
SE 3.1% 4.3% 3.6%

Appendix 6: Taste responsiveness of eight spider monkeys to pureed fruit spiked with 3%
ethanol tested against plain pureed fruit as the alternative. Individual ten-trial average, group

mean, group standard deviation (SD), and group standard error (SE).
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