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a b s t r a c t

Biological significance of food components suggests that preferences for basic tastes should be similar
across cultures. On the other hand, cultural factors play an important role in diet and can consequently
influence individual preference for food. To date, very few studies have compared basic tastes prefer-
ences among populations of very diverse environmental and cultural conditions, and research rather did
not involve traditional populations for whom the biological significance of different food components
might be the most pronounced. Hence, our study focused on basic taste preferences in three populations,
covering a broad difference in diet due to environmental and cultural conditions, market availability,
dietary habits and food acquirement: 1) a modern society (Poles, n ¼ 200), 2) forager-horticulturalists
from Amazon/Bolivia (Tsimane', n ¼ 138), and 3) hunter-gatherers from Tanzania (Hadza, n ¼ 85). The
preferences for basic tastes were measured with sprays containing supra-threshold levels of sweet, sour,
bitter, salty, and umami taste solutions. We observed several interesting differences between partici-
pating societies. We found that Tsimane’ and Polish participants liked the sweet taste more than other
tastes, while Hadza participants liked salty and sour tastes more than the remaining tastes. Further,
Polish people found bitter taste particularly aversive, which was not observed in the traditional societies.
Interestingly, no cross-cultural differences were observed for relative liking of umami taste e it was rated
closely to neutral by members of all participating societies. Additionally, Hadza showed a pattern to like
basic tastes that are more common to their current diet than societies with access to different food
sources. These findings demonstrate the impact of diet and market availability on preference for basic
tastes.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The sense of taste has evolved to serve as a dominant regulator
and driver of feeding behavior and physiologically, taste is sepa-
rated into five basic tastes, each associated with different biological
significance; the sweet, salty, bitter, sour and umami (“savory”)
Dresden, Fetscherstrasse 74,

owska).
tastes guide the intake of energy (calories), electrolytes, possibly
dangerous stimuli, acids and ions, and protein consumption,
respectively (Lindemann, 2001). There is evidence to suggest that
hedonic responses to tastes, particularly sweetness and bitterness,
are present at birth and may be innate (Beauchamp, Cowart, &
Schmidt, 1991). Further, biological significance of taste is indi-
cated by evidence for certain, universal food preferences e for
example, in most cultures there is a liking for sweet items, though
the most liked level of sweetness varies greatly from person to
person (Pangborn, 1970).

However, food plays an important part in cultures, not just for
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nourishment, but for establishing traditions (Bessiere, 1998),
providing barter for trade, and establishing societal status
(Sorokowski, Sorokowska, & Danel, 2013). Additionally, the avail-
ability of food plays a role in which food becomes customary to the
culture and used for these purposes. For example, people in cul-
tures with access to international trade have a broader diet than
societies that have to rely on foods sourced locally or traded
regionally (Rosinger, Tanner,& Leonard, 2013). Several implications
from these food pressures can not only shape what is eaten in a
society, but also the preferences and familiarity for components
that make up the flavor of complex food products such as the smell,
taste and texture of the food. These preferences might further
change the overall perception of the food and contribute to con-
sumption patterns. Generally, food items traditionally consumed in
the culture of origin are preferred over other foods (Logue & Smith,
1986; Rozin, 1982). So far, however, only few studies have reported
cross-cultural differences in basic taste preferences. An early study
by Moskowitz et al. (1975) showed that Indian laborers from the
Karnataka region in India who commonly chew on tamarind (a
highly sour, but slightly sweet fruit) enjoy sour taste over Western
cultures (Moskowitz, Kumaraiah, Sharma, Jacobs, & Sharma, 1975).
Later, Prescott and colleagues in a series of studies comparing
Australian and Japanese cultures, showed little differences between
the societies with regard to taste discrimination or intensities, but
varying taste hedonics (Prescott, 1998). The Japanese showed a
higher preference for sour and umami than the Australians,
reflecting dietary patterns in the cultures. Similarly, this research
group showed that domestic products were preferred among the
cultures (Laing et al., 1993, 1994).

Overall, biological significance of different food components
suggests that preferences for five basic tastes should be similar
across cultures. On the other hand, cultural factors play an impor-
tant role in diet and can consequently influence individual prefer-
ence for food. To date, very few studies have compared five basic
tastes preferences among populations of diverse environmental
conditions and dietary customs e research has rather focused on
comparing developed societies that have access to foods outside of
their culture (Prescott, 1998), or on describing dietary habits of
different groups (Berbesque & Marlowe, 2009; Murray,
Schoeninger, Bunn, Pickering, & Marlett, 2001). Also, studies
rather did not involve traditional populations for whom the bio-
logical significance of different food components might be themost
pronounced. Hence, it is difficult to draw definite conclusions on
cross-cultural basic taste preference patterns and determinants.
Thus, this exploratory study looked at differences in basic taste
preferences and similarity of these tastes to current diets among
three types of populations: 1) a modern society (i.e. Poles), 2)
forager-horticulturalists from Amazonia/Bolivia with limited access
to modern food (Tsimane'), and 3) traditional hunter-gatherers
from Tanzania (Hadza).
2. Materials and methods

The study was conducted according to the Declaration of Hel-
sinki. The study protocol and consent procedure received ethical
approval from the Institutional Review Board (IRB) of the University
of Wroclaw (Wroclaw, Poland), from the Great Tsimane’ Council
(the governing body of the Tsimane’), and approved by the Com-
mission for Science and Technology of Republic of Tanzania for
Hadza. The participants received small gifts as a compensation for
their participation. All participants provided informed consent
before study inclusion, either orally (recorded on a portable
recorder) or through a signed content form.
2.1. Participants

Our comparative study comprised three societies e Tsimane’,
Hadza and Polish. Tsimane’ are a native Amazonian society of
farmer-foragers from Bolivia with limited access to international
trade (shops with basic foods such as oil, salt, and sugar in San Borja
e a Bolivian town that lies between a few hours walk to a few days'
canoe trip from Tsimane’ settlements). Tsimane’ practice domestic
farming and agriculture, and several aspects of their culture (e.g.
diet, foraging behaviors) have been covered extensively in the
literature (Apaza et al., 2003; Foster et al., 2005; Vadez, Reyes-
García, Godoy, & Apaza, 2004). Tsimane’ tribe consists of roughly
8000 people, from approximately 100 villages located along the
Maniqui River in the Beni area in northern Bolivia. This study
included individuals from five villages e Campo Bello, Las Palmas,
Uvasichi, Las Minas, and Alta Gracia. The Hadza are a traditional
hunter-gatherer society from Tanzania who still consume a sub-
stantial proportion of traditional foods (95% of calories). They
practice no cultivation or domestication of plants or animals, and
their diet can be broken down into five major food categories:
honey, meat, berries, baobab, and tubers (Marlowe, 2010;
Schoeninger, Bunn, Murray, & Marlett, 2001; Vincent, 1985). Their
population consists of 1000e1500 individuals who live in mobile
camps of approximately 30 people. They live near Lake Eyasi, in
northern part of Tanzania. For more information on traditions of
this society, see e.g., (Marlowe, 2010). Polish individuals repre-
sented a Western society with full access to international trade.

One hundred and thirty-eight Tsimane’ (70 women) with an age
range from 18 to 72 (mean age ± SDe32.48 ± 12.12 years) partici-
pated in the study. Further, eighty-five (40 women) individuals
from the Hadza society were included in the study with an age
range from 18 to 70 (33.70 ± 14.15 years). The Polish sample con-
sisted of 200 individuals (100 women) with an age range from 18 to
68 (32.63 ± 12.57 years).

2.2. Procedure

All tests among all the groups were carried out by a trained
experimenter while an interpreter explained the procedure to all
participants in their native language. Each participant was exam-
ined individually, and no major health issues were reported during
testing. Participants from traditional societies had to confirm with
the interpreter that they understood the procedure before moving
forward with testing.

All five basic tastes were tested using sprays bottles containing
each basic taste dissolved inwater (up to 100mL) at suprathreshold
levels: sweet (10 g D-saccharose), sour (5 g citric acid), salty (7.5 g
NaCl), bitter (0.05 g quinine hydrochloride), and umami (10 g
monosodium glutamate; MSG). The participants were asked to
open their mouth with their tongue extended while the adminis-
trator applied one spray (0.120 ml) over the tongue surface. The
presentation order of basic tastes was the same for all participants
(sweet, salty, sour, umami, bitter), and in between samples, par-
ticipants were asked to rinse their mouth with clean water. After
each taste spray, participants were asked three questions. First,
they were asked if they were familiar with the taste (yes or no), and
further e how good the taste was. Polish and Tsimane’ participants
were provided with the following response options: “I like it a lot”,
“I like it”, “It is neutral”, “I do not like it”, or “I do not like it at all”;
and Hadza answered this question on a following scale: “I like it”,
“It is neutral”, or “I don't like it”. Finally, all groups were asked to
rate similarity of a certain taste to their diet (“Do you eat food that
tastes similar to this spray?” with the following response options:
“No”, “Sometimes”, “Every day”, or “A few times a day”). The
shorter scale was used for Hadza in the liking task since their ability
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tomemorize the response options and assess tastiness of stimuli on
a longer scale was low. Hadza responses were later scaled up to the
longer scale (5-point) for analysis (Cohen, Cohen, Aiken, & West,
1999).
2.3. Data analysis

The majority of the data analysis was performed with SPSS 21
(SPSS Inc., Chicago, IL, USA). The ratings for “liking” and “diet
similarity” of all basic tastes were not normally distributed
(W < 0.05) thus a generalized estimation equation (GEE) with an
ordinal response was used. Here, the “liking” or “diet similarity”
rating was set as the response while basic taste was set as the
predictor with age and BMI set as covariates. BMI was adjusted
since body mass can be related to taste thresholds (Donaldson,
Bennett, Baic, & Melichar, 2009) and food choice (Cox, Perry,
Moore, Vallis, & Mela, 1999). This factor showed a main effect
among populations, F(2, 412) ¼ 33.46, p < 0.001, and a post-hoc
Tukey-Kramer HSD test revealed Hadza having significantly lower
BMI than the other two groups (p < 0.001). Similarly, age was
adjusted since studies have shown it to affect taste preference
(Desor & Beauchamp, 1987; Hoffman, Salgado, Dresler, Faller, &
Bartlett, 2016; Liem & Mennella, 2002). The main effect of basic
taste was reported with a Wald's test. Separate models were made
for each population, and non-parametric multiple comparisons
were performed with the Steel-Dwass method (Neuh€auser & Bretz,
2001). Additionally, correlations were examined between ques-
tions concerning diet similarity with basic taste likings while
adjusting for age and BMI using Spearman's rank-order partial
correlations. These correlations were compared among societies
with a T-test using a Fisher Z transformation with the program
Concor (Diedenhofen & Musch, 2015).
3. Results

All descriptive statistics regarding assessments of taste likings
and ratings of similarity of a certain taste to the diet are presented
in Table 1.
3.1. Tsimane’ ratings

An overall main effect was seen for both liking and diet simi-
larity ratings among basic tastes (c2 ¼ 134.41, p < 0.001 and
c2 ¼ 55.84, p < 0.001). Looking at the multiple comparisons, Tsi-
mane’ liked the taste of sweet more than salty (Z¼ 8.55, p < 0.001),
sour (Z ¼ 8.77, p < 0.001), umami (Z ¼ 8.22, p < 0.001) and bitter
(Z ¼ 10.14, p < 0.001). Similarly, Tsimane’ reported sweet taste
composing more of their diet than other tastes (p < 0.001) besides
salty (Z¼ 0.4, p¼ 0.99). Additionally, bitter taste was liked less than
other tastes (p < 0.001) except sour (Z ¼ 2.68, p ¼ 0.06).
Table 1
Tsimane’, Polish and Hadza societies’ basic taste preferences (like) and similarity to curr

Tsimane’ Polish

Liking Diet similarity Like

Sweet 3.71 ± 0.77 a 1.62 ± 0.61 a 3.66 ± 0.81 a
Salty 2.69 ± 0.97 b 1.61 ± 0.77 a 2.53 ± 1.19 b
Sour 2.54 ± 1.06 bc 1.32 ± 0.50 b 3.27 ± 1.27 a
Umami 2.65 ± 1.01 b 1.26 ± 0.54 b 2.65 ± 1.29 b
Bitter 2.19 ± 1.07 c 1.23 ± 0.52 b 1.62 ± 0.86 c

Note: Higher numbers indicate higher liking and more frequent consumption of a certa
different letters within the same column are significantly different (p < 0.05).
3.2. Polish ratings

Liking and diet similarity ratings significantly differed among
basic tastes (c2 ¼ 268.80, p < 0.001 and c2 ¼ 133.89, p < 0.001).
Multiple comparisons reveal that sweet and sour taste were liked
more than salty (Z ¼ 9.63, p < 0.001 and Z ¼ 5.67, p < 0.001,
respectively), umami (Z ¼ 7.14, p < 0.001 and Z ¼ 4.25, p < 0.001,
respectively), and bitter (Z ¼ 15.08, p < 0.001 and Z ¼ 11.72,
p < 0.001, respectively), while bitter was liked less than all other
tastes (p < 0.001). Salty and umami were rated the similar (Z¼ 0.86,
p¼ 0.91). Polish also reported that sweet (Z¼ 9.45, p < 0.001), salty
(Z ¼ 9.61, p < 0.001), sour (Z ¼ 11.3, p < 0.001) and umami (Z ¼ 5.9,
p < 0.001) resembled their diet more than bitter taste.

3.3. Hadza ratings

An overall main effect was seen for both liking and diet simi-
larity ratings among basic tastes (c2 ¼ 22.32, p < 0.001 and
c2¼ 40.09, p < 0.001). The liking for salty taste was rated the higher
then sweet (Z ¼ 4.04, p < 0.001), umami (Z ¼ 3.7, p < 0.001) and
bitter (Z ¼ 3.49, p ¼ 0.004), but similar to the liking for sour
(Z ¼ 1.85, p ¼ 0.34). The liking for sweet, sour, umami and bitter
were not significantly different (p < 0.05). Additionally, Hadza re-
ported that salty taste was themost frequent in their diet compared
to all other tastes (p < 0.001).

The correlations between all basic taste likings with ratings of
similarity of a certain taste to the diet revealed that Hadza have a
higher preference for tastes common in their diets compared to
Poles (rH ¼ 0.85 vs. rP ¼ 0.66, Z ¼ 7.75, p < 0.001) and Tsimane’
(rH ¼ 0.85 vs. rT ¼ 0.61, Z ¼ 8.64, p < 0.001). Polish and Tsimane’
societies showed no difference in the similarity of their diet as it
relates to the liking of tastes.

4. Discussion

Dietary customs of societies may be shaped by the availability of
food sources and communication with other cultures. Similarly, as
foods become established in a culture and influence the diet, the
preference for tastes that compose the foods may be affected. On
the other hand, the biological significance of components associ-
atedwith basic tastes suggests that at least the preferences for basic
tastes should be similar across cultures. Nevertheless, the present
study provides evidence for differences in basic taste preferences of
three very different cultures: a Western one and two societies with
either limited or no access tomodern trade. Our results suggest that
dietary habits and food availability shape the preferences for most
basic tastes e only umami was rated closely to neutral by members
of all participating societies. It seems thus that the basic tastes
preferences are an effect of a complex interaction between bio-
logical and cultural influences, with the latter probably having a
larger impact on taste perception.

Compared to Tsimane’ and Poles, who represent societies with
ent diet (diet similarity).

Hadza

Diet similarity Like Diet similarity

2.06 ± 0.78 a 2.61 ± 1.95 b 1.48 ± 0.57 b
2.10 ± 0.81 a 3.85 ± 1.81 a 2.10 ± 0.73 a
2.10 ± 0.62 a 3.27 ± 1.98 ab 1.67 ± 0.61 b
1.94 ± 0.97 a 2.66 ± 1.98 b 1.55 ± 0.65 b
1.35 ± 0.60 b 2.76 ± 1.95 b 1.59 ± 0.68 b

in taste. Columns represent mean ratings ± standard deviations. Mean ratings with
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some to full access to modern trade respectively, Hadza showed a
pattern to like basic tastes that were the most common to their
current diet. This suggests an effect of trade and food availability on
taste preference (Neumark-Sztainer, Story, Perry, & Casey, 1999).
Hadza people forage or hunt only foods that are regionally available
(Schoeninger et al., 2001); they also exchange these products for
maize flour with local farmers, but they rarely use products from
the local village shops (Marlowe, 2002). To this extent, tastes that
are common to their diet could be more liked since other alterna-
tives are highly limited; further, particular tastes in this society are
introduced at an early age, which again seems to shape the pref-
erences (Rozin & Schiller, 1980). Similarly, the lack of trade leaves
villagers to less diverse diet (Kuhnlein & Receveur, 1996; Regmi,
2001), and food components are rarely transformed into complex
food preparations, but rather eaten separately which may further
illustrate certain basic tastes. Interestingly, our study shows that
Hadza have a relatively lower liking for sweetness and that both
traditional societies dislike bitterness less than their Western
counterparts. Similarly, differences exist in salty and sour tastes
preferences. Implications of these findings are discussed below.

As for the group differences, Poles and Tsimane’ enjoyed sweet
taste more than most other tastes, while this was not observed for
Hadza. This finding is interesting as most research to date point to
sweetness liking as universal (Drewnowski, 1997). Also, the sweet
taste guides the intake of energy (Lindemann, 2001), so again this
result is rather unexpected given the high level of daily physical
activity in Hadza society. One explanation of the observed differ-
ence could be associative learning where cultures with access to
refined sugar (and sugar-added foods) may increase their liking
over repeated exposure (Liem & de Graaf, 2004), and experience
with sweetness increases preferences and craving for sweet taste
(Liem & de Graaf, 2004; Pepino & Mennella, 2005). For example,
babies routinely fed sweetenedwater during the first months of life
exhibited a greater preference for sweetness when tested several
years later (Pepino &Mennella, 2005). Another contributing factor,
especially for the Polish society, may be external to diet and relate
to the heavy marketing put on sweet goods (Popkin & Nielsen,
2003). Sweets are an extremely popular and widely sold product,
which could increase liking for refined sugar in populations having
access to international trade. This conclusion is supported by our
results showing that Polish and Tsimane’ participants declared very
frequent consumption of sweet taste in their diet, while Hadza did
not consume it as often. However, the low concentration of the
sweetness solution used in the study may point to another dis-
cussion. Hadza have been documented for their heavy reliance and
high liking of honey fromwild bees as main source of caloric intake
(Murray et al., 2001). Thus, the low strength of sweetness from the
solution may seem insufficient, unfamiliar or even disliked
(Beauchamp & Cowart, 1985; Murray et al., 2001). Nevertheless,
this result opens new interesting research questions regarding
sweetness preferences that could be tested in further studies.

Although studies show thate similar to sweet tastee responses
to bitter taste are innate, contrary to sweetness taste, this response
is adverse (Drewnowski, 1997); however, through experience and
childhood development the acceptance of bitterness may change
(Wardle et al., 2008). In our study, Hadza and Tsimane’ did not
exhibit any special aversion to bitter, while Polish individuals
assessed this taste as the least liked. Again, this might be explained
by the differences in diet in these two societies compared to a
Western one. For instance, it has been documented that both tribes
often consume foods that are known to contain bitterness such as
berries, leafy greens and tubers (Marlowe, 2010). In this case,
bitterness is not considered unpleasant, like in Western societies,
but similar to foods consumed on a daily basis. Further, exposure at
an early age may reduce the rejection of similar tasting foods into
adulthood (Lakkakula, Geaghan, Zanovec, Pierce, & Tuuri, 2010;
Pliner, 1982), thus this effect may be more evident for Hadza than
Tsimane’, whose preferences are shaped by a broader diet. Lack of
aversion to bitter is also confirmed by a relatively high frequency of
bitter food consumption declared by Hadza people. Finally, some
studies suggest that a low sensitivity to bitter taste might be an
effect of selection for malaria resistance (Krebs, 2009; Soranzo
et al., 2005). It is hypothesized that certain bitter secondary com-
pounds in plants are protective against malaria. Consequently, in
areas with endemic malaria, like Eastern Africa, the protective
benefit of consuming potentially dangerous bitter plants could
outweigh the risks of poisoning.

The cross-cultural differences in salt and sour preferences are
more difficult to explain. Only Hadza liked salty taste more than
other tastes and they had reported it as a common taste in their
diet, similar to Poles. Generally, although preference for salt may be
considered innate, concentration levels of liking are learned, in
which some infants do not start preferring higher levels until the
first 4e6 months of age (Beauchamp, Cowart, & Moran, 1986;
Leshem, 2009). Furthermore, mothers with salt deficiencies dur-
ing pregnancy may foster children with higher initial liking of salt
and increased intake into adulthood; similarly, infants with salt
deficiency show this pattern of increased liking and intake, too
(Crystal & Bernstein, 1995, 1998; Leshem, 1998). There are a few
reasons as to why Hadza people could have learned to highly enjoy
the salty taste. Similar to umami, salt is more palatable in the
context of foods (Cowart & Beauchamp, 1986); however, natural
saltiness in food is not common, as is usually added to enhance
flavor. In the context of our research it is important to note that
although Hadza have limited access to salt, they often use ash from
some plants as salty meat seasoning (personal observation by MB).
In addition, anthropological reports show that, for example, Aka
and Baka Pygmies find salt a rare and prestigious commodity and
hence, highly like its taste (Robbe & Hladik, 1994). Moreover,
sodium-depleted individuals display a lower salt taste threshold
than sodium-replete subjects and increased preference for high-
salt diets (Beauchamp, Bertino, Burke, & Engelman, 1990). In
other words, salt depletion may make Hadza more sensitive to salt
and this could predispose them to enjoy salt more. Lastly, one more
possible explanation of high preference for salt among Hadza is the
important property of salt as a substance retaining water in human
body, especially in humans exerting physical activity (Leshem,
Arbutbul, & Eilon, 1999; Wald & Leshem, 2003). It is likely that
people experiencing daily exercise and seasonal difficulties in
finding water (i.e., Hadza living in Tanzanian bush) desire salt more
than populations who do not normally lack drinking water (Poles
and Tsimane’). As for the sour taste, similar to bitter, this taste is
typically rejected at infancy yet acquired through experience
(Beauchamp et al., 1991). For all groups, preference for sour should
thus increase with increasing familiarity within their diets.
Perhaps, the liking of sour for Hadza could be explained in the
context of their diet that commonly involves consumption of
Baobab Fruit (a fruit sour and tangy in taste) (Marlowe, 2010). This
preference may be due to high amount of vitamin C in Baobab fruit
pulp that is important for healthy subsistence (Chadare,
Linnemann, Hounhouigan, Nout, & Van Boekel, 2008).

Interestingly, umami, which serves to signal the presence of
protein and amino acids (Lindemann, 2001), was the only basic
taste that was rated closely to neutral by members of all partici-
pating societies. This may not be surprising since the three societies
under investigation are all carnivorous, each having meat as a large
part of their diet and being accustomed to its taste. However, other
studies have shown differences between two modern cultures in
terms of preferences for this food component. For instance, Prescott
et al. (1992) showed that at higher concentrations Japanese
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preferred umami taste more than Australians. They concluded that
differences may be due to the high umami-enhancing additives in
Japanese cooking which include seaweed, shiitake mushrooms and
bonito, and for this reason, Australians actually found lower con-
centrations of MSG more pleasant. However, the results from our
study show that umami at low concentrations is a universally
neutral taste, typical of diets ofWestern and non-Western societies.

There are certain limitations of our research. First, only one
concentration of each tastewas used. Meanwhile, studies show that
preference-aversion curves for tastes differ (Pfaffmann, 1960), and
differences in preference for concentration levels of basic tastes
may exist among cultures (Prescott et al., 1992). Therefore, to better
explore the issue of cross-cultural universality/variability in taste
preferences, further studies should use different concentrations of
basic tastes. For a full interpretation of such findings it would be
also useful to know a place of every tested concentration in each
aversion-preference curve. Another limitation are the small scales
used in our study. In categorical scaling, it has been shown that
scales below 5-points are less reliable, valid and show weaker
discriminating ability (Leung, 2011), and increasing scale length to
7 or 9 points can yield higher mean correlation and validity
(Hancock & Klockars, 1991). However, in our study we chose a 5-
point scale for simplicity, to be better understood in all partici-
pating populations, which was meant to increase the possibility of
obtaining comparable data in different cultures; however, Hadza
had issues expressing taste with the applied scale, and thus even a
shorter, a 3-point scale had to be used for them. Consequently,
correlations among variables should be interpreted cautiously.
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