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ABSTRACT

The sensory quality of a food is related to its characteristics and the consumer’s ethno-social and

idiosyncratic conditions. In this study, honeys from three different environments in the Chaco region

of Córdoba (Argentina) were described qualitatively and quantitatively by specialized evaluators and

peasants. Honeys with a wide diversity of sensory attributes were evidenced. The samples from Salinas

Coast were characterized by high fluidity, those from Serrano Forest by quantity of crystals, and those

from Plain Forest by the greatest persistence of taste. The rural population distinguished honey from

Apis mellifera (Linnaeus, 1758), Plebeia nov. sp. (Schwarz, 1938) and Plebeia molesta (Puls, 1869), and

described them differentially. At the same time, the peasants used shared descriptors for P. molesta

honeys of similar geographical origin, and consumers´preference was 87.5%. We conclude that the

sensory components of P. molesta honeys allow their differentiation from the honeys of other melliferous

insects and according to the environment of origin. Alsothat the selection of this product as a favorite

could be modeled by idiosyncratic factors of the peasants, such as their place of residence and the

medicinal properties they attribute to it. Finally, we integrate and discuss the present results with

antecedents of this research within the framework of the Socio-ecological Maximization Theory, in an

approach to better understand the interaction between local consumers and NSBs.
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SIGNIFICANCE STATEMENT

This work contributes to the valorization of stingless native bee honeys (NSB) as food with particular
characteristics that differentiate them from other honeys. At the same time, it records the peasants´ selection
of this honey as their favorite. These results provide indispensable information for the characterization and
standardization of NSB honeys in Argentina and Latin America. This study is aligned with NSB sustainable
use and conservation projects to strengthen the food and medicinal systems of peasant peoples. It provides
ethnobiological information analyzed from the new Social-ecological Theory of Maximization wich can turn into
an input for sensory and food science for the Argentinean Food Code and for policies and programs of territorial
application.

INTRODUCTION

Honey is a natural sweet substance produced by
different bees and wasps, from the nectar of plants,
from secretions of their living parts, or from excre-
tions of sucking insects from plants. The insects col-
lect, transform and combine it with their own specific
substances, then deposit, dehydrate and store it in
the honeycomb to mature (Geisa and Hilgert 2019;
Jara 1996; Kamienkowski and Arenas 2012; Ulloa et
al. 2010). It is a widely used food in the world and
since ancient times nutritional, medicinal and sym-
bolic benefits have been attributed to it in different
cultures. To mention some legendary examples, honey
was the only sweetener known in Europe until the
end of the 15th century, when sugar cane began to
be introduced (Carmona 1999); it was also used in
mummification processes in Egypt due to its preserv-
ing characteristics and antimicrobials, demonstrated
in 360 BC (Isidro 2006). In Argentina, honey, was an
element of border exchange and trade between native
peoples with Spaniards, mulattos and mestizos at the
time of the Jesuit settlements in the 17th and 18th
centuries (Vitar 2000).

Honeys are differentiated, used and valued accord-
ing to the insects that produce them (Carvalho et al.
2018; Flores et al. 2018). In the central-northern re-
gion of Argentina, the use of wild honeys is deeply
rooted in the culture of both native peoples and peas-
ant communities, with a growing interest in recent
years (PNUD Argentina 2019). In this context, the
bases are being developed to strengthen “meliponi-
cultura” of some species of cultural value following
native stingless bees (NSB) breeding and sustainable
management practices (Gennari 2019).

NSB honeys have been recently incorporated into
the Argentine Food Code to generate quality stan-
dards that allow sanitary controls and harvesting,
processing and storage protocols (Secretaría de reg-
ulación y gestión sanitaria y Secretaría de alimen-
tos y bioeconomía 2019). NSB (Hymenoptera) are
represented by 37 species in Argentina (Álvarez et
al. 2016). Plebeia molesta (Family Apidae, Tribe
Meliponini) occurs in the northwest of Córdoba and is
locally known by rural people as quella, among other

common names.
Sensory quality can be defined as the appearance,

aroma, taste and texture. It has a key influence on
how consumers perceive the quality of a product and
on consumers’ preferences (Green-Petersen 2010).
The characteristics of a food are perceived through the
human senses and thus generate a sensory description
which allows differentiating one product from another
(Lawless and Heymann 2010). The sensory quality of
honeys depends on several factors such as their botan-
ical origin, prevailing climatic conditions, bee species,
and storage conditions (Milojković et al. 2015). Hon-
eys could vary, from light to dark color, liquid or crys-
tallized, more or less sweet, bitter or salty taste as
well as aromas such as fruit, floral, vegetable, warm,
chemical and animal.

In food, sensory quality results from the in-
teraction between the product and a person
(Sancho Valls et al. 1999) since the consumer can
perceive sensations related to their ethno-social, psy-
chological and physiological conditions. A sensory
evaluation may define the correspondence between
those attributes and consumers´ expectations (Araújo
et al. 2020; Ciappini et al. 2013).

The attributes of NSB honeys have been scarcely
studied in Latin America, with a few recent investiga-
tions addressing their sensory characterization (Deliza
and Vit 2013; Ferreira et al. 2009). In Argentina,
the honeys of some NSB species have been studied
in terms of their physicochemical and melissopalyno-
logical composition but were not subjected to sensory
characterization (Maurici et al. 2018).

Plebeia molesta honey is considered an ethnic food
among the peasants of the northwest of Córdoba (Ar-
gentina), it has been harvested since ancient times
and used for medicinal and nutritional purposes ac-
cording to the knowledge transmitted from generation
to generation. It is known as wild honey, pink honey,
tree honey, or quella honey and highly valued as a
food and medicine source (Geisa and Hilgert 2019).
This is a wild product of differential use considered
highly effective as a medicinal resource by the peas-
ants of Córdoba (Geisa and Hilgert 2019). In this
sense, it is observed that local populations make in-
tentional searches, have their own harvesting practices
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and, due to the scarcity of wild nests, currently handle
quella in wooden boxes and develop Meliponiculture
to guarantee its availability because of the benefits at-
tributed to it. Besides, Plebeia molesta produces an
average of 250 ml of honey per nest each summer sea-
son, being a limited resource. In the same way, it was
recorded that peasants conserve honey in their homes
for months and years to be used in the treatment of
health conditions, and they transmit particular ways
of employment according to each ailment (Geisa 2020)
from generation to generation.

The Social-ecological Theory of Maximization
(Albuquerque et al. 2019) mainly postulates that
over time, human beings build social-ecological sys-
tems to favor survival in different environments. In
particular, the conceptual model of environmental
maximization proposes how human populations select
a biota and use it over time in search for strategies
tending to reduce costs and maximize benefits. The
antecedents briefly mentioned in this research (Geisa
2020; Geisa and Hilgert 2019), agree with some ba-
sic concepts of this innovative theory elaborated from
Ethnobiology. That is why it seems appropriate to
explore our study within this theoretical framework,
integrating the new information obtained.

When considering the importance of quella honey
in the local culture, we propose that the current inter-
est in generating conditions and improving skills for
its breeding and for producing its honey, highlights
a conscious strategy to maximize the availability of
a resource selected by the level of cultural satisfac-
tors its possession implies. This interest was locally
developed by the growing perception of the decrease
in wild nests, the increase in clearings and changes
in land use in the region in recent decades. Instead
of replacing quella honey with Apis mellifera honey,
commonly produced in the region (Garzón and Young
2016), the local society has generated meliponiculture
as an adaptive response to changes to preserve a re-
source of traditional use. Meniponiculture being an
activity supported in recent years by different govern-
ment and academic agencies that promote the conser-
vation and sustainable use of these bees and non-wood
forest products of cultural, nutritional and medicinal
importance (Geisa 2020).

In light of these theoretical axes, we propose as
a working hypothesis that according to their sensory
attributes the honeys of Plebeia molesta are distinc-
tive with respect to the honeys produced by other
bees. For this reason, we hope to find that rural in-
habitants describe quella honey differently from hon-
eys of other insects and distinguish them from each
other. In turn, we consider that idiosyncratic con-
sumer factors (knowledge, beliefs, habits, behaviors,
etc.) influence the process of classification and se-
lection of a food. Taking into account that quella

honeys are valuable for these peasant communities as
a medicinal resourceof nutritional and symbolic im-
portance (Geisa and Hilgert 2019), and that the pref-
erence of a food is not only related to the sensation
of taste mediated by its organoleptic characteristics
(Sacho Valls et al. 1999), we hope to find that ru-
ral inhabitants choose P. molesta honeys as their fa-
vorite.The first objective of this work was to identify
the sensory characteristics of Plebeia molesta honeys
from three native forest environments in the north-
west of Córdoba, applying an evaluation carried out
by a group of researchers trained in sensory analysis.
Second, we analyzed the descriptions assigned to the
honeys of P. molesta, Apis mellifera and P. nov. sp.
from the perception of local residents, based on their
knowledge and personal experience; if they were dis-
tinguished from each other and which wered the hon-
eys preferred by the peasants. A final objective that
we propose is to present an approach to the analysis of
the relationship between the local peasants, the native
stingless bees and their honey within the framework
of the Social-ecological Theory of Maximization.

The results of this work provide novel information,
may contribute to the assessment of NSB honeys and
on their characterization. Through the use of two
different methodologies, the perspective of experts in
food characterization and that of local consumers is
obtained.

MATERIAL AND METHODS

Study area

The northwest of Córdoba province is located
within the Dry Chaco phytogeographic region of Ar-
gentina (Morello et al. 2012). The study area
encommpasses three natural environments along a
decreasing altitudinal gradient, with different plant
communities, climate, soils and relief: Serrano For-
est, Plain Forest or Western Chaco, and Salinas
Coast. Plebeia molesta occurs in the three environ-
ments. The study was conducted in rural localities
with well-preserved native vegetation in the depart-
ments of Cruz del Eje, Minas, Pocho, San Javier, and
Ischilín (Figure 1).

The inhabitants of northwestern Córdoba were
characterized as criollos or peasants: people of mixed
Spanish-aboriginal origins, descendants of Comechin-
gones and Sanavirones indigenous peoples and immi-
grants who arrived in the region during the Spanish
colonization (Grimaldi and Trillo 2018). The partici-
pants of this study harvest wild nests and some keep
P. molesta for honey production for self-consumption
and commercialization. They live in rural towns with
different degrees of urbanization and provision of ba-
sic services. In one of the towns (San Marcos Sierras),
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Figure 1. Córdoba province in Argentina (A) and sampled nests in the study area (B).

three native people communities are recognized by the
INAI (Instituto Nacional de Asuntos Indígenas) and
have legal status.

Methodology

Sampling of honeys

Regional residents with a link with P. molesta

honey were selected using the “Snowball technique”
(Bernard 2000). With its accompaniment, we identi-
fied and recorded 54 nests of Plebeia molesta during
the 2016-2017 summer season. 27 nests were opened
from dry trunks, branches and rustic boxes in resi-
dents’ piece of land (Figure 2).

Honey samples were gathered following the "Pro-

tocol for collecting samples of native stingless bee
(NSB) products and specimens" (INTA 2016), then
transported to the laboratory in a portable 12v re-
frigerator and kept at 4

◦C until honey analysis. The
amount of honey produced in each nest was very vari-
able (10 cm3 to 110 cm3); therefore, honey samples
were mixed taking into account the overlap of the es-
timated flight range of Plebeia molesta (Greenleaf et
al. 2007) and the proximity between nests. Ten (10)
samples of honeys (minimum 100 cm3) were obtained
(four from the Plain Forest, three from the Serrano
Forest and three from Salinas Coasts) for the sensory
evaluation by specialists. For sensory analysis by con-
sumers, honey samples (30 cm3) were not mixed and
included samples from two of the three environments
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Figure 2. Natural nest of Plebeia molesta (A). Honey harvest (B). Honey pots (size compared to that of the
finger of an adult person) (C).

(Salinas Coast was excluded due to the low amount
of honey collected).

Sensory evaluation by expert panel

The sensory analysis was performed in the CIDTA
- FRRo Laboratory of the Universidad Tecnológica
Nacional, using the Descriptive Quantitative Analy-
sis methodology. Sample presentation, work method-
ology and evaluation form followed Ciappini (2013).
A panel of seven selected and trained assessors (ISO
8586: 2012) identified the sensory stimuli, based on
previously learned standards.

The Sensory evaluation panel consisted of 7 as-
sessors, both male and female, in the age group of
23-56. They were selected from a recruited group of
thirty-six people using different screening tests: a ba-
sic taste test, an odour recognition test, the Ishihara
test for colour, two intensity ranking tests (acid taste
and bitter taste), a texture description test and a se-
quential test for difference. Assessors were trained in
odour and flavour lexicon with references and natural
products. Training involved fifteen sessions.

Testing was performed in individual booths. A
twenty-gram unique sample of honey was served at
room temperature (23 ± 5 ºC) in a wineglass labelled
with a three-digit code. Three successive phases were
considered: visual, olfactory and gustatory. Persis-
tence of taste was evaluated after swallowing the sam-
ple. Water and unsalted bread were used as palate
cleansers between samples. Perceived sensations were
recorded on individual sheets at first. Each term was
evaluated using a scale ranging from zero (absence) to
seven (very intense), allowing a quantitative measure-
ment (ISO 4121: 2006). The assessors were asked to
mark the perceived intensity of the attribute by draw-
ing a vertical line that intersected the visual analogi-
cal scale. Then the assessors met together and agreed
on the values obtained individually following the Con-
sensus Method (ISO 6564: 1985). This procedure was
repeted whit each honey sample.

Perception of local consumers

The sensory evaluation was carried out in a suit-
able room of the Cruz del Eje Cultural Center and
involved 24 residents of the region,10 men and 14
women between the ages of 25 and 70, who volun-
tarily attended and gave their prior informed consent
as participants. It was used the “Check All That Ap-
ply method” (Belusso et al. 2016) from a set of five
honeys placed in 30 cm3 glass containers. The tast-
ing methodology was explained to them: they should
observe, smell, and taste the honeys with a sterile stir-
ring rod; then, they had to fill the form, selecting and
adding the terms they considered suitable to describe
each sample (Additional file 1). In all cases, the honey
samples were identified with random three-digit num-
bers, so that the entomological and geographic origin
of each sample was unknown to the consumer.

This method was performed three successive
times. The first time involved five honeys: three sam-
ples of Plebeia molesta (two from the Plain Forest
and one from Serrano Forest), one of Apis mellifera

and one of Plebeia nov. sp. (commonly named man-
sita); the next two times involved sets composed of
P. molesta honeys. After this procedure, partici-
pants indicated which sample they liked best and
which samples corresponded to each melliferous in-
sect. Peasants mentioned that Plebeia molesta hon-
eys are similar, regardless of the environment of ori-
gin, and may change occasionally according to the tree
in which the nest is housed, although such change is
very rare (Geisa 2020).

Statistical analysis

Only consumers, in this case peasants, responded
for preferences, trained assessors do not because, as
a result of their training, their preferences are biased
and they are not considered as representative of the
local peasant community that is our population of in-
terest in this study.

To test our hypothesis, the following Pearson Chi-
square tests were performed to evaluate the indepen-
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dence between the analyzed variables, using the Info-
stat program (Di Rienzo et al. 2008):

a - According to our hypothesis, we hope to find
that the peasants differentiate the honeys of quella
based on the sensory attributes, with respect to
A. mellifera and Plebeia nov. sp. Therefore, we car-
ried out a Chi-square test to observe if the description
of the honey (color, smell, taste) and the classification
made by the peasants are independent from the insect
that produces it.

Furthermore, the associations between sen-
sory descriptions and the geographical origin of
Plebeia molesta honeys were examined using a prin-
cipal component analysis (PCA) and the results are
presented in a scatter biplot (Balzarini et al. 2008).
This exploratory analysis is related to our interest in
knowing whether the peasants assign different sensory
attributes to the quella honeys of different geograph-
ical origin.

b - Secondly, to evaluate whether the peasants pre-
fer quella honeys as we initially suggested, we per-
formed a Chi-square to observe if the honey selected
by the peasants as their favorite is associated with the
species of bee that produces it.

Then, considering that the place of residence is one
of the idiosyncratic factors that could influence the
peasants´preference process, we explored, by means
of a Principal Component Analysis (PCA), the honeys
selected by the participants as favorites, the partici-
pants´ place of residence and the honey geographical
origin.

RESULTS

Sensory description of honeys by
trained evaluators

The sensory evaluation made by trained assessors
indicated that P. molesta honeys are not uniform and
might differ according to the environment of origin.
The mean values of the sensory characteristics are
shown in Figure 3. The honeys showed differences
among the three geographical environments of origin.
The honeys from Salinas Coast showed high fluidity
(X̄ = 7); those from Serrano Forest stood out for
their quantity of crystals (X̄ = 6), were less sweet
and had more intense odors; and Plain Forest honeys
were distinguished by their taste, persistence and the
high variability of sensory characteristics with respect
to the other.

According to the qualitative description, aroma
and odor were the attributes with the greatest dif-
ferences between environments. Salinas Coast hon-
eys were characterized by a warm and fruity aroma;
those from Serrano Forest presented animal, veg-
etable, chemical, warm or fermented fruit aromas;

and Plain Forest honeys had a warm aroma of vanilla,
fruit, or vegetable wood. Honeys from the three en-
vironments had acid taste. Except for a sample from
Plain Forest, which was dark, the color of the remain-
ing honeys varied from light to dark amber. Qualita-
tive characterizations of each honey according to the
visual, olfactory and flavor examination are described
in the complementary material (Additional file 2).

Description and classification of honeys
according to consumer perception

The sensory evaluation that involved the peasants
aroused interest and surprise, since they perceived
P. molesta honeys of different colors, taste, aromas
and textures.

According to the Chi-square tests carried out,
the description made by the peasants and the dis-
tinction of honeys according to their sensory charac-
teristics (color, smell and flavor), are dependent on
the bees that produce them (quella, P nov. sp. and
A. mellifera), such as is observed in Table 1. There-
fore, our results support the proposed hypothesis, ob-
serving that the sensory differentiation that the peas-
ants make is related to the entomological origin of the
same.

The descriptors highlighted as attributes to rec-
ognize A. mellifera were flavor and consistency; and
for Plebeia nov. sp., descriptors distinctive included
honey acidity, unknown taste and smell with respect
to the wild honeys of P. molesta of "known" charac-
teristics.

The sensory descriptions assigned to the honeys
of each species are shown in Figure 4. The par-
ticipants mentioned medium and dark color, vari-
able hue and smell, very sweet taste (53%), acid
and somewhat salty the honey of P. molesta. The
honey of P. nov. sp. It was mostly described as hav-
ing a medium intensity color, “reddish hue” and
“greenish”, intense smell (80%), and acid taste (83%).
A. mellifera honey was characterized more frequently
by its light color (80%), mild odor (75%), yellowish
tone, and very sweet taste (100%).

Later, the results of PCA on the perception of sen-
sory characteristics of P. molesta honeys (Figure 5)
indicate that peasants’ descriptions generated honey
sensory profiles that differed with geographical origin.
PC1 and PC2 accounted for 60% of total variability.
The profile of Serrano Forest honeys is separated from
that of Plain Forest honeys by 39.4% along PC 1.

In this activity, it was observed that the hon-
eys were characterized in different ways, with some
attributes being common to honeys from the same
environment. The honeys from Serrano Forest were
described using the following attributes: dark color,
medium and intense aroma, acid, bitter and some-
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Figure 3. Average intensity of sensory stimuli in honeys of Plebeia molesta from three different environments
of northwestern Córdoba, within a range between 0 (absence) and 7 (very intense).

Table 1. Estimated values of the Chi-square statistic between the description of the sensory attributes and
the differentiation of honeys, and their entomological origin.

Parameters Chi-square Pearson Chi-square MV-G2
Conting.
coeff.
Cramer

Conting.
coeff.
Pearson

Value df p Value df p

Sensory attributes assigned
for the description of honeys

183.09 112 <0.0001 176.85 112 0.0001 0.75 0.79

Distinction of honeys according
to their entomological origin

225.47 188 0.0321 210.45 188 0.1254 0.78 0.81

thing salty taste. As for the Plain Forest honeys, the
descriptors common to all the samples from this envi-
ronment were medium color, mild odor and very sweet
taste.

Honeys preferred by peasants

Different P. molesta honeys were selected as fa-
vorites in 87.5% of the cases. According to the Chi-
square statistic (Table 2), it was observed that the
honeys chosen as favorites are associated with the bee
that produces them (p = 0.028).

Two honeys from Plebeia molesta from Plain For-
est were selected with 32% citations each, and to a
lesser extent honeys from P. molesta from Bosque Ser-
rano (23.5%). A. mellifera honey was preferred by
14% of the peasants.

Figure 6 shows the results of the PCA for honey
preference of the 24 participants relative to their res-
idence environments. PC1 and PC2 accounted for
77.3% of the total variability. The consumer prefer-

ence for a given honey was associated with their site
of residence, and opposed to the geographical origin of
honey in 43.1% (PC 1). In other words, this cultural
factor would be influencing the process of selecting a
honey by the peasants.

DISCUSSION

In this work we present the first sensory descrip-
tions for P. molesta honeys. Then, according to tour
results, we confirm that rural inhabitants identify
quella honey from honeys produced by other bees
based on their sensory attributes, describe them in
different ways and, in turn, select them as their fa-
vorites, which supports our initial working hypothe-
sis.

The analyzes by trained evaluators show that
P. molesta honeys are not uniform in their sensory
characteristics and might differ according to the en-
vironment of origin. These varieties may be related
to the different types of nectars bees use to produce
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Figure 4. Description of honeys by non-expert consumers.

Figure 5. Profiles of honeys from Plain Forest (yellow) and Serrano Forest (red) according to the descriptions
made by local consumers.

Table 2. Chi-square statistic estimated for the preference in relation to the entomological origin of the honeys.

Parameters Chi-square Pearson Chi-square MV-G2
Conting.
coeff.
Cramer

Conting.
coeff.
Pearson

Value df p Value df p

Honey select
as favorite

20 6 0.0028 16.91 6 0.0096 0.71 0.71

their honeys, their flight range, and bees physiology
and foraging habits, as indicated for A. mellifera hon-

eys (Montenegro et al. 2008) and other NSB species
(Vit et al. 2011). Therefore, studies on sensory char-
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Figure 6. Preferred honey in relation to the consumer’s place of residence and honey geographical origin.
Peasants from Serrano Forest are indicated in red, those from the Plain Forest are indicated in yellow, and
those from other environments in black.

acterization of P. molesta honeys should be further
extended and complemented with palynological ana-
lyzes in order to associate their attributes with their
botanical origin.

Similarly, peasants described P. molesta honeys
using attributes common to honeys of the same geo-
graphical origin and recognizing particular character-
istics in honeys from different environments. This was
also observed in the responses of consumers on the dis-
tinction between A. mellifera and P. nov. sp. hon-
eys, with respect to the wild honeys of P. molesta; ar-
guing that they recognized "known" and "unknown"
flavors. The classification systems used by rural
groups to describe and recognize NSB honeys are re-
ported for other regions of the country and Latin
America (Ferreira et al. 2009; Zamudio and Hilgert
2017), and as observed in this study, are part of the
"cultural domain" (Albuquerque et al. 2019) struc-
tured around the perceptions, knowledge and prac-
tices of the peasants in relation to this resource.

The sensory perception of a food item is related to
the consumers’ ethnic-social, psychological and physi-
ological conditions which determine their level of com-
fort and pleasure. Consumers not only taste what
they eat, but also value what food means to them in
terms of tradition, feelings and values (Shack 1995).
This phenomenon responds to a pattern acquired dur-
ing childhood which will make people select and reject
food throughout life.

In this work, the preferred honeys, were those of
P. molesta; and in the analyzes carried out we ob-
served that cultural factors such as the consumer’s
place of residence could be intervening with the pref-
erence process of this food. Indeed, in some cases
the consumer’s place of residence coincided with the

honey collection site that they selected as their fa-
vorite. In addition, the differential use of this honey in
the traditional medicine of these communities consid-
eres it highly effective in the treatment of conditions
of various body systems in people of all ages (from
newborn children to older adults) (Geisa and Hilgert
2019). These observations suggest the importance of
the cultural component in defining feelings of accep-
tance of a food item, linked to subjective factors or
impressions that influence the selection of the "most
delicious" or "the best honey". Savoring a known
food can reflect the power of everyday experiences to
evoke memories on which identities are formed, as well
as local knowledge, which makes people prefer or re-
ject food throughout life (Shack 1995; Sutton 2001).
Similarly, a higher level of acceptance of NSB honey
by people from different countries in Latin America
was demonstrated, compared to consumers in Euro-
pean countries where this honey is alien to the place
they inhabit (Deliza and Vit 2013). In this sense,
we consider it interesting to deepen studies that ad-
dress other idiosyncratic factors that may be modeling
the process of description, classification and selection
of this resource, in order to identify which of them
have the greatest influence on the relationship "food
/ honey-consumer / peasant".

The place of residence, together with the food and
medicinal uses observed in Geisa and Hilgert (2019),
are idiosyncratic factors that could be influencing the
selection of this currently scarce resource. At the
same time, in a context where there are different alter-
natives the preference of a food decisively influences
its obtention and consumption (Maya and Alemán
1993). Therefore, the selection of P. molesta honeys
as favorites can be one of the strongest modelers of
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the strategies that peasants organize and structure to
meet their consumer demand.

According to the farmers, the costs of finding wild
nests are increasingly high and alternatively, they are
beginning to develop meliponiculture to ensure this
resource used to strengthen health (Geisa 2020; Geisa
and Hilgert 2019). We consider this action as a strat-
egy that they develop in order to maintain the sur-
vival of the communities, seeking the "maximum per-
formance" of this resource, defined as the best pos-
sible result according to the social-ecological theory
of maximization (Albuquerque et al. 2019). From
this perspective, Meliponiculture can be considered
the "non-random experimentation" that rural popu-
lations are currently deploying in the territory to in-
corporate the management and production of quella

honey in their diversified production systems.
In the northwest of Córdoba, the most accessible

honey in terms of quantity is that of Apis mellifera,
which has been produced in the territory for more
than 100 years, mainly by small and medium peasant
beekeepers (Mesa Apícola del Noroeste de Córdoba
2016). However, the demand for quella honey has not
been replaced by that of A. mellifera honey, on the
contrary, we observe that the value of P. molesta and
its honey has been increasing in recent years. In this
sense, in Geisa and Hilgert (2019) the contrasted atti-
tudes that peasants recognize according to their previ-
ous and present perceptions are mentioned: "Decades
ago, quella was considered such an annoying insect
during work in the forest, that the nests were with-
drawn only with the purpose of reducing its abun-
dance in the workplace. Currently, this perception
has changed towards a high interest in having hives in
the house, learning about the management of colonies
and being able to harvest honey without damaging the
nest; getting to recognize sites nearby with mature
forest that can provide mother nests". In this way,
we can observe that different cognitive and behav-
ioral mechanisms of peasants in relation to P. molesta

have changed over time. At present they prioritize the
development of meliponiculture and the management
and conservation for obtaining and maximizing the re-
source as a strategy, in contrast to the wild exploita-
tion they have practiced since ancient times. They
perceive this previous practice as counterproductive
since, the harvested nest is lost, reducing the repro-
duction of colonies in the forest, and consequently de-
creasing the chances of obtaining this honey which has
medicinal properties and is preferred over the honeys
of other melliferous insects. According to the study
antecedents and the results found, we consider that
the interaction of peasants with Plebeia molesta and
their honey can exemplify the Model of Maximum En-
vironmental Performance (Albuquerque et al. 2019).

On the other hand, the quality standards estab-

lished by the legislation for honeys of the genus Apis

do not apply to the evaluation of the quality of NSB
honeys (Secretaría de Regulación y Gestión Sanitaria
y Secretaría de Alimentos y Bioeconomía 2019) as re-
ported for other Latin American countries (Vit 2008).
Acid taste was recognized in the honeys of the two
evaluated NSBs but not in A. mellifera, as observed
in other regions of Latin America (Ferreira et al. 2009;
Vit et al. 2011). Thus, acid taste could be a distinc-
tive descriptor of NSB honey. In both types of eval-
uations (with experts and local consumers), a termi-
nology exclusive for NSB honey descriptors could be
used in order to classify these honeys and describe the
universe of perceived sensations, as defined in other
Latin American countries (Vit 2008). In agreement
with Ciappini (2013), our findings suggest that the
application of a sensory analysis to a given product
requires adapting the general methodology of this dis-
cipline to that particular product.

This work may contribute to the conservation of
NSBs through the valuation of their honeys, culture
of peasants from northwest of Córdoba and the con-
servation of native forests.

CONCLUSION

The sensory attributes of P. molesta esta honeys
allow them to be recognized and described as distinc-
tive products from the honeys of other melliferous in-
sects. Idiosyncratic factors of rural inhabitants could
be modeling the selection of this resource as their fa-
vorite.

The preference of this food, its differential uses and
the scarcity of wild nests recognized by the peasants
are part of the elements that drive the management
processes of NSB in order to guarantee the availability
and access to their honeys of nutritional and medici-
nal value.

The results observed in this work and its an-
tecedents can exemplify basic concepts and definitions
of the Social-ecological Theory of Maximization and
the Model of Maximum Environmental Performance
proposed from Ethnobiology, in an attempt to ap-
proach the understanding of the interaction between
peasants and their environment. Peasants choose
P. molesta honey as part of their socio-ecological sys-
tems, they look for it intentionally and they incorpo-
rate it into their nutrition and health strategies, and
therefore into their survival mechanisms. In addition
to this, they select it as a favorite food and are cur-
rently seeking to meet the demand they make for this
resource through meliponiculture.

The results of the laboratory analyses showed that
the honeys of a given environment share attributes
that make them particular products.
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The sensory response of rural consumers reflects a
subjective process influenced by culture in the percep-
tion and preference for P. molesta honeys. In addi-
tion, the sensory component of NSB honeys has been
sufficient to discriminate them from Apis mellifera

honeys.
This first approach to the sensory evaluation of

Plebeia molesta honeys aims to contribute to the ap-
praisal of the NSBs from Córdoba, recognizing their
characteristics and their status as a favorite food
for local consumers. In order to continue analyzing
the quality of quella honey, the present results must
be deepened and complemented with palynological,
physical-chemical and microbiological studies.
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Additional Files

Add File 1. Return provided to peasants for the recognition of sensory characteristics of wild honey.

Characteristics Honney Honey Honey

Color
Light
medium
Dark

Tone

Reddish
Yellowish
Greenishi
Other (describe)

Odor

Light
Medium
Intense
What does this smell remind you of?
Describe the odor (i.e. flower, alcohol, wood...)

Taste

Sweet
Bitter
Acid
Somewhat salt

• What honeys belong to Apis mellifera and “mansita"?
A. Apis mellifera: Honey N◦.........
B. Honey of “mansita": Honey N◦..........

• How are the different from “quella" honeys?
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Add File 2. Description of the characteristics of the honey of Plebeia molesta belonging to three environments of the northwest of Córdoba (visual,
olfactory and gustatory examination).

Honeys
Visual Examination Olfactory Examination Gustatory Examination

Physical state Color
Intensity
of odor

Description
of odor

Taste Aroma Persistence

M1
Very fluid sample, with
few very small crystals
and impurities

Between
amber and
dark amber

Moderate Warm. Fruit

Sweetness between
weak and moderate.
Acid, salty and bitter:
absence

Warm, fruity,
typical of
Apis mellifera

honey. Very weak
to prune

Almost
imperceptible,
no residual taste

M2

Very fluid sample, with
very few very small
crystals or without
crystals.

Dark amber
Between
week and
moderate

Warm, fruity
(ripe fruit)

Moderate sweetness.
Acid, salty and bitter:
absence

Warm
Low, no residual
taste

M3
Very fluid sample, with
impurities, without
crystals

Between
amber and
dark amber

Between
week and
moderate

Warm, fruity
(processed fruit)

Moderate sweetness
Acid, salty and bitter:
weak acidity

Warm, fruity (ripe
fruit, coffee note)

Medium, no
residual taste

M4

Sample with abundant
amount of crystals, small
and very fluid. It presents
impurities

Clear amber
Between
week and
moderate

Animal (dried
pine mushrooms)

Sweetness between
weak and moderate.
Acid, salty and bitter:
absence

Animal (protein),
warm, "very past
fruit"

Between low and
medium, without
residual taste

M5

Sample with abundant
amount of crystals, very
small and fluid. It presents
impurities

Amber
Medium
intensity

Warm, fruit, animal
Weak sweetness
and Acid

Chemical
(medicinal),
vegetable (moist)

Low, with astringent
trigeminal sensation

M6

Homogeneous sample,
with abundance of very
fine crystals and almost
zero fluidity

Between
amber and
dark amber;
greenish notes

Moderate
Animal (dried
pine mushrooms)

Weak sweetness Acid,
salty and bitter:
weak acidity

Animal (protein),
vegetable,
chemical

Medium, no
residual taste

M7
Barely fluid, with
abundant very fine
crystals

Clear amber Weak Warm
Intense sweetness Acid,
salty and bitter: absence

Warm (vanilla,
caramel milk)

In between, without
residual taste

M8
Very fluid sample with
absence of crystals,
presents impurities

Dark amber Moderate
Fruit (processed
fruit),
warm (burned)

Sweetness between
moderate and intense.
Acid

Fruit (prune),
warm (burned)

Between medium
and long, without
residual taste

M9

Sample with abundant
amount of very fine
crystals and almost z
ero fluidity

Amber very
clear

Between
weak and
moderate

Warm (beewax).
Fruit

Moderate sweetness
Acid, salty and bitter:
absence

Warm, aromatic
(anethole). Oral
touch sensation:
buttery, unctuous

Medium, without
residual taste

M10
Very fluid sample, without
crystals

Dark Weak
Vegetable (wet).
Fruit (raisin)

Sweetness between
weak and moderate.
Acid, salty and bitter:
absence

Fruit. Vegetable
(wood)

Low, no residual
taste
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