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INTRODUCTION

Meliponiculture, or the keeping of stingless 
bees (Hymenoptera: Apidae: Meliponini) for honey 
production, is an activity which has been performed 
since the ancient times by traditional communities 
in tropical and subtropical areas (CORTOPASSI-
LAURINO et al., 2006; CAMARGO & PEDRO, 

2007; MICHENER, 2007). Traditional methods of 
harvesting honey involve the destruction of honey 
pots, surrounding cerumen (beeswax mixed with 
resin), brood cells, and often even the cavities hosting 
the colony (KERR et al., 2001; RASMUSSEN & 
CASTILLO, 2003). These traditional methods may 
include the complete removal of resources due to 
the destruction of honey pots and are frequently 
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ABSTRACT: Meliponiculture and associated honey production are activities with a great potential for general use and commercialization 
in the Peruvian Amazon. Lack of management techniques and limited knowledge of honey quality are two factors which may hinder the 
implementation of meliponiculture. The present study was conducted in three communities in the Peruvian Amazon where the production and 
physicochemical and microbiological characteristics of honey from Melipona eburnea were evaluated at 90 days following transfer from 
natural to rational hives. Honey from M. eburnea was also compared with the 90-day-old honey from Melipona grandis, Melipona illota, 
and Melipona titania. In addition, 180-day-old honey from M. eburnea was sampled and compared with the younger 90-day-old honey. The 
production of honey varied from 900 to 1400 mL/colony/3 months for M. eburnea. When moisture and total sugars among the different species 
of Melipona were compared, no significant differences were observed. Neither were there significant differences between the M. eburnea honey 
at 90 and 180 days of maturation. Microbiological analyses for both treatments had values <0.3/g most probable number (MPN) of coliforms 
and organisms of fecal origin. Stingless bee honey can therefore be harvested after 3 months, by which time its physicochemical characteristics 
are stable and it is microbiologically suitable for human consumption.
Key words: Meliponiculture, stingless bees, production, quality, consumption.

RESUMO: A meliponicultura e a produção associada de mel é uma atividade com grande potencial de uso e comercialização na Amazônia 
peruana, contudo, as poucas técnicas de manejo e o pouco conhecimento da qualidade do mel oferecido limitam seu desenvolvimento. O presente 
estudo foi realizado em três comunidades da Amazônia peruana, onde a produção e as características físico-químicas e microbiológicas do 
mel de Melipona eburnea foram avaliadas 90 dias após a instalação em colmeias racionais. O mel de M. eburnea também foi comparado ao 
mel de 90 dias de M. grandis, M. illota e M. titania. Além disso, o mel de M. eburnea foi amostrado aos 180 dias. A produção de mel variou 
de 900 a 1400 ml/colônia/três meses para M. eburnea. Quando a umidade e os açúcares totais foram comparados entre as diferentes espécies, 
não foram encontradas diferenças significativas. Também não foram encontradas diferenças significativas para o mel de M. eburnea aos 90 
e 180 dias de maturação. As análises microbiológicas para os dois tratamentos apresentaram valores <0,3 / g MPN (número mais provável) 
de coliformes e organismos de origem fecal. O mel de abelha sem ferrão pode, portanto, ser colhido após três meses, pois mantém suas 
características físico-químicas e é microbiologicamente adequado para consumo humano.
Palavras-chave: Meliponicultura, abelhas sem ferrão, produção, qualidade, consumo.
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followed by the death of the colony (EARDLEY 
& KWAPONG, 2013; QUEZADA-EUÁN et al., 
2018). In contrast, sustainable meliponiculture 
is an activity that fits well within the framework 
of diversification and sustainable use of the 
Amazonian territory. Here, meliponiculture could 
be integrated into agroforestry plantations, where it 
would facilitate pollination and thus increase crop 
production (GIANNINI et al., 2015; GARIBALDI 
et al., 2016). Management techniques for increasing 
honey production for stingless bees have been 
studied outside Peru with non-Peruvian species 
(KOFFLER et al., 2015; VENTURIERI et al., 2018; 
JAFFÉ et al., 2015), whereas honey quality based on 
physicochemical and microbiological characteristics 
has been studied both in Peru (RODRÍGUEZ-
MALAVER et al., 2009) and elsewhere (LAGE et al., 
2012; VIT, 2013; LEMOS et al., 2017; FERNANDES 
et al., 2018).

Stingless bee honey and related products, 
such as pollen, wax, and propolis, are harvested 
by communities for use in medicine, food and for 
religious and cultural activities (QUEZADA-EUÁN 
et al., 2018; ALVES & ALVES 2011), including the 
Peruvian Amazon (RASMUSSEN & CASTILLO, 
2003; RODRÍGUEZ-MALAVER et al., 2009). The 
physicochemical composition of honey depends on 
the nectar and the physiology of each bee species 
that produce honey with its species-specific set 
of physical, chemical, biochemical and sensorial 
characteristics, in addition to the effect of climate, 
soil conditions and practices of hive handling and 
management (ESTEVINHO et al., 2016; SOUSA 
et al., 2016; ARAÚJO et al., 2017; SHAMSUDIN 
et al., 2019). Geographical origin and in particular 
botanical composition of the honey may also interfere 
with the physicochemical properties and eventually 
the product quality (FERNANDEZ ET AL., 2017; 
YA’AKOB et al., 2019).

Honey from multiple species of stingless 
bee exhibit a great potential for human consumption 
and commercialization due to the higher content 
of polyphenolic compounds, flavonoids, and 
antioxidants, as compared with Apis mellifera 
honey (RODRÍGUEZ-MALAVER et al., 2009; 
OLIVEIRA et al., 2012; KHONGKWANMUEANG 
et al., 2020). In addition, bioactive, therapeutic, and 
medicinal effects of stingless bee honeys have been 
documented across different stingless bee species 
(WATANABE et al., 2014; BILUCA et al., 2016; 
RAO et al., 2016; YAACOB et al., 2017; AMIN et 
al., 2018; KHONGKWANMUEANG et al., 2020). 
Globally, there are more than 500 species of stingless 

bees, the majority of which are described from the 
Neotropical and Sub-Tropical region (CAMARGO & 
PEDRO, 2007; MICHENER, 2013). RASMUSSEN 
& DELGADO (2019) reported 69 different species 
of stingless bees from Loreto in Perú; although, as 
many as 140 different Peruvian species of stingless 
bees are known. This number includes many as of yet 
undescribed species.

There are a few studies on Melipona 
eburnea, which is the main species of stingless bee 
kept in the central and northern Peruvian Amazon 
(RASMUSSEN & CASTILLO 2003; DELGADO 
et al., 2019). The aim of the current study was to 
assess the feasibility in terms of profitability and 
sustainable management of honey production from 
M. eburnea and related stingless bee species in Peru. 
The use of standard hives was evaluated, and honey 
samples were assessed for quantity, physicochemical 
properties, and microbiological characteristics, at 
two different maturation ages. We also compared the 
characteristics of M. eburnea honey with that of three 
other related species in the same genus (M. grandis, 
M. illota, and M. titania) which are often kept in 
close proximity to M. eburnea colonies in flooded 
agroforestry systems in Peru.

MATERIALS   AND   METHODS

Study areas
The study was conducted from January 

2016 to May 2018 in “meliponarios” (a collection of 
stingless bee hives) established in three communities 
located in the buffer zone of the Pacaya–Samiria 
National Reserve (RNPS) in Loreto, Peru; in the 
community of Chingana (−4.7190°, −73.5460°) and 
Bagazán (−4.7238°, −73.5327°) both in the province 
of Requena; and in the community of San Francisco 
(−4.4469°, −73.5149°) in the province of Loreto. 
The nutrient-rich soils occur on a flat topography 
which is flooded for 4 to 5 months every year when 
river levels rise (KALLIOLA et al., 1993). The 
climate is characterized as tropical humid with two 
well-defined seasons: the lowering of river levels or 
summer season, which coincides with the season of 
least precipitation (May to October), and the rising 
of river levels or winter season, which coincides with 
the season of greatest precipitation (November to 
April). Climatic conditions include an average annual 
temperature of 25.9 °C ± 2.0, high relative humidity 
(90%), and an annual rainfall of 2750 mm (KVIST 
& NEBEL, 2001). In these flooded agroforestry 
systems, a great diversity of crops are cultivated. 
Together with the surrounding natural vegetation, 
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they constitute an abundant source of floral resources 
for bees throughout the year.

Management
For the present study, vertical rational 

boxes were used, following the design by 
VENTURIERI et al. (2018), but modified according 
to the size of the honey and pollen pots of Peruvian 
M. eburnea. The rational boxes are composed of five 
pieces: trash, nest, top-nest, two honey sections, and 
lid (Figure 1 and Figure 2). For the present study, 
the height of the honey sections were reduced to 
4.5 cm, in keeping with the known maximum height 
of honey and pollen storage pots in M. eburnea 
(DELGADO et al., 2019). With this modification, the 
storage pots are forced into a single layer from which 
the honey may be harvested by opening the operculum 
of the pots and avoiding further destruction of the 
pots. Six colonies of M. eburnea originally kept 
in traditional log hives were transferred to an equal 
number of rational hive boxes. After a minimum of 2 
months to allow the colonies to become habituated 
to the rational boxes, the six colonies were divided 
twice over a period of 10 months so that 24 colonies 
were obtained for the study. No artificial feeding was 
added in the period. In the rational hive boxes, the total 
volume of honey produced and its physicochemical 
and microbiological characteristics were assessed 

after 90 (T1) and 180 days (T2), following the first 
honey harvest. Colony growth was evaluated at 
90 and 180 days after the nest installation or nest 
division. To evaluate colony growth and to generate 
new hives for the study, strong nests were selected 
at the outset which had 8–11 brood combs, including 
at least three yellowish combs, an indication that 
juvenile individuals were close to emergence. When 
larvae are still growing, combs are dark brown in 
color. From these colonies, four new combs with 
adult bees were each transferred to new rational hive 
boxes (daughter colony), with the rest of the brood 
remaining in the mother colony. While it was not 
possible to assess the population size of each colony, 
the colonies were of a comparable size as the same 
number and size of brood combs were used to start 
each colony.

Physicochemical and microbiological 
characterization of honey

The physicochemical and microbiological 
characterization of honey was conducted after 90 days 
of colony growth for M. eburnea, M. grandis, and M. 
illota. Unfortunately, samples could only be taken at 
both 90 and 180 days for M. eburnea. Honey from the 
scarce M. titania was extracted from a natural log hive 
of unknown age and included here for reference only. 
Honey was extracted using a 100-mL hypodermic 

Figure 1 - Rational box used in the breeding of M. eburnea in the department of Loreto. A) Trash, B) 
nest, C) top-nest, D) two honey sections, E) lid, F) nest and top-nest.
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syringe and then placed in plastic bottles disinfected 
with a sodium hypochlorite solution. Samples were 
transported to the laboratory to measure the total 
amount of honey to the nearest hundred in a graduated 
cylinder with a maximum volume of 1500 mL. Honey 
samples were analyzed in the laboratories of Servicio 
de Certificaciónes del Perú S.A. (CERPER), Lima, 
Peru. The physicochemical variables evaluated and 
protocols followed were as follows: moisture (NTP 
209.171:1999, 2014; g/100 g honey), ash (NTP 
209.175:1999, 2014; g/100 g honey), pH (AOAC, 
2016; units at 25 °C), 5-hydroxymethylfurfural using 
the spectrophotometric method (NTP 209.176:1999, 
2014; mg HMF/100 g honey), diastase activity 
(NTP 209.177:1999, 2014; 1% starch solution/g 
honey/h, at 40 °C), and total and individual sugars 
using the HPLC method (AACC, 2010; g/100 
g honey, fructose, glucose, sucrose (saccharose), 
maltose, or lactose). The microbiological variables 
were assessed by the most probable number 
(MPN) (INTERNATIONAL COMMISSION ON 
MICROBIOLOGICAL SPECIFICATIONS FOR 

FOODS (ICMSF), 1983). Statistical tests were 
conducted using the program BioEstat 5.0 (Sociedade 
Civil Mamirauá, Amazonas, Brazil).

RESULTS   AND   DISCUSSION

Management
Melipona eburnea, locally known as 

“ronsapilla,” “ronsapilla amarilla,” “pacuchita,” 
“boca de sapo,” or “la legitima,” was the most 
commonly encountered species of stingless bee kept 
in traditional tree trunk hives or boxes (Figure 3A, 
figure 3B). Following the habituation period of bees 
to the rational hive boxes, the production of honey 
during both time treatments varied from 900 to 1400 
mL/colony/3 months; the production after 90 days 
was on average 1200 mL (SD = 144; N = 12), and 
after 180 days, it had increased slightly to an average 
of 1300 mL (SD = 113; N = 11). The difference in 
honey volume between the two time points was not 
significant (P = 0.166, Mann–Whitney U test). The 
production of stingless bee honey in traditional 

Figure 2 - Design with the measurements of the rational box. A). External view, B) internal cut of the honey sections, C) 
internal cut of the nest and top-nest.
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logs or boxes is on average 250–1800 mL every 
8–16 months. However, this production may be 
significantly increased if modern rational boxes are 
used. Production can reach up to 4800 mL/12 months 
(extrapolation of 1200 mL/3 months * 4) or four times 
more than the production in traditional logs. After 90 
days following colony splitting, the daughter colonies 
produced 8–11 brood combs, with diameters up to 
17 cm in the last three combs; the upper part of the 
cells was brown to yellow in color (N = 22) (Figure 
3C, figure 3D and figure 3E). In the original mother 
colonies, colony sizes recovered at a faster rate, due 
in part to the greater number of adult individuals and 
the brood combs that remained in place.

While evaluations were carried out 
during the peak flowering season, flowering in 

these natural and cultivated flooded systems occurs 
throughout the year. Rates of honey production 
that we quantified are in line with previous studies 
on a related species: Melipona fasciculata in the 
Pará State produced 3000–4000 mL/colony/year 
(MAGALHÃES & VENTURIERI, 2010). The post-
harvest stress suffered by the colony stimulates the 
bees to collect more honey in the initial months 
following the extraction (GOSTINSKI et al., 2017). 
Similar behavior was observed in the present study 
where honey gathering increased after the first batch 
of honey had been removed. This is in contrast to 
the initial colony transfer to a rational hive, when 
the bees must first produce wax and collect mud 
and resins to protect and restore the colony before 
they can gather resources. The destruction of honey 

Figure 3 - Evaluation of the meliponiculture in agroforestry systems of three communities 
in the Peruvian Amazon. A) Melipona eburnea scout, B) traditional method of 
raising bees, C) meliponary with rational boxes, d) growing nest with immature 
brood plates, E) nest with mature breeding plate after 3 months, F) breeding 
plates attacked by Phoridae flies.
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and pollen pots during the honey harvest is one of 
the main factors in the low production in traditional 
meliponiculture systems.

Physicochemical and microbiological 
characterization of honey

During this study, 13 samples of honey 
were collected from stingless bees kept in rational 
hives, namely, six samples of M. eburnea, four of 
M. grandis, and three of M. illota. In addition, two 
honey samples of M. titania were collected from 
log hives. Three of the M. eburnea honey samples 
were taken after 90 days, and three, from different 
colonies, were taken after 180 days. Physicochemical 
and microbiological characteristics of honey were 
similar for the four species and within each species 
at the two time points; Moisture 30.9 (g/100 g 
honey), Ash 0.1 (g/100 g honey), pH 3.2 (at 25 °C), 
5-hydroxymethylfurfural 6.1 (mg HMF/100 g honey), 
Diastase activity 11.3 (1% starch solution/g honey/h, 
at 40 °C), and Total sugars 53.3 (g/100 g honey) 
(Table 1). When the variable moisture and total sugars 
were compared among the species, no significant 
differences were observed for moisture (P = 0.72, 
ANOVA test) or total sugars (P = 0.57, ANOVA test). 
The characteristics of M. eburnea honey were similar 
at 90 and 180 days, with no significant differences for 
moisture (P = 0.46, t-test) or total sugars (P = 0.43, 
t-test) (Table 2). The microbiological analysis of 
honey for the different species and for M. eburnea 
honey harvested at 90 and 180 days resulted in values 
<0.3 NMP/g. This suggested that M. eburnea honey 

can be harvested 90 days after each harvest, as the 
physicochemical and microbiological characteristics 
are similar to mature honeys greater than 180 days. 
When the quality parameters of stingless bee honey 
were compared with those for the western honey 
bee Apis mellifera in the Codex Alimentarius, the 
moisture content of stingless bee honey (30.91%, 
SD = 3.26) was above the maximum allowed for 
A. mellifera (<20%), whereas total sugars (53.33 
g/100 g honey, SD = 5.52) were below the minimum 
required for honey from A. mellifera (>60 g/100 g 
honey). Studies conducted on honeys from different 
species of stingless bees in Peru (RODRÍGUEZ-
MALAVER et al., 2009) and elsewhere (BILUCA 
et al., 2016; GOMES et al., 2017; LEMOS et al., 
2017; FERNANDES et al., 2018) exhibited similar 
characteristics, which emphasizes the necessity to 
establish a technical standard specific to honey from 
stingless bees. Moisture is one of the parameters 
important for quality as it is related to the fermentation 
of honey. Honeys that have >20% moisture are much 
more prone to fermentation. However, stingless 
bee honeys in the present study were extracted 
under clean conditions and stored at ambient 
temperature for nearly 4 years without fermentation. 
The high antibiotic content present in the honey of 
stingless bees may be one of the reasons why rapid 
fermentation is avoided, as long as contaminations 
during collection are kept to a minimum. Laboratory 
tests of stingless bee honey have, for example, 
revealed that stingless bee honey is a more powerful 
inhibitor of bacteria than honey from A. mellifera bees 

 

Table 1 - Physicochemical characterization of honey from Melipona eburnea, M. illota, and M. grandis. Differences between these 
honeys were not significantly different (P = 0.72, ANOVA test). 

 

Species/Tests M. eburnea n=6 M. grandis n=4 M. illota n=3 M. titania n=2 Total X/ SD 

Moisture (g/100 g honey) 31.76 30.85 28.9 31.3 30.9/3.2 
Ash (g/100 g honey) 0.06 0.04 0.04 0.06 0.1/0.0 
pH (at 25 °C) 3.22 3.08 3.41 3.24 3.2/ 0.3 
5-hydroxymethylfurfural (mg HMF/100 
g honey) 12.04 2.4 1.81 1.68 6.1/15.4 

Diastase activity (1% starch solution/g 
honey/h, at 40 °C) 9.8 10.12 15.5 - 11.3/6.1 

Total sugars (g/100 g honey) 55.8 50.71 55.96 55.51 53.3/5.5 
Glucose (g/100 g honey) 26.61 24.26 26.97 27.33 25.5/3.1 
Fructose (g/100 g honey) 28.98 26.01 28.99 28.18 27.4/3.2 
Saccharose (g/100 g honey) < 7 < 7 < 7 < 7 <.7 
Lactose (g/100 g honey) < 7 < 7 < 7 < 7 < 7 
Maltose (g/100 g honey) < 7 < 7 < 7 < 7 < 7 
Coliforms MPN < 3 < 3 < 3 < 3 < 3 
Organisms of fecal origin < 3 < 3 < 3 < 3 < 3 
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(BRADBEAR, 2009; RODRÍGUEZ-MALAVER et 
al., 2009; YAACOB, et al., 2017; AMIN et al., 2018; 
KHONGKWANMUEANG et al., 2020).

Opportunities for marketing and market
The wide uses of stingless honey in 

traditional medicine, the increasing scientific 
evidence of the presence of chemical compounds, 
and their curative effects for several diseases are 
factors that favor the local and regional growth 
of the market for this product. Traditionally, the 
commercialization of honey is carried out on the 
sidewalks of local markets and by street vendors in 
the big cities of the Peruvian Amazon. A 600-mL 
bottle of stingless bee honey or Apis mellifera honey 
extracted from the rainforest is sold for between 3.00 
and 4.50 USD (1 USD = 3.34 PEN). This honey is 
often offered with abundant solid residues of wood, 
geopropolis (soil-enriched resin), and dead bees 
and sometimes adulterated with foreign products that 
limit its commercialization. Buyers are; therefore, 
willing to pay better prices for honeys directly from 
the meliponaries that guarantee an unaltered purity. 
Communities that are adopting production practices in 
rational hive boxes can properly market their product 
with basic quality information in a 600-mL bottle for 
15 USD. In the community of San Francisco on the 
Marañón River, stingless beekeeping in hives is 
now incorporated into their tourist activities. Tourist 
companies that for many years have visited the 
community for the beautiful crafts produced using the 
Astrocaryum chambira palm fiber now also include 
the “meliponario” as part of the tourist route 
within the community. Commercial production 
risks include lack of market and problems with 

proper authentication of sustainably produced honey, 
in addition to colony pests. During the experiment, 
five colonies were lost due to attacks by the vinegar 
fly (Pseudohypocera kerteszi (Enderlein) (Diptera: 
Phoridae) (Figure 3F) and the fire ant Solenopsis spp. 
(Hymenoptera: Formicidae).

CONCLUSION

Meliponiculture is an activity that holds 
great potential for development. The rapid adaptation 
of colonies to rational boxes and the favorable 
physicochemical and microbiological results reported 
in this study demonstrate that this activity has the 
potential to be both profitable and sustainable. 
We revealed that honey production in rational 
hives can quadruple annual honey production 
when compared with traditional techniques. Three 
month old honey has similar physicochemical and 
microbiological characteristics to honey older than 
6 months and should thus be ready for harvesting 
already after three months. It should be noted 
that the market value of honey continues to rise 
substantially. Honey from stingless bees has 
the added advantages of medicinal properties and 
a sustainable production. However, pests are an 
important adverse factor that should be considered 
in meliponiculture. Serious losses can be caused by 
the vinegar fly (Diptera: Phoridae, Pseudohypocera 
kerteszi) and different ant species (Hymenoptera: 
Formicidae). The main quality parameters for 
stingless bee honey differ from those specified 
in the Codex Alimentarius Standard for honey. 
Therefore, it is necessary to establish regulations 
specific to stingless bee honey in Peru.

 

Table 2 - Physicochemical characterization of Melipona eburnea honey at 90 and 180 days after the last extraction. Differences between 
these time points were not significant (P = 0.46, t-test). 

 

Tests 180 days (n=3) 90 days (n=3) 

Moisture (g/100 g honey) 31.6 31.9 
Ash (g/100 g honey) 0.08 0.04 
pH (at 25 °C) 3.32 3.08 
5-hydroxymethylfurfural (mg HMF/100 g honey) 20 0.11 
Diastase activity (1% starch solution/g honey/h, at 40 °C) 6.83 14.21 
Total sugars (g/100 g honey) 55.96 55.55 
Glucose (g/100 g honey) 26.27 27.14 
Fructose (g/100 g honey) 29.36 28.41 
Saccharose (g/100 g honey) < 0.7 < 0.7 
Lactose (g/100 g honey) < 0.7 < 0.7 
Maltose (g/100 g honey) < 0.7 < 0.7 
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