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Abstract — In this study, which took place from August 2014 to August 2015, we looked at the physicochemical
properties of honey produced by seven species of stingless bees and the honey bee (Apis mellifera ). Every 2 months,
we took honey samples from the Apis mellifera, Melipona fuscipes, Melipona favosa favosa, and Melipona
compressipes , and every 3 months, samples were taken of Trigona (Frieseomelitta) nigra, Scaptotrigona sp.,
Nannotrigona sp., and Trigona (Tetragonisca ) angustula. The results showed that the physicochemical properties
depend on bee species (p < 0.05) and not on the time of year (p > 0.05). In addition, the samples were 97.2%
correctly classified using multivariate analysis. We found that the water content, refractive index, total sugars, total
acidity, diastase, pH, and hydroxymethylfurfural (HMF) have a discriminant power of p < 0.05
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1. INTRODUCTION

Honey is a complex mixture made by bees
from the nectar of flowers or honeydew. The most
common and commercialized honey worldwide is
produced by Apis mellifera ; however, in tropical
countries, there are stingless bees. These bees are
considered “stingless” because the size of the
sting is greatly reduced and its vestigial nature
makes it difficult to utilize this mechanism
(Torres et al. 2007; Dardon et al. 2013). Stingless
bees produce a specific type of honey called “pot
honey” because it is stored in pot-shaped wax
containers. Several studies have shown that pot
honey and honey bee honey have dissimilar
values regarding their physicochemical proper-
ties, especially moisture content, which is less
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than 20% in A. mellifera honey and 2040% in
pot honey. Therefore, further investigations on pot
honey properties are required to improve its con-
sumption and to protect the bees and their natural
habitat (Bijlsma et al. 2006; Chuttong et al. 2016).

Most investigations related to physical proper-
ties and the chemical composition of honeys are
related to the different types of honeys
(monofloral and multifloral from nectar and hon-
eydew honey) produced by Apis mellifera, and
there are few studies of honeys produced by sting-
less bees (Vit et al. 1998). Due to the limited
number of studies focused on stingless bee honey
(Vitetal. 1998), Vit et al. (1998) recommended to
collect information from different sources and
build up a common database with harmonized
methods of analysis of quality factors of pot honey
in order to develop adequate standards for these
honeys. Most studies related to physicochemical
properties of these honeys can be found in Pot
Honey: A Legacy of Stingless Bees , which sum-
marizes its relationships with the diversity of
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species, geographic factors, importance in agricul-
tural and natural ecosystems, chemical character-
istics, and its applications in different fields
(Roubik et al. 2013).

Multivariate analysis techniques have been
used to determine the geographical origin of hon-
ey based on free amino acid content (Gilbert et al.
1981). These techniques were used to classify and
differentiate nectar and honeydew honeys accord-
ing to physicochemical and palynological param-
eters (Bentabol Manzanares et al. 2011; Cardona
et al. 2017), to predict the entomological origin of
stingless bee honeys based on compositional fac-
tors (Vit et al. 1998), and to classify honey from
different botanical origins (Persano Oddo et al.
1988).

The quality of honey depends on its com-
position and physicochemical properties. How-
ever, these values vary depending on the floral
source visited by the bee. Bearing in mind that
the vegetation from which the bees collect
nectar, and depending on the weather and sea-
son, it is possible that there exists differences
in physicochemical properties of honeys col-
lected in different seasons due to the variation
of floral resources. In this study, we present for
the first time the values of physicochemical
properties as observed during 1 year (in both
dry and rainy periods) in honeys produced by
several species of stingless bees, which include
Trigona nigra, T. angustula, Scaptotrigona
sp. , Nannotrigona sp., Melipona compressipes ,
Melipona favosa favosa , and Melipona fuscipes .
We compared these with Apis mellifera honey
from Norte de Santander, Colombia. To classify
these honeys, we used principal component anal-
ysis (PCA).

Some physicochemical properties of
honeys produced by stingless bees from
countries such as Colombia, Venezuela, Bra-
zil, Guatemala, and Mexico have been report-
ed to contain ash contents of 0.2-7.7%
(T. angustula) (Santiesteban-Herndndez
et al. 2003; Fuenmayor et al. 2012), 0.06—
0.31% (Scaptotrigona sp.) (Vit et al. 1998;
Fuenmayor et al. 2013), 0.33%
(Nannotrigona sp.) (Fuenmayor et al. 2013),
0.01-29% (M. favosa) (Vit et al. 1994;
Fuenmayor et al. 2013), 0.09-0.30%
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(M. compressipes) (Vit et al. 1994;
Fuenmayor et al. 2013), and 0.04-1.72%
(A. mellifera) (Alqgarni et al. 2014; Boussaid
et al. 2014; Karabagias et al. 2014a, b, d;
Ozcan and Olmez 2014). There are no pub-
lications about ash content of honey pro-
duced by T. nigra and M. fuscipes .

Additionally, the ash content of different types
of honey produced by A. mellifera was deter-
mined to be primarily botanical in origin, meaning
that the ash content depended on location and the
floral resources available to the bee (Esti et al.
1997; Felsner et al. 2004). This property has been
used in conjunction with microscopic and organ-
oleptic characteristics of honey, which differenti-
ate honeydew honey from blossom honey (Terrab
et al. 2004; Habib et al. 2014; Karabagias et al.
2014a, b, d; Bettar et al. 2015).

The electrical conductivity values reported in
the literature are M. favosa (0.44-2.06 mS/cm)
(Bogdanov et al. 1996; Vit et al. 1998),
M. compressipes (0.32-8.77 mS/cm) (Vit et al.
1994; Souza and Bazlen 1998), T. nigra (1.04 £+
0.26 mS/cm) (Bogdanov et al. 1996),
T angustula (0.66—7.3 mS/cm) (Vit et al. 1998;
Fuenmayor et al. 2012), and Scaptotrigona sp.
(0.39-2.9 mS/cm) (Vit et al. 1998; Fuenmayor
et al. 2013). The reported pH values of honey
for Apis mellifera are 3.20 to 6.10 (White 1975,
1978).

2. MATERIALS AND METHODS
2.1. Honey samples

Honey samples were collected from sealed honey
pots of stingless bee hives located in three towns in
Norte de Santander, Colombia, from August 2014 to
August 2015: every 3 months for: 7. nigra,
T angustula (Los Patios), Scaptotrigona sp.,
Nannotrigona sp. (Pamplonita); and every 2 months
for: M. fuscipes (Pamplonita), A. mellifera (Carmen
de Tonchala), M. favosa , and M. compressipes (Los
Patios).

Honey samples were protected from the light at
aroom temperature of ~ 20 °C. The sampling time
and the places where bees are located were select-
ed due the quantity of honey that they produce and
its availability, respectively.
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2.2. Physicochemical parameters

The physicochemical parameters measured in
the honeys were ash content, pH, moisture per-
centage, acidity (free, lactonic, and total), electri-
cal conductivity, diastase activity,
hydroxymethylfurfural (HMF), and total sugar
content. The methodology proposed by The Offi-
cial Methods of Analysis of the Association of
Official Analytical Chemists (Association of
Official Analytical Chemists 1990;
AOACInternational 2000) and the International
Honey Commission (2009) was used to determine
all parameters in triplicate (Commission 2009).

2.2.1. Ash content

Two grams of honey was evaporated at 200 °C
with a hot-plate magnetic stirrer (Boeco, MSH
300, Hamburg, Germany) then heated to 550 °C
for 6 h in a muffle furnace (Vulcan 3-550,
Germany).

2.2.2. Electrical conductivity

Electrical conductivity was measured at 20 °C
in an aqueous solution of honey (20% w/v) using
a conductimeter (Inolab Multi Level 1).

2.23. pH

pH was measured at 20 °C in an aqueous
solution of honey (1:7.5) (13.3% w/v) with a
pH-meter (Inolab Multi Level 1).

2.2.4. Acidity (firee, lactonic, and total)

Acidity was determined by titration of an aque-
ous honey solution (13.3% w/v) with NaOH
0.05 M until a pH of 8.50 was reached (free
acidity). After that, 10 mL of NaOH (0.05M)
was added to start back titration with HCI
0.05 M until a pH of 8.30 was reached (lactonic
acidity).

2.2.5. Moisture content

The moisture content was measured at 20 °C
using an Abbe refractometer (Brixco, model

883

3030). The refractive index values were then con-
verted to water percentage using the Wedmore
equation (E. 1995).

2.2.6. Diastase activity

The diastase activity was determined by mea-
suring the velocity of hydrolysis of starch in a
buffer solution of honey at 40 °C. The final point
of this reaction was determined measuring the
absorbance at 660 nm in a spectrophotometer
UV-Vis (Shimadzu, UV-2401PC, Japan).

2.2.7. Hydroxymethylfurfural

HMF content was determined after clarifying
honey samples with Carrez reagents (I and IT) and
mixed with sodium bisulfite. Absorbance was
measured at 284 and 336 nm in a spectrophotom-
eter (Shimadzu, UV-2401PC, Japan).

2.2.8. Total sugar content

The total sugar content was determined at 20
°C with an Abbe refractometer (0-95 °Bx, Brixco,
model 3030).

2.3. Statistical multivariate analysis and
principal component analysis

The Statistical Package for Social Sciences
(SPSS) for Windows (Demo version 19; SPSS
Inc., Chicago, IL, USA) was used for all statistical
analysis. Analysis of variance (ANOVA) (p <
0.05), followed by the Bonferroni test, was used
to establish if there were significant differences in
the physicochemical parameters of honeys col-
lected during the course of 1 year from August
2014 to August 2015.

We used a factorial analysis to reduce the di-
mensionality of the data in order to find the min-
imal number of physicochemical parameters that
can explain the maximum of data information. By
the results obtained with KMO (Kaiser-Meyer-
Olkin) (p > 0.5) and Bartlett’s test (p < 0.001),
we classified the honey samples produced by
different species based on their physicochemical
properties using principal component analysis
(PCA).
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3. RESULTS

The honey samples have physicochemical
characteristics which were measured using several
laboratory analyses and can be separated into
different groups by their relation to the maturity,
purity, and the deterioration of the samples.
Table 1 shows the values of physicochemical
properties.

3.1. Statistical analysis

In the statistical analysis done with the obtained
results, we found that the first four components
represent 88.7% of that total variation of all vari-
ables measured. The F1 component (37.31%) is
mainly explained by water content, refractive in-
dex, total sugars, and total acidity; the F2 compo-
nent (25.09%) is mainly explained by HMF, dia-
stase and pH, the F3 component (14.44%) by ash
content and electrical conductivity and the F4
component (11.83%) by acidity (lactonic and
free). Components F1 and F2 explained 62.40%
of total variance, indicating that the honey sam-
ples produced by different species of bees can
differentiate between them, using some of its
physicochemical parameters.

The parameters that are required for classifica-
tion of honey samples are in accordance with
several parameters selected in other studies for
classifying different types of honey, such as Pena
Crecente and Herrero Latorre 1993 (moisture and
acidity) (Pena Crecente and Herrero Latorre
1993); Terrab et al. 2002 (moisture, acidity (free
and lactonic), pH, and proline) (Terrab et al.
2002); Krauze and Zalewski 1991 (electric con-
ductivity, free acidity, proline, and pH) (Krauze
and Zalewski 1991); Amina Chakir 2011 (acidity,
color, HMF, and diastase) (Chakir et al. 2011);
and Sanz et al. 1995 (acidity, pH, electrical con-
ductivity, ash content, HMF, and diastase) (Sanz
et al. 1995).

4. DISCUSSION
4.1. Maturity of honey

The maturity of the food is determined by
evaluating sugar and moisture content. The water
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content of honey is related to its stability during
storage (Sopade et al. 2003). This parameter de-
pends on several aspects such as climatic factors,
harvest season, and the maturity degree reached in
the hive. This parameter also is a quality criterion,
which determines the capacity of the food for
avoiding the fermentation of yeasts, meaning the
higher the water content, the higher the probabil-
ity of honey samples will ferment during the stor-
age process. For honey produced by Apis
mellifera , the recommended value of moisture is
less than 19% for a longer shelf life; pot honey,
however, presents higher values (Ojeda de
Rodriguez et al. 2004; Bijlsma et al. 2006; Finola
et al. 2007).

The water percentage found in honeys of
T angustula (24.6 = 1.2), M. favosa (25.0 +
0.7), M. compressipes (22.5 £ .6), and
Nannotrigona sp. (30.2 £ 0.7) is in accordance
with previous studies. The mean value of honey
produced by T nigra species (28.2 + 1.0) is lower
than reported in the literature, while for
Scaptotrigona sp. honey (31.0 £ 0.5), the mean
value is higher. The mean water content of
M. fuscipes honey through the year was 26.7 +
1.0. A multifactor analysis of variance showed
that the percentage of moisture depends on the
bee species (p < 0.05) and not on period of year.

According to the literature, pot honey could
rapidly ferment due its moisture content (Sopade
et al. 2003). Nevertheless, we observed that
honeys collected in August 2014 conserved their
original flavor as described by other researchers
(Bijlsma et al. 2006). This fact can indicate that
the “high” moisture content of these honeys is due
to one specific control mechanism made by bees
to preserve honey for long periods of time. We
used a MANOVA, and the results showed that the
moisture content depends on bee species (p <
0.05) and not the time of year (p > 0.05).

On the other hand, sugars are principal compo-
nents of both honey bee honey and stingless bee
honey. They depend on the floral resource used by
the bees to make their honey. The majority of
sugars are fructose and glucose (53.7-73.1%)
and these are generally in the same proportions
(Vitet al. 1998); while the quantity of other sugars
such as maltose and some oligosaccharides are at
atrace level (Bogdanov et al. 1996; Vit2013). The
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total sugar content in this study was measured
using the refractometric method, and the range
values obtained were as follows: 71-77 °Bx
(T" angustula); 67-70 °Bx (T. nigra); 63—69
°Bx (Scaptotrigona sp.); and 67.5-69.0 °Bx
(Nannotrigona sp.), 69.0-73.5 (M. fuscipes),
69.0-75.5 (M. favosa), 73.5-77.5
(M. compressipes ), and 76.0-85.0 (A. mellifera).

4.2. Purity of honey

The purity of honey is commonly evaluated
using the solid insoluble content, ash content,
and pollen present in the samples. Ash content is
considered a criterion of quality for the origin of
honey samples; in this instance, the floral honey
has less ash content than honeydew honey. Ash
content in honey samples varies (0.02—1.0%),
which may differ according to the practices and
processes used to harvest honey; thus, it is possi-
ble to determine if the extraction process has been
done with good manufacturing practices
(Commission 2009; Oliveira and Santos 2011).

Several studies have reported values of this
property for different bee species, and the obtain-
ed results can indicate that ash content also may
depend on bee species that makes honey (Vit
2013). The most abundant mineral in honey is
potassium and the least abundant minerals are
iron, manganese, copper, chlorine, phosphorus,
and sulfur. The ash content, the pollen, and the
phenolic compounds affect the color of the honey.
The values obtained in this work for ash content
are in accordance with literature: Nannotrigona
sp. (0.25 £ 0.02%), Scaptotrigona sp. (0.07 =
0.01%), and M. favosa (0.14 £ 0.01%). The mean
values found for honeys of 7. angustula (0.42 +
0.03%) and M. compressipes (0.11 £ 0.01%) are
higher than those reported in other investigations.

On the other hand, the electrical conductivity of
honey is related to the total concentration of min-
erals, salts, organic acids, proteins and some com-
plex sugars (Atrooz et al. 2008; Belay et al. 2013;
Yiicel and Sultanog™u 2013; Boussaid et al.
2014), and the botanic origin of the specific honey
(Terrab et al. 2004; Zhou et al. 2013). The electri-
cal conductivity obtained from the honey samples
in this study ranges from 0.19 to 1.85 mS/cm as
follows: Trigona (Frieseomelitta) nigra (1.84—

1.88 mS/cm), Trigona (Tetragonisca) angustula
(0.77-0.81 mS/cm), Nannotrigona sp. (0.71—
0.89 mS/cm), Scaptrigona sp. (0.17-0.21 mS/
cm), Melipona fuscipes (0.52—-0.60 mS/cm),
Melipona favosa favosa (0.41-0.47 mS/cm),
Melipona compressipes (0.30-0.41 mS/cm), and
Apis mellifera (0.23-0.31 mS/cm). A multivariate
analysis of variance in the samples studied
showed that the ash content and electrical conduc-
tivity depend on bee species (p < 0.5) and not
time (p > 0.5).

4.3. Deterioration of honey

Several possible factors that may be used to
measure the deterioration of honey are the pH
values, acidity content, diastase content, and
hydroxymethylfurfural (HMF). The acidity of
honey is due to the presence of organic acids,
mainly gluconic acid (Terrab et al. 2004) which
is produced by the activity of glucose oxidase
enzyme (Karabagias et al. 2014c). The acidity
levels in honey can be associated with composi-
tion, harvest period, and floral resources; there-
fore, a variation in the total acidity values of
different honeys could be an indicator of the pres-
ence of acids and alcohols produced by their
fermentation. Honey content includes several en-
zymes of animal and plant origin; the most impor-
tant are diastase (hydrolyze the starch to glucose)
and invertase (hydrolyze the sucrose to glucose
and fructose). Diastase is secreted by the
hypopharyngeal glands of the bees, which are in
the upper front of their head. Diastase activity can
be used as an indicator of aging and excessive
heating in the processing of honey, because this
enzyme is unstable to heat and can deteriorate
over time, which is why their levels decrease in
these conditions (Gomes et al. 2010; Bentabol
Manzanares et al. 2011; Can et al. 2015).

The pH values found in this work ranged be-
tween 1. angustula (2.5-4.6), T. nigra (3.1-3.6),
Scaptotrigona sp. (3.2—4.1) and Nannotrigona
sp. (3.3-4.5), M. fuscipes (3.44.3), M. favosa
(3.1-3.9), M. compressipes (3.4-5.0), and
A. mellifera (3.1-3.7). The total acidity values
were 25.9-43.7 meq/kg (M. fuscipes), 34.8-43.9
meq/kg (M. favosa), 21.8-33.9 meq/kg
(M. compressipes), 19.0-28.6 meq/kg
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(A. mellifera ), 36.6-56.0 meq/kg (7. angustula),
28.9-39.6 meq/kg (T, nigra), 40.7-48.7 meq/kg
(Scaptotrigona sp.), and 51.8-75.9 meq/kg
(Nannotrigona sp.).

In this study, we reported for the first time
the values of acidity and pH for 7. nigra and
Nannotrigona sp. Our values agree with the
values reported in other studies, and there is
a higher acidity level in “pot honey” as com-
pared with honey produced by A. mellifera.
This high acidity in pot honey is produced
by fermentation related to the higher mois-
ture content. This process is a characteristic
of these honeys and takes place spontaneous-
ly in the storage pots where the bees store
nectar. The fermentation process is consid-
ered undesired in honey bee honey, but ac-
ceptable in pot honey because its acidity can
improve is antioxidant capacity and can be
used for medicinal purposes (Tuso 2014). A

Yaneth CARDONA et al.

multivariate analysis of variance shows that
pH and acidity (free, lactonic, and total) de-
pend on the bee species (p < 0.5) and not
the season (p > 0.5).

On the other hand, diastase activity and HMF
content are parameters related to the freshness of
honey due to the sensibility of these to an increase
in temperature (Yiicel and Sultanog™u 2013;
Shantal Rodriguez Flores et al. 2015). HMF con-
tent is considered an important criterion for the
evaluation of storage time of honey, and to know
if this has been heated to avoid or decrease the
crystallization process. In addition, this is related
to changes in the natural color of honey and the
appearance of a strange taste and smell, whereby it
is one of the most evaluated quality parameters.
The fresh honey can have low HMF levels, which
rarely exceed 10 mg/kg; however, higher levels
can indicate the overheating or adulteration of the
honeys (Gomes et al. 2010; Bettar et al. 2015).
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Figure 1. Canonical discriminant functions.
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The diastase activity for the different samples,
including the calculated SD, was found to range
between 2.0-2.3 (M. favosa), 3.0-3.8
(M. compressipes), 4.0-5.5 (M. fuscipes), 1.5—
6.0 (A. mellifera), 3.0-3.3 (Scaptotrigona sp.),
3.5-4.0 (Nannotrigona sp.), and 1.5-6.0
(T nigra), and was lower than the values found
for honeys produced by 7. angustula (10.0-15.0).
These values are in aggreeance with other studies
with the exception of M. fuscipes and T. nigra
honeys, of which there are no reports.

In honey produced by M. fuscipes and
M. compressipes , we found HMF only in the June
samples, with values of 1.46 + 0.55 mg/kg and
4.23 + .85 mg/kg, respectively. The honey of
T angustula and Nannotrigona sp. did not pres-
ent HMF in any month throughout the year, while
other honey samples presented values ranging
between 8.65-10.12 (M. favosa), 5.10-19.42
(A. mellifera) and 2.11-14.84 (T. nigra), and
3.19-5.10 (Scaptotrigona sp.).

4.4. Discriminant analysis

Discriminant analysis indicated that water con-
tent, refractive index, total sugars, total acidity,
diastase, pH, and HMF have discriminant power
(p <0.05); this was confirmed by Wilks’s lambda
(p <0.05), and the samples were 97.2% correctly
classified. The canonical discriminant functions
are shown in Figure 1.

In this study, we report for the first time the values
of diastase and HMF for honey produced by
M. fuscipes , pH and laconic acidity for honeys pro-
duced by T. nigra, M. compresipes, and
Nannotrigona sp.; and free acidity in the honey
samples produced by Scaptotrigona sp., T. nigra,
M. fuscipes , and Nannotrigona sp. Additionally, we
found that the physicochemical properties depend on
bee species (p < 0.05) and not on the time of the year
(p > 0.05). Therefore, these parameters can be used
for differentiating honey samples. Physicochemical
properties are different for Apis mellifera honey com-
pared with stingless bee honey; for instance, the pot
honey samples analyzed in this work have a higher
water content, acidity (free and total), and ash content
than honey produced by Apis mellifera ; furthermore,
the honey produced by stingless bees has a lower
sugar content and higher electric conductivity, with

the exception of honey produced by Scaptotrigona
sp. In spite of a “higher” water content found in pot
honey samples, fermentation was not found in the
samples. It can be related to the addition of enzymes
or other compounds during the processing of nectar to
honey inside the nest.

Finally, the water content, refractive index, to-
tal sugars, total acidity, diastase, pH, and HMF
have a discriminant power of p < 0.05. The sam-
ples were 97.2% correctly classified, and this
classification showed that honey samples pro-
duced by bees of the same genus do not necessar-
ily have similar physicochemical properties, such
as the Melipona species. Statistical analysis
showed that acidity is the principal factor to dif-
ferentiate between honey produced by Apis
mellifera and stingless bees, which is in agree-
ment with other authors.
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