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ABSTRACT

The objective of this study was to evaluate the physico-chemical quality of honeys samples of
stingless bee (Meliponinae). Physico-chemical analyses were: moisture, color, pH, acidity,
electrical conductivity, hydroxymethylfurfural, ashes, diastasic activity, reducing sugars, and
sucrose. For the parameters hydroxymethylfurfural, ashes, reducing sugars and sucrose, the
samples complied with the requirements of the current Brazilian legislation for honey. The diastasic
activity and moisture parameters did not meet thresholds in the legislation, pointing to the need to
create a specific legislation for honey of stingless bees, given the large number of species and the
different characteristics of the honey that they produce.
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1. INTRODUCTION

The floral honey of stingless bee (Meliponinae) is
a food produced from the nectar that bees
collect, transform, combine with specific
substances of their own, store and let it maturate
inside pots in the colonies [1]. The amount of
honey produced by stingless bee is smaller than
that produced by Apis mellifera bees; however,
its differentiated sensory characteristics make it
attractive and aggregate higher market values to
it [2-4].

Honey contains a complex mixture of
carbohydrates, mainly glucose and fructose, in
addition to enzymes, amino acids, organic acids,
minerals, aromatic substances, vitamins,
pigments, beeswax, and pollen that contribute to
its color, smell and flavor [5-6]. Water is the
second largest component in honey composition
and its content can be influenced by the
botanical origin of the nectar, climatic conditions
and the handling during the harvesting of the
honey. The water content is considered one of
the most important features as it affects several
characteristics of honey, such as viscosity,
specific weight, maturity, flavor and crystallization

[71.

The purpose in determining the physical-
chemical parameters of honeys is to compare the
results obtained with the standards prescribed by
international and national institutions to ensure
product quality, both for domestic consumption
and exports, protecting the consumer from
purchasing an adulterated product [2,8].

Obtaining physical-chemical parameters of
honey is important not only for its
characterization [9], but it is also essential to
ensure product quality on the market. Because of
the diversity of Meliponinae species and little
information regarding the characteristics of the
honey produced by this bee species, determining
the physical-chemical parameters of the honey is
crucial for the process of creating specific
legislation for stingless bee honey in Brazil.
Therefore, efforts to characterize the physical-
chemical parameters of stingless bee honey are
important to generate information on the quality
standard of this product. In this study, we
analyzed samples of Meliponinae honey
regarding its physical-chemical parameters.

2. MATERIALS AND METHODS

The study was carried out in the municipality of
Guaraquecaba, Parana State, Brazil,
(25°17°15”"S; 48°19'1"W, altitude 20 m) (Fig. 1)
where there were already structured apiaries of
Meliponinae bee. The stingless bee culture in
Parana State is performed by small producers
with great potential for this type of honey activity.

The samples, consisting of 250 mL of honey,
were obtained directly from local beekeepers
according to the peak of honey production in the
region. We collected 30 samples the species
Cephalotrigona capitata (Smith, 1854), Melipona
bicolor (Lepeletier, 1836), Melipona marginata
(Lepeletier, 1836), Melipona mondury (Smith,

1863), Melipona quadrifasciata (Lepeletier,
1936), Melipona scutellaris (Latreille, 1811),
Melipona seminigra (Friese, 1903),

Scaptotrigona xanthotricha (Moure, 1950) and
Tetragonisca angustula (Latreille, 1811).

The samples were collected with disposable
syringes, afterwards, they were placed in plastic
containers properly identified, packed in thermal
boxes with ice and forwarded to the laboratory of
useful insects of the Department of Entomology
and Acarology at the “Luiz de Queiroz” College
of Agriculture, University of S&o Paulo,
Piracicaba, Sao Paulo State, Brazil, where they
were stored under refrigeration (=8°C). The
physico-chemical analyzes were performed logos
after collection of samples not exceeding the
period of 30 days. We assessed the following
physical-chemical parameters:

2.1 Moisture

Sample moisture was recorded using a portable
digital refractometer (Atago PAL-Moisture 4573)
with the range expressed in percentage (%) [10].

2.2 Color

To determine the color of the honey samples, we
used a spectrophotometer operating within the
absorbance range of 560 nm, in a 1 cm quartz
cell and the white was provided by pure glycerin.
The colors were classified in the Pfund scale [11]
according to the values recorded.

2.3 pH and Acidity

The pH and acidity were determined in
accordance with the methodology adopted by
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Moraes and Teixeira [12]. The pH value was
determined using a solution containing 10 g of
honey dissolved in 75 mL of distilled water,
homogenized and subjected to reading in a pH
meter.

Acidity was obtained by performing the
neutralization of acidic solution of honey (10 g of
honey dissolved in 75mL of distilled water) using
a sodium hydroxide solution 0.1 N and 1% of
phenolphtalein indicator solution until a pink color
was obtained for 10 seconds The reading of the
sodium hydroxide volume 0.1 N required in the
titration was recorded. The result is expressed in
meq kg-1 using the equation:

Acidity = V (NAOH) x PA, where:

V (NAOH) = NAOH volume (mL)
PA = sample weight (g)

2.4 Electrical Conductivity

The electrical conductivity was measured using
an HI8820N conductivity meter. A solution
containing 10 g of honey dissolved in 50 mL of
distilled water was used for the readings (US
cm'1) of each sample [13].

e
A%

2.5 Hydroxymethylfurfural (HMF)

The determination of hydroxymethylfurfural
(HMF) was based on the readings in different
absorbance scales (284 and 336 nm
wavelengths) in a spectrophotometer [14]. The
HMF is expressed in mg kg'1 in the equation:

HMF = (A284 — A336) x 149.7 x 5 x D/W, where:
A284 = absorbance at 284 nm

A336 = absorbance at 336 nm

D = dilution factor, if necessary

W = weight of honey sample (g)

2.6 Ashes

The ash content in the samples was determined
by performing the incineration of 1 g of honey
(crucible) in a muffle at 550°C for 3 hours [15].
The result is expressed in percentage (%)
according to the equation:

Ashes = [(m1-m2)/m3] x 100, where:

m1 = weight of the crucible with the ash (g).
m2 = weight of the crucible (g)

m3 = weight of honey sample (g)
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Fig. 1. Location of the municipality of Guaraquegaba, Parana State, Brazil
(25°17°15”S; 48°19’1”W, altitude 20 m) where the honey samples were obtained
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2.7 Diastasic Activity

The diastasic activity was determined with the
A.O.A.C. [14] methodology. A solution of
buffered honey of starch-honey was kept in water
bath at 40°C for a period necessary to obtain the
specific endpoint (in a spectrophotometer
operating within an absorbance range of 660
nm). The diastasic activity corresponds to the
number in the Gothe scale that is obtained by
dividing 300 by the time in minutes to obtain an
absorbance lower than 0.235 nm (specific
endpoint).

2.8 Reducing Sugars and Sucrose

Reducing sugars and sucrose were determined
according to the method used by Lane and
Eynon [16] and Copersucar [17] modified by
Marchini et al. [8].

2.9 Analysis of Variance (ANOVA)

The assumptions of the analysis of variance
were verified by means of optimal processing
family of Box-Cox [18] and the Hartley test [19]
was applied to check the homogeneity of the
variances. The delineation was completely
randomized with treatments consisting of honey
samples (with three repetitions) of the species C.
capitata, M. bicolor, M. marginata, M. mondury,
M. quadrifasciata, M. scutellaris, M. seminigra, S.
xanthotricha and T. angustula that were analyzed
separately, that is, only one factor.

After verifying the ANOVA assumptions, the F
test (p<0.05) was applied to check possible
differences between treatments. The Tukey test
was applied (p<0.05) for the variables that
showed a difference. The data were analyzed in
the computer program Sas/Stat [20].

3. RESULTS AND DISCUSSION
3.1 Moisture

We observed a statistical difference in the
average values of moisture between the honey
samples according to bee species (Table 1).
Among the samples analyzed, the average
moisture ranged from 25.99% (M. bicolor) to
36.89% (M. quadrifasciata). The threshold for
stingless bee honey is 35% [21].

The moisture of the honey samples was higher
than the threshold for Brazilian and international
standards [22] that allows a maximum of 20% for

honey of Apis mellifera. The honey from stingless
bees shows higher moisture when compared to
Apis  mellifera honey, because high
hygroscopicity is a basic characteristic of
Meliponinae honey. This high hygroscopic
behavior is preserved even if the environment
where these bees live have low humidity [23].

In samples of stingless bee honey from different
states in Brazil, Pereira [24] observed no
statistical difference in comparison with different
species of honeybees and local species, and the
moisture  value exceeded the threshold
established by the current Brazilian legislation.
This fact, according to the author, shows that the
water content in honey is an intrinsic
characteristic of bee species with no significant
influence of the producing region of origin.
Studies on Meliponinae [4,23,25-27] show a
variation of moisture in honey according to bee
species, and this variation is above the threshold
allowed by current legislation, however, within
the limits established by Villas-Béas and
Malaspina [21].

The higher moisture content characteristic of
honey from stingless bees can be influenced by
the air relative humidity and, possibly, by the
different containers that beekeepers used for the
storage of stingless bee honey (made of wax and
resin) and those used for Apis mellifera honey
(made of pure wax) [25]. Moisture is one of the
most relevant characteristics of honey, because
it influences viscosity, specific weight,
maturation, crystallization, taste and
conservation of this food. In addition, after
extraction, moisture changes according to
storage due to water transfer [28]. Moisture
levels within the reference standards enhance
the shelf life of the product, since it provides an
unfavorable condition for microbial development
[29].

A high water content in honey facilitates the
proliferation of yeasts, causing a fermentation
process, which makes the product unfit for
human consumption and hinders its marketing
[30]. Despite containing various bacteriostatic
and bactericidal properties, honey is not
considered sterile and is, therefore, susceptible
to contamination [31] by filamentous fungi,
yeasts and bacteria. The high moisture in
stingless bee honey and the aforementioned
factors reinforce the need to store this product in
refrigerated chambers to avoid degradation or
even modification of the physical-chemical
properties of honey, thereby ensuring a product
with quality to the consumer.
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Table 1. Average values of the physical parameters-chemicals of the honeys of Meliponinae, from Guaraquegaba, Parana, of State, Brazil, being

Physical-chemical parameters

Species <y i (%) Color _ pH Acidity (meq kg”) Cond. (uScm”) HMF (mgkg") _ Ashes (%) _ DA (Gothe) RA (%) _ Suc (%)
Cca 2 3210ab 0925a 304ed  34.33ab 728.34 a 35.40 ab 0.195a 0.18 ab 7521a  036a
M.bi 4 36.18a 0.705ab 3.32bcde 48.58a 535.67 a 31.58b 0.185a 0.12a 6843b 057a
Mma 3 3244ab 0700ab 293 e 22.55b 624.00 a 48.09 ab 0.140 a 0.19 ab 67.39b 0.85a
Mmo 3 2997ab 0790ab 3.50bcd  37.89ab 514.78 a 51.38 ab 0.246 a 0.20 ab 67.77b 085a
Mqd 4 36.89a 0640ab 3.18cde  35.00ab 576.33 a 42.63 ab 0.160 a 0.13a 7163ab 085a
Msc 4 3398ab 0562ab 348cde 27.25b 540.40 a 40.86 ab 0.157 a 011a 6641b 070a
Mse 3 27.85ab 0723ab 372ab  30.44b 548.22 a 29.50 b 0216 a 0.20 ab 69.12ab 1.61a
S.xa 3 29.84ab 0.600ab 3.58abc  28.78 b 621.89 ab 58.27 a 0.210a 0.62b 66.32b 1.22a
T.an 4  25.99b 0.302b  4.08a 27.00 b 722.42 a 27.99 b 0.327 a 22.43 ¢ 66.75b  0.82a

Means followed by the same letter in the column do not differ statistically (p>0.05); C.ca (Cephalotrigona capitata); M.bi (Melipona bicolor); M.ma (Melipona marginata); M.mo (Melipona mondury);
M.qd (Melipona quadrifasciata); M.sc (Melipona scutellaris); M. se (Melipona seminigra); S.xa (Scaptotrigona xanthotricha); T.an (Tetragonisca angustula); n (number of samples); Moi (moisture);
cond. (electrical conductivity); HMF (hydroxymethylfurfural); DA (diastasica activity); RA (reducing sugars) and Suc (sucrose)
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3.2 Color

The color of the honey samples ranged from light
amber (0.302 nm) to dark amber (1.225 nm).
There was significant difference in the honey
color of Tetragonisca angustula when compared
with the other species (Table 1). The average
values for color observed for the honey samples
analyzed are in compliance with the current
regulations that may vary from the white-water to
dark amber [22]. The honey color depends
almost exclusively on floral origin. Generally,
dark-colored honey has more minerals than light-
colored honey. Studies show that darker honeys
may have four to six times more minerals than
light-colored honeys, especially manganese,
potassium, sodium and iron [32].

3.3 pH and Acidity

The pH and acidity parameters showed statistical
differences among the species. For pH, there
was a variation in the average value from 2.93
(M. marginata) to 4.08 (T. angustula). Acidity had
an average value ranging from 22.55 to 48.58
meq kg'1 (Table 1). Brasil [22] establishes a
maximum of 50 meq kg'1; Villas-Béas and
Malaspina [25] suggested the maximum limit for
stingless bee honey of 85 meq kg'1, therefore,
the average values of acidity of the honey
samples are within the limits established.
However, the pH values are not standardized by
national or international legislations.

The pH is a physical-chemical parameter
associated with the microbial development in any
food. In the specific case of honey, the pH values
recorded by several authors [4,23,24,33] range,
in general, between 3.3 and 4.7. These values
prevent the development of microorganisms that
require neutral or basic pH values, significantly
limiting the spectrum of potentially contaminating
microorganisms [34]. The pH value of honey may
also be influenced by the nectar pH, in addition
to differences in the soil composition or the use
of plant species for the final composition of
honey [35]. For Evangelista-Rodrigues et al. [36],
the difference of pH values among the honeys
from different species of stingless bees, even
when produced in the same region, could be
explained by the mandibular substances that are
added to nectar during transport to the colony.

Honey samples analyzed by Oliveira et al. [37]
showed acidity values of 69.06 meq kg~ for T.
anqustula and a range from 92.09 to 102.10 meq
kg for S. depilis confronting the values required

in legislation. According to Vit et al. [38], honeys
of T. angustula showed higher acidity when
compared to Melipona honey. In this study,
comparing Melipona with T. angustula honey, we
observed that Melipona honey showed higher
acidity (Table 1).

The broad range of acidity values found for the
stingless bee honey samples studied (Table 1)
can also be verified in the study conducted by
Cortopassi-Laurino and Gelli [39], who observed
a variation in the average value for acidity from
30.0 to 90.0 meq kg™ in analysis of honeys from
different Meliponinae species. Souza et al. [27]
compiled results of 152 samples of honeys of
various Meliponinae species from eight countries
in the Americas and found values ranging from
5.9 to 109.0 meq kg'1. Stingless bee honey
usually features high acidity in comparison to A.
mellifera honey. This feature can be detected by
the taste, constituting one of the parameters that
defines consumers’ preference for stingless bee
honey. However, acidity can be directly related to
the maturation state of honey, and it increases
with fermentation [40].

3.4 Electrical Conductivity

The average values of electrical conductivity
observed in the honey samples ranged from
514.78 to 728.34 uS cm™. Only the honey from
S. xanthotricha differed from the other honey
samples in this parameter (Table 1). The
electrical conductivity can be used to identify the
botanical origin of honey [41]. There are no
values for conductivity established by the current
Brazilian legislation. Electrical conductivity is
closely related to the concentration of minerals,
organic acids and proteins, and it is a parameter
that shows great variability depending on the
floral source of honey. As electrical conductivity
varies with the botanical origin [42], floral honey
must have conductivity values below 800 uS
cm™, while values for honeydew honey must be
greater than 800 uS cm” [43].

3.5 Hydroxymethylfurfural (HMF)

For the studied species, we observed a statistical
difference for the HMF parameter, and the
highest average values were verified in the
honey samples of S. xanthotricha (58.27 mg kg™")
and M. mondury (51.38 mg kg') (Table 1). This
parameter shows values within the range
established by the current legislation [22] that
allows a maximum of 60 mg kg
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The hydroxymethylfurfural is a chemical
compound formed by the reaction of certain
sugars with acids and it is used as an indicator of
honey quality [8] regarding product adulteration
or storage in inadequate conditions. When honey
is subjected to high temperatures, inadequate
storage conditions or addition of invert sugar, the
HMF content increases and it is one of the most
common degrading products in honey, indicating
its aging [31]. In honey of M. fasciculata, Holanda
et al. [44] found that the HMF content in the
samples ranged from 5.44 to 70.79 mg kg'1. The
authors observed that 92.86% of the samples
analyzed had HMF values below the maximum
values established by national (60 mg kg™”') and
international legislation (80 mg kg'1, tropical
countries) for honey. The HMF content found in
honey samples of other Melipona species
showed low values, as in M. asilvai with 0.52-
7.93 mg kg” [26] and M. mandacaia with 5.79
mg kg [23], different from results found in this
study that showed higher levels.

There is a wide variation in the range of HMF
content in stingless bee honey; however, there is
no definition whether human exposure to HMF
poses a potential risk to health. According to
Louise et al. [45], the following points are
relevant to discussion on the subject: high HMF
concentrations, its cytotoxicity, irritation to the
eyes, upper respiratory tract, skin, and mucous
membranes.

3.6 Ashes

The ash content indicates the amount of minerals
found in honey, which is influenced by the
botanical origin of the nectar. The honey samples
assessed showed no statistical difference among
the species (Table 1). The honeys classified as
light amber showed lower ash content ranging
from 0.1 to 0.2%, while the dark amber honeys
have contents equal to or greater than 0.3%.

The ash content is related to honey color, that is,
the darker the honey color, the higher its ash
content [46]. For Chaves et al. [25], the ash
content in honey denotes the amount of minerals
in the product, while the mineral content is
related to the soil type. The ash content in honey
is usually reduced and depends on the nectar
composition of plants used in its production [47].

The stingless bee honey must have a lower ash
content since it shows a light color as a
differentiating feature [25]. The light color allows
the stingless bee honey to reach high prices on

the market, since, in most cases, the consumer
chooses the product just by appearance [27].
Honey stingless bee samples collected in Rio
Grande do Norte State, Brazil, showed ash
contents ranging from 0.1 to 1.1% [48], as
follows: Frieseomellita flavicornis (0.30%), M.
compressipes fasciculada (0.10%), M. scutellaris
(0.10%), M. subnitida (0.20%), M. quadrifasciata
(0.58%), M. quinquefasciata (0.10%),
Nanotrigona  testaceicornis  (0.60%) and
Scaptotrigrona sp. (0.30%). These results, as
well as the results in this study, show the low ash
content in honey samples. For this parameter, all
samples are within the range permitted by the
legislation.

3.7 Diastasic Activity

The diastasic activity of the honey samples
studied ranged between 0.11 and 22.43 (Gothe
scale) and showed a statistical difference among
species (Table 1). We observed that 88.88% of
the samples are below the minimum threshold (8
in the Gothe scale) established by the Brazilian
legislation [22].

Honey samples of stingless bees analyzed by Vit
and Pulcini [49], also displayed most values for
the diastasic activity below the minimum
required: T. angustula, 16.50-35.60; M. favosa
favosa, 2.60-3.50; Nannotrigona sp., 8.70; M.
compressipes, 2.60-3.00; M. lateralis, 2.60-3.00;
M. paraensis, 2.60-3.00; Frieseomelitta sp., 6.60-
13.70; M. eburnean, 3.40; M. crinita, 3.00 and
Scaptotrigona sp., 2.60 (Gothe scale).

The diastasic activity tends to decrease along the
time in honeys of Apis [50]. Stramm [51]
observed that the honey samples of M. subnitida
showed moisture and diastasic activity outside
the limits prescribed by the Brazilian legislation.
Furthermore, parameters more sensitive to
changes due to storage were the HMF content,
free acidity, electrical conductivity for honey of M.
subnitida. For honey of M. fasciculata, Holanda
et al. [44] also found that the values of diastasic
activity and HMF contents were below the
minimum limits established by the Brazilian
legislation.

3.8 Reducing Sugars and Sucrose

The averages of reducing sugars are within the
standards established by Villas-Béas and
Malaspina [21], which indicate an acceptable
minimum of 50%, as well as by the current
legislation [22] that establishes a minimum of
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65%. Among the samples analyzed, the average
of sugar contents ranged from 66.12 to 75.21%.
The sucrose content showed a maximum value
of 1.61%, and the maximum acceptable is 6% for
sucrose. The honey samples differed statistically
according to the bee species for reducing sugars
and no difference was observed for sucrose
(Table 1).

Stingless honey has lower sugar content and
normally fructose is prevalent, which is one of the
factors responsible for sweetness of honey and
its hygroscopicity [52]. The taste of stingless bee
honey is influenced by the low sugar content and
the acidic pH, which shows a clear preference of
consumers for this type of honey. Taking into
account the composition of stingless bee honey,
mainly in terms of the parameters of reducing
sugars that are lower and high moisture
compared to honey of Apis, this product can
undergo fermentation quickly if not properly
stored after the harvesting.

According to Azeredo et al. [53], the high sucrose
content means, in most cases, a premature
harvesting of honey, that is, a product in which
sucrose was not thoroughly transformed into
glucose and fructose by the action of the
invertase enzyme. In General, the sucrose
content does not exceed 8%. Silva et al. [54]
evaluated the concentration of sugars in honey
samples stored in different packaging in terms of
length of storage period. The authors found an
increase of reducing sugars in honey along the
storage period. This increase is probably
attributed to the transformation of sucrose into
glucose and fructose caused by the activity of the
enzyme invertase, since the inactivation of this
enzyme occurs by heating the honey. The
sucrose content is also important to know
whether the bees fed on sugar or if the honey
was adulterated by direct addition of sucrose
[55].

4. CONCLUSION

The parameters reducing sugars, sucrose,
hydroxymethylfurfural and ash in the honey
samples of stingless bees comply with the
requirements of the current Brazilian legislation.
The parameters of the diastasic activity and
moisture do not comply with the limits. This fact
points to the necessity of creating a specific
legislation for stingless bee honey, given the
large number of bee species and the different
characteristics of the honey that they produce.

ACKNOWLEDGEMENTS

The authors wish to thank the Coordination for
the Improvement of Higher Education Personnel
(CAPES) for the financial support.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Carvalho CAL, Alves RMO, Souza BA,
Véras SO, Alves EM, Sodré GS. Proposal
for technical regulation of physical
chemistry of floral honey quality processed
produced by the genus Melipona bees.
Stingless bees honey and pollen process
in pots cerumen. 2013;1-9. Accessed 29
January 2015.
Available:http://www.saber.ula.ve/handle/1
23456789/35292.

2. Carvalho CAL, Souza BA, GS Sodré,
Marchini LC, Alves RMO. Bee Honey
stingless: contribution to the physico-
chemical characterization. Cruz das
Almas: New Civilization; 2005.

3. Bruening H. Bee Jandaira. Mossley: Vingt-
A Rosado Foundation; 2001.

4. Anacleto DA, Souza BA, Marchini LC,
Moreti ACCC. Composition of Jatai bee
honey samples (Tetragonisca angustula
Latreille, 1811). Food Science and
Technology. 2009;29(3):535-541.

5. Fallico B, Zappala M, Arena E, Verzera A.
Effects of conditioning on HMF content in
unifloral  honeys. Food  Chemistry.
2004;85(2):305-313.

6. Kigik M, Kolayli S, Karaoglu S, Ulusoy E,
Baltaci C, Candan F. Biological activities
and chemical composition of three honeys
of different types from Anatolia. Food
Chemistry. 2007;100(2):526-534.

7. Silva KFNL, Santos DC, Silva CTS,
Queiroz AJM, Lima AON. Honey
rheological behavior of Apis mellifera in the
city of Tabuleiro do Norte-CE. Journal of
Agroindustrial Technology. 2010;4(1):52-

57.
8. Marchini LC, Sodré GS, Moreti ACCC.
Brazilian honey: composition and

standards. Ribeirdo Preto: ASP; 2004.

9. Serrano S, Villarejo M, Espejo R, Jodral M.
Chemical and physical parameters of
Andalusian honey: classification of Citrus

146



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nascimento et al.; ACSj, 7(3): 139-149, 2015; Article no.ACSj.2015.068

and Eucalyptus honeys by discriminant

analysis. Food Chemistry. 2004;87(4):
619-625.
Atago Co. Refratbmetro para mel.

Abelhas.1988;31(1):9-44.

Vidal R, Fragosi EV. Mel: characteristics,
physical and chemical analysis, tampering
and transformation. Barretos: Scientific
Technological Institute "Roberto Rios";
1984.

Moraes RM, Teixeira EW. Honey analysis.
Pindamonhangaba; 1998.

Boletin Official Espafiol (BOE) Orden de
12 de junio de 1986 de la Presidencia del
Gobierno by it that aprueban them oficiales
methods for analisis la miel. BOE, Madrid,
18 junio 1986 22195-22202;1986.
Association of Official Analytical Council
(A.O.A.C.) Official methods of Analysis. 15,
2.ed. suppl; 1990.

Pregnolato W, Pregnolato NP. Analytical
standards of the Institute Adolfo Lutz.
Methods for chemical and physical
analysis of food. S&o Paulo: Instituto
Adolfo Lutz; 1985.

Lane JH, Eynon L. Determination of
reducing sugars by fehling’s solution with
methylene blue. London: Normam Rodge;
1934.

Cooperative of Cane Producers, Sugar
and Alcohol of the State of Sdo Paulo -
COPERSUCAR. Analytical methods. In:
COPERSUCAR. Chemical control Manual
of sugar production. Piracicaba:
Copersucar; 1987.

Box GEP, Cox DR. An analysis of
transformations (with discussion). Journal
of the Royal Statistical Society.
1964;26(1):211-252.

Hartley HO. The use of range in analysis of

variance. Biometrika Trust. 1950;37(1):
271-280.

Sas Institute. SAS/Stat 9.1.3 Service Pack
2. Cary; 2003.

Villas-Boas JK, Malaspina 0.
Physicochemical parameters proposed for
the quality control of honey indigenous
stingless bees in Brazil. Post Sweet.
2005;82(1):28-32.

Brasil. Ministry of Agriculture, Livestock
and Supply. Instruction 11 of 20 October
2000. Technical Regulation of identity and
quality of honey. 2000. Accessed 02
December 2014.
Available:http://www.agricultura.gov.br/sda
/dipoa/anexo_intrnorm11.htm

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

147

Alves RMO, Carvalho CAL, Souza BA,
Sodré GS, Marchini LC Physical and
chemical characteristics of honey samples
of Melipona mandacaia Smith
(Hymenoptera: Apidae). Science and
Technology Alimentos. 2005;25(4):644-
650.

Pereira LL. Physico-chemical analysis of
honey samples of Apis mellifera and
stingless bees. Dissertation, University of
Sao Paulo, Piracicaba; 2010.

Chaves AFA, Gomes JEH, Costa
AJS.Physical chemistry of Melipona fulva
Lepeletier honey characterization, 1836
(Hymenoptera: Apidae: Meliponinae) used
in beekeeping by traditional communities
around the city of Macapa-AP. Biota
Amazon. 2012;2(1):1-9.

Souza BA, Carvalho CAL, Sodré GS,
Marchini LC. Physico-chemical
characteristics of honey samples of
Melipona asilvai (Hymenoptera: Apidae).
Rural Science. 2004;34(5):1623-1624.
Souza BA, Marchini LC, Oda-Souza M,
Carvalho CAL, Alves, RMO. Honey
characterization produced by species of
Melipona lliger, 1806 (Apidae: Meliponini)
of Northeastern Brazil: Physical and
chemical characteristics. New chemistry.
2009;32(2):303-308.

Zamora MC, Chirife J, Roldan D. On the
Nature of the Relationship Between Water
Activity and % Moisture in Honey. Food
Control. 2006;17(8):642-647.

Bertoldi FC, Reis VDA, Gonzaga LV,
Congro CR. Physico-chemical and sensory
characterization of honey samples of
Africanized bees (Apis mellifera L.)
produced in the wetland. Evidence
Biotechnology and Food. 2007;7(1):63-74.
Ribeiro ROR, Silva C, Monteiro ML,
Baptista RF, Guimardes CF, Marsico ET,
Mano SB, Pardi HS. Comparative
evaluation of physical-chemical quality
inspected and illegal honey marketed in
the state of Rio de Janeiro, Brazil. Brazilian
Journal of Veterinary Science.
2009;16(1)3-7.

Silva SJN, Schuch PZ, Vainstein MH,
Jablonski A. Determination of 5-
hydroxymethylfurfural in honey using
electrokinetic chromatography capillary
micellar. Food Science and Technology.
2008;28(10):46-50.

Couto RHN, Couto LA. Beekeeping:
management and products. Jaboticabal:
FUNEP; 2002.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Nascimento et al.; ACSj, 7(3): 139-149, 2015; Article no.ACSj.2015.068

Souza MCL, Jesus EFO, Lopes RT,
Lemos CS, Borges VB, Assis JT, Vital HC,
Vila AJM, Gomes SR. Physicochemical
and sensory characterization of bees spent

blooms wild honey. Food Hygiene.
2008;22(160):89-92.
Lirio FC. Physical-chemical,

microbiological and sensory irradiated
floral honeys. Thesis, Federal University of
Rio de Janeiro, Rio de Janeiro; 2010.
Périco E, Tiuman T, Lawich M, Kruger R.
Microbiological evaluation and honeys
from physicochemical marketed in the city
of Toledo, PR. Magazine Exact and
Natural Sciences. 2011;13(3):365-382.
Evangelista-Rodrigues A, Silva EMS,
Beserra EMF, Rodrigues ML.
Physicochemical analysis of the months of
Apis mellifera and Melipona scutellaris
produced in different regions in the state of
Paraiba. Rural Science. 2005;35(5):1166-
1171.

Oliveira KAM, Ribeiro LS, Oliveira GV.
Microbiological characterization,
physicochemical and microscopic honey
bees straw (Scaptotrigona depilis) and
jatai (Tetragonisca angustula). Magazine
Brazilian agribusiness products. 2013;
15(3):239-248.

Vit P, Persano L, Marano M, Salas E.
Venezuelan  stingless bee  honeys
characterized by multivariate analisis of
physicochemical properties. Apidologie.
1998;29(5):377-389.

Cortopassi-Laurino M Gelly DS. Pollen
analysis, physico-chemical properties and
antibacterial action of honey bee
Africanized Apis mellifera and Méliponinés
Brazil. Apidologie. 1991;22(1):61-73.

Vit P, Medina M, Enriquez ME. Quality
Standards for Medicinal Uses of
Meliponinae Honey in Guatemala, Mexico
Na Venezuela. Bee world. 2004;85(1):2-5.
Richter W, Jansen C, Venzke TSL,
Mendonga CRB, Borges D. Evaluation of
physico-chemical quality of the honey
produced in the city of Pelotas / RS. Food
and Nutrition. 2011;22(4):547-553.

Terrab A, Gonzalez AG, Diez MJ, Heredia
FJ. Mineral content and electrical
conductivity of the honeys produced in
Northwest Morocco and their contribution
to the characterisation of unifloral honeys.
Journal of the Science of Food and
Agriculture. 2003;83(7):637-643.

Codex Alimentarius Revised codex
standard for honey. 24th session of the

44.

45.

46.

47.

48.

49.

50.

51.

52.

148

Codex Alimentarius; 2001. Accessed 12
August 2013.
Available:http/www.codexalimentarius.net/
standard

Holanda CA, Oliveira AR, Costa MCP,
Ribeiro MNS, Souza JL, Araujo MJAM.
Quality of honeys produced by Melipona
fasciculata Smith of Maranhao cerrado
region. New chemistry. 2012;35(1):55-58.
Louise JK, Durling LFB, Bjorn EH.
Evaluation of the DNA damaging effect of
the heat-induced food toxicant 5-
hydroxymethylfurfural (HMF) in various cell
lines with different activities of
sulfotransferases. Food and Chemical
Toxicology. 2009;47(4):880-884.
Ortiz-Valbuena A. The ash content of 69
honey samples from La Alcarria and
neighbouring areas, collected in the period
1985-1987. Cuadernos de Apicultura.
1998;1:8-9.

Felsner ML, Cano CB, Bruns RE,
Watanabe HM, Almeida-Muradian LB,
Matos JR. Characterization of monofloral

honeys by ash contents through a
hierarchical design. Journal of Food
Composition and Analysis. 2004;17(6):

737-747.

Sousa JMB, Aquino IS, Magnani M,
Albuquerque JR, Santos GG, Souza EL.
Physicochemical aspects and sensory
profile of stinger without bee honey of
Seridd region, State of Rio Grande do
Norte, Brazil. Semina: Agricultural
Sciences. 2013;34(4):1765-1774.

Vit P, Pulcini P. Diastase and invertase
activities in Meliponini and Trigonini honey
from Venezuela. Journal of Apicultural
Research. 1996;35(2):57-62.

Bera A, Almeida-Muradian LB. Physical
and chemical properties of commercial
samples of honey with propolis the state of
Sao Paulo. Food Science and Technology.
2007;27(1):49-52.

Stramm KM. Composition and quality of
honey bee Jandaira (Melipona subnitida),
storage effects and comparison with Apis
mellifera honey. Dissertation, University of
Séo Paulo, Sao Paulo; 2011.

Oliveira EG, Monteiro-Neto V, Silveira
LMS, Nascimento AR, Nahuz MSR,
Meneses SL, Vasconcelos AFF, Costa
MCP, Borges ACS, Bogea ALG, Azevedo
CC, Ferreira CFC, Lima JC. Evaluation of
physicochemical parameters of tiuba
honey (Melipona compressipes fasciculata
Smith), produced in the state of Maranh&o.



53.

54.

Nascimento et al.; ACSj, 7(3): 139-149, 2015; Article no.ACSj.2015.068

Magazine Food Hygiene. 2006;20(146):74-
81.

Azeredo MAA, Azeredo LC, Damasceno
JG. Physicochemical characteristics of
honey in Sédo Fidelis - RJ. Food Science
and Technology. 1999;19(1):3-7.

Silva KFNL, Queiroz AJM, Figueiredo
RMF, Silva CTS, Melo KS.

55.

Physicochemical characteristics of honey
produced in Limoeiro of Norte tree during
storage. Magazine Caatinga. 2009;22(4):
246-254.

Mendes E, Proenca EB, Ferreira IMPLV,
Ferreira MA. Quality evaluation of
Portuguese honey. Carbohydrate
Polymers. 1998;37(3):219-223.

© 2015 Nascimento et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=1047&id=16&aid=8941

149



