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Botanical sources and heavy metals contents
of honey produced by Apis mellifera in an
ecotone region of the state of Bahia, Brazil
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SILVA, AYALA NARA P. GOMES, GIRLIANE REGINA DA SILVA, RAFAEL S. DE ARRUDA,
EDSON A. MACIEL & FRANCISCO A.R. DOS SANTOS

Abstract: The present study investigated by palynological and chemical analysis (Flame
Atomic Absortion Spectrometry) about the botanical origin and the heavy metals
content (arsenic, cadmium, chromium, lead and mercury) of monthly honey samples of
Apis mellifera L. over two years. The pollen types Apiaceae, Mimosa caesalpiniifolia, M.
tenuiflora and Myrcia indicated the main floristic sources used by bees. M. tenuiflora was
the most frequent of the pollen types, and because it predominates in different months
in each year, which may indicate more than one species of the genus being foraged by
the beehive. The climatic influence (rainfall and temperature) on the pollen diversity was
investigated and was not statistically supported. The chemical analysis showed that the
heavy metal content of the samples were below their respective limits of quantification,
and, therefore, the samples can be considered safe for human consumption.
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contaminant.

INTRODUCTION

Honey is a natural sweet substance produced
by bees through the combination of their own
secretions with nectar collected from flowers
(Codex Alimentarius 1981). Any pollen grains
found in honey are accidentally inserted
because of the foraging behavior of the bees.
The pollen grains present in bee products can
be typified by palynological studies and are
thus important sources of information about
the plant species used as food sources by the
hive (Barth 1989, 2004). Chemically, honey is
composed of approximately 25% water with a
high concentration of carbohydrates (~95% of
solids), and lesser amounts of organic acids,
proteins, vitamins, and minerals (~1%) (White
Jr. & Donner 1980). Some of the minerals found

in honey include heavy metals and trace
elements. These are metals and semimetals
associated with contamination and toxicity to
human health, depending on the element and
its chemical form (Duffus 2002).

Heavy metals are emitted continuously in
the environment by natural and anthropogenic
agents, and since they are not degraded, they
remain active in the physical and biological
cycles (Porrini et al. 2003). Industry and
traffic are considered the main sources of
environmental contamination by humans
(Bogdanov 2006). In honey, the entry of metals
may be due to improper handling during the
production and storage of honey, or by contact
with contaminated water, air, soil, and plants
in the foraging area (Caroli et al. 1999, Porrini
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et al. 2003, Bogdanov 2006, Pisani et al. 2008,
Zhelyazkova 2012).

The floral origin of honey influences its
total mineral content, as recorded by Fredes
& Montenegro (2006) in Chile, Conti et al.
(2007) in Italy, Bilandzic et al. (2012) in Croatia,
and Formicki et al. (2013) in Poland. These
studies have shown that melissopalynological
and chemical studies can provide important
information about the main botanical sources
used by honeybees as food and their influence
on the heavy metal content of honey, while
also assessing the potential of bees and their
products as bioindicators of environmental
contamination (Porrini et al. 2003).

The floral origins of Brazilian honey have
been studied since the 1960s (Barth 1990).
Robust studies have previously been conducted
in Northeast Brazil and serve as references
for beekeeping in the region, especially in the
states of Bahia (Oliveira & Santos 2014), Piaui
(R. Borges, unpublished data) and Sergipe
(Silva & Santos 2015). On the other hand,
studies on heavy metals in honeys have been
reported more recently, including reports by G.
Sodré (unpublished data) in the northeastern
region, in addition to the works of Mendes et
al. (2006), M. Magalhaes (unpublished data), R.
Ribeiro (unpublished data), Andrade et al. (2014)
and Souza et al. (2014) in other parts of the
country. Considering the size, biodiversity, and
beekeeping potential of the country, scientific
investigations in this area remains insufficient.

The presentstudywasformulatedtoevaluate
the variation in the botanical constitution and
heavy metal content of honey produced over
two years in a commercial apiary in the interior
of the state of Bahia, and thus to contribute to
bee research in Northeast Brazil.

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

MATERIALS AND METHODS

Study area

Sampling was carried out in a commercial apiary
in Caetité (13°58'41.45"S, 42°27'24.71"W) (Figure 1),
a municipality located in the micro-region of the
Serra Geral in the state of Bahia (IBGE-Instituto
Brasileiro de Geografia e Estatistica 2016). Its
vegetation is characterized by an ecotone
between the cerrado, caatinga, and seasonal
forest, (SEI - Superintendéncia de Estudos
Econdmicos e Sociais da Bahia 2015), which is
constantly threatened by environmental impacts
from mining activities. The apiary is located 763
m to the west of highway BR 122, which connects
Caetité to its district Maniacu. The hives are
installed in an anthropic rural area surrounded
by farms in Caatinga.

Sample collection

Monthly samples were collected from honeybees
(Apis mellifera L.) between March 2015 and
February 2017. A beehive was provided by the
apiary owner, from which the samples were
collected by removing all the honey content
from the pre-identified frame, ensuring that the
new production corresponded to the following
sampling month. During the 24 month-study, 21
samples were collected, because of insufficient
nectar flow between September-November,
2016. Samples were collected directly from the
frame without any contact with the metallic
structures of the beekeeping equipment. The
honey was stored in polypropylene tubes,
labeled, and conditioned at room temperature.

Botanical characterization

The samples were chemically treated as per the
method described by Louveaux et al. (1978) with
the addition of 50 mL absolute ethyl alcohol to
the solution, an adaptation proposed by Jones
& Bryant Jr. (2004), which aims to minimize the
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Figure 1. Location of the
study area. In gray: (a)
state of Bahia; (b) the
municipality of Caetité.
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loss of pollen grains. The sediment was then
subjected to acetolysis (Erdtman 1960) and
mounted on slides with glycerinated jelly.

A minimum of 500 pollen grains per sample
were counted for the palynological census
(Moar 1985), which were classified according
to Louveaux et al. (1978): predominant (>45%),
secondary (15-45%), important minor (3-15%),
minor (1-3%), or trace (<1%) pollen.

The typification of the pollen grains was
performed by comparison with the slide
collection of the Laboratorio de Micromorfologia
Vegetal (LAMIV) of the Universidade Estadual
de Feira de Santana (UEFS) and by consulting
pollen catalogs (i.e., Chavez et al. 1991, Roubik &
Moreno 1991, L. Silva, unpublished data) Brazilian
online databases such as INCT-Herbario Virtual
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da Flora e dos Fungos (2017) and Flora do Brasil
2020 (2018) were also consulted.

Climatic data

Rainfall and temperature data were obtained
from the Caetité Meteorological Station through
the Instituto Nacional de Meteorologia (INMET
2017).

Determination of heavy metals contents

Triplicate samples of honey (0.5 g), diluted with
5 mL of nitric acid (Merck, Darmstadt, Germany),
were digested in a microwave (Mars Xpress, CEM,
Sao Paulo, Brazil) as described in Table I. The
digested samples were then diluted (1:1) with
distilled water and used for reading.

The levels of As, Cd, Cr, Pb, and Hg were
determined via flame atomic absorption
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PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

Table I. Operating conditions for the digestion of honey samples by microwave.

Steps Power Temperature °C Heating time Cooling time
1 800 room temp. - 120 5 min -
2 800 10 min -
3 800 120 - 160 5 min -
4 800 5 min -
5 0 room temp. - 5

spectrometry (FAAS) (Varian AA 240, Agilent
Technologies Inc., California, USA), equipped
with individual hollow cathode lamps under
appropriate wavelengths (Table II). For
determining As and Hg levels, a steam generation
accessory (VGA-77, Varian, Mulgrave, Australia)
was used. Five milliliters of concentrated nitric
acid with 5 mL of distilled water were used as
the blank. Standard solutions of the metals
at a concentration of 1000 ppm (Qhemis-
Hexis, Sao Paulo, Brazil) were used to prepare
working solutions after appropriate dilution
(Table I1). Distilled water was used in all dilution
procedures. All reagents used were of analytical
grade.

Data analysis

In order to relate the diversity of pollen types
with climatic data (rainfall and temperature),
we constructed General Linearized Mixed
Models (GLMM’s, glmmPQL function in the
“MASS” package, Venables & Ripley 2002). We
chose this method of analysis because there
is an argument in the function that makes the
correction for time-repeated data, in this way it
controls temporal autocorrelation effects. Since
we accessed monthly climate data, from the
month prior to collection and from the current
month to collection, as well as an average of two
months of sampling, we constructed separate

sets of models. In all models we use Poison as
the distribution of errors. The probability of the
GLMM models was tested by ANOVA (Type Il sums
of squares test hypotheses: Anova function,
package “car”, Fox & Weisberg 2011) All analyzes
were done in the R environment (R Core Team
2018).

RESULTS

Froral origin, pollen diversity and climate
influency

The bee floral diversity of the study area was
represented by 95 pollen types, of which 79
were identified and associated with 30 botanical
families (Table Il and Figure 2). Table IIl presents
the pollen spectrum of all samples in categories
(classification by Louveaux et al. 1978), which are
especially informative for local beekeepers as
it highlights the main food sources exploited
by bees. The spectra indicated that Fabaceae
species were the main food source for A.
mellifera. Pollen types in this family were
recorded in the spectra of all sampled months.
Other families were also frequent among the
samples, although with different contributions
inthe spectra; for example, Rubiaceae, the family
with the second highest number of pollen types,
was represented mainly by important, minor,
and trace pollen.
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Table Il. Individual conditions of the metals for reading under FAAS.

Element | Wavelength (nm) Flame composition (;gg) (532‘) Standa(r";i: n?;)lution
cd 228,8 Air-Acetylene + air 0,02 0006 | 027 0% %185 -08-
cr 3579 Air-Acetylene + air 0,06 0020 | %2°04 %’85 -08-
Pb 217,0 Air-Acetylene + air 0,10 0,033 02-04-06-08-

*Values in ppb.

During the 24-month study, the main
botanical sources that composed the pollen
spectra varied among the four pollen types:
Apiaceae, Mimosa caesalpiniifolia, M. tenuiflora,
and Myrcia (Table Il and Figures 3, 4). The pollen
type M. tenuiflora predominated in a larger
number of samples and was present in all
months of the study. Because it predominated
at different times in each year of study (Figure 3),
this pollen type might indicate the presence of
more than one species of the genus in the area.
In addition to the above pollen types, Begonia,
Eucalyptus, Mimosa pudica, M. ursina, Mikania,
Mitracarpus hirtus, Raphiodon and Myrtaceae
(Table 11l and Figure 4) were characterized as
secondary pollen, and thus indicated important
taxa for bee feeding.

The frequency of pollen types among the
samples is considered an important factor, since
it indicates the period during which the species
were flowering in the area contributing to the
production and maintenance of the colony. In
descending order, the most frequent types (>
50%) were: M. tenuiflora > M. caesalpiniifolia >
Apiaceae > Raphiodon > Evolvulus glomeratus

1,0

> M. ursina > Hyptis > Richardia grandiflora >
Myrcia (Table Il and Figure 3).

The influence of monthly climatic factors
(temperature and rainfall) on the composition
of the pollen spectra was investigated through
Pearson analysis: climatic factors x pollen
diversity and climatic factors x pollen frequency.
The average temperature in the municipality
ranged from ca.20-26 °C, while total precipitation
ranged from 0- 0.6 mm?3 in the driest months, to
63.4-400 mm?3 in the rainy season (Figure 5). The
results of this analysis showed that there was
no statistically significant correlation (p > 0.05)
among the variables considered.

Heavy metals contents

The chemical analyses using FAAS showed that
the samples presented lower readings than
those obtained for the lowest point of the
standard curve of each metal. In other words,
the concentrations of As, Cd, Cr, Hg, and Pb in
the honey samples were below their respective
limits of quantification (Table 1), therefore,
the samples were considered safe for human
consumption.
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Table Ill. Pollen types from honey of Apis mellifera L. produced over two years in the study area. Frequency
Classes: P = predominant pollen, S = secondary pollen, | = important minor pollen, m = minor pollen, t = trace
pollen, % = frequency between spectra.

Floral sources 2015 2016 2017
Family Pollen types Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Dec Jan Feb %
Alternanthera 1 t ot ot t 'm 24
Amaranthaceae = Alternanthera 2 t 5
Gomphrena t | m . m t t t m 38
. Myracrodruon
Anacardiaceae y t t t t t t | | | 43
urundeuva
Apiaceae Apiaceae S t S t t PP I S l'm m | | t t 7
Apocynaceae Apocynaceae t 5
Cocos nucifera I 5
Arecaceae Cocos 1 m 5
Syagrus coronata t 5
Ageratum t 5
Aspilia t 5
Asteraceae Mikania t t t St . m t t t t 48
Elephantopus t
Vernonanthura t 5
Begoniaceae Begonia S 5
Anemopaegma t 5
Bignoniaceae Bignoniaceae m. 5
Fridericia t t 10
Cordia t 5
Boraginaceae
Helitropium t t t 14
Cannabaceae Celtis t 5
Evolvulus
L | t m | m t | m m | m t t 67
Concolvulaceae glomeratus
Jacquemontia t m t 14
. Momordica
Cucurbitaceae . t 5
charantia
Cyperaceae Cyperaceae t t 10
Dilleniaceae Davilla t 5
Croton 1 m m t t t t t 33
Croton 2 t t 10
Croton 3 t 5
Euphorbiaceae
Croton 4 t t 10
Croton 5 t 5
Euphorbiaceae t t 10
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Table IIl. Continuation.

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

Aeschynomene t 5
Anadenanthera
. t 5
colubrina
Chamaecrista
t m t 14
ramosa
Chamaecrista ¢ 5
nictitans
Copaifera m t 14
Dioclea m ot 10
Diptychandra t 5
Fabaceae 1 t t t t t 24
Fabaceae Fabaceae 2 t 5
Galactia jussiaeana t 5
Inga vera m . m t ot t 29
Machaerium t m | 14
Mim
AO?a . t t t t t t | | m P | P | t t 81
caesalpiniifolia
Mimosa pudica | t t St t 29
Mimosa tenuiflora | P /P P P S P m S S m | IS P P P P 100
Mimosa ursina [l S |t t 'm m/ m m; t m 57
Neptunia plena t 5
Pity
yroceroe . :
moniliformis
A Hyptis t tt t m t 'm m| t t t |t | 57
Lamiaceae :
Raphiodon m | | | | S tt t ' m t | | S | 67
Mapighiaceae Byrsonima |t tt 24
Herissantia t ot t t t 24
Malvaceae t 5
Malvaceae | \q(ochia tomentosa t tot 14
Waltheria
. t 5
arckemanianna
Eucalyptus t m ' m m m m .t m | 48
Myrtaceae Myrcia t | Pl PP t t t ot t ot 52
Myrtaceae S S | t t 29
. Guapira t t t t 19
Nyctaginaceae -
Nyctaginaceae t 5
Planttaginaceae Angelonia t 5
Phytolacaceae Microteia t 5
Poaceae Poaceae tt 10
Polygalaceae Polygala t t ot 14
Polygonaceae Polygonum t 5
Borreria verticillata t t 10
Hexassepalum
. P t t m t m | 24
apicullata
Guettarda t 5
Rubiaceae Mitracarpus frigidus t 5
Mitracarpus hirtus | | t S t t 29
Richardia grandiflora t | t | t | t t t to t t |52
Rubiaceae t 5
. Cardiospermum t 5
Sapindaceae ;
Cupania t 5
Serjania t 5
Urticaceae Cecropia t t 10
Verbenaceae Lippia t 5
Pollen types not identified 0,0 0 /0 01 o/ 1 1, 1,03 0 5 4 0 0 0
Total of pollen types 0 14 1 15 18 1 15 1016 015120 21 1 27 17 13 18 12 016 13
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Figure 3. The frequency of pollen types with higher occurrence in the honey samples (> 50%).
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DISCUSSION

The pollen spectra of honey produced in Caetité
generally resemble those of honey from other
regions of Bahia (See Table IIl). For example,
the regions of Reconcavo; northeast, west, and
middle Sdo Francisco; and Serra Geral (to which
the municipality belongs), had pollen spectra
counts exhibiting predominant Mimosa L.
content. (Oliveira & Santos 2014). In the remaining
regions of the state, the honey samples exhibited
pollen counts with other predominant pollen
types from native and exotic genera such as
Coffea, Copaifera, Elaeis, Eucalyptus, Euterpe,
Schinus, Syagrus, Tapirira, and more. (Moreti et al.
2000, Oliveira et al. 2010, Oliveira & Santos 2014,
Nascimento et al. 2015).

Predominant pollen types in honey can
generate a false impression of the major

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

Figure 4. Predominant and
secondary pollen types identified
in the honey samples: (a) Apiaceae;
(b) Mikania (Asteraceae); (c)
Begonia (Begoniaceae); (d) Mimosa
caesalpiniifolia (Fabaceae); (e) M.
pudica (Fabaceae); (f) M. tenuiflora
(Fabaceae); (g) M. ursina (Fabaceae);
(h) Raphiodon (Lamiaceae); (i)
Eucalyptus (Myrtaceae); (j) Myrcia
(Myrtaceae); (k) Myrtaceae; (1)
Mitracarpus hirtus (Rubiaceae).
Scale bar: 10 pm.

nectariferous source used by bees and mask the
importance of other honey plants. This holds
true for the overrepresented species in the
spectra, as they produce a much larger quantity
of pollen grains than nectar (Barth 1989). Among
the predominant pollen types identified, three
indicate species that produce large quantities of
pollen grains: M. caesalpiniifolia, M. tenuiflora,
and Myrcia (Barth 1989, Proenca & Gibbs 1994).
The Apiaceae type, predominant in two
samples, is related to exotic vegetables such
as Daucus carota L., Eryngium foetidum L., and
Foeniculum vulgare Mill. that can offer both
nectar and pollen to honeybees (Pérez-Banon
et al. 2007). The most frequent pollen types of
the genus Mimosa indicated species known
by the people of the study area because of
their beekeeping importance. The “Sabias”
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(M. caesalpiniifolia) and “Juremas-pretas” (M.
tenuiflora), as they are popularly called, produce
large amounts of pollen and also supply nectar
to bees (Freitas & Silva 2006).

A classic example of a nectariferous group
underrepresented in pollen spectra is the
Lamiaceae (Barth 1989). In this study, the family
was represented in greater frequency (secondary
and important pollen) by Raphiodon. Thus,
considering their importance in the spectra and
their floral characteristics (Dias & Kiill 2007),
species indicated by this pollen type can be
considered as important sources of nectar for
honeybees. This example can also be used for
other nectariferous species which have been
indicated in the spectra, such as Eucalyptus sp.
(Myrtaceae), Mitracarpus hirtus (Rubiaceae) and
Myracrodruon urundeuva (Anacardiaceae) (Barth
1989, 1990, Davis 1997).

Some pollen types were important, not
necessarily because of their abundance in the
spectra, but because of their frequency during
the sampling months (i.e., M. tenuiflora, M.
caesalpiniifolia, Apiaceae, Raphiodon, Evolvulus
glomeratus, M. ursina, Hyptis, Richardia
grandiflora and Myrcia), which indicated
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beekeeping species useful for maintenance.
According to Freitas & Silva (2006), the species
of maintenance, unlike species of production,
are those that do not produce excess nectar
for commercial purposes, but ensure that the
colonies remain strong and do not abandon the
beehive, especially in the driest months.
Climatic factors can influence the
phenological patterns of plant species (Machado
et al. 1997), the behavior of honeybees (Szabo
1980) and, consequently, the pollen diversity of
bee products (Andrada & Telleria 2005, Simeao
et al. 2015). Nevertheless, this correlation has not
been clearly observed in our experiment as well
as in other works with Brazilian bee products (R.
Borges, unpublished data, Alves & Santos 2018,
Matos & Santos 2019). Considering only species
blooms, the authors generally expect a positive
relationship between water availability in the
environment and diversity in pollen spectra.
Regarding the presence of heavy metals in
the studied samples, the results indicated that
although the municipality of Caetité is a focus
of mining industries, the probable sources of
pollution have low influence on the study area. In
more developed cities, the heavy metal content
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may be higher than the maximum values allowed
by Brazilian legislation, which is, in mg/kg (or
ppm), 0.1 for Cd and Cr, 0.3 for As and Pb, and 0.5
for Hg (BRASIL 1987, 2008, 2013).

Cr contamination is very common in
Brazilian honey, according to the literature. The
highest Cr contents were observed in honey
from cities such as Teresopolis-R) (0.42 mg/
kg), Betim-MG (0.53 mg/kg) and Moju-PA (0.83
mg/kg) (M. Magalhdes 2010, unpublished data,
R. Ribeiro 2010, unpublished data, Souza et al.
2014, respectively), while Pb levels ranged from
014 mg/kg in Guarapuava-PR to 1.30 mg/kg in
Moju-PA (Souza et al. 2014). On the other hand,
the levels of As, Cd, and Hg are generally low or
undetectable by analytical methods and are thus
considered to be absent (G. Sodré, unpublished
data, Mendes et al. 2006, Souza et al. 2014).

Although our study detected metallic
contaminants at very low values in the samples,
honeybees (and their products) are considered
excellent ecological (Porrini et al. 2003). Studies
have shown that environmental factors such as
pollution, climate, and botanical origin influence
the mineral composition of honey (Bogdanov
2006, Bilandzi¢ et al. 2012).

This study presented important information
about the environmental conditions of a city with
increasing urban development, and contributed
to the beekeeping knowledge of the local
community. However, additional studies are
needed, both to cover a larger sampling area and
to assess the potential of other bee products
as bioindicators, since the literature shows that
products such as bee pollen, propolis, and wax
generally accumulate more minerals than honey
(Birge & Price 2001, M. Magalhaes, unpublished
data, Formicki et al. 2013).

Acknowledgments

The authorswould like to thank chemistjosé Jiulio Ferreira
Junior of Centro de Apoio a Pesquisa (CENAPESQ) for his

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

orientation in the FAAS analyzes. We also acknowledge
the Coordenagao de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES) for concession the scholarship
of the first author and CNPg (Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico, process n@
302594/2016-7 and 404417/2013-7 and FACEPE-PRONEM,
process n° 0741106/2014;

REFERENCES

ALVES RF & SANTOS FAR. 2018. Pollen foraged by bees
(Apis mellifera L) on the Atlantic Forest of Bahia, Brazil.
Palynology 42: 1-7.

ANDRADA AC & TELLERIA MC. 2005. Pollen collected by honey
bees (Apis mellifera L.) from south of Calde™n district
(Argentina): botanical origin and protein content. Grana
44:115-122.

ANDRADE CK, ANJOS VE, FELSNER ML, TORRES YR & QUINAIA
SP. 2014. Direct determination of Cd, Pb and Cr in honey
by slurry sampling electrothermal atomic absorption
spectrometry. Food Chem 146: 166-173.

BARTH OM. 1989. O polem no mel brasileiro. Rio de Janeiro:
Luxor, 150 p.

BARTH OM. 1990. Pollen in monofloral honeys from Brazil. J
Apicultural Res 29(2): 89-94.

BARTH OM. 2004. Melissopalynology in Brazil: a review of
pollen analysis of honeys, propolis and pollen loads of
bees. Sci Agric 61(3): 342-350.

BILANDZIC N, POKIC M, SEDAK M, VARENINA I, KOLANOVIC BS,
KONCURAT A, SIMIC B & RUDAN N. 2012. Content of five trace
elements in different honey types from Koprivnica-
Krizevci County. Slov Vet Res 49(4): 167-175.

BIRGE W & PRICE D. 2001. Analysis of metals and
polychlorinated biphenyl (PCB) residues in honey bees,
honey and pollen samples collected from the Paducah
gaseous diffusion plant and other areas. (Research report
n.n.) Division of Waste Management Kentucky Department
for Environmental Protection, Frankfort.

BOGDANOV S. 2006. Contaminants of bee products.
Apidologie 37: 1-18.

BRASIL. 1987. Portaria 11/1987. Dispoe sobre a expressao
“qualquer alimento” constante da Tabela Il do decreto
55.871/65. Diario Oficial da Unido, Brasilia.

BRASIL. 2008. Instrucao Normativa N2 10 de 14 de abril
de 2008. Aprova 0s programas de controle de residuos e
contaminantes em carnes (bovina, aves, suina e equina),
leite, mel, ovos e pescado. Diario Oficial da Uniao. Brasilia.

An Acad Bras Cienc (2022) 94(Suppl. 4) 20211551 11|13



CRISTIANO EDUARDO A. SILVEIRA-JUNIOR et al.

BRASIL. 2013. Resolucao - Rdc N2 42 de 29 de Agosto de
2013. Dispoe sobre o regulamento técnico MERCOSUL
sobre limites maximos de contaminantes inorganicos em
alimentos. Diario Oficial da Unido. Brasilia.

CAROLIS, FORTE G, IAMICELI AL & GALOPPI B.1999. Determination
of essential and potentially toxic trace elements in honey
by inductively coupled plasma-based techniques. Talanta
50: 327-336.

CHAVEZ RP, WIECHERS BL & VILLANUEVA GR. 1991. Flora
palinologica de la reserva de la biosfera de Sian Ka'An
Quintana Rdo, México. Quintana Réo: Chetumal, 321 p.

CODEX ALIMENTARIUS. 1981. Codex Standard for Honey,
Codex Stan 12-1981, Rev.2 (2001), Volume 11: 1-8 FAO; Rome.

CONTI ME, STRIPEIKIS J, CAMPANELLA L, CUCINA D & TUDINO MB.
2007. Characterization of Italian honeys (Marche Region)
on the basis of their mineral content and some typical
quality parameters. Chem Cent ) 1(14): 1-10.

DAVIS AR. 1997. Influence of floral visitation on nectar-sugar
composition and nectary surface changes in Eucalyptus.
Apidologie 28: 27-42.

DIAS CTV & KIILL LHP. 2007. Ecologia da polinizacao de
Raphiodon echinus (Nees & Mart.) Schauer (Lamiaceae)
em Petrolina, PE, Brasil. Acta Bot Bras 21(4): 977-982.

DUFFUS JH. 2002. “Heavy Metals"—a meaningless term?
(IUPAC Technical Report). Pure Appl Chem 74(5): 793-807.

ERDTMAN G. 1960. The acetolysis method - a revised
description. Svensk Botanisk Tidskr 54: 561-564.

FLORA DO BRASIL 2020 em construcao. 2018. Jardim Botanico
do Rio de Janeiro [online]. http://floradobrasil.jbrj.gov.
br/ (acessed on 04 july 18).

FORMICKI G, GREN A, STAWARZ R, ZYSK B & GAt A. 2013. Metal
content in honey, propolis, wax, and bee pollen and
implications for metal pollution monitoring. Pol J Env
Stud 22(1): 99-106.

FREDES C & MONTENEGRO G. 2006. Heavy metals and other
trace elements contents in Chilean honey. Cien Inv Agr
33(1): 50-58.

FREITAS BM & SILVA MSS. 2006. Potencial apicola da
vegetacdo do Semi-Arido brasileiro in: SANTOS FAR (Ed),
Apium Plantae. IMSEAR, Recife, Brasil, p. 19-32.

FOX ) & WEISBERG S. 2011. An R Companion to Applied
Regression, Second Edition, Sage.

IBGE - INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. 2016.
IBGE Cidades [online]. https://cidades.ibge.gov.br/vs4/
brasil/ba/caetite/panorama (accessed on 20 march 16).

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

INCT - Herbario Virtual da Flora e dos Fungos. 2017. [online].
http://inct.splink.org.br/ (acessed on 20 july 18).

INMET - INSTITUTO NACIONAL DE METEOROLOGIA. 2017. http://
www.inmet.gov.br (acessed on 02 february 17).

JONES GD & BRYANT JR VM. 2004. The use of ETOH for the
dilution of honey. Grana 43: 174-182.

LOUVEAUX J, MAURIZIO A & VORWOHL G. 1978. Methods of
Melissopalynology. Bee World 59(4): 139-157.

MACHADO ICS, BARROS LM & SAMPAIO EVSB. 1997. Phenology of
caatinga species at Serra Talhada, PE, Northeastern Brazil.
Biotropica 29(1): 57-48.

MATOS VR & SANTOS FAR. 2019. Melissopalynology in an area
of Atlantic Forest (northeast region, Brazil). Grana 58(2):
144-155.

MENDES TMFF, BACCAN SN & CADORE S.2006. Sample treatment
procedures for the determination of mineral constituents
in honey by inductively coupled plasma optical emission
spectrometry. J Brazilian Chemical Soc 17(1): 168-176.

MOAR NT. 1985. Pollen anlysis of New Zealand honey. N Z )
Agri Res 28: 39-70.

MORETI ACCC, CARVALHO CAL, MARCHINI LC & OLIVEIRA PCF. 2000.
Espectro polinico de amostras de mel de Apis mellifera L.,
coletadas na Bahia. Bragantia 59(1): 1-6.

NASCIMENTO AS, CARVALHO CAL & SODRE GS. 2015. The pollen
spectrum of Apis mellifera L. honey from Reconcavo of
Bahia, Brazil. ] Sci Res Rep 6(6): 426-438.

OLIVEIRA PP & SANTOS FAR. 2014. Prospeccao palinologica
em méis da Bahia. Feira de Santana: Print Midia, 120 p.

OLIVEIRA PP, VAN DEN BERG C & SANTOS FAR. 2010. Pollen
analysis of honeys from Caatinga vegetation of the state
of Bahia, Brazil. Grana 49: 66-75.

PEREZ-BANON C, PETANIDOU T & MARCOS-GARCIA MA. 2007.
Pollination in small islands by occasional visitors: the
case of Daucus carota subsp. commutatus (Apiaceae) in
the Columbretes archipelago, Spain Plant Ecol 192: 133151.

PISANI A, PROTANO G & RICCOBONO F. 2008. Minor and trace
elements in different honey types produced in Siena
County (Italy). Food Chem 107: 1553-1560.

PORRINI C, SABATINI AG, GIROTTI S, GHINI S, MEDRZYCKI P,
GRILLENZONI F, BORTOLOTTI L, GATTAVECCHIA E & CELLI G.
2003. Honey bees and bee products as monitors of the
environmental contamination. Apiacta 38: 63-70.

PROENGCA CEB & GIBBS PE. 1994. Reproductive biology of eight
sympatric Myrtaceae from Central Brazil. New Phytologist
126: 343-354.

An Acad Bras Cienc (2022) 94(Suppl. 4) 20211551 12 | 13



CRISTIANO EDUARDO A. SILVEIRA-JUNIOR et al.

R CORE TEAM 2018. R: A Language and Environment for
Statistical Computing. R Foundation for Statistical
Computing, Vienna.

ROUBIK DW & MORENO JE. 1991. Pollen and Spores of Barro
Colorado. Monogr Syst Bot Mo Bot Gard 36: 4.

SEI - SUPERINTENDENCIA DE ESTUDOS ECONOMICOS E SOCIAIS.
2015. Perfil dos Territorios de Identidade da Bahia. Série
territorios de identidade da Bahia. Publicagoes SEI,
Salvador.

SILVA APC & SANTOS FAR. 2015. Espectro polinico do mel do
semiarido sergipano. In: SANTOS FAR & CARNEIRO CE (Eds).
De melle semiaridi. ADUFBA, Salvador, Brasil, p. 95-120.

SIMEAO CMG, SILVEIRA FA, SAMPAIO IBM & BASTOS EMAF. 2015.
Pollen analysis of honey and pollen collected by Apis
mellifera Linnaeus, 1758 (Hymenoptera, Apidae), in a
mixed environment of Eucalyptus plantation and native
cerrado in Southeastern Brazil. Braz | Biol 75(4); 821-829.

SOUZA RF, FAIAL KCF, CARNEIRO JS & SILVA BA. 2014.
Determinagao dos teores minerais em amostras méis de
abelhas do estado do Para. R Iluminart 11: 164-177.

SZABO TI. 1980. Effect of weather factors on honeybee
flight activity and colony weight gain. ) Apicultural Res
19(3): 164-171.

VENABLES WN & RIPLEY BD. 2002. Random and Mixed
Effects. In: Modern Applied Statistics with S. Statistics
and Computing. Springer, New York, NY. https://doi.
0rg/10.1007/978-0-387-21706-2_10.

WHITE JW & DONNER LW. 1980. Honey Composition and
Properties. In: MARTIN EC et al. 1980. Beekeeping in the
US Agriculture Handbook Number 335, Department of
Agriculture, Washington, USA, p. 82-91.

ZHELYAZKOVA 1. 2012. Honeybees - bioindicators for
environmental quality. Bulg ) Agric Sci 18 (3): 435-442.

How to cite

SILVEIRA-JUNIOR CEA, LOPES BA, SILVA TMS, GOMES ANP, SILVA GR,
ARRUDA RS, MACIEL EA & SANTOS FAR. 2022. Botanical sources and
heavy metals contents of honey produced by Apis mellifera in an
ecotone region of the state of Bahia, Brazil. An Acad Bras Cienc 94:
€20211551. DOI 10.1590/0001-3765202220211551.

Manuscript received on December 14, 2021;
accepted for publication on May 14, 2022

CRISTIANO EDUARDO A. SILVEIRA-]l:lNIORL2
https://orcid.org/0000-0001-8829-635X

PALYNOLOGICAL AND CHEMICAL STUDY OF HONEY FROM BAHIA

BIANCA A. LOPES'
https://orcid.org/0000-0002-7168-0854

TANIA MARIA S. SILVA®
https://orcid.org/0000-0003-1887-2598

AYALA NARA P. GOMES®
https://orcid.org/0000-0002-4786-3538

GIRLIANE REGINA DA SILVA*
https://orcid.org/0000-0002-5843-4405

RAFAEL S. DE ARRUDA®
https://orcid.org/0000-0003-2869-5134

EDSON A. MACIEL®
https://orcid.org/0000-0002-5302-8117

FRANCISCO A.R. DOS SANTOS'
https://orcid.org/0000-0002-9246-3146

'Universidade Estadual de Feira de Santana,
Departamento de Ciéncias Biologicas, Av. Transnordestina,
s/n, 44036-900 Feira de Santana, BA, Brazil

’Programa de Pos-Graduacdo em Botanica, Universidade
Estadual de Feira de Santana, Av. Transnordestina,
s/n, 44036-900 Feira de Santana, BA, Brazil

*Programa de Pos-Graduacao em Desenvolvimento e Inovagao
Tecnologica em Medicamentos, Universidade Federal Rural de
Pernambuco, Laboratorio de Bioprospeccao Fitoquimica, Rua
Dom Manoel de Medeiros, s/n, 52171-900 Recife, PE, Brazil

“Faculdade Santissima Trindade, Rua Professor Américo
Brandao, 46, 55800-000 Nazaré da Mata, PE, Brazil

*Universidade Federal do Mato Grosso, Instituto de
Ciéncias Naturais, Humanas e Sociais - ICNHS, Av.
Alexandre Ferronato, 1200, 78550-728 Sinop, MT, Brazil

®Universidade do Estado da Bahia, Av. Contorno,
s/n, 46400-000 Caetité, BA, Brazil

Correspondence to: Cristiano Eduardo Amaral Silveira-)anior
E-mail: silveirajunior_cea@yahoo.com.br

Author contributions

CSJ, FS, and TS conceived the study and designed experiment;
CSJ, AG and GRS performed the chemical analyzes; CSJ, BAL
and EAM conducted palynological studies; RSA performed data
analysis; All authors read and approved the final manuscript.

[@)ey |

An Acad Bras Cienc (2022) 94(Suppl. 4) 20211551 13| 13



