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Food Science and Technology

Physicochemical properties and mineral and protein content of honey samples from

Ceara State, Northeastern Brazil

Propriedades fisico-quimicas, minerais e teor de proteinas em amostras de méis do Estado do Ceard,

nordeste do Brasil

Maria da Concei¢do Tavares Cavalcanti LIBERATO, Selene Maia de MORAIS?,
Carlos Emanuel de Carvalho MAGALHAES!, Islay Lima MAGALHAES!, Daniel Bomfim CAVALCANTT!,

Marina Maciel de Oliveira SILVA!

Abstract

This study evaluated the physicochemical properties and protein and mineral content of honey samples from Ceard State, Northeastern
Brazil, one of the major honey exporters in the country. Nutritional importance of the minerals detected was also analyzed. Physicochemical
properties were examined according to the AOAC and CAC official methods; the protein content was determined using the Bradford method,
and the minerals were analyzed by atomic absorption spectrometry. All analyses were performed in triplicate. The levels of macrominerals
sodium (Na), potassium (K), calcium (Ca), and magnesium (Mg) varied from 1.80-47.20, 21.30-1513.30, 14.58-304.82, and 2.48-28.33 mg/kg,
respectively, and the trace elements iron (Fe), copper (Cu), manganese (Mn), zinc (Zn), selenium (Se), and chromium (Cr) varied from 0.12-8.76,
0.07-1.29, 0.06-1.96, 0.07-1.85 mg/kg, 0.36 x 107-62.00 x 10~ and 22.50 x 10-170.33 x 10~ pg/kg, respectively. Myracrodruon urundeuva
honey sample had high contents of macrominerals (Na, K, Ca, and Mg). Protein content of the Anacardium occidentale honey sample was the
highest (1121.00 ug/g) among the samples analyzed. Among the minerals detected in the honey samples, K showed the highest concentration,
followed by Ca, Na, and Mg. The presence of trace elements can show environmental contamination. The honey samples studied were free
of trace elements contamination, except for Mn; the Piptadenia moniliformis was the only honey sample that was in compliance with the law
requirements. The variations of the chemical constituents in the honey samples are probably related to differences in the floral origin and
mineral and protein contents and confirm the nutritional importance of Ceard State honey.

Keywords: Apis mellifera honey; floral origin; nutritional importance.

Resumo

Este trabalho avaliou propriedades fisico-quimicas, teores de proteina e minerais em méis do Ceard, um dos principais exportadores do Pais.
Também foi analisada a importancia nutricional com relagdo aos minerais detectados. As propriedades fisico-quimicas foram determinadas
pelos métodos da AOAC e CAC, o contetido de proteina pelo método de Bradford e os minerais por espectrometria de absor¢ao atomica.
Todas as andlises foram feitas em triplicata. Os niveis dos macrominerais sodio (Na), potdssio (K), calcio (Ca), e magnésio (Mg) variaram
de 1,80-47,20, 21,30-1513,30, 14,58-304,82 e 2,48-28,33 mg/kg, respectivamente, e os elementos tragos ferro (Fe), cobre (Cu), manganés
(Mn), zinco (Zn), selénio (Se), e cromo (Cr) variaram de 0,12-8,76, 0,07-1,29, 0,06-1,96, 0,07-1,85 mg/kg, 0,36 x 107-62,00 x 10~ e
22,50 x 10-170,33 x 10~* pg/kg, respectivamente. A amostra de Myracrodruon urundeuva apresentou altos teores dos principais minerais
(Na, K, Ca, e Mg). O teor de proteinas para o mel de Anacardium occidentale foi o maior (1121,00 pg/g) entre as amostras de méis analisadas.
Entre os minerais, detectados, K apresentou a maior concentragdo seguido por Ca, Na, e Mg. A pesquisa de elementos tragos pode indicar
contaminagdo ambiental. As amostras de méis estudadas apresentaram-se livres de contaminacao por elementos trago, excetuando-se quanto
ao Mn, em que apenas a amostra proveniente de Piptadenia moniliformis apresentou-se dentro da legislagao. As varia¢des dos constituintes
quimicos devem-se provavelmente as variadas origens florais e os teores de proteinas e minerais ratificam a importancia nutricional dos
méis do Ceara.

Palavras-chave: mel de Apis mellifera; origem floral; importancia nutricional.

1 Introduction

Honey is rich in properties that result from its chemical
composition. It is not considered a complete food according
to human nutritional standards, but it does offer potential
supplement for infants, senior citizens, and convalescents as an
easily digestible foodstuft that may be ingested directly or used
as a sweetener in a variety of products.

Honey composition is variable due to the influence of
plants, climate, and environmental conditions and the ability of
the beekeeper. The variation of the physicochemical properties
of honey depends on the nectar and pollen of the original
plant, color, moisture, and protein and minerals contents
(WHITE JUNIOR, 1978). Therefore, honey is related to its
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botanical origin, processing and storage, and climatic factors
that occur during the flow of nectar, and to the temperature
at which the honey matures in the hive (SEEMANN; NEIRA,
1988). Brazil is an important producer and exporter of
Apis mellifera honey due to botanical diversity and differentiated
vegetation that provides blossoming plants all year long.

The method described by Bradford was chosen for
the quantitative determination of proteins. According to
Azeredo et al. (2003), this method eliminates most of the
problems involved in the other procedures.

The main minerals present in honey originate from soil
and are transported to trees by the roots. The minerals make
their way into the nectar and are subsequently incorporated
into the honey produced by bees (STANKOVSKA; STAFILOV;
SANJ, 2008). Accordingly, the composition and the content
of metals in honey, particularly major and minor metals, is
affected by the composition determined by geochemical and
geological features (FERNANDEZ-TORRES et al., 2005). Since
soil and plants are natural sources that have a great influence
on the mineral composition of honey, information on the
metal profile is suitable for categorizing honeys according to
their floral and geographical provenance (POHL, 2009). There
is little information about the inorganic content of Brazilian
honey because usually the organic components or some
physicochemical properties are investigated to characterize the
honey. A lot of studies on the level of mineral in bee products
are focused on investigating environmental pollution effects
on these products quality since they have an important role as
indicatives of pollution in the areas where they are produced
(CONTI; BOTRE, 2001). Honey samples originating from
polluted sites, from flowers that provide nectar and pollen
pellets, are subject to contamination by heavy metals from
emissions of gases and particles (MAGALHAES, 2010).
These minerals present in bee products in levels above those
permitted by legislation represent a threat to humans due
to their negative and cumulative effects of contaminants on
human health. Arsenic exposure, for example, increases the risk
of cancer, diabetes, and hypertension among others diseases
(DESCHAMPS; MATSCHLLAT, 2007). Heavy metals that can
contaminate bee products are: lead (Pb), copper (Cu), chromium
(Cr), manganese (Mn), nickel (Ni), zinc (Zn), silver (Ag), iron
(Fe), cadmium (Cd), aluminum (Al), cobalt (Co), and strontium
(Sr). Their levels in honey samples can indicate the degree of
environmental pollution and the geographic origin of the honey
samples (FRANCHINI et al., 2007).

This study investigated several honey samples of different
floral origins from Ceara State, including honey samples from
important Brazilian medicinal plants such as Lippia sidoides
Cham. and Myracrodruon urundeuva Fr. All. (Table 1).
L. sidoides (Verbenaceae) is a shrub native to semi-arid
northeastern Brazil. M. urundeuva (Anacardiaceae) is native to
northeastern Brazil, extending to Sao Paulo and Mato Grosso do
Sul. It occurs widely in semi-arid and also in dry and subhumid
forests. L. sidoides and M. urundeuva are widely used medicinal
plants in northeastern Brazil, and honey samples from their
flowers showed high total phenolic content, and antioxidant
antiacetylcholinesterase activities (LIBERATO et al., 2011). The
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consumption of foods with therapeutic benefits is an effective
way to achieve a healthy lifestyle. Since a balanced diet is related
to minerals and protein content in food, it is further studies are
important to elucidate the potential of Ceara honey.

2 Materials and methods

2.1 Honey samples

Twenty-two samples of Apis mellifera honey from different
floral origins were obtained from apiarists and beekeepers’
associations in different places in Ceara State. Each honey
sample was identified in terms of its floral origin and site of
collection based on information obtained from the suppliers.
The honey samples were derived from different botanical
sources including: Hyptis suaveolens Poit. (S02), Anacardium
occidentale L. (S04), Spermacoce verticillata L. (S05), Mimosa
verrucosa Benth. (S08), Piptadenia moniliformis Benth. (S09),
Myracrodruon urundeuva Fr. All. (S15 e S19), Licania rigida
Benth. (S17), Lippia sidoides Cham. (S18), Serjania sp. (S20),
and Ziziphus joazeiro Mart. (522). The honey samples S01, S03,
S06, 507, 510, S11, S12, 813, S14, S16, and S21, were heterofloral
(Table 1). The samples were collected between July 2007 and
March 2009, during the dry and rainy seasons. All samples were
transferred to the laboratory, stored in amber flasks, and kept
at 4-5 °C until analysis.

2.2 Moisture, ash, free acidity, pH, and insoluble solids

All analyses were carried out in triplicate. Moisture
was determined according to the AOAC official method
(ASSOCIATION..., 1998) using a standard Abbe-type
refractometer at 20 °C. Water content (%) was obtained from
the Chataway table.

Ash content was determined according to the CAC method
(CODEX..., 1990). Honey samples of 5 g were incinerated in a
muffle furnace (Quimis, Sdo Paulo, Brasil) at 550 °C. A pH meter
was used to determine the pH, and the acidity was determined
according to the AOAC method.

The gravimetric method was used for the determination
of the insoluble solids according to the CAC method. Honey
samples (20 g) were diluted with the minimum amount of water
at 80 °C and transferred to porous previously weighed crucibles.
After this procedure, the samples were flushed with distilled
water at 80 °C to remove all sugars. The porous crucibles were
placed in an oven at 135 °C for 1 hour and then cooled and
weighed.

2.3 Analysis of honey color intensity

Honey color intensity was determined using a
Spectrophotometer (model Thermo Biomate 5, New York, USA).
The honey samples were diluted to 50% (w/v) with warm water
(45-50 °C), sonicated for 5 minutes, and filtered to eliminate
large particles. The net absorbance was defined as the difference
between the spectrophotometric absorbance at 450 and 720 nm
(BERETTA et al., 2005).
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Table 1. Honey samples, place of collection, period of collection, and local vegetation.

Samples Place of collection* Period Common vegetation

Heterofloral Parambu July Bumelia sartorum Mart., Croton sonderianus Muell. Arg., Hyptis suaveolens Poit, Mimosa

(S01) 2008 caesalpiniaefolia Benth., Mimosa scabrella Benth., Mimosa tenuiflora (Willd.) Poir.

Heterofloral Meruoca May Mimosa verrucosa Benth., Borreria verticillata Mayer, Malpighia glabra L.

(S02) 2008

Heterofloral Itapiuna October Croton sonderianus Muell. Arg., Hyptis suaveolens Poit, Bumelia sartorum var. latifolia,

(S03) 2008 Mimosa caesalpiniaefolia Benth., Mimosa tenuiflora (Willd.) Poir.

M. verrucosa Ibiapina August Mimosa verrucosa Benth,

(S04) 2008

Heterofloral Morada September Merremia aegyptia L. Urban, Mimosa hostilis (Willd.) Poir., Hyptis suaveolens

(S05) Nova 2008 Poit.,Croton sonderianus Muell. Arg.

P. moniliformis Pindoretama April Piptadenia moniliformis Benth.

(S06) 2008

Serjania sp. Crato June Serjania sp.

(S07) 2008

M. urundeuva Taua November  Myracrodruon urundeuva Fr. All.

(S08) 2007

A. occidentale Pacajus January Anacardium occidentale L.

(S09) 2008

H. suaveolens Morada June Hyptis suaveolens Poit.

(S10) Nova 2008

S. verticillata Horizonte April Spermacoce verticillata L.

(S11) 2009

Heterofloral Canindé February Alternanthera brasiliana (L.) Kuntze, Bumelia sartorum var. latifolia, Croton campestris

(812) 2008 St. Hill,, Croton sonderianus Muell. Arg., Mimosa tenuiflora (Willd.) Poir., Mimosa
caesalpiniaefolia Benth.

Heterofloral Barbalha July Mimosa caesalpiniaefolia Benth., Mimosa verrucosa Benth., Serjania sp., Borreria

(S13) 2008 verticillata Mayer, Combretum leprosum Mart., Mimosa tenuiflora (Willd.) Poir.,
Mimosa scabrella Benth.

Heterofloral Ibaretama April Licania rigida Benth., Mimosa caesalpiniaefolia Benth., Mimosa tenuiflora (Willd.)

(S14) 2009 Poir., Bumelia sartorum var. latifolia Miq.

Heterofloral Irauguba April Bumelia sartorum var. latifolia Miq., Croton sonderianus Muell., Hyptis suaveolens

(S15) 2009 Poit., Mimosa scabrella Benth, Mimosa caesalpiniaefolia Benth., Mimosa tenuiflora
(Willd.) Poir.

H. suaveolens Milagres June Hyptis suaveolens Poit.

(S16) 2008

L. rigida Choré July Licania rigida Benth.

(S17) 2007

Z. joazeiro Varzea Alegre July Ziziphus joazeiro Mart.

(S18) 2007

Heterofloral Cascavel January Anadenanthera macrocarpa Benth., Anacardium occidentale L.,Cocos nucifera L.,

(S19) 2009 Byrsonima intermedia A. Juss.

Heterofloral Aracati October Cocos nucifera L., Moringa oleifera Lam., Byrsonima crassifolia L. Kunth.

(S20) 2008

L. sidoides Monsenhor Tabosa November Lippia sidoides Cham.

(S21) 2008

M. urundeuva Monsenhor June Myracrodruon urundeuva Fr. All.

(S22) Tabosa 2008

Heterofloral Itapipoca August Anacardium occidentale L., Cocos nucifera L., Byrsonima crassifolia L. Kunth., Borreria

(S23) 2008 verticillata Mayer

*All municipalities were located in Ceard State.

2.4 Protein content

The Bradford method (1976) was used for protein

595 nm against an albumin standard solution of bovine serum
(10-100 pg/0.1 mL) in 0.15 M NaCL

determination. To a 0.1 mL solution of protein extract (honey
sample 50% w/v) were added 5 mL of Coomassie Brilliant
Blue (200 mg of Coomassie Brilliant Blue G-250 dissolved in
100 mL 95% ethanol, and then 200 mL 85% H,PO, were added.
The resulting solution was diluted to a final volume of 2 L).
The Coomassie Brilliant Blue forms a protein-dye complex.
After 2 minutes of incubation, absorbance was measured at
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2.5 Mineral analysis

The ashes were dissolved in an acid medium (0.1M HCI),
and the volume was obtained in a 10 mL volumetric balloon.
From the ash solutions, Cr and Se were quantified by Graphite
Furnace Atomic Absorption Spectrometry (SpectrAA220 ZL
model, equipped with alongitudinal Zeeman-effect background
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correction system, Varian, Mulgrave, Australia), and the other
mineral constituents (Na, K, Ca, Mg, Fe, Cu, Zn, and Mn)
were determined by Flame Atomic Absorption Spectrometry
(SpectrAA55 model, Varian, Mulgrave, Australia). In both
cases, the analyses were carried out following the manufacturer’s
recommendations. The standard solutions of minerals were
prepared from several dilutions of stock standard solutions
(1000 mg/L) supplied by J. T. Baker (England).

3 Results and discussion

3.1 Floral origins of honey samples from Ceard State

The description of the honey samples, their places of
collection, period of collection, and vegetation characteristics
where the samples were collected are shown in Table 1.

3.2 Physicochemical properties

The physicochemical parameters of the honey samples
(moisture, pH, ash, free acidity, color, and insoluble solids) are
shown in Table 2. Most of the moisture values were below 20%,
which is the maximum value allowed by CAC and Brazilian

regulations for honey (BRASIL, 2000). L. sidoides (S18)
(20.80%), a heterofloral sample (S10) (20.40%), and L. rigida
(817) (19.78%) had the highest moisture values, while Serjania sp
(S20) had the lowest value(13.63%). Moisture content in honey
is associated to its botanical source (ABU-TARBOUSH.; AL-
KAHTANI; EL-SARRAGE, 1993) and to several other factors
such as the degree of honey ripeness, processing techniques,
stockpiling conditions, relative air moisture, blossom, and
amount of available nectar. There is a great variation in climate
and soil all over Ceara State. Therefore, there are some places
with high and others with low relative air moisture. Moisture is
the key criterion that determines the ability of honey to remain
fresh and free of fermentation (BOGDANOYV et al., 1999).
Bendini and Souza (2008) found values of moisture varying
from 16.50 to 19.20% in honey samples originating from cashew
flowers from the city of Cascavel, Ceard State. These results
are close to those obtained in the present study. Arruda et al.
(2005) found moisture contents ranging from 14.97 to 17.23% in
honey samples from the region of Chapada do Araripe/Santana
do Cariri, Ceara State. Some of these results are lower than the
results obtained in the present study, which includes honey

Table 2. Physicochemical parameters of honey bee of different plant origins from Ceara State - Brazil.

Moisture Ash Free acidity Color Ins. solids Protein
Sample (%, wiw) (%, wiw) (meq/kg) pH (mUA) (%) (g g
S01 14.39 +0.89 0.28 £0.02 34.00 +2.45 3.66 £ 0.01 573 +£19 0.07 £0.01 708 £ 61.20
S02 18.39 + 1.41 0.33 £ 0.06 44.40 + 1.60 3.73+0.17 1185 £ 265 0.06 +0.03 476 £ 26.13
S03 16.55 +0.39 0.17 £ 0.04 35.00 = 1.45 3.43+£0.05 1257 £ 121 0.03 £0.01 255 +32.40
S04 15.62 +0.31 0.01 £0.02 18.20 £ 0.53 3.15+0.02 2600 =135 0.08 £ 0.02 1121 = 14.50
S05 15.89 +0.45 0.67 £ 0.02 40.70 + 2.23 3.83+0.33 2033 £ 175 0.10 £ 0.01 288 +40.62
S06 14.97 + 1.01 0.15+0.15 28.80 +2.01 3.45+0.16 801 +42 0.03 £0.02 121 £ 15.09
S07 19.00 +0.87 0.01 £0.21 17.00 + 1.19 3.50 £0.28 1432 £ 11 0.14 +£0.01 330 +£21.30
S08 18.50 + 0.81 0.12+0.01 25.00 £ 0.14 3.18 £0.07 153 £ 19 0.09 £ 0.01 248 +48.31
S09 16.95 +0.22 0.07 £0.03 19.10 + 1.02 3.68 £0.26 306 + 58 0.04 +£0.03 301 £ 31.05
S10 20.40 £ 0.56 0.71 £0.01 54.50 = 1.65 3.38+£0.42 327 £29 0.17 £0.01 198 £ 15.01
S11 18.00 + 1.12 0.01 +£0.04 16.67 + 2.15 3.40 £0.31 355+53 0.14 £ 0.00 289 +31.11
S12 17.40 £ 0.84 0.07 £ 1.11 37.51 £0.98 3.61+0.25 228 41 0.09 £ 0.01 382 +51.07
S13 18.20 £ 0.78 0.06 +0.02 38.96 £ 1.76 3.65+0.20 212+ 19 0.13+0.01 356 +£27.02
S14 16.83 + 1.08 0.01 £0.01 25.14 +3.43 3.21+0.05 178 £ 45 0.10 £0.02 295 +37.21
S15 15.65 £ 0.15 0.52+0.21 49.25+0.75 4.21+0.41 2945 + 141 0.03 £0.05 451 +21.54
S16 14.79 £ 0.25 0.05+0.14 3354272 3.01 £0.69 610 £ 55 0.07 £0.02 312 +44.08
S17 19.78 £ 0.92 0.24 +£0.03 52.00 +£2.51 4.17 £0.15 638 + 102 0.18 £0.01 397 +£35.14
S18 20.80 £ 0.65 0.13 +0.05 51.03 £ 1.00 3.70 £0.10 902 + 33 0.13 +0.00 471+ 44.56
S19 18.23 +2.58 0.30 £0.21 50.25+0.75 3.80£0.13 2062 + 441 0.05 +0.04 845 + 38.21
S20 13.63 +0.34 0.01 £0.01 31.50 £ 0.50 3.67£0.25 412 £ 44 0.06 £ 0.01 178 £ 24.08
S21 17.85+0.43 0.32+0.17 20.42 £0.77 3.43+£0.40 876 £53 0.17 £ 0.00 355+ 30.17
S22 17.23 £0.12 0.12+0.08 40.10 £ 0.02 3.78 £0.17 2830 =258 0.10 £0.02 724 + 48.16

Honey floral origin: Hyptis suaveolens (S02), Anacardium occidentale (S04), Spermacoce verticillata (S05), Mimosa verrucosa (S08), Piptadenia moniliformis (S09), Myracrodruon
urundeuva (S15 and S19), Licania rigida (S17), Lippia sidoides (S18), Serjania sp (520), Ziziphus joazeiro (S22).
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samples from different regions of Ceara State and not only from
the Cariri region, which has a typical vegetation.

The honey from a heterofloral sample (S10) had greatest free
acidity value (54.50 mEq/kg). L. rigida (S17) (52.00 mEq/kg)
and L. sidoides (S18) (51.03 mEq/kg) also had acidity levels
above the maximum value. AOAC and Brazilian regulations
for honey (BRASIL, 2000) allow 50.00 mEq/kg as the maximum
free acidity value. A high level of acidity in honey may indicate
that fermentation has occurred. The honey samples with
free acidity values above 50.00 mEq/kg, except for the honey
sample from L. rigida, had moisture contents a little higher that
50.00 mEq/kg. Sodré, Marchini and Carvalho (2002) found
free acidity values between 13.00 and 43.00 mEq/kg in honey
samples from Northeastern Brazil. Abadio Finco, Moura and
Silva (2010), studying honey samples from Southern Tocantins
State, found free acidity values between 35.00 and 59.00 mEq/kg.
Acidity is influenced by chemical properties of the organic and
inorganic acids, e.g. the tridimensional molecular structure and
the ionization rate in the honey samples and also by the amino
acids content provided by the nectar and salivary enzymes of A.
mellifera (CRANE, 1983). According to Pamplona (1989), the
content of gluconic acid, produced from glucose by the action
of the glucose-oxidase enzyme, tends to increase during the
storage of honey because this enzyme remains in activity after
processing. Thus, honey acidity increases during the storage
and as a result the pH decreases.

The pH analysis of the honey samples from Ceara were
performed although the Brazilian legislation (BRASIL, 2000)
does not require evaluation of quality of honey samples. The
honey samples showed pH values between 3.01 and 4.21. Values
of pH represent a measure of the acidity of dissolved hydrogen
ions in water. Sodré, Marchini and Carvalho (2002) found
similar pH values ranging from 3.37 to 4.46 in honey samples
from the North Coast of Bahia State. Borsato et al. (2010),
studying honey samples from Parana State, found values of pH
varying from 3.60 to 5.35. Increasing trends in pH have been
detected in samples with higher values of ashes, which are in
accordance with the results found in the present study (Table 2)
(BORSATO et al., 2010).

The honey samples analyzed had insoluble solid contents
ranging from 0.03 to 0.18%. Honey sample from flowers of
L. rigida (S17) (0.18) showed the greatest insoluble solid content.
Some other honey samples analyzed, such as S07, S10, S11, S13,
§17, §18, and S21, also had values higher than the maximum
limit of insoluble solids allowed by Brazilian legislation (0.10%)
(BRASIL, 2000). The measurement of insoluble matter is an
important means to detect honey impurities that are higher
than the permitted maximum value. It was used when a
significant portion of the honey collected worldwide was
harvested by pressing the combs. However, nowadays almost all
commercial honey is harvested by centrifugation. Wax, which
is not determined by the Codex method, is a major source of
water-insoluble contamination (BOGDANOYV et al., 1999).
Silva, Queiroz and Figueirédo, studying honey samples from
Piaui State, found 0.08% as the mean value of insoluble solids
in water with a range of variation from 0.06 to 0.09%.
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The results of color intensity showed that the absorbance of
a50% (w/v) honey solution varied from 153 (Mimosa verrucosa,
S08) to 2945 mUA (Myracrodruon urundeuva, S15). The
predominance of honeys colors varying from amber to dark
amber was observed. Color is the physical property immediately
perceived by the consumer. Indeed, the pricing of honey depends
to a great extent on honey color (BOGDANOYV; RUOFF;
PERSANO ODDO, 2004). Beretta et al. (2005) investigated 14
commercial honey samples of different floral and geographic
origins and found values of absorbance varying from 25 mAU,
for the pale-white honey sample (acacia), to 3413 mAU, for
the dark-brown strawberry tree honey sample. This marked
difference might be a reliable evidence of the presence of
pigments such as carotenoids and Maillard reaction products
(GHELDOF; WANG; ENGESETH; 2002). According to
Beretta et al. (2005), this could be due to specific contaminating
pigments arising from handling, processing, and storage, and/or
from biochemical reactions during honey maturation.

The ash values of the honey samples in this study varied
from 0.01 to 0.71%, with a average value of 0.19%. The highest
content of ashes was found in the heterofloral honey sample
(810) (0.71%), followed for Spermacoce verticillata (S05)
(0.67%), and M. urundeuva (S15) (0.52%) honey samples.
These samples had dark colors which, according White Junior
(1978), reflect their higher mineral content; however, other
honey samples, such as Anacardium occidentale (S04) (0.01%)
and Ziziphus joazeiro (522) (0.12%), with low ash contents had
the two highest color values (2600 and 2830 mUA, respectively).
The maximum ash content allowed by the European Honey
Commission (BOGDANOV; MARTIN; LULLMANN, 1997) for
floral honey is 0.60%. Two samples, among the honey samples
analyzed in the present study, exceeded the maximum value
permitted by law. Analyzing honey samples from Piaui State,
Northeastern Brazil, Silva, Queiroz and Figueirédo (2004) found
average ash values ranging from 0.06 to 0.14%.

3.3 Protein contents

The quantitative determination of protein contents are
shown in Table 2. The protein content found in A. occidentale
(S04) honey sample was the highest (1121.00 pg/g), followed
by the honey samples of M. urundeuva (S19) (845.80 ug/g)
and Z. joazeiro (S22) (724.50 pg/g). In general, the results
are within the range established by the official methods used
in Brazil (BRASIL, 2000). Azeredo et al. (2003) studied the
presence of proteins in honey samples of different floral origins,
commercialized in several states in Brazil, using the Bradford
method, and they found that the colorimetric determination
of the protein content of honey samples using this method
was efficient. To Azeredo et al. (2003) considered high protein
contents to be those higher than 1000.00 pg/g and found
high values of protein content in honey samples of Borreria
verticillata (2236.00 pg/g), from Piaui.

3.4 Mineral analysis

The macromineral content of the honey samples analyzed
are shown in Table 3. The most abundant mineral in the floral
honey samples was K, with levels ranging from 21.30 mg/kg,
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for P. moniliformis (S09), to 1513.30 mg/kg, for the heterofloral
sample (S10). The mineral with the second highest content in
the honey samples studied was Ca, with values ranging from
14.58 mg/kg, for a sample of honey of H. suaveolens (S02), to
304.82 mg/kg, for the honey sample of Z. joazeiro Mart (S22);
and the third most abundant mineral was Na, with levels
varying from 1.80 mg/kg, for Z. joazeiro (S22) honey sample,
to 47.20 mg/kg, for M. urundeuva (S15) honey sample, followed
by M. urundeuva (S19) (38.40 mg/kg) from a different place
of collection. The levels of Zn in the honey samples analyzed
varied from 0.07 mg/kg, for P. moniliformis honey sample (S09),
to 1.85 mg/kg, for the heterofloral honey sample (S21). They
are shown in Table 4. Several authors found that the levels of
minerals in honey vary according to the botanical origin and
soil composition (POHL, 2009). Calcium is a macronutrient
essential for plants as well as for animals. It occupies much
of the exchange sites in neutral and calcareous soils. Zinc is
an important micronutrient essential for plant growth and
development. Iron is an essential micronutrient for both plants
and animals. In neutral-to-alkaline soils, it is present as insoluble
Fe** compounds. Manganese is a heavy metal and an essential
micronutrient (SARWAR et al., 2010). However, there is little
information about the mineral content of honey from Ceara
State.

Table 3. Macrominerals in honey samples of different origin from
Ceara State.

Na K Ca Mg
Samples

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
S01 12.40 44.50 21.24 2.48
S02 6.60 302.90 14.58 7.71
S03 12.70 328.40 64.01 4.19
S04 14.00 53.20 44.78 22.73
S05 5.00 1057.40 59.93 13.32
S06 23.10 43.00 37.55 10.83
S07 2.10 103.40 30.59 11.74
S08 15.00 198.00 56.63 15.58
S09 11.20 21.30 37.98 5.45
S10 13.10 1513.30 60.29 25.16
S11 14.70 45.30 16.67 7.85
S12 4.30 126.70 57.51 2.79
S13 15.40 169.80 38.96 10.24
S14 4.20 62.50 58.14 14.76
S15 47.20 1234.60 69.29 28.33
S16 18.00 236.00 87.54 13.16
S17 35.20 559.10 103.45 12.95
S18 22.60 269.90 15.99 9.91
S19 38.40 137.80 141.30 24.76
S20 4.90 48.10 15.55 9.74
S21 10.70 315.50 79.99 22.02
S22 1.80 251.70 304.82 25.47

MV 15.06 +11.72 310.30 +407.36 62.00 +£61.82 13.53 +7.70

Honey floral origin: Hyptis suaveolens (S02), Anacardium occidentale (S04), Spermacoce
verticillata (S05), Mimosa verrucosa (S08), Piptadenia moniliformis (S09), Myracrodruon
urundeuva (S15 and S19), Licania rigida (S17), Lippia sidoides (S18), Serjania sp (S20),
Ziziphus joazeiro (S22).
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Minerals are a big class of micronutrients, which are largely
considered essential nutrients. They are traditionally divided
into macrominerals (volume elements) and microminerals
(trace elements) (MAHAN; ESCOTT-STUMP, 2005). Minerals
represent near 4.00 to 5.00 % of body weight or 2.80 to 3.50 kg
in adults, men and women respectively. Approximately 50%
of this weight is calcium. The best way to obtain a variety of
minerals is through various foods instead of the intake of dietary
supplements (MAHAN; ESCOTT-STUMP, 2005).

Adequate Intake (AI) for Ca, for men and women is
1000.00 mg for adults of 19 to 50 years old and 1200.00 mg for
adults above 51 years old; for Mn is 2.30 mg for men and 1.80 mg
for women; for Cr 35.00 ug for men and 25.00 ug for women.
Recommended Dietary Allowance (RDA) for minerals is: from
1600.00 to 2000.00 mg (K); 500.00 mg (Na); from 400.00 to
420.00 mg (Mg) for men and from 310.00 to 320.00 mg for
women (14 to 70 years old); 10.00 mg (Fe) for men and 15.00 mg
for women; 11 mg (Zn) for men and 8.00 mg for women;
900.00 pg (Cu) for men and women; and 55.00 ug (Se) for men
and women (FRANCO, 2008; MAHAN; ESCOTT-STUMP,
2005). Ifan adult individual ingests a tablespoon of honey every
day, according to the findings obtained in this study, this person
could have an intake of 0.65 mg of Na, 13.33 mg of K, 2.67 mg of
Ca, 0.58 mg of Mg, 0.68 mg of Fe, 0.02 mg of Cu, 0.03 mg of Mn,
0.02 mg of Zn, 3.32 ug of Cr, and 0.19 pg of Se. A tablespoon of
honey from Ceard State is sufficient to meet the daily potassium
and calcium requirements, as recommended by of RDA.

The most abundant metal in honey is K (FERNANDEZ-
TORRES et al., 2005). Other major metals present in honey are
Na (second most common), Ca, and Mg. Cu, Fe, Zn, and Mn
are present in intermediate quantities (POHL, 2009). Almeida-
Anacleto and Marchini (2004) studied honey samples from the
city of Pirassununga, State of Sdo Paulo, and found K to be the
most abundant element. These results are consistent with those
found by Abu-Tarboush, Al-Kahtani and El-Sarrage (1993). In
the present study, K was the most abundant metal found in the
honey samples from Ceara.

Almeida-Anacleto and Marchini (2004) found Ca to be
the second most abundant element in honey samples from
Sao Paulo, southeastern Brazil. Conti (2000) investigated
honey samples of different botanical origins in the Lazio
region (Central Italy) and found the following average values
(ug/g weight): K (472.00), Na (96.00), Ca (47.70), Mg (37.00),
Cu (0.31), Fe (4.51), Mn (3.00), and Zn (3.14). The level of K was
lower than those reported for the honey samples from Galicia
by Rodriguez-Otero et al. (1994), who found 1572.00 pg/g.

Almeida-Anacleto and Marchini (2004) found Mg as the
third most abundant mineral in their honey samples. Fernandez-
Torres et al. (2005) determined the levels of eleven elements (Zn,
P, B, Mn, Mg, Cu, Ca, Ba, Sr, and K) in 40 honey samples from
four different plant sources from different locations in Spain.
These authors found that K, Ca, and P showed the highest
concentrations: 434.10-1935.00 mg/kg for K, 42.59-341.00
mg/kg for Ca, and 51.17-154.30 mg/kg for P. The levels of Cu
(0.53-2.12 mg/kg), Ba (0.11-1.26 mg/kg), and Sr (0.26-1.46 mg/
kg) were the lowest in all honey samples. Concentrations of Zn
(1.33-7.29 mg/kg), Mn (1.33-9.47 mg/kg), Mg (13.26-74.38 mg/
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Table 4. Concentration of trace elements in honey samples of different floral origins from Ceara State.

Cu Mn 7Zn Cr Se Fe
Samples
(mg/kg) (mg/kg) (mg/kg) (ng/ke) (ng/kg) (mg/kg)
S01 0.07 0.26 0.22 76.28 0.84 0.73
S02 0.44 0.61 1.14 22.50 1.68 1.10
503 0.57 1.42 0.71 54.65 5.42 2.57
S04 0.52 0.55 0.92 73.20 1.84 2.44
S05 0.10 0.57 0.32 46.45 4.02 1.52
S06 0.38 0.50 0.61 170.33 1.44 1.01
S07 0.36 0.43 0.26 84.12 0.84 0.32
S08 0.72 0.97 0.57 110.55 2.20 0.89
S09 0.16 0.06 0.07 140.21 1.96 0.31
S10 0.53 1.96 1.17 84.43 15.82 3.07
S11 0.33 0.18 0.40 74.36 15.40 0.38
S12 0.16 0.71 0.21 52.15 17.40 2.28
S13 0.23 0.41 0.41 30.19 11.20 0.12
S14 0.31 0.47 0.61 32.20 0.36 0.17
S15 1.29 0.18 0.30 144.15 2.48 4.70
S16 0.55 0.68 0.14 100.60 2.02 0.61
S17 0.50 1.83 0.61 98.13 0.88 1.80
S18 0.34 0.73 0.27 96.00 0.56 0.45
S19 0.76 1.65 0.29 116.72 1.90 1.39
$20 0.43 0.11 0.11 34.50 1.28 0.32
S21 0.56 1.30 1.85 43.67 0.76 8.76
S22 0.57 1.62 1.24 44.06 62.00 0.62
MV 0.43 +0.27 0.80 + 0.58 0.56 + 0.44 77.17 + 40.25 4314528 1.58 +1.93

Honey floral origin: Hyptis suaveolens (S02), Anacardium occidentale (S04), Spermacoce verticillata (S05), Mimosa verrucosa (S08), Piptadenia moniliformis (S09), Myracrodruon
urundeuva (S15 and S19), Licania rigida (S17), Lippia sidoides (S18), Serjania sp (S20), Ziziphus joazeiro (S22).

kg), and Na (11.69-218.50 mg/kg) showed a strong dependence
on botanical origin. Franchini et al. (2007), analyzing 14
Brazilian commercial honey samples, determined trace metals
by capillary zone eletrophoresis. The average contents of
656.00, 69.10, 71.80, 36.00, 21.40, and 1.70 mg/kg were found,
respectively for K*, Ca?*, Na*, Mg?*, Mn**, and Li* in the honey
samples analyzed.

The honey samples from Ceara had lower values than those
reported by Fernandez-Torres et al. (2005). Przybylowski and
Wilczyniska (2001), studying the mineral levels in honey samples
from the Pomerania region, found an average value for Zn of
7.76 mg/kg, which exceeded the limits accepted by legislation in
that region. Nanda et al. (2003) studied the presence of mineral
content in six floral honey samples from different botanical
sources in Northern India and found considerable variations
in the concentrations of Na, K, Ca, Fe, Cu, and Zn.

The levels of K, Ca, Cu, Fe, Mg, Mn, and Zn have been
evaluated in several Brazilian plant leaves (LOPES et al., 2002;
SILVEIRA et al,, 2009). Among these minerals, K had the highest
content, followed by Mg and Ca. Lopes et al. (2002) analyzed
the mineral composition of several medicinal plants grown in
Ceara State. The main minerals found in these plants in order of
abundance were Ca > K > Mg > Na; although the order differs
from that found in the present study for the honey samples from
Cearda (K > Ca > Na > Mg), the main minerals are the same.
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4 Conclusions

The average values of the physicochemical parameters
and minerals found in the honey samples studied, with a few
exceptions, were similar to those reported in the literature
for good quality honeys. Among the minerals detected in the
honey samples in the present study, K showed the highest
concentration, followed by Ca, Na, and Mg, which is in
agreement with the main minerals found in plants in general.
Comparing mineral contents, M. urundeuva honey sample had
the highest content among the four macrominerals studied (Na,
K, Ca, and Mg). The protein content of A. occidentale honey was
the highest, followed by the honey samples from M. urundeuva
and Z. joazeiro. One tablespoon spoon of honey from Ceara
state a day is enough to obtain the amounts of macrominerals
needed each day, mainly calcium and potassium. In a great
number of studies, the assessment of the levels of different
metals, especially heavy metals, has been a general objective
aimed at characterizing different types of honey in view of
safety implications. The analyses of the trace elements of honey
samples from Ceard State showed that their production areas
are free of the environmental pollution.
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