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ABSTRACT - The objectives of this research were to determine physico-chemical characteristics of 1,758 Apis mellifera L.
honey samples produced by in the productive pole of Picos, state of Piauí, to understand, based on these characteristics, how
they are grouped and to determine the percentage of honey that fit the specifications determined by Brazilian legislation.
Thirty-five honey samples were collected directly from beekeepers for determination of total sugars, reducing sugars, apparent
sucrose, humidity, diastase activity, hydroxymethylfurfural (HMF), protein, ash, pH, acidity, formol index, electrical
conductivity, viscosity and color. Mean values of each one of the analyzed physico-chemical parameters are within the limits
established by the current Brazilian legislation, but it was verified for apparent sacarosis, diastase activity and HMF, values
different from the established ones. Protein and HMF were the traits that contributed most for group formation.
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Introduction

The physico-chemical characteristics of honey have
been studied extensively. However, there is still a lack of
studies on tropical regions with highly diversified bee
floras and high moisture and temperature. In Brazil, the
high regional diversity of bee floras demands the
characterization and development of bee rearing patterns
that consider the local vegetation, soil and climate (Crane,
1983; Marchini et al., 2004).

In Northeastern Brazil, the state of Piauí and particularly
the Picos region have become increasingly important as
honey producers. Picos is nationally known for its honey
potential due to the diverse local vegetation (‘caatinga’,
‘cerrado’, semideciduous forest, ‘restinga’, ‘mangue’), with
rich and diverse flowers (Silva, 2002). The honey produced
in this region is of excellent quality, free of contamination
and it has rich fragrances and flavours, all of which are
highly valued by consumers.

The main objectives of this work were to determine the
physico-chemical characteristics of the honey produced by
Apis mellifera L., 1758 in the Picos region and their impact
on bee assemblage and on the percentage of the honey
fitting the specifications of current Brazilian legislation.

Material and Methods

The 35 (thirty-five) samples of honey produced by Apis
mellifera L., 1758 (Hymenoptera: Apidae) were obtained
directly from beekeepers in the Picos region, state of Piauí.

The physico-chemical analyses were conducted at the
Laboratório de Apicultura, Departamento de Entomologia,
Fitopatologia e Zoologia at Escola Superior de Agricultura
“Luiz de Queiroz”, Universidade de São Paulo, Piracicaba,
state of São Paulo.

The following analyses were conducted in triplicates:
total sugars, reducing sugars, and apparent sacarosis
following the Copersucar Method (1987) modified by
Marchini et al. (2004); moisture, by using a manual
refractometer ATAGO (ATAGO Co., 1988); diastase activity
(CAC.,1990); hydroxymethylfurfural (AOAC, 1990); protein
(Silva & Queiroz , 2002); ashes (%) (Pregnolato & Pregnolato,
1985); pH and acidity (Moraes & Teixeira, 1998); formol
index (Moraes, 1994); electrical conductivity (BOE. 1986);
viscosity (ASTM, s.d.p.) and colour classification (Vidal &
Fregosi, 1984).

The characterization was completed after a polinic
analysis by using the acetolysis method (Erdtman, 1952)
and then a quantitative analysis following Louveaux et al.
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(1978); a qualitative analysis was conducted by identifying
the polinic type (Barth, 1970a,b,c; 1971a,b; 1989; 1990).

The “Proc princomp” procedures contained in SAS
(Statistical Analysis System), SAS Institute (2001) were
used for the principal component analysis (PCA) to assess
the effect of each physico-chemical characteristic on the
total variation available (Mardia et al., 1979). This technique
is based on the standardization and rotation of the
orthogonal axes (physico-chemical characters) to create a
new set of non-correlated coordinates (principal components;
Morrison, 1981).

Cluster analysis was conducted by using the SAS
“Proc cluster” with the mean Euclidean distance as mean
dissimilarity and the UPGMA Method (unweighed pair-
group average) after data standardization (Cruz & Regazzi,
1994).

Results and Discussion

Total sugar percentages varied from 77.10 to 86.80%
and the mean was 82.91% (Table 1). These values are close
to those obtained by Komatsu et al. (2002), Sodré et al.
(2002), Arruda et al. (2005) and Moreti et al. (2009), who
found a variation from 67.8 to 88.3% in total sugar content
of Brazilian honey samples obtained from different floral
origins.

The reducing sugar amount varied from 74.70 to 82.80%
(79.27% mean). As such, all samples were above the 65%
lowest limit allowed in Brazil (Brasil, 2000). These values
were similar to the 70.38 to 87.39% obtained by Carneiro et
al. (2002) in honey samples from Simplício Mendes, State of
Piauí. Silva et al. (2004) found 68.92 to 85.49% reducing
sugar content in honey produced from different flowering
plants in the same state.

The concentrations of apparent sacarosis varied from
0.20 to 6.70% (mean 3.47%). Only sample 6, or 2.86% of
the samples analysed, had values above the highest
concentration (6%) currently allowed in Brazil (Brasil, 2000).
For Azeredo et al. (1999), the high apparent sacarosis
content in honey may be an indication of “unripe honey”
due to its incomplete transformation into glucose and
fructose by the action of the invertase enzyme secreted by
bees, or due to honey adulteration. Moreti et al. (2009) argue
that sacarosis content slightly higher  than the lower
established value can be due to the fact that the bee collected
feed from resources other than the nectar for that specific
honey. The apparent sacarosis percentages obtained in our
study are similar to those found by Baldi-Coronel et al. (1993)
in Argentina (1.00 to 13.00%) and by Vit-Oliver et al. (1994)
in Venezuela (1.74 to 11.99%).

Honey moisture content in our study was between
16.40 and 19.00% (18.00% mean), and all samples were
below the established 20% upper limit allowed (Brasil,
2000). Rodríguez et al. (2004) reported that honey moisture
is affected by its botanical origin and by climate, harvest
time and degree of honey maturation, which are highly
important during product storage. Cornejo (1988) argues
that high moisture leads to product fermentation and
consequent deterioration. Results similar to those obtained
in our study were reported by Rendón (1996) in Spain, for
honey with 15.00 to 18.80% moisture, by Silva et al. (2004)
also in Piauí (17.6 to 19.70%), Welke et al. (2008) in the state
of Rio Grande do Sul (14.70 to 18.10%), and by Juszczak et al.
(2009) in Poland (15.80 to 18.30%).

The diastase activity varied from 5.30 to 12.70 in the
Gothe scale (8.24 mean). Eighteen samples (2, 4, 5, 6, 8, 10,
11, 12, 13, 14, 22, 23, 24, 25, 26, 27, 34, 35) (51.43% of all
samples) had values lower than those currently allowed in
Brazil (8 in the Gothe scale; Brasil, 2000). However, low-
enzyme honey must have a diastase activity of at least 3 in
the Gothe scale every time the hydroxymethylfurfural content
does not exceed 15 mg/kg. However, samples with a low
diastase activity content and a high hydroxymethylfurfural
content are also found. Values lower than the established
diastase activity values have been reported by Balenovic
et al. (1988) who analysed 44 honey samples and found that
45.6% of them were not within the established limits, and
Vit-Oliver et al. (1994) in Venezuela, found diastase activities
from 1.00 to 5.00 (Gothe scale).

The amounts of hydroxymethylfurfural (HMF) varied
from 1.50 to 115.20 mg/kg (mean of 14.09 mg/kg). Sample 9
had higher content than the upper allowed one (60 mg/kg).
Similarly to our results, Horn et al. (1996) also found a mean
of 113.70 mg/kg in honey produced in Northeastern Brazil,
well above the legal allowance. Honey collected by Sodré
et al. (2002) in the Northern coast of Bahia state presented
from 1.50 to 136.00 mg/kg HMF, whereas the samples
collected by Moreti et al. (2009) in the state of Ceará, contained
15.7 to 126.5 mg/kg. According to White Júnior (1992), the
honey produced in subtropical regions can contain higher
HMF concentrations without overheating or adulteration
due to the normally high local temperatures.

Protein content varied from 0.12 to 0.37% (0.19% mean),
close to those found by Archenti (1984) (mean of 0.18% in
Argentina), Arruda et al. (2005) (0.16% in Chapada do Araripe,
state of Ceará), and Marchini et al. (2007) (0.05 to 0.58% in
the state of São Paulo).

The percentages of ashes varied from 0.05 to 0.18%
(0.11% mean), all samples being below the maximum limit
allowed in Brazil (0.6%). Lasceve & Gonnet (1974) report
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that in addition to the botanical origin of the honey, ash
content can vary according to facts occurring during bee
foraging, to beekeeper, and to the local climate.

The pH varied from 3.40 to 3.90 (mean 3.55). When
analysing honey produced in Brazil, Horn et al. (1996) found
a 3.8 mean per state and 3.9 per region. They also found that
the lowest pH was obtained in the Northeast (3.4). Arruda
et al. (2005), found a mean of 3.71 in honey produced at the
Chapada do Araripe, state of Ceará and Sodré et al. (2007),
also in Ceará, found 3.36 to 3.78 pH.  Frias & Hardisson
(1992) say that any honey is acid and that acidity can be
affected by its botanical origin. For Rodríguez et al. (2004),
honey pH is not directly related to acidity because of the
existing relationships among the concentrations of several
acids and minerals.

Acidity varied from 10.00 to 30.00 meq/kg (mean
17.97 meq/kg), which is below the maximum limit allowed
(50.00 meq/kg) (Brasil, 2000). Archenti & Dasso (1983)
found similar results when analysing honey produced in
Argentina (8.06 to 31.07 meq/kg). Honey acidity is used to
identify its fermentation process and to assess its storage
conditions, contributing for an evaluation of honey quality
(Cornejo, 1988). For Rodríguez et al. (2004), honey harvest
time and botanical origin can impact acidity.

Formol indexes varied from 5.00 to 11.00 mL/kg (mean
6.03 mL/kg) and they were similar to the values obtained
from recently-harvested samples by Temiz (1983) in Turkey
(4.5 to 8.6 mL/kg. Sodré et al. (2007) found variations from
4.00 to13.00 mL/kg in Ceará. According to Frías & Hardisson
(1992), the formol index can be used as an indicator of honey
authenticity and to provide information on adulteration
with artificial products.

Electrical conductivity varied from 192.00 and 381.00 μS/cm
(mean 268.26 μS/cm). Electrical conductivity is affected by
the honey floral origin and varies widely according to it.
Persano-Oddo et al. (1995) found variations from 90.00 to
2110.00 μS/cm in honey produced from different flowers in
Italy. Horn et al. (1996) analysed honey from different
regions in Brazil and found electrical conductivity between
100 and 2103.00 μS/cm . In the Northern coast of Bahia, Sodré
et al. (2002) found values between 271.67 and 1634.00 μS/cm.
In the state of São Paulo, Marchini et al. (2007) report on
honey samples with 160.71 to 2865 μS/cm.

Viscosity varied from 960.00 to 2972.00 mPa.s (mean
1621.49 mPa.s). According to Crane (1983) and Abu-Jdayil
et al. (2002), honey viscosity can be affected by several
factors including composition, temperature, water content,
relative density and the high protein content. In the state
of São Paulo, Marchini et al. (2007) studied honey samples

with 98.00 to 5090.00 mPa.s., and Sodré et al. (2007) found
536.00 to 2080.00 mPa.s in honey samples in the state of Ceará.

The extra-light amber honey was predominant (54.28%),
followed by the white (25.71%), the light amber (14.28%)
and the dark amber (2.85%) (Table 1). The predominance of
light colours were previously reported by Moreti et al.
(2006) for the 346 honey samples collected in six states in
Brazil. Honey colour is determined by its botanical source
and by the local climate and soil conditions. Storage, light,
heat and the potential enzymatic reactions may also affect
colour (Smith, 1967).

The current Brazilian legislation does not establish
values for total sugars, protein, pH, formol index, electrical
conductivity or viscosity (Brasil, 2000). However, these
parameters have been studied intensively because of their
role in characterizing honey production in Brazil.

Clusters were determined by using the graph of merging
distance in successive steps of the cluster analysis (Figures
1 and 2). This method is based on the identification of a
vertical plateau, meaning that several clusters were formed
at the same merging distance, where this distance is the
optimal cut point in the phenogram, determining the number
of clusters formed.

It can be seen in the phenogram (Figure 1) that five
clusters were formed: cluster 1 with 7 samples (34, 27, 25, 20,
18, 32 and 8); cluster 2 with 11 samples (29, 19, 26, 13, 23, 12,
28, 21, 10, 35 and 4); cluster 3 with 7 samples (22, 5, 6, 14, 11,
24 and 2); cluster 4 with 1 sample (9), and cluster 5 with 9
samples (33, 7, 15, 30, 31, 16, 3, 17 and 1).

The proximity of samples suggests similar physico-
chemical characteristics, such as the samples present in
each of the five clusters formed. Otherwise, the distance
among samples indicates physico-chemical differences.

The principal component of analysis (PCA) improves
the cluster analysis and confirms similarities and differences
in the physico-chemical characteristics of the samples
studied (Figure 3).

As shown by the principal component analysis (PCA),
the first principal component explained 85.11% of the total
data variance and the second explained 94.68% as total
variance (Table 2 and Figure 3). For Mardia et al. (1979), the
relatively high (usually above 70%) total variance obtained
in a principal component analysis by the first two or three
components properly explains the variability observed
among the samples.

Of all the physico-chemical traits analysed for each
principal component (Table 3), it was observed that the first
component is primarily related to protein and that protein
was the most important element in cluster formation. It is
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possible that one of the main factors leading to such
separation was the honey botanical origin because protein
comes from both animals and (mainly) plants. Animal
contributions are mainly due to the products of bee salivary
glands, whereas plants contribute with nectar and pollen when
visited by bees (White Júnior & Rudyj, 1978; Campos, 1987).

The floral origin of honey contributed to formation of
clusters by a combination of polinic types. The main
combinations found in each cluster were: cluster 1 (Borreria
sp., Chenopodium sp. and Piptadenia sp.), cluster 2
(Chenopodium sp., Piptadenia sp. and Tibouchina sp.),
cluster 3 (Piptadenia sp. and Tibouchina sp.), cluster 4
(Chenopodium sp., Croton urucurana,  Sida sp. and
Tibouchina sp.), and cluster 5 (Chenopodium sp., Mimosa
verrucosa, Piptadenia sp. and Tibouchina sp.). The polinic
type Piptadenia sp. significantly contributed for the
formation of most clusters, except for cluster 4, which was
far from the others (Figures 1 and 3).

The second principal component with the greatest
physico-chemical contribution for cluster formation was
HMF. Sample 9 (Cluster 4) had the highest HMF concentration
and it was therefore further isolated from the other samples.
HMF is one of the most studied of all honey components.
It is formed by the reaction of some sugars and acids, mainly
by the decomposition of fructose when it is in the presence
of acids (White Júnior, 1976). In honey, HMF may indicate
overheating, age, addition of inverted sugar and it can be
affected by acidity, pH, water and mineral contents (Seeman
& Neira, 1988).

Figure 1 - Phenogram obtained by the cluster analysis using the
mean Euclidian  distance and the method UPGMA
for the 35 samples of honey produced by Apis
mellifera in the Picos region, state of Piauí, and the
14 physico-chemical characters analysed. Horizontal
line = optimal cut.

Principal component Autovalue Accumulated %

Y1 11.91 85.11
Y2 1.33 94.68
Y3 0.40 97.58

Table 2 - Estimates of variance (autovalues) and accumulated
percentage of the total variance (%) obtained by the
principal component analysis of 35 samples of honey
produced by Apis mellifera in the Picos region, state
of Piauí, and its 14 physico-chemical characteristics

Figure 2 - Graph of the linkage distances in successive steps of
the cluster using the mean Euclidian distance and the
method UPGMA. Arrow indicates the optimal cut.

Figure 3 - Projection of the principal component  analysis of 35
samples used for the physico-chemical analysis of
honey produced by Apis mellifera in the Picos region,
state of Piauí.
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Conclusions

A significant number of  analysed honey samples was
within the specifications of the current Brazilian legislation
for physico-chemical characteristics, except for apparent
sacarosis, diastase activity, and hydroxymethylfurfural.
Among all  the parameters studied, protein and
hydroxymethylfurfural were the most important for cluster
formation. The diastase activity deserves further studies to
implement changes in the current Brazilian legislation.
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