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Abstract

The Southern region of Brazil is known for its floral diversity, presenting great potential for bee products such as honey, pollen,
propolis and royal jelly. In this study, 67 honey samples provided by beekeepers from 14 municipalities of western Parana were
evaluated. Physicochemical parameters, bioactive compounds and antioxidant activity were analyzed. The physicochemical
parameters of the samples were in compliance with the specifications by national and international standards, presenting average
values of 3.26, 34.54 meq.kg?, 18.75%, 10.79 mg.kg™, 0.14% and 340.10 uS.cm™, for pH, acidity, moisture, hydroxymethylfurfural,
ash content and electrical conductivity, respectively. The nutritive values of honey, on average, achieved 0.28% of protein from
69.09% of total sugars, 64.57% of reducing sugars and 4.28% of sucrose. Bioactive compounds showed average values of 34.83 mg
GAE/100 g of total phenols and 16.26 mg EQ/100 g of flavonoids, enabling antioxidant activity of 2.68 ymol FE (II)/g" of
FRAP, 1.01 ymol ET/g" from ABTS and 0.12 yumol ET/g"* of DPPH. This first study evaluated the parameters through cluster
analysis and observed nine groups formed, as well as the characteristics between the samples with similar reaction. We concluded
that the honey samples have high similarity and confirmed the quality of the honey produced.

Keywords: Africanized honeybee; denomination of origin; honeybee; NMDS; multivariate analysis.

Practical Application: This study presents data on honey with geographical identification and in the process of Denomination
of Origin. It expresses the results on the physicochemical and bioactive characteristics of the honey produced in the region in
question. Through the application of NMDS, it was possible to identify homogeneity of the samples among the different groups.

1 Introduction

Honey cannot be used as a nutritionally complete option
of food for humans, but it has a good potential to serve as food
supplement. It has been used in medicine against various diseases
since ancient times in Egypt, Greece and Rome, and also in western,
eastern, Chinese and Ayurveda medicines (Kuropatnicki et al.,
2018). In traditional medicine, it has effects on the treatment
of burns, diarrhea and ulcers (Ahmed et al., 2018). In addition,
it boosts the immune system by measuring the effects of anti-
inflammatory, antibacterial, antifungal and antiviral activities. Also,
its positive effects against breast, colorectal, renal, prostate, cervical
and oral cancer have already been proven (Ahmed et al., 2018).
The medicinal effects of honey are due to its antioxidant action
as it has intrinsic compounds, such as glucose oxidase enzymes,
catalase and peroxidase. Other compounds are carotenoids,
organic acids, ascorbic acid, amino acids and proteins. (Machado
De-Melo et al., 2018). Phenolic acids and flavonoids are listed as
the main reason why honey has an antioxidant capacity (Baglio,
2018), due to their mechanism of action and reactions based on
the transference of hydrogen atoms or simple electrons (Eteraf-

Oskouei & Najafi, 2013). Honey antioxidant capacity depends
on its botanical origin, environmental conditions and seasonal
changes (Machado De-Melo et al., 2018).

Brazilian honey has been recognized for its quality that
also depends on the aforementioned factors and the region
where it is produced (Braga et al., 2019). This quality presents
variations in quantity and type of phenolic compounds, as well
as in flavor and aroma. The country has a vast geographical area,
with great diversity of honey bee species for apiculture products,
which reflects on the wide variety of honey (Moraes et al., 2019;
Sekine et al., 2019; Nascimento et al., 2018). Furthermore, its
quality is also attributed to the resistance of Africanized bees
to diseases and pests, so there is no need to use chemicals that
contaminate honey to maintain hives.

Moreover, the increase in studies on the quality of honey has
been showing the incidence of trace elements (Altunatmaz et al.,
2018). These trace elements and pesticides had been monitoring,
to seek an alternative and methods to improve the quality of
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the honey produced (Yaqub et al., 2020). Demonstrating, even
more, the importance of the georeferencing of production
(Camargo et al., 2014) and denomination of origin of honey.

Honey from the Western region of Parana has been
granted the “Indication of Origin” seal (Instituto Nacional da
Propriedade Industrial, 2017), which gives it higher added
value. For that reason, producers follow international quality
standards. Being awarded the seal requires information on the
relationship between honey characteristics and edaphoclimatic
factors in the region, which is the object of this study, since
the honey produced in western Parand has not been a topic of
research regarding physicochemical characteristics, phenolic
compounds or antioxidant activity. Thus, the aim of this study
was to characterize the honey produced by beekeepers from
the aforementioned region, with regard to physicochemical
parameters, phenolic compounds and antioxidant activity,
as well as the degree of similarity between the samples from
different municipalities.

2 Materials and methods

2.1 Geographical origin of the honey samples

A total of 67 honey samples of A. mellifera L. were collected
from October 2016 to March 2017 and, then, analyzed. They were
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provided by beekeepers from 14 municipalities of Western
Parana: Santa Helena (n=27), Missal (n = 7), Terra Roxa (n=7),
Marechal Candido Rondon (n = 7), Diamante do Oeste (n = 4),
Entre Rios do Oeste (n = 3), Corbélia (n = 2), Matelandia (n = 2),
Toledo (n = 2), Ramilandia (n = 2), Francisco Alves (n = 1),
Itaipulandia (n = 1), Palotina (n = 1), and one from Sao José
das Palmeiras (Figure 1).

2.2 Physicochemical analysis

Physicochemical analyses were performed according
to Marchini et al. (2004), in triplicate, which allows higher
reliability to the measured data. Moisture was determined
following the Chataway refractometric method, which uses the
refractive index measurement of the sample to be converted to
moisture content by using an Abbe refractometer (Atago, Abbe
refractometer, Tokyo, Japan). The pH was performed by diluting
10 g of honey in 75 mL of distilled water, determining the
concentration of hydrogen ions contained in the honey solution
used. Total acidity was determined based on neutralization of
the honey acid solution, titrated with 0.05 N sodium hydroxide
to the equivalence point. The ash content was determined by
the gravimetric method after incineration in muffle furnace
at 550°C for 5 hours. For honey color determination, honey
samples’ absorbance was read with a spectrophotometer at 560 nm
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Figure 1. Location map of the study area: map showing the position of the State of Parand in Brazil (right); map showing the position of the Western
region of Parand (left), with emphasis on sampling municipalities. 1 - Corbélia, 2 - Diamante do Oeste, 3 - Entre Rios do Oeste, 4 - Francisco
Alves, 5 - Itaipulandia, 6 - Marechal Candido Rondon, 7 - Matelandia, 8 - Missal, 9 - Palotina, 10 - Ramil4ndia, 11 - Santa Helena, 12 - Sdo José
das Palmeiras, 13 - Toledo, 14 - Terra Roxa, as well as Parand River Basin III, which borders Paraguay (15).
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(UV-1800, Shimadzu, Columbia, USA). The reading was transformed
into color by using the Pfund scale. Electrical conductivity was
measured in a solution with 20% honey dry matter, diluted in
distilled water and quantified by using a conductivity meter
(Tec-4MP, Tecnal, Piracicaba, Brazil). The total nitrogen content
was determined by the Micro-Kjeldahl method using factor
6.25 to convert nitrogen into proteins. Determination of HMF
content was based on White’s reaction by spectrophotometry with
readings at 284 nm and 336 nm. Determination of total sugars
(%), reducing sugars (%) and apparent sucrose (%) was based
on the procedure described by Sereia et al. (2017). The method
was based on the ability of sugars, such as glucose and fructose,
to reduce the copper found in the cuproalcaline (Fehling liquor)
solution, changing from Cu®* to Cu * (reduction of cupric ions
in cuprous), and the sugars were oxidized into organic acids.

2.3 Phenolics and flavonoids

Total phenolic content (TPC) and Total flavonoid content (TFC)

Honey extract was obtained by diluting the honey in
methanol (1:11, w / v) and stirring in Vortex for one minute.
That was followed by an ultrasonic bath for 15 minutes. Then the
extract was filtered through a qualitative paper filter for retention
of larger particles. The extract remained refrigerated until the
analyses were performed in triplicate. The total phenol content
was determined according to Meda et al. (2005). Gallic acid
(0.05 - 0.08 mg mL") was used as standard for constructing the
calibration curve (R* 0.9999), expressed as mg GAE 100 g'of
honey. Total flavonoid content was determined according
to the method described by Meda et al. (2005), with some
modifications. Quercetin (0.01to 0.07 mg mL"') was used as
standard for constructing the calibration curve (R*: 0.9972),
expressed as mg EQ100 g'of honey.

FRAP, DPPH and ABTS antioxidant activities

The ferric reducing antioxidant potential (FRAP) was determined
according to Benzie & Strain (1996), where the ability of honey
extracts to reduce TPTZ reagent (2,4,6-tripyridyl-s-triazine) was
tested. Results were obtained by adjusting the ferrous sulfate
calibration curve (250-2000 pM; R%: 0.9988). Results of FRAP
antioxidant activity were expressed as umol ferrous sulfate
equivalent per gram of honey (umol FeSO,/g'honey).

We determined the sequestering activity of the DPPH oxidizing
radical from honey extracts (2,2-diphenyl-1-picrylhydrazyl),
equivalent to the synthetic antioxidant Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid), according to
the parameters of Beretta et al. (2005), with modifications.
Results were expressed as ymol trolox equivalent (ET) per gram
of honey, according to the adjusted equation of the standard
curve based on the synthetic antioxidant Trolox (20 to 140 umol
Trolox; R%: 0.9977).

ABTS (2,2-azinobis (3-etilbenzotiazolina-6-sulfonic acid)
antioxidant activity was performed according to Re et al. (1999),
with modifications. Results were expressed as gmol trolox
equivalent (TE) per gram of honey, according to the adjusted
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equation of the standard curve based on the synthetic antioxidant
Trolox. (0.100 to 0.150 gmol mL*; R%: 0.9953).

2.4 Statistical analysis

Low and high values, medians, mean and quartiles were
calculated for the physicochemical parameters, bioactive
compounds and antioxidant activity. The data of the variables
were analyzed by the multivariate factor analysis. Non-Metric
Multidimensional Scaling (NMDS) was used to test the parameter
differences between the different honey samples. Later, the
Euclidean distance was used with the normalized data, using the
“metaMDS” command to generate random and interactive processes,
aiming to find the best possible solution. The measured NMDS
adjustment value was assessed by the stress value. To estimate the
adjustment between the dissimilarity matrix and the generated
dendrogram, we calculated the cophenetic correlation coefficient
(Estevinho et al., 2016). All statistical analyzes were performed
using the R statistical software, version 3.0.2.

3 Results and discussion

3.1 Physicochemical parameters

The results of the physicochemical evaluations of the samples
are presented in Table 1. The values found were compared
with Brazilian (Brasil, 2000) and international (Food and
Agriculture Organization, 2001) standards. The honey samples
evaluated were characterized as acidic, because of the average
pH value (3.26), which was lower than the minimum standard
pH (3.30). In addition, the mean total acidity of the samples
was 34.54 meq kg, with only three samples with values above
60 meq kg, which is the limit established by legislation (Brasil,
2000; Food and Agriculture Organization, 2001). Values above
this may indicate fermentation of the product. The pH and free
acidity of honey are also important in determining taste and
stability against microbial development.

The moisture content of the honey samples analyzed
presented an average of 18.75% (Table 1), but 7% of them
presented moisture content above the allowed limit (20%)
(Brasil, 2000). Several factors may influence moisture content,
such as the degree of maturity, environmental conditions during
the harvest, processing techniques and conditions of storage
(Silva et al., 2016; Guo et al., 2019).

As for color, the honey analyzed presented an average value
of 0.26 + 0.11 inc (Table 1) and, according to a classification
using the Pfund scale, 67.16% of the samples presented light
amber color; 1.49%, white; 20.9% extra light amber; and 10.45%,
amber. This information corroborates studies on honey samples
from previous harvests in this region, which presented colors
ranging from white to dark amber, with prevalence of lighter
colors (Camargo etal., 2014). That is the reason why the honey in
question has advantages, since light colors have higher acceptability
by consumers (Silva et al., 2016; Kortesniemi et al., 2018). For this
reason, warehouses from other regions of Parana and Brazil
purchase honey from this region to mix it with darker types,
favoring commercialization. The low HMF values indicate the
good quality of the honey produced, since all samples presented
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values below 13.67 mg kg' (Table 1). According to Machado
De-Melo et al. (2018), the honey evaluated is considered fresh
because the lower the HMF value, the higher the indicative of
honey that was stored for a short time or did not undergo heating
and fermentation process.

The ash contents of the samples presented an average value
0f 0.14% (Table 1). Variations of this parameter may be due to
floral and geographical origin (Nascimento et al., 2018), honey
management techniques applied and / or the type of extraction
used (Nascimento et al., 2018; Baglio, 2018). All samples comply
with current regulations (Brasil, 2000), which consider 0.6%
of ash content for floral honey, whereas the limit tolerated for
melate or melate honey and its mixtures with honey is 1.2%.

Silva et al. (2016) state that electrical conductivity in honey
is directly related to ash content. The authors reported that this
parameter was incorporated by Codex Alimentarius Standards,
replacing the parameter of ash content. The legislation (Brasil, 2000)
does not present low and high values for electrical conductivity,
but Codex (Food and Agriculture Organization, 2001) considers
the maximum value of 800.00 uS cm™. Thus, the values obtained,
which ranged from 181.20 to 565.8 uS cm™* (Table 1), were well
below the limit. Electrical conductivity of honey is a parameter
that, together with evaluations of insoluble solids and minerals,
is used to determine honey purity (Silva et al., 2016).

Protein percentage of honey samples presented an average
value of 0.28% (Table 1). Honey protein levels vary due to
different factors, such as bee species and nectar botanical origin
(Alvarez-Suarez et al, 2018), as well as the proteins from
secretions of the mandibular and hypopharyngeal glands that

are incorporated by bees in the process of transformation and
dehydration of nectar into honey (Baglio, 2018).

The total sugar content is not standardized and, in this
study, it presented an average value of 69.09% (Table 1). As for
reducing sugars, there was a variation between 56.4 to 72.78%
(Table 1), which is within the limits (Brasil, 2000; Food and
Agriculture Organization, 2001), as well as the sucrose content
that presented mean values of 4.28% (Table 1).

3.2 Phenolic compounds

The total phenolic compound content of the honey samples
in this study ranged from 11.39 to 61.27 mg GAE 100 g
(Table 2). These values were similar to honey samples from
Portugal (Ferreira et al., 2009) in a way that an increase in the
total phenol content of darker samples was detected: the white,
amber and dark amber samples presented increasing values
of 13.2, 16.8 and 20.4 mg GAE/100 g™, respectively. It may be
the explanation for the amplitude of the low and high values
observed in this study.

Flavonoid contents of the honey samples analyzed (Table 2)
ranged from 7.97 to 44.99 mg EQ/100 g*. We also observed
that all honey samples had higher total phenol content than
flavonoids. This is due to the fact that flavonoids represented
more than 50% of total phenols in plants and are transferred from
plants to honey by bees (Silva et al., 2016). Flavonoid levels are
related to the variation in honey color, as there is a significant
increase of 12.6, 34.2 and 58.7 mg EQ/100 g honey, for white,
amber and dark amber (Ferreira et al., 2009). The values show
that the honey analyzed has bioactive compounds and can be

Table 1. Physicochemical parameters of honey from Western Parana, South of Brazil.

Parameters Standards® Low High Median Q1 Q3 Mean (SD)©
pH 3.30 to 4.60 2.65 4.44 3.10 2.92 3.48 3.26 +0.48
Acidity (meq kg) 60 6.00 83.50 34.00 23.25 41.50 34.54 £ 13.07
Moisture (%) <20 15.40 21.55 18.70 18.23 19.30 18.75 £ 1.02
Color (inc®) s 0.10 0.60 0.22 0.19 0.26 0.26 £0.11
HMF (mg kg) <60 10.12 13.67 10.65 10.48 10.91 10.79 £ 0.57
Ask (%) <0.60 0.03 0.45 0.14 0.11 0.16 0.14 £ 0.06
Conductivity (uWSecm™) — —eeeeee 181.20 565.80 349.10 286.80 385.60 340.10 = 70.94
Protein (%) - 0.13 0.60 0.26 0.22 0.31 0.28 + 0.09
Total sugar (%) ~ —--eee- 63.56 76.96 68.97 66.74 70.92 69.09 + 3.06
Reducing sugar (%) Low 65 56.40 72.78 64.39 62.76 66.67 64.57 £ 3.16
Sucrose (%) High 6 0.42 13.07 3.92 2.19 5.42 4.28 +2.60

pH = Hydrogen potential; HMF = 5-hydroxymethylfurfural. *Incidence—absorbance at 560 nm; "Brasil (2000). Q1: 25% of the samples are below the median. Q3: 75% of the samples

are above the median; “Mean + standard deviation.

Table 2. The bioactive compounds and antioxidant activity of honey samples. Western of Parand, South of Brazil.

Parameters Low High Median Q1 Q3 Mean (SD)*
Total phenolic (mg GAE/100 g) 11.39 61.27 34.20 24.37 45.73 34.83 £13.12
Total flavonoid (mg EQ/100 g) 7.97 44.99 16.04 13.12 18.15 16.26 £ 5.15
FRAP (pmol FeSO,/ g 0.03 11.12 2.32 1.59 3.34 2.68 +1.82
ABTS (umol ET/ g) 0.43 1.54 1.05 0.80 1.21 1.01+£0.27
DPPH (umol ET/ g*) 0.04 0.16 0.12 0.11 0.13 0.12 £ 0.02

Q1:25% of the samples are below the median. Q3: 75% of the samples are above the *standard deviation. ABTS (2,2-azinobis (3-etilbenzotiazolina-6-sulfonic acid); DPPH (2,2-diphenyl-1-

picryl-hydrazyl); (FRAP) ferric reducing antioxidant power (2,4,6-tripyridyl-s-triazine).
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used as functional food or as a source of food antioxidants with
nutraceutical properties (Ahmed et al., 2018).

3.3 Antioxidant activity

The antioxidant activity FRAP presented a variation from 0.03
to 11.12 ymol FeSO,/g" (Table 2). It showed higher values than
ABTS methods (0.43 to 1.54 yumol ET/ g"') and DPPH (0.04 to 0.16
pmol ET/g), which may be due to the fact that FRAP is expressed
as iron sulfate, while ABTS and DPPH are expressed as Trolox
equivalent. FRAP antioxidant activity is in accordance with what
was observed in studies with honey samples from Minas Gerais, Rio
de Janeiro and Rio Grande do Sul, in Brazil (SantAna et al., 2012;
Nascimento et al., 2018). The observed gap is compatible with the
FRAP, ABTS and the DPPH values of honey samples from countries
such as Algeria (Khalil et al., 2012) and Cuba (Alvarez-Suarez et al.,
2018). The use of different equivalents as ferric (II) and quercetin
for FRAP makes it difficult to compare the values of work with data
from other studies (Kus$ et al., 2014; Duarte et al., 2012). The same
is observed with ABTS and DPPH, whose results are expressed
as percent inhibition of DPPH free radical (SantAna et al., 2012;
Nascimento et al., 2018) or in equivalent quercetin and gallic acid
(Duarte et al., 2012).

Studies show that samples from the same region have different
values, showing variations due to botanical, geographical origin
and seasonality (SantAna et al., 2012; Salgueiro et al., 2014).
Honey antioxidant activity may increase with industrial honey
processing (Machado De-Melo et al., 2018). Another factor that
influences the antioxidant activity is storage time, because honey
degradation processes occur by enzymatic or Maillarde reaction,
which releases intermediate chemical groups with reducing power.

NMDS/ Chord-Stress= 0.033

During the collection period there were changes in the color
intensity of honey, and the samples collected in October and
November were characterized by lighter shades. During this
period, there are flowering grapes from Japan (Hovenia dulcis),
abundant species in the study area, mainly in the lakeside
forests of Itaipu bi-national hydroelectric (Camargo et al.,
2014). Moraes et al. (2019) verified that in honey samples from
the lake area, there is a predominance of pollen type H. dulcis
in most of the honey sampled, characterized as monofloral of
light shades. Nascimento et al. (2018) found out that monofloral
honey of this species has light shades, as well as a total phenol
content of 30.5 mg GAE/100 g' and 0.2 mg EQ/100 g of
flavonoids. Between December and March, the honey got
darker, which may be linked to the Eucalyptus flowering, quite
prevalent in the region (Sekine et al., 2019; Camargo et al., 2014)
and significantly present in the honey samples of the region
(Sekine et al., 2019; Moraes et al., 2019). It causes an increase
in the bioactive compound contents and antioxidant activity.
(Nascimento et al., 2018).

The similarity relationship between the evaluated parameters
and honey samples from the 14 municipalities was assessed by
the Non-Metric Multidimensional Scaling (NMDS) (Figure 2A).
The ordering produced a two-dimensional solution with a final
stress value of 0.033. According to Estevinho et al. (2016), the
ordering is representative because there was a low stress value.

The nine groups were formed by using the criterion of the
mean silhouette widths, from the result of the cluster analysis
of the honey samples (Figure 3). The correlation coefficient
(CCC) was 0.73, a value considered reasonable as a factor of
representativeness (Estevinho et al., 2016). NMDS showed that
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Figure 2. (A) Non-Metric Multidimensional Scaling (NMDS) for similarity of physicochemical data, bioactive compounds and antioxidant activity
of 67 honey samples from Western Parana. A chord distance from the data matrix was generated with a stress value of 0.033. Each number refers
to a sample and the acronyms are the different parameters evaluated: Phen: Total phenols; Flav: Flavonoids; Sac: sucrose; Conty: conductivity;
ASH: ashes; pH: pH; color: color; Acity: free acidity; Pro: protein; AR: reducing sugars; TA: total sugars; HMF: Hydroxymethylfurfural and Mo:
Moisture; (B) UPGMA grouping of a chord distance matrix between groups in NMDS ordering for physicochemical data, bioactive compounds
and antioxidant activity (CCC = 0.73).
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Figure 3. Bar portions showing the average width of the silhouette to
k =9-67 groups.

the studied samples were grouped according to their similarities
in relation to the evaluated parameters (Figure 2B). The blue
and purple groups have higher values for electrical conductivity.
On the other hand, the samples of the yellow group presented the
highest values for total phenols. The group in green presented
the highest values for color and flavonoids, parameters that have
a correlation of 0.96% according to Khalil et al. (2012).

The best partition by this criterion is the one with the highest
average silhouette width. The group in red presented the highest
values for pH, HME humidity, ash content, total sugars and
reducing sugars. The gray group presented the highest values for
FRAP, ABTS, acidity and protein. Khalil et al. (2012) reported
that the antioxidant activity FRAP and Proline showed a high
correlation (0.98%). The group with two red samples showed
similarity for the vast majority of compounds and may indicate
a relationship of bioactive compounds despite their different
geographical origin. Finally, the two groups formed by only
one sample each did not show similarity relationship with other
samples. These results are important because they indicate that,
within the nine groups, there was a homogeneous distribution
of samples from different locations, showing that, in general,
the honey samples evaluated present great similarity. As there
is a differentiation of the samples according to their botanical
origin, it would be necessary to analyze these honey samples
coming from different municipalities to observe if they were
grouped according to their botanical origins (Marchini et al.,
2005), or if some pollen types interfere with the parameters
evaluated (Estevinho et al., 2016).

4 Conclusion

The honey samples evaluated complied with national and
international normative instructions. In addition, this first work
quantifying bioactive compounds and antioxidant activity in honey
samples from Western Parana found relevant concentrations of
phenolic acids and flavonoids, as well as antioxidant activity,
which means that the product has nutraceutical properties.

252

The analyses show similarity between the honey samples of
the region in relation to the parameters that were evaluated.
This study demonstrates that the types of honey analyzed have
quality, commercial maturity, and bioactive properties that may
be related to the phytogeographic origin of the product.

Acknowledgements

We thank the beekeepers associated with the Beekeeping
Cooperative of the Western Coast of Parana (COOFAMEL) for the
samples provided. This work was financially supported by the Brazilian
National Council for Scientific and Technological Development
(CNPq) for financing our project (Process No. 443302/2016-2)
and the Coordination for the Improvement of Higher Education
Personnel (CAPES). The Research Support Foundation of the
State of Amazonas (Fundagao de Amparo a Pesquisa do Estado
do Amazonas - FAPEAM) for the financial support to the project
coordinated by Emerson Dechechi Chambé (Notice 004/2017 - PPP).

References

Ahmed, S., Sulaiman, S. A., Baig, A. A., Ibrahim, M., Liaqat, S., Fatima,
S., Jabeen, S., Shamim, N., & Othman, N. H. (2018). Honey as a
potential natural antioxidant medicine: an insight into its molecular
mechanisms of action. Oxidative Medicine and Cellular Longevity, 2018,
8367846. http://dx.doi.org/10.1155/2018/8367846. PMid:29492183.

Altunatmaz, S. S., Tarhan, D., Aksu, F,, Ozsobaci, N. P, Or, M. E., &
Barutcu, U. B. (2018). Levels of chromium, copper, iron, magnesium,
manganese, selenium, zinc, cadmium, lead and aluminium of honey
varieties produced in Turkey. Food Science and Technology (Campinas),
38(Suppl. 2), 392-397. http://dx.doi.org/10.1590/fst.19718.

Alvarez-Suarez, J. M., Giampieri, E,, Brenciani, A., Mazzoni, L., Gasparrini,
M., Gonzilez-Paramas, A. M., Santos-Buelga, C., Morroni, G., Simoni,
S., Forbes-Hernandez, T. Y., Afrin, S., Giovanetti, E., & Battino, M.
(2018). Apis mellifera vs Melipona beecheii Cuban polifloral honeys:
a comparison based on their physicochemical parameters, chemical
composition and biological properties. Lebensmittel- Wissenschaft +
Technologie, 87, 272-279. http://dx.doi.org/10.1016/j.1wt.2017.08.079.

Baglio, E. (2018). Honey: processing techniques and treatments. In E.
Baglio. Chemistry and technology of honey production (SpringerBriefs
in Molecular Science, pp. 15-22). Cham: Springer. http://dx.doi.
org/10.1007/978-3-319-65751-6_2.

Benzie, I. F, & Strain, J. J. (1996). The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP assay.
Analytical Biochemistry, 239(1), 70-76. http://dx.doi.org/10.1006/
abi0.1996.0292. PMid:8660627.

Beretta, G., Granata, P., Ferrero, M., Orioli, M., & Facino, R. M. (2005).
Standardization of antioxidant properties of honey by a combination
of spectrophotometric/fluorimetric assays and chemometrics.
Analytica Chimica Acta, 533(2), 185-191. http://dx.doi.org/10.1016/].
aca.2004.11.010.

Braga, D. C, Liberato, M. D. C. T. C,, Lima, V. L. F, & Aratjo, ]. A. M. D.
No. (2019). Analytical study of the physicochemical characteristics
from Melipona subnitida D. honey in adequation to Brazilian law.
Food Science and Technology, 40(Suppl. 1), 217-221. http://dx.doi.
org/10.1590/fst.08919.

Brasil. Ministério da Agricultura. Secretaria de Defesa Agropecuaria.
Departamento de Inspe¢do de Produtos de Origem Animal - DIPOA.
(2000). Regulamento Técnico de Identidade e Qualidade do Mel
(Instrugdo normativa n° 11, de 20 de Outubro de 2000. Didrio
Oficial [da] Repiiblica Federativa do Brasil.

Food Sci. Technol, Campinas, 41(Suppl. 1): 247-253, June 2021


https://doi.org/10.1155/2018/8367846
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29492183&dopt=Abstract
https://doi.org/10.1016/j.lwt.2017.08.079
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8660627&dopt=Abstract
https://doi.org/10.1016/j.aca.2004.11.010
https://doi.org/10.1016/j.aca.2004.11.010

Galhardo et al.

Camargo, S. C., Garcia, R. C., Feiden, A., Vasconcelos, E. S., Pires, B.
G., Hartleben, A. M., Moraes, E J., Oliveira, L., Giasson, J., Mittanck,
E.S., Gremaschi, J. R., & Pereira, D. J. (2014). Implementation of a
geographic information system (GIS) for the planning of beekeeping
in the west region of Parand. Anais da Academia Brasileira de Ciéncias,
86(2), 955-971. http://dx.doi.org/10.1590/0001-3765201420130278.
PMid:30514022.

Duarte, A. W. E,, Santos-Vasconcelos, M. R., Menezes, A. P. D,, Silva,
S. C., Oda-Souza, M., & Lopez, A. M. Q. (2012). Composition and
antioxidant activity of honey from Africanized and stingless bees
in Alagoas (Brazil): a multivariate analysis. Journal of Apicultural
Research, 51(1), 23-35. http://dx.doi.org/10.3896/IBRA.1.51.1.04.

Estevinho, L. M., Chambd, E. D., Pereira, A. P. R., Carvalho, C. A.
L., & Toledo, V. A. A. (2016). Characterization of Lavandula spp.
honey using multivariate techniques. PLoS One, 11(9), €0162206.
http://dx.doi.org/10.1371/journal.pone.0162206. PMid:27588420.

Eteraf-Oskouei, T., & Najafi, M. (2013). Traditional and modern uses
of natural honey in human diseases: a review. Iranian Journal of
Basic Medical Sciences., 16(6), 731-742. http://dx.doi.org/10.22038/
ijbms.2013.988. PMid:23997898.

Ferreira, I. C., Aires, E., Barreira, J. C., & Estevinho, L. M. (2009). Antioxidant
activity of Portuguese honey samples: Different contributions of the
entire honey and phenolic extract. Food Chemistry, 114(4), 1438-
1443, http://dx.doi.org/10.1016/j.foodchem.2008.11.028.

Food and Agriculture Organization - FAO, & World Health Organization
- WHO. (2001). Codex Alimentarius. Revised codex standard for
honey. Standards and Standard Methods 11. Rome: FAO.

Guo, N., Wang, Q., Shen, L., Wang, L., & Zhao, Y. (2019). An effective
and economic method to produce re-ripe honey with honeybee
colonies. Food Science and Technology (Campinas), 39(Suppl. 2),
510-516. http://dx.doi.org/10.1590/fst.23618.

<newsp>Instituto Nacional da Propriedade Industrial - INPI. (2017,
Julho 4). Indicagdes geograficas. Revista da Propriedade Industrial,
2426, 1-29.</newsp>

Khalil, I., Moniruzzaman, M., Boukra4, L., Benhanifia, M., Islam, A.,
Islam, N., Sulaiman, S. A., & Gan, S. H. (2012). Physicochemical
and antioxidant properties of Algerian honey. Molecules (Basel,
Switzerland), 17(9), 11199-11215. http://dx.doi.org/10.3390/
molecules170911199. PMid:22996344.

Kortesniemi, M., Rosenvald, S., Laaksonen, O., Vanag, A., Ollikka,
T., Vene, K., & Yang, B. (2018). Sensory and chemical profiles
of Finnish honeys of different botanical origins and consumer
preferences. Food Chemistry, 246, 351-359. http://dx.doi.org/10.1016/j.
foodchem.2017.10.069. PMid:29291860.

Kuropatnicki, A. K., Klések, M., & Kucharzewski, M. (2018). Honey as
medicine: historical perspectives. Journal of Apicultural Research,
57(1),113-118. http://dx.doi.org/10.1080/00218839.2017.1411182.

Kus, P. M., Congiu, E, Teper, D., Sroka, Z., Jerkovi¢, 1., & Tuberoso, C.
L. G. (2014). Antioxidant activity, color characteristics, total phenol
content and general HPLC fingerprints of six Polish unifloral honey
types. Lebensmittel-Wissenschaft + Technologie, 55(1), 124-130.
http://dx.doi.org/10. 1016/j.lwt.20 13.09.016.

Machado De-Melo, A. A., Almeida-Muradian, L. B. D,, Sancho, M. T.,
& Pascual-Maté, A. (2018). Composition and properties of Apis
mellifera honey: A review. Journal of Apicultural Research, 57(1),
5-37. http://dx.doi.org/10.1080/00218839.2017.1338444.

Food Sci. Technol, Campinas, 41(Suppl. 1): 247-253, June 2021

Marchini, L. C., Moreti, A. C. C. C., & Otsuk, I. P. (2005). Cluster
analysis, with basis in physico-chemical composition, of samples of
honey produced by Apis mellifera L. in Sdo Paulo State. Food Science
and Technology (Campinas), 25(1), 8-17. http://dx.doi.org/10.1590/
S0101-20612005000100003.

Marchini, L. C.,, Sodré, G. D. S., & Moreti, A. C. C. C. (2004). Brazilian
honey: composition and standards. Ribeirao Preto: AS Pinto.

Meda, A., Lamien, C. E., Romito, M., Millogo, J., & Nacoulma, O. G.
(2005). Determination of the total phenolic, flavonoid and proline
contents in Burkina Fasan honey, as well as their radical scavenging
activity. Food Chemistry, 91(3), 571-577. http://dx.doi.org/10.1016/j.
foodchem.2004.10.006.

Moraes, E J., Garcia, R. C., Galhardo, D., Camargo, S. C., Pires, B. G,,
Pereira, D. J., & Sousa, P. H. A. A. (2019). Pollen analysis of honey
samples produced in the counties of Santa Helena and Terra Roxa,
Western Region of Parand, Southern Brazil. Sociobiology, 66(2),
327-338. http://dx.doi.org/10.13102/sociobiology.v66i2.3680.

Nascimento, K. S., Sattler, J. A. G., Macedo, L. F. L., Serna Gonzélez, C.
V., Melo, I. L. P, Aratjo, E. S., Granato, D,, Sattler, A., & Almeida-
Muradian, L. B. (2018). Phenolic compounds, antioxidant capacity
and physicochemical properties of Brazilian Apis mellifera honeys.
Lebensmittel-Wissenschaft + Technologie, 91, 85-94. http://dx.doi.
org/10.1016/j.1wt.2018.01.016.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-
Evans, C. (1999). Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free Radical Biology & Medicine,
26(9-10), 1231-1237. http://dx.doi.org/10.1016/S0891-5849(98)00315-
3. PMid:10381194.

Salgueiro, E B, Lira, A. F, Rumjanek, V. M., & Castro, R. N. (2014).
Phenolic composition and antioxidant properties of Brazilian honeys.
Quimica Nova, 37(5), 821-826. http://dx.doi.org/10.5935/0100-
4042.20140132.

SantAna, L. D. O,, Sousa, J. P, Salgueiro, E. B., Lorenzon, M. C. A., &
Castro, R. N. (2012). Characterization of monofloral honeys with
multivariate analysis of their chemical profile and antioxidant
activity. Journal of Food Science, 77(1), C135-C140. http://dx.doi.
org/10.1111/j.1750-3841.2011.02490.x. PMid:22133147.

Sekine, E. S., Takashiba, E. H., Bueno, R. O., Bueno, P. A. A., Caxambu,
M. G., Sereia, M. ]., Marchini, L. C., Moreti, A. C. C. C., & Toledo, V.
A.A.(2019). Floral origin and physical and chemical characteristics
of honey from africanized bees in apiaries of Ubiratd and Nova
Aurora, state of Parand. Sociobiology, 66(1), 126-135. http://dx.doi.
org/10.13102/sociobiology.v66i1.3385.

Sereia, M. J., Margo, P. H., Perdoncini, M. R. G., Parpinelli, R. S,
Lima, E. G., & Anjo, E A. (2017). Techniques for the evaluation of
physicochemical quality and bioactive compounds in honey. In V. A.
A. Toledo (Ed.), Honey analysis (p. 193-214). London: IntechOpen.
http://dx.doi.org/10.5772/66839.

Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., & Fett, R.
(2016). Honey: chemical composition, stability and authenticity.
Food Chemistry, 196, 309-323. http://dx.doi.org/10.1016/j.
foodchem.2015.09.051. PMid:26593496.

Yaqub, G., Khalid, M., Tkram, A., & Sohail, A. (2020). Monitoring and
risk assessment due to presence of metals and pesticides residues
in honey samples from the major honey producing forest belts and
different brands. Food Science and Technology, 40(Suppl. 1), 331-335.
http://dx.doi.org/10.1590/£st.01919.

253


https://doi.org/10.1590/0001-3765201420130278
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30514022&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30514022&dopt=Abstract
https://doi.org/10.3896/IBRA.1.51.1.04
https://doi.org/10.1371/journal.pone.0162206
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27588420&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23997898&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2008.11.028
https://doi.org/10.1590/fst.23618
https://doi.org/10.3390/molecules170911199
https://doi.org/10.3390/molecules170911199
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22996344&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29291860&dopt=Abstract
https://doi.org/10.1080/00218839.2017.1411182
https://doi.org/10.1016/j.lwt.2013.09.016
https://doi.org/10.1080/00218839.2017.1338444
https://doi.org/10.1590/S0101-20612005000100003
https://doi.org/10.1590/S0101-20612005000100003
https://doi.org/10.1016/j.foodchem.2004.10.006
https://doi.org/10.1016/j.foodchem.2004.10.006
https://doi.org/10.13102/sociobiology.v66i2.3680
https://doi.org/10.1016/j.lwt.2018.01.016
https://doi.org/10.1016/j.lwt.2018.01.016
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381194&dopt=Abstract
https://doi.org/10.5935/0100-4042.20140132
https://doi.org/10.5935/0100-4042.20140132
https://doi.org/10.1111/j.1750-3841.2011.02490.x
https://doi.org/10.1111/j.1750-3841.2011.02490.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22133147&dopt=Abstract
https://doi.org/10.13102/sociobiology.v66i1.3385
https://doi.org/10.13102/sociobiology.v66i1.3385
http://dx.doi.org/10.5772/66839
https://doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/10.1016/j.foodchem.2015.09.051
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26593496&dopt=Abstract

ISSN 0101-2061 (Print)

Food Science and Technology ISSN 1678-457X (Online)
DO https://doi.org/10.1590/fst.er11720 [@)sr |
Erratum

In the article “Physicochemical, bioactive properties and antioxidant of Apis mellifera L. honey from western Parand, Southern
Brazil”, DOI https://doi.org/10.1590/fst.11720, published in Food Science and Technology, ISSN Print version ISSN 0101-2061
On-line version ISSN 1678-457X, 2021, vol.41, suppl.1, pp.247-253. Epub Sep 28, 2020.

Where it reads: Figure 3. Change

0.10 0.15 020 0.25 0.30
I 1 I ] L

Average silhouette width

0.05
I

000
L

optBnum/n2 10 20 30 40 50 60

K (number of groups)

It Should be read:

Mean silhouette width
0.10 020 025 030 035
1 1 1 1 1

0.05
1

T L T I T T I

0 optimdG/n9 20 30 40 50 60
K (number of groups)

0.00
1

Food Sci. Technol, Campinas, Ahead of Print, 2021 1/1


https://creativecommons.org/licenses/by/4.0/

