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Abstract

Honey is a natural food derived from nectar and other natural plant secretions, collected, and processed by bees.
To be safely consumed, it must be free of chemical contamination and have quality and identity parameters
following established standards. The continuous search for agricultural productivity has increased the use of
pesticides, widely used in crops. Residues of these compounds have been found in honey samples. This work aimed
to determine the physicochemical parameters and verify the presence of pesticides in Apis mellifera bee honey sold
in the regions of Pelotas and Rio Grande/in Rio Grande do Sul state (RS)/ Brazil. The honey samples presented values
for the physicochemical parameters within the acceptable limits established by Brazilian legislation. Among the 100
pesticides investigated, the insecticide A-cyhalothrin was detected in 50% of the samples in concentrations between
5.95 and 25.30 pg/kg. The calculated estimated daily intake was 1.0x10-4 pug/kg bw/day, below the maximum limits
Brazilian and European legislation recommended. The results contribute to the generation of data on the quality of
honey produced in the region, thus ensuring safe consumption, however, it causes an alert about the environmental
contamination by the pollinators bee’s exposure to pesticides in regions with intense agricultural activity.

Keywords: Agrochemicals; Beekeeping; Environmental contamination; Honey quality; QUEChERS; Physicochemical
parameters.

Highlights
e Quality parameters of Apis mellifera honey were measured
e  Most evaluated parameters were in line with the standard recommended by legislation

e \-cyhalothrin was detected in 50% of samples
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1 Introduction

Apiculture is an activity of great social, economic, and ecological impact since it is mainly developed by
small producers, which favors the development of family farming. The beekeeping (Apis mellifera) is an
economical option to the producer due to the products that are obtained, especially honey (Klosowski et al.,
2020). Brazil is highlighted in honey production due to its biodiversity, large territory, and climate variability.
In this way, about 55.8 thousand tons of honey were produced in 2021, with the Rio Grande do Sul state in
the first position (Instituto Brasileiro de Geografia e Estatistica, 2023).

Honey is characterized as a natural food product, which is produced by honeybees, is composed of a
complex mixture of glucose, fructose, water, organic acids, minerals, aromatic substances, vitamins, and
pollen grains, among others (Sousa et al., 2016; Pereira et al., 2020). Usually, honey is used as a sweetener
and for therapeutic purposes, thus, the choice for a specific type and its beneficial effects on health are
dependent on the composition and the quality of the product (Seraglio et al., 2021), which are strictly related
to different factors, such as floral species, geographical origin, bee species, as well as the environmental
conditions, processing, and storage (Sousa et al., 2016; Pereira et al., 2020; Seraglio et al., 2021). Therefore,
aiming the standardization of the food products of animal origin, the Brazilian Ministry of Agriculture,
Livestock and Food Supply (Ministério da Agricultura e Pecuaria - MAPA) and the Codex Alimentarius
established standards of identity and quality of honey by the evaluation of its physicochemical parameters
(Brasil, 2000; Food and Agriculture Organization, 2019).

The bees, the main pollinator agents, are of great importance to agriculture and to the economy since about
70% of the crops produced for human consumption are pollination-dependent (Klosowski et al., 2020).
However, the population of bees has decreased due to climate changes, alterations in their habitat and its
biological characteristics, environmental pollution, expansion of agriculture, and by the use of pesticides
(Marcolin et al., 2021; Orso et al., 2016; Wang et al., 2022). In this way, it is of great importance to perform
the monitoring of residues of pesticides in honey to verify the risks to human health and the level of
environmental contamination in different regions where honey is produced (Marcolin et al., 2021; Orso et al.,
2016). In Brazil, maximum residue levels (MRLs) ranging from 0.3 to 50 pg/kg are established by the
National Program for the Control of Residues and Contaminants (Plano Nacional de Controle de Residuos e
Contaminantes - PNCRC) (Brasil, 2013), which agrees with those applied in the European Union (EU)
(European Union, 2022).

By the factors discussed that influence both in quality and safety of honey for consumption, this study
aimed to perform a physicochemical characterization and pesticide determination in Apis mellifera honey
marketed in Pelotas and Rio Grande, Rio Grande do Sul state, Brazil. Therefore, this study stands out due to
the lack of data about the quality of honey produced and marketed in Southern Brazil, highly needed to
maintenance of family farming, food quality, and safety.

2 Material and methods

2.1 Reagents

Ultrapure water was directly obtained from a Milli-Q Direct-Q UV3® (Millipore, Bedford, MA, EUA).
Sulfuric acid (purity 97.0%), High-Performance Liquid Chromatography (HPLC) grade acetonitrile,
magnesium sulfate (purity 99.8%), and sodium chloride were bought from JT Baker (Mallinckrodt, NJ,
EUA). The 5-hidroxymethylfurfural (5-HMF) standard (purity 99.0%), and the citrate salts, trisodium citrate
dehydrate and disodium hydrogen citrate sesquihydrate, were bought from Sigma Aldrich (St. Louis, MO,
EUA). The primary and secondary amine (PSA-Bondesil) used as clean-up sorbent was bought from Varian
(Harbour City, CA, EUA). The sodium hydroxide was bought from Merck (Sdo Paulo, SP, Brasil). Finally,
analytical standards of pesticides with purity > 95% were used (Sigma Aldrich, St. Louis, MO, EUA).
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2.2 Honey samples

Eight honey samples were purchased in the local market (bakeries, grocery stores, and fairs) in November
2021, in Pelotas and Rio Grande cities, in the Rio Grande do Sul state. Samples were taken to the laboratory,
being identified and classified according to their origin place, supplier, floral origin, and harvest (Table 1).
The honey samples were stored at room temperature (20 °C) up to the analysis.

Table 1. Commercial honey classification.

Honey sample Origin place Acquisition place Floral origin Harvest

1 ©° g/ilsot?itft B;?rll’leti)otas) Pelotas Eucalyptus and wildflowers Aug/21
2 Pelotas Pelotas Native flowers Jul/21
3 Taim Rio Grande Native flowers n.i.

4 Bagé Rio Grande Native flowers Apr/21
5 Bolaxa Rio Grande Eucalyptus n.i.

6 Cangugu Rio Grande Native flowers Aug/21
7 Taim Rio Grande Eucalyptus Aug/21
8 Pelotas Pelotas n.i. Aug/21

n.i.: not informed.

2.3 Physicochemical characterization

The content of moisture and soluble solids (°Brix) of honey samples was determined at 20 °C by an Abbe
refractometer (Edutec, model N.S. A0002906). The Chataway table was used for the conversion of the
refraction index in ° Brix to g/100 g (Association of Official Analytical Chemists, 2005).

Ash content was determined by the calcination of the sample in a muffle furnace (Quimis, model Q318 M)
at 500 °C for 6 h. The results were expressed in g/100 g (Association of Official Analytical Chemists, 2005).

In addition, pH was measured in a calibrated pH meter (Hanna, model pH21). For this measurement, honey
samples were diluted in ultrapure water (1:10, m/v) and kept under magnetic stirring (Association of Official
Analytical Chemists, 2005).

Electrical conductivity was measured in samples diluted in ultrapure water (1:5, m/v) in a calibrated
conductivity meter (Hanna, model EC215) (Bogdanov et al., 1999).

For the determination of free acidity, 1 g sample was solubilized in 70 mL ultrapure water. The solution
was titled with 0.1 mol/L sodium hydroxide until pH 8.5. The results were expressed in mEq/kg (Association
of Official Analytical Chemists, 2005).

Reducing sugars and total reducing sugars were determined by the 3,5-dinitrosalicylic acid method
described by Miller (1959) and miniaturized by Borba et al. (2022). Before the colorimetric reaction, each
honey sample was diluted in ultrapure water (1:50, m/v). The quantification was carried out in an Ultraviolet-
visible (UV-Vis) spectrophotometer (Quimis, model Q898U2MS5) at 546 nm using an analytical curve
prepared with glucose (0.02 to 0.12 mg/mL).

2.4 5-HMF determination

The determination of 5-HMF was performed as described by Marcolin et al. (2021), by the solubilization of 1
g honey sample in 10 mL of ultrapure water in a 15 mL polypropylene tube. A Liquid Chromatograph fitted with
a quaternary pump (model 600, Waters), a Photodiode Array detector (model 2996, Waters), and a manual sample
injector (Rheodyne) were used. Data acquisition and processing was performed using the software Empower®
PDA. The chromatographic separation was performed in an analytical column Synergi C18 (Phenomenex,
250 mm x 4.6 mm i.d., 4 pm, 80 A), using acetonitrile: ultrapure water (10:90, v/v) as mobile-phase in the isocratic
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mode, at a flow rate of 1 mL/min, a total run of 13 min. The wavelength of 284 nm was selected for the
quantification of 5-HMF. For each sample, 20 uL. was injected. The identification was based on the retention time
and the absorption spectra of the 5-HMF in the standard solution and the sample. The limit of detection (LOD)
was 0.02 mg/L, while the limit of quantification (LOQ) was 0.05 mg/L. The quantification of 5-HMF was carried
out using an analytical curve ranging between 0.05 and 10 mg/L, with a correlation coefficient > 0.99.

2.5 Pesticides determination

The citrate QUEChERS (Anastassiades et al., 2007) was carried out for the extraction of 100 pesticides in
honey samples, in conditions previously published (Marcolin et al., 2021). Initially, 10 g honey sample was
weighed in a 50 mL polypropylene tube and the atrazine-d5 standard was added at the final concentration of
50 pg/kg as a surrogate. Afterward, 10 mL ultrapure water was added to the sample, followed by the addition
of 10 mL acetonitrile, being manually shaken for 20 s and vortexed for 1 min. Then, 4 g MgSOs, 1 g NaCl,
1 g C¢HsNa3;O7-:2H,0 and 0.5. g CsHgNa,O7-1,5H,0 was added to the tube to promote partition of the solvent
by the salting-out effect and buffering, followed by another agitation step and centrifugation for 10 min at
15.904 g. The clean-up step was carried out by transferring 1 mL of the upper acetonitrile layer to another
15 mL polypropylene tube containing 150 mg MgSO4 and 25 mg PSA, followed by vortexing for 1 min and
centrifugation for 5 min at 15.904 g. Finally, 1 mL of the final extract was transferred to a vial for further
determination by Gas Chromatography-Mass Spectrometry (GC-MS/MS).

The determination of pesticides was carried out in a GC model TQ 8050 (Shimadzu, Japan), fitted with a
Combipal AOC 6000 autosampler, and a MS detector with a triple quadrupole type mass analyzer. The
chromatographic conditions were as follows: helium (99.999% purity) was used as the carrier gas at a
constant flow rate of 2.21 mL/min. The temperature of the injector was 250 °C, and 2 pL sample was injected
in the splitless mode at 150 kPa. The separation was carried out in a capillary column Rtx®-5MS (30 m x
0.25 mm x 0.25 pm) (Restek, EUA) using a temperature ramp starting at 90 °C for 1 min, which was raised
to 130 °C at 30 °C/min. Finally, the temperature was raised to 320 °C at 10 °C/min, remaining at this
temperature for 3 min, which totaled 24.33 min of analysis. The ionization was performed in electron impact
(EI) mode with a collision energy of 70 eV. The interface and ion source temperatures were 290 and 230 °C,
respectively. The selected reaction monitoring (SRM) mode was carried out with argon (99.9999% purity)
as collision gas. Manipulation of the equipment, data collection, and treatment were performed by the
software GCMSsolution, version 4.45 SP1 (Shimadzu, Japao). The whole method was previously validated
for the determination of 100 pesticides by Marcolin et al. (2021) in agreement with the Instituto Nacional de
Metrologia, Qualidade e Tecnologia (2020) and European Union (2019) guidelines. Accuracy between 59
and 99%, with precision expressed in Relative Standard Deviation (RSD) < 20% was achieved. The Limit of
Quantification (LOQ) values ranged between 1 and 10 pg/kg. Retention times and SRM conditions are
presented in Table S1 (Supplementary Material).

2.6 Estimative of daily exposure

The estimative of daily intake (EDI) of pesticides in honey was calculated using Equation 1 considering a
body weight of 60 kg for an adult. According to the Brazilian Institute of Geography and Statistics (Instituto
Brasileiro de Geografia e Estatistica, 2011), honey ingestion is 0.9 g per day.

Pesticide concentration (ug/kg) x Honey ingestion (kg/day)

EDI (ug/kg bw/day) = 1

Body mass (kg)

2.7 Statistical analysis

The experiments were carried out in triplicate and the results were expressed as mean + standard deviation.
The analysis of variance (ANOVA) and Tukey’s test were carried out to check the statistical difference between
honey samples at a significance level of 5%, using the software Statistic 7.0 (Statsoft Inc, Tulsa, OK, USA).
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3 Results and discussion

3.1 Physicochemical characterization

The pH of the samples ranged from 4.34 to 4.76 (Table 2). The statistical differences observed (p < 0.05)
could be due to the different acids in the honey samples, geographical origin, floral source, bee species, and
mineral content (Pereira et al., 2020; Sant’ana et al., 2020; Vanhanen et al., 2011; Yiicel & Sultanog, 2013).
This variability has been reported for Brazilian kinds of honey. For Apis mellifera honey, Brugnerotto et al.
(2021) reported pH values from 3.51 to 4.26 in samples collected in Santa Catarina state, and Pereira et al.
(2020) measured pH values from 3.86 to 4.50 in honey from different floral sources commercialized in Minas
Gerais state. For Meliponinae honeys, Sant’ana et al. (2020) evaluated honey from Melipona subnitida and
M. fasciculata species in Piaui state and pH values were between 3.3 and 3.9. Thus, although pH is not
included as a parameter in the investigation of honey quality, its determination is important because in
addition to influencing the texture, stability, and shelf life of the product, along with other components of the
matrix and storage conditions, pH can contribute to the rate of formation of 5-HMF (Pereira et al., 2020;
Sant’ana et al., 2020) and in the microbial growth (Silva et al., 2016; Marcolin et al., 2021).

Free acidity indicates the amount of organic acids in equilibrium with their inorganic esters and ions
present in honey (Finola et al., 2007; Pereira et al., 2020). In the analyzed samples, free acidity varied from
29.42 to 43.72 mEq/kg, indicating the freshness of the samples, since values were following the one
established by the legislation, which allows a maximum of 50 mEq/kg (Brasil, 2000; Food and Agriculture
Organization, 2019). Statistical significance differences (p < 0.05) occur due to the different floral sources,
weather conditions, amount of minerals and gluconic acid resulting from enzymatic action (Sousa et al.,
2016; Estevinho et al., 2012; Pereira et al., 2020). High values of acidity (> 50 mEq/kg) are indicative of
sugar fermentation, honey deterioration, and organoleptic characteristics alteration (Bogdanov et al., 1999;
Pereira et al., 2020). The acidity of the samples under investigation is in accordance with previously
published studies about Brazilian honey (Brugnerotto et al., 2021; Marcolin et al., 2021; Pereira et al., 2020).

The maximum moisture allowed in Apis mellifera honey is 20 g/100 g (Brasil, 2000; Food and Agriculture
Organization, 2019). Just one sample from the evaluated samples showed results higher than the maximum
established (sample number 1, 21.53 g/100 g). High values of moisture can lead to fermentation during
storage, reduce the shelf life, and alter the sensory properties such as aroma, color, taste, and texture
(Kadri et al., 2016; Pereira et al., 2020; Seraglio et al., 2021). The statistical significance differences among
the samples (p < 0.05) can be related to the geographical origin, beekeepers’ manipulation during the honey
sampling, and processing and storage conditions (Karabagias et al., 2014b; Seraglio et al., 2021).

Ash content varied from 0.36 to 0.65 g/100 g in the analyzed samples. This variability could be related to
the soil mineral content in which the nectar-producing floral species was planted. High mineral content led
to a darker and stronger flavor honey (Escuredo et al., 2013). One sample (number 6) presented ash content
above the maximum value established (0.60 g/100 g) (Brasil, 2000; Food and Agriculture Organization,
2019). High values could be related to a lack of hygiene and/or irregularities in the decantation or filtration
processes (Karabagias et al., 2014a; Pereira et al., 2020).

Electrical conductivity (EC) is associated with the ash content and acidity of the honey (Silva et al., 2016;
Seraglio et al., 2021; Yiicel & Sultanog, 2013). The Codex Alimentarius (Food and Agriculture Organization,
2019) recommends a maximum EC value of 0.80 ms/cm. Samples number 2, 5 and 7 showed values higher
than the established suggesting high mineral content and/or honey’s adulteration with darker honeys, which
can occur naturally by bees or fraudulent during honey processing (Seraglio et al., 2021). Besides, the EC
could be used to classify the samples according to the floral source (Pereira et al., 2020; Terrab et al., 2004).
Samples 2 and 8 did not present a statistical significance difference for EC (p > 0.05) (Table 2), therefore,
although the floral source of sample 8 has not been related, both are from the same geographical place
(Pelotas), suggesting that sample 2 and 8 can have the same floral source (native flowers).
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Values of soluble solids (SS) varied from 76.53 to 80.25 °Brix. These values are in agreement with
previously published studies (Sousa et al., 2016; Marcolin et al., 2021; Pereira et al., 2020). This parameter
is not established in the legislation, but its evaluation is important as an indicator of adulteration since it has
relation with sugar content and moisture (Marcolin et al., 2021; Terrab et al., 2004). This relation could be
observed in sample 1, which presented the lower SS (76.53) and the higher moisture (21.53 g/100 g).

Sugar content can indicate early harvest if high values of sucrose are quantified since this indicates that
the invertase enzyme had not enough time to convert sucrose into fructose and glucose; or nectar with high
levels of sucrose, or bee feeding with sugar syrups or adulterations (Silva et al., 2016; Pereira et al., 2020).
The concentration of reducing sugars (RS), used as an indicative of fructose and glucose, varied between
49.07 and 60.25 g /100 g. The total reducing sugars (TRS) content varied from 57.80 to 65.64 g/100 g. The
minimum value of reducing sugars established by the Brazilian legislation is 65 g/100 g (Brasil, 2000). Only
one sample (number 1) showed values above the recommendation, indicating that other samples could have
been collected before the appropriate time. Besides, sample 7 and 8 presented similar values for RS and TRS,
indicating that these sample does not present sucrose in their composition. Therefore, by estimating apparent
sucrose by the difference between TRS and RS, samples 1, 2, 3, and 5 may have sucrose content higher than
6 g/100 g, that is the maximum established by Brazilian legislation. In general, the sugars content found in
this study is in accordance with what has been reported (Marcolin et al., 2021; Sant’ana et al., 2020).

5-HMF quantification is used to evaluate the honey deterioration by overheating or inadequate storage
conditions. Thus, low concentrations indicate fresh samples with good quality (Silvaetal., 2016;
Pereira et al., 2020). According to Brazilian legislation, the maximum concentration of 5S-HMF is 60 mg/kg
(Brasil, 2000), and the Codex Alimentarius (Food and Agriculture Organization, 2019) recommends a
maximum value of 40 mg/kg for honey in general and 80 mg/kg for honey from countries with temperate
climate. All samples analyzed in this study presented 5-HMF values lower than legislation (0.14 —
17.88 mg/kg), indicating that samples are fresh and of high quality. Results from the literature showed a high
variation in 5-HMF concentrations (Maeda et al., 2023; Pereira et al., 2020). Maeda et al. (2023) found
values of 0.61 and 32.52 mg/kg in honey bees by different spectrophotometric methods. Pereira et al. (2020)
found values between 4 and 58 mg/kg samples purchased directly from producers located in Minas Gerais.

Table 2. Physicochemical parameters of commercial honey samples.

Free Acidity Moisture Ashes EC SS RS TRS 5-HMF
(mEq/kg) (g/100 g) (g/100 g) (ms/m) (°Brix) (g/100 g) (g/100 g) (mg/kg)

1 4.34+0.01° 40.85+0.22% 21.53 +£0.12* 0.46+0.06* 0.76 £0.01¢ 76.53 +0.42¢ 56.46 + 0.81° 65.64 +1.77° 3.00 + 0.47°

Honey pH

4.52+0.02%¢ 37.08 +0.33¢ 18.40 +0.20> 0.41 £0.00* 0.81+0.00° 79.92 + 0.14® 54.95 + 0.17* 64.39 £2.21* 2.60 + 0.33

4.34+0.02° 43.14£0.82 19.53 £0.76° 0.52 £ 0.08" 0.68 £0.00° 79.17 £0.29° 55.40 & 1.33* 62.58 £2.20% 17.88 +1.12°

4.53£0.02°¢ 29.42 +0.68° 18.67 £ 0.46* 0.59£0.00® 0.54£0.008 79.25 £ 0.25" 54.99 £ 1.58° 58.47 +£2.28*¢ 0.14 +0.03°

4.46+0.01Y 36.44+£0.82¢ 18.20 £ 0.00* 0.57 +0.09* 0.98 +0.01° 80.25+0.00* 49.07 +0.69¢ 57.80 + 1.19¢ 7.29 +0.54°

4.76 £0.06° 38.42+0.73* 19.07 +£0.31> 0.65+0.13* 0.73£0.01° 79.42 +0.14> 60.22 £ 0.05* 64.29+1.78% 2.29 +0.36*

4.62+£0.01° 33.76+0.60" 17.49 +1.02° 0.43 £0.02* 0.90£0.02° 79.67 +0.14® 60.04 + 0.02° 60.62 +3.05% 1.12 £ 0.22%

o3 BEN I Be N IRV B B O 22 [ WS

4.46+£0.019 43.72+1.88" 17.60+1.73° 0.36+0.01° 0.80=0.01° 79.17 +0.38° 60.25 = 0.00* 59.50 + 1.48*¢ 6.51 +1.18"

Data expressed at mean + standard deviation. Different lowercase letters in the same column indicate a significant difference by the Tukey’s
test (p < 0.05) between commercial honey samples. EC: Electrical conductivity; SS: Total Soluble Solids; RS: Reducing sugars; TRS: Total
reducing sugars; 5-HMF: 5-hydroxymethylfurfural.

3.2 Evaluation of pesticides in commercial honeys

The presence of pesticides in honey is considered as an indicator of indirect environmental contamination,
mainly from agriculture activities, since pollinating insects such as bees are highly vulnerable to the risks
caused by exposure to chemical products often used in fields. Therefore, it is important to monitor these
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compounds to verify the profile and/or level of environmental contamination in the region as well as to assess
the risk to consumer health (Makni et al., 2023; Marcolin et al., 2021).

One hundred pesticides from different classes, physicochemical properties, and uses were evaluated in the
samples using the method proposed by Marcolin et al. (2021). The region where the samples were produced
is characterized by high agriculture activities, mainly rice, corn, peach, nectarine, strawberry, among others
(Empresa Brasileira de Pesquisa Agropecudria, 2023). The insecticide A-cyhalothrin was detected in 50% of
samples in concentrations from 5.95 to 25.30 pg/kg (Table 3). Brazil and EU established a MRL of 50 ug/kg
for this compound (Brasil, 2013; European Union, 2022). Although concentrations were lower than the MRL,
results indicated environmental contamination and indirect food exposure. Figure 1 shows a chromatogram
of a sample contaminated with A-cyhalothrin.

5-0(?(11829%»152.10
4.0
3.0—:
2.0 ‘
1.0 J\j

I 16.0 16.5
Figure 1. Chromatogram for honey sample (sample 7) contaminated with A-cyhalothrin.

Concentrations of different pesticides lower than the MRL have been also found in other studies.
Wang et al. (2022) detected chlorantraniliprole and thiamethoxam in concentrations from 16.7 to 31.9 ug/kg
in honey from China. Orso et al. (2016) detected pesticide residues in 50% from 42 honey samples from
different regions of the South of Brazil, all in concentrations lower than MRLs.

According to the concentration detected and data about honey consumption, the EDI of A-cyhalothrin by
consuming honey presented a medium of 1.0x10™* ug/kg bw/day (Table 3); about 500 times lower than the
acceptable daily intake of this pesticide (0.05 mg/kg bw/day) (Brasil, 2023). Thus, honey samples evaluated
in this study are considered safe for human consumption. Wang et al. (2022) also related that evaluated honey
samples were considered safe for adult and child consumption, since EDI values ranged from 5.3x10 to
1.1x107 pg/kg bw/day.

Table 3. Concentrations and estimated daily intake (EDI) of A-cyhalothrin in commercial honeys.

Honey sample Concentration (ng/kg) EDI (ug/kg bw/day)
1 nd -
2 nd -
3 5.95+0.08 8.9 x 10°
4 nd -
5 17.48 £1.09 2.6 x 10™
6 6.43 £0.38 9.6 x 10°
7 2530+ 1.04 3.8 %10
8 nd -
Mean of total honey samples (n=8) 6.90 1.0 x 10*

nd: not detected.
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4 Conclusions

Samples of commercial honey from the southern region of Rio Grande do Sul state showed variations in
their physicochemical characteristics, probably due to factors such as geographical origin, floral source,
processing, and storage conditions, among others. However, most evaluated parameters were in line with the
standard recommended by Brazilian legislation. Besides, 5-HMF levels demonstrated the freshness and
quality of the honeys.

From 100 pesticides investigated in samples, only one pesticide residue was found, and in concentrations
below the maximum limits of Brazilian and European legislation (< 50 pg/kg), resulting in a low risk of
exposure (1.0x10* pg/kg bw/day), which characterizes the honey samples as safe for human consumption.
Therefore, the presence of chemical contaminants in this product served as an indication of environmental
contamination and corroborates with the need for pesticide monitoring, especially when honey is cultivated
near regions of intense agricultural activity to reduce the exposure of pollinating bees to pesticides.

Acknowledgements

The authors acknowledge the financial support granted by the Brazilian agencies Fundagdo de Amparo a
Pesquisa do Estado do Rio Grande do Sul (FAPERGS), Coordenacdo de Aperfeigoamento de Pessoal de
Nivel Superior (CAPES) (Finance Code 001), Financiadora de Estudos e Projetos (FINEP), and fellowships
granted by CAPES. E.G. Primel received a productivity research fellowship from the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) (DT 305716/2020-4). The authors are thankful to the
Centro Integrado de Analises for the chromatographic determinations.

References

Anastassiades, M., Tasdelen, B., Scherbaum, E., & Stajnbaher, D. (2007). Recent developments in QUEChERS methodology
for pesticide multiresidue analysis. In H. Ohkawa, H. Miyagawa & P. W. Lee (Eds.), Pesticide chemistry: Crop protection, public
health, environmental safety. Weinheim: Wiley-VCH. http://doi.org/10.1002/9783527611249.ch46.

Association of Official Analytical Chemists — AOAC. (2005). Official methods of analysis of the Association of Official Analytical
Chemists (18th ed.). Gaithersburg: AOAC.

Bogdanov, S., Lillmann, C., Martin, P., von der Ohe, W., Russmann, H., Vorwohl, G., Oddo, L. P., Sabatini, A.-G., Marcazzan,
G. L., Piro, R., Flamini, C., Morlot, M., Lhéritier, J., Borneck, R., Marioleas, P., Tsigouri, A., Kerkvliet, J., Ortiz, A., lvanov, T.,
D’Arcy, B., Mossel, B., & Vit, P. (1999). Honey quality and international regulatory standards: Review by the International Honey
Commission. Bee World, 80(2), 61-69. http://doi.org/10.1080/0005772X.1999.11099428

Borba, V. S., Lemos, A. C., Rodrigues, M. H. P., Gropelli, V. M., Cerqueira, M. B. R., & Badiale-Furlong, E. (2022).
Miniaturization of spectrophotometric methods to determine reducing sugars, total starch and soluble proteins in wheat-based
products. Food Analytical Methods, 15(10), 2756-2766. http://doi.org/10.1007/s12161-022-02330-2

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento — MAPA. (2000, outubro 23). Regulamento técnico de identidade e
qualidade do mel (Instrugdo normativa n® 11, de 20 de outubro de 2000). Diario Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento — MAPA. (2013). Subprograma de monitoramento de controle de
residuos e contaminantes (PNCRB) (Instru¢gdo normativa n® 17, de 29 de maio de 2013). Diario Oficial [da] Republica
Federativa do Brasil, Brasilia.

Brasil. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (2023). Monografias de agrotéxicos em vigéncia. Brasilia. Retrieved
in 2022, September 15, from https://www.gov.br/anvisa/pt-br/acessoainformacao/dadosabertos/informacoes-
analiticas/monografias-de-agrotoxicos

Brugnerotto, P., Silva, B., Seraglio, S. K. T., Schulz, M., Blainski, E., Dortzbach, D., Gonzaga, L. V., Fett, R., & Costa, A. C. O.
(2021). Physicochemical characterization of honeys from Brazilian monitored beehives. European Food Research and
Technology, 247(11), 2709-2719. http://doi.org/10.1007/s00217-021-03805-y

Empresa Brasileira de Pesquisa Agropecuaria — EMBRAPA. (2023). Catéalogo de tecnologias: Embrapa Clima Temperado
2023. Brasilia. Retrieved in 2022, September 15, from https://ainfo.cnptia.embrapa.br/digital/bitstream/doc/1153885/1/Catalogo-
de-Tecnologias-20230519.pdf

Escuredo, O., Miguez, M., Fernandez-Gonzalez, M., & Carmen Seijo, M. (2013). Nutritional value and antioxidant activity of
honeys produced in a European Atlantic area. Food Chemistry, 138(2-3), 851-856. PMid:23411187.
http://doi.org/10.1016/j.foodchem.2012.11.015

Braz. J. Food Technol., Campinas, v. 27, €2023132, 2024 | https://doi.org/10.1590/1981-6723.13223 8/11


https://doi.org/10.1002/9783527611249.ch46
https://doi.org/10.1080/0005772X.1999.11099428
https://doi.org/10.1007/s12161-022-02330-2
https://doi.org/10.1007/s00217-021-03805-y
https://pubmed.ncbi.nlm.nih.gov/23411187
https://doi.org/10.1016/j.foodchem.2012.11.015

Physicochemical characterization and determination of pesticides in Apis mellifera honey from southern Brazil
Silva, S. M. et al.

Estevinho, L. M., Feas, X., Seijas, J. A., & Vazquez-Tato, M. P. (2012). Organic honey from Tras-Os-Montes region (Portugal):
Chemical, palynological, microbiological and bioactive compounds characterization. Food and Chemical Toxicology, 50(2), 258-
264. PMid:22019893. http://doi.org/10.1016/j.fct.2011.10.034

European Union. (2019). SANTE/12682/2019: Analytical quality control and method validation procedures for pesticides
residues analysis in food and feed (pp. 1-52). Brussels: European Commission.

European Union. (2022). EU pesticides database. Brussels: European Commission. Retrieved in 2022, September 15, from
https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/products/?event=details&p=375

Finola, M. S., Lasagno, M. C., & Marioli, J. M. (2007). Microbiological and chemical characterization of honeys from central
Argentina. Food Chemistry, 100(4), 1649-1653. http://doi.org/10.1016/j.foodchem.2005.12.046

Food and Agriculture Organization — FAO. Codex Alimentarius. (2019). Standard for honey CXS 12-19811: Adopted in 1981:
Revised in 1987, 2001: Amended in 2019. Rome.

Instituto Brasileiro de Geografia e Estatistica — IBGE. (2011). Pesquisa de orgamentos familiares 2008-2009: Anélise do
consumo alimentar pessoal no Brasil. Rio de Janeiro.

Instituto Brasileiro de Geografia e Estatistica — IBGE. (2023). Produg¢do de mel de abelha no Brasil. Rio de Janeiro. Retrieved in
2023, August 15, from https://www.ibge.gov.br/explica/producao-agropecuaria/mel-de-abelha/br

Instituto Nacional de Metrologia, Qualidade e Tecnologia — INMETRO. (2020). DOQ-CGCRE-008: Orientagbes sobre validagdo
de métodos analiticos. Brasilia.

Kadri, S. M., Zaluski, R., Lima, G. P. P., Mazzafera, P., & Oliveira Orsi, R. (2016). Characterization of Coffea arabica monofloral
honey from Espirito Santo, Brazil. Food Chemistry, 203, 252-257. http://doi.org/10.1016/j.foodchem.2016.02.074

Karabagias, I. K., Badeka, A. V., Kontakos, S., Karabournioti, S., & Kontominas, M. G. (2014b). Botanical discrimination of
Greek unifloral honeys with physico-chemical and chemometric analyses. Food Chemistry, 165, 181-190. PMid:25038665.
http://doi.org/10.1016/j.foodchem.2014.05.033

Karabagias, I. K., Badeka, A., Kontakos, S., Karabournioti, S., & Kontominas, M. G. (2014a). Characterisation and classification
of Greek pine honeys according to their geographical origin based on volatiles, physicochemical parameters and chemometrics.
Food Chemistry, 146, 548-557. PMid:24176380. http://doi.org/10.1016/j.foodchem.2013.09.105

Klosowski, A. L. M., Kuasoski, M., & Bonetti, M. B. P. (2020). Apicultura brasileira: Inovagao e propriedade industrial. Revista de
Politica Agricola, 29(1), 41.

Maeda, I. C., Sampaio, A. N. C. E., Flores Canon, E. F., Nardy, J. F., Oliveira, S. C., Pereira, J. G., & Martins, O. A. (2023).
Spectrophotometry of Winkler and White’s official methods for the determination of hydroxymethylfurfural in bee honey. Brazilian
Journal of Food Technology, 26, €2022133. http://doi.org/10.1590/1981-6723.13322

Makni, Y., Diallo, T., Areskoug, F., Guérin, T., & Parinet, J. (2023). Optimisation and implementation of QUEChERS-based
sample preparation for identification and semi-quantification of 694 targeted contaminants in honey, jam, jelly, and syrup by
UHPLC-Q/ToF high-resolution mass spectrometry. Food Chemistry, 425, 136448. PMid:37285627.
http://doi.org/10.1016/j.foodchem.2023.136448

Marcolin, L. C., Lima, L. R., Oliveira Arias, J. L., Berrio, A. C. B., Kupski, L., Barbosa, S. C., & Primel, E. G. (2021). Meliponinae
and Apis mellifera honey in southern Brazil: Physicochemical characterization and determination of pesticides. Food Chemistry,
363(1), 130175-130184. PMid:34118754. http://doi.org/10.1016/j.foodchem.2021.130175

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical Chemistry, 31(3), 426-
428. http://doi.org/10.1021/ac60147a030

Orso, D., Floriano, L., Ribeiro, L. C., Bandeira, N. M., Prestes, O. D., & Zanella, R. (2016). Simultaneous determination of
multiclass pesticides and antibiotics in honey samples based on ultra-high performance liquid chromatography-tandem mass
spectrometry. Food Analytical Methods, 9(6), 1638-1653. http://doi.org/10.1007/s12161-015-0339-8

Pereira, J. R., Campos, A. N. R., Oliveira, F. C., Silva, V. R., David, G. F., Silva, J. G., Nascimento, W. W. G, Silva, M. H. L., &
Denadai, A. M. L. (2020). Physical-chemical characterization of commercial honeys from Minas Gerais, Brazil. Food Bioscience,
36, 100644. http://doi.org/10.1016/j.fbio.2020.100644

Sant’ana, R. S., Carvalho, C. A. L., Oda-Souza, M., Souza, B. A, & Dias, F. S. (2020). Characterization of honey of stingless
bees from the Brazilian semi-arid region. Food Chemistry, 327, 127041. PMid:32454276.
http://doi.org/10.1016/j.foodchem.2020.127041

Seraglio, S. K. T., Schulz, M., Brugnerotto, P., Silva, B., Gonzaga, L. V., Fett, R., & Costa, A. C. O. (2021). Quality, composition
and health-protective properties of citrus honey: A review. Food Research International, 143, 110268. PMid:33992369.
http://doi.org/10.1016/j.foodres.2021.110268

Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., & Fett, R. (2016). Honey: Chemical composition, stability and
authenticity. Food Chemistry, 196(1), 309-323. PMid:26593496. http://doi.org/10.1016/j.foodchem.2015.09.051

Sousa, J. M. B., Souza, E. L., Marques, G., de Toledo Benassi, M., Gullén, B., Pintado, M. M., & Magnani, M. (2016). Sugar
profile, physicochemical and sensory aspects of monofloral honeys produced by different stingless bee species in Brazilian
semi-arid region. Lebensmittel-Wissenschaft + Technologie, 65(1), 645-651. http://doi.org/10.1016/j.lwt.2015.08.058

Terrab, A., Recamales, A. F., Hernanz, D., & Heredia, F. J. (2004). Characterisation of Spanish thyme honeys by their
physicochemical characteristics and mineral contents. Food Chemistry, 88(4), 537-542.
http://doi.org/10.1016/j.foodchem.2004.01.068

Vanhanen, L. P., Emmertz, A., & Savage, G. P. (2011). Mineral analysis of mono-floral New Zealand honey. Food Chemistry,
128(1), 236-240. PMid:25214355. http://doi.org/10.1016/j.foodchem.2011.02.064

Braz. J. Food Technol., Campinas, v. 27, €2023132, 2024 | https://doi.org/10.1590/1981-6723.13223 9/11


https://pubmed.ncbi.nlm.nih.gov/22019893
https://doi.org/10.1016/j.fct.2011.10.034
https://doi.org/10.1016/j.foodchem.2005.12.046
https://doi.org/10.1016/j.foodchem.2016.02.074
https://pubmed.ncbi.nlm.nih.gov/25038665
https://doi.org/10.1016/j.foodchem.2014.05.033
https://pubmed.ncbi.nlm.nih.gov/24176380
https://doi.org/10.1016/j.foodchem.2013.09.105
https://doi.org/10.1590/1981-6723.13322
https://pubmed.ncbi.nlm.nih.gov/37285627
https://doi.org/10.1016/j.foodchem.2023.136448
https://pubmed.ncbi.nlm.nih.gov/34118754
https://doi.org/10.1016/j.foodchem.2021.130175
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1007/s12161-015-0339-8
https://doi.org/10.1016/j.fbio.2020.100644
https://pubmed.ncbi.nlm.nih.gov/32454276
https://doi.org/10.1016/j.foodchem.2020.127041
https://pubmed.ncbi.nlm.nih.gov/33992369
https://doi.org/10.1016/j.foodres.2021.110268
https://pubmed.ncbi.nlm.nih.gov/26593496
https://doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/10.1016/j.lwt.2015.08.058
https://doi.org/10.1016/j.foodchem.2004.01.068
https://pubmed.ncbi.nlm.nih.gov/25214355
https://doi.org/10.1016/j.foodchem.2011.02.064

Physicochemical characterization and determination of pesticides in Apis mellifera honey from southern Brazil
Silva, S. M. et al.

Wang, F., Wang, Y., Li, Y., Zhang, S., Shi, P., Li-Byarlay, H., & Luo, S. (2022). Pesticide residues in beebread and honey in
Apis cerana cerana and their hazards to honey bees and human. Ecotoxicology and Environmental Safety, 238, 113574.
PMid:35512473. http://doi.org/10.1016/j.ecoenv.2022.113574

Ycel, Y., & Sultanog, P. (2013). Characterization of honeys from Hatay Region by their physicochemical properties combined
with chemometrics. Food Bioscience, 1, 16-25. http://doi.org/10.1016/j.fbi0.2013.02.001

Funding: Funda¢do de Amparo a Pesquisa do Estado do Rio
Grande do Sul (FAPERGS); Coordenacao de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) (Finance Code 001);
Financiadora de Estudos e Projetos (FINEP). E.G. Primel
received a productivity research fellowship from the
Conselho Nacional de Desenvolvimento Cientifico e
Tecnolégico (CNPq) (DT 305716/2020-4).

Received: Oct. 25, 2023; Accepted: Mar. 16, 2024

Associate Editor: Mateus Petrarca

Braz. J. Food Technol., Campinas, v. 27, €2023132, 2024 | https://doi.org/10.1590/1981-6723.13223 10/11


https://pubmed.ncbi.nlm.nih.gov/35512473
https://pubmed.ncbi.nlm.nih.gov/35512473
https://doi.org/10.1016/j.ecoenv.2022.113574
https://doi.org/10.1016/j.fbio.2013.02.001

Physicochemical characterization and determination of pesticides in Apis mellifera honey from southern Brazil
Silva, S. M. et al.

Supplementary Material

Supplementary material accompanies this paper.

Table S1. Retention time (RT), Selected Reaction Monitoring (SRM) transitions and collision energy (CE)
for the monitored pesticides.

This material is available as part of the online article from https://doi.org/10.1590/1981-6723.13223

Braz. J. Food Technol., Campinas, v. 27, €2023132, 2024 | https://doi.org/10.1590/1981-6723.13223 11/11



