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Information on the mineral composition of geopropolis produced by bees native to the Amazon region is of great
importance for the chemical characterization of this product. This study aimed to determine the Ca, Cu, Fe, K, Mg, Mn,
P, and Zn contents in 22 samples of geopropolis from northern Brazil by inductively coupled plasma optical emission
spectrometry (ICP OES). Geopropolis samples were digested in a microwave oven using concentrated nitric acid and
hydrogen peroxide and subsequent addition of hydrofluoric acid. The accuracy of the analytical procedures was assessed
by elemental determination using certified reference material Poplar Leaves (GBW 07604). Analyte recoveries ranged
between 88% and 99%, and there was no statistical difference (p< 0.05) between the determined and certified values.
The accuracy of the measurements was evaluated by the addition and recovery test, and the recoveries ranged between
93% and 118%. The results showed high levels of Fe, Ca, Mg, K, and P in the samples. Principal component analysis
(PCA) was performed and the results showed that there was better separation and grouping of the samples in relation
to the geographic region, indicating that the mineral composition of geopropolis can vary according to the characteris-
tics of the region. Thus, this study reported for the first time information about the mineral composition of geopropolis
produced in northern Brazil, which can serve as a database for the characterization of the product in this region.
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Introduction

Meliponines, known as stingless bees, are native species
that occupy much of the tropical region on the planet,
especially South America. These bees develop an
important role in pollination, and they can produce
honey, propolis, and geopropolis in small amounts
(Dutra et al., 2008; Menezes, 2005). Geopropolis is a
mixture of clay and propolis prepared by stingless bees
(Meliponinae). The use of geopropolis in hives provides
protection against insects and pathogens, and strength-
ens the honey combs (Cardozo et al., 2015; Nogueira &
Neto, 1997; Souza et al., 2013). Geopropolis has been
used for the treatment of inflammatory diseases, hem-
orrhoids, gastritis, and cough. Some authors have
reported that geopropolis has antimicrobial, antitumor,
antioxidant, anti-inflammatory, and analgesic properties
(Cinegaglia et al., 2013; Franchin et al., 2012; Souza
et al., 2013).

The chemical composition of geopropolis is complex
and it varies according to the flora, bee species, geo-
graphic region, and the climate. Some studies have
reported the presence of terpenes, fatty acids, saponins,
and phenolic compounds (phenolic acids, flavonoids, and
tannins), which highlight the antioxidant activity of

geopropolis (Ara�ujo et al. 2016; Cardozo et al., 2015;
Dutra et al., 2008; 2014).

Reports in the literature about the inorganic ele-
ments in geopropolis are scarce. However, the study of
inorganic elements is of great importance since they
play a key role in the human body. Elements such as Mn
and Zn are the active sites of some enzymes, hor-
mones, vitamins, and nucleic acids, which play an
important role in the maintenance of life metabolism
(Siqueira et al., 2017). Bonsucesso et al. (2018) deter-
mined the concentration of toxic metals in geopropolis
produced by Melipona scutellaris to evaluate environmen-
tal contamination in urban areas in the state of Bahia
located in northeast Brazil. Some authors have investi-
gated the inorganic constituents in propolis produced
by Apis mellifera (Bonveh�ı & Bermejo, 2013; Finger et al.,
2014; Formicki et al., 2013; Korn et al., 2013), or
Tetragonisca angustula (Ataide de Oliveira et al., 2020).
However, there are no studies of the inorganic com-
position of geopropolis produced by bees native to the
Amazon region.

Since the Amazon region presents important charac-
teristics, such as diverse flora, a high number of bee
species, and a hot and humid climate, studies on the
chemical composition of geopropolis, especially with
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regards to the content of inorganic elements, are funda-
mental for the characterization of these products in this
region. Thus, this study aimed to determine the levels
of inorganic elements (Ca, Cu, Fe, K, Mg, Mn, P, and
Zn) in samples of geopropolis and to evaluate the simi-
larities and differences between the samples in relation
to the collection region and bee species (Melipona flavo-
lineata, Melipona fasciculata, Melipona seminigra) from the
Amazon region.

Materials and methods

Reagents and materials

All reagents used were of analytical grade. All dilutions
were made using ultrapure water (resistivity of 18.2 MX
cm) obtained from a Synergy-UV water purification sys-
tem (Millipore, Bedford, USA). All glassware and plastic
bottles used were previously decontaminated by immer-
sion in a 10% (v v�1) HNO3 solution for 24 h and
washed with deionized water prior to use.

Nitric acid (Quimex, S~ao Paulo, Brazil), H2O2 (30%,
w w�1) (Impex, Brazil), and HF (40%, w v�1) (Dinâmica,
S~ao Paulo, Brazil) were used to digest the samples.
H3BO4 (Vetec, Rio de Janeiro, Brazil) was used for
complexation of the remaining fluoride.

Standard solutions for calibration were prepared by
suitable dilution of the stock solutions containing
1000mg L�1 of Ca, Cu, Fe, K, Mg, Mn, P, and Zn
(Sigma, USA). The analytical curves were constructed
with 2.0, 4.0, 6.0, 8.0, and 10.0mg L�1 of Ca, Cu, Fe, K,
Mg, Mn, P, and Zn in 5.0% (v v�1) nitric acid.

Sample collection

Twenty-two geopropolis samples corresponding to
three different species of bees (M. fasciculata, M. flavoli-
neata, and M. seminigra) were collected in apiaries of dif-
ferent cities of the State of Par�a, northern Brazil, as
shown in Table 1. After collection, the samples were
identified, packed, and transported to the laboratory in
polyethylene bags.

Instrumentation and conditions

A cryogenic mill (SPEX SamplePrep, model 6770,
Metuchen, NJ, EUA) was used for grinding the geoprop-
olis samples. Digestion of the samples was performed in
a microwave oven (Start E, Milestone, Sorisole, Italy). A
Lab-Line shaker table (3520, EUA) and a Centribio cen-
trifuge (model 80-2B, Brazil) were used to solubilize
and centrifuge the samples after digestion, respectively.

An inductively coupled plasma optical emission spec-
trometer (ICP OES) with radial and axial view (iCAP
6500 Duo Thermo Scientific, Cambridge, UK) and oper-
ational software (iTEVA) was used for the determin-
ation of Ca, Cu, Fe, K, Mg, Mn, P, and Zn in
geopropolis samples. Operating parameters used were
as follows: 1.15 kW (RF power), 12 L min�1 (plasma

flow rate), 0.5 L min�1 (auxiliary gas flow rate), and
0.5 L min�1 (nebulizer flow rate). A concentric nebulizer
and a cyclonic type spray chamber were used to intro-
duce the digested samples into the plasma. Analytical
lines of Ca I 317.933 nm, Cu I 224.700 nm, Fe I
239.562 nm, K II 776.490 nm, Mg I 279.553 nm, Mn I
259.373 nm, P II 185.942 nm, and Zn II 213.856 nm were
measured. Argon (99.999% pure, Linde Gases,
Ananindeua, PA, Brazil) was used to purge the optics
and to form the plasma.

Sample preparation

Prior to analysis, the samples were ground in a cryo-
genic mill. A two-step program was applied: step I (pre-
freezing), 10min; step II (milling), 2min intercalated by
cycles of freezing of 2min. After grinding, the samples
were stored in volumetric flasks in a desiccator.

A mass of 0.25 g was weighed for each sample in
triplicate (n¼ 3) and digested with 4.0mL of 14.0mol
L�1 HNO3 and 4.0mL of 30% (w w�1) H2O2 in a
microwave oven. The heating program consisted of the
following 3 steps: 800W, 180 �C for 10min; 800W,
180 �C for 20min; and ventilation for 50min. After
digestion, the digested part and the residue (silicate
compounds that were not digested) were quantitatively
transferred to a 14mL volumetric flask and 10.0mL of
ultrapure water were added. Separation of the super-
natant and residue was carried out by centrifugation at
3000 rpm for 30min. The residue was dissolved at
room temperature by adding 1.0mL of HF (40%, w
v�1), and after dissolution 1 g of H3BO4 was added for
complexation of the remaining fluoride. The resulting
mixture was added to the previously collected super-
natant (liquid phase of the digested part) and the

Table 1. Species and location of geopropolis samples.

Samples Species Location
G1 Melipona fasciculata Bel�em, PA
G2 Melipona flavolineata Bel�em, PA
G3 Melipona seminigra Bel�em, PA
G4 Melipona fasciculata Bel�em, PA
G5 Melipona fasciculata Bragança, PA
G6 Melipona fasciculata Tracuateua, PA
G7 Melipona flavolineata Barcarena, PA
G8 Melipona flavolineata Igarap�e-Miri,PA
G9 Melipona fasciculata S~ao Jo~ao de Pirabas, PA
G10 Melipona flavolineata Igarap�e-Miri, PA
G11 Melipona flavolineata Igarap�e-Miri, PA
G12 Melipona fasciculata Tracuateua, PA
G13 Melipona flavolineata Colares, PA
G14 Melipona flavolineata Vigia, PA
G15 Melipona flavolineata Colares, PA
G16 Melipona flavolineata St. Antônio do Tau�a, PA
G17 Melipona fasciculata S~ao Caetano de Odivelas, PA
G18 Melipona flavolineata S~ao Caetano de Odivelas, PA
G19 Melipona flavolineata Vigia, PA
G20 Melipona flavolineata St. Antônio do Tau�a, PA
G21 Melipona seminigra Belterra, PA
G22 Melipona fasciculata S~ao Jo~ao de Pirabas, PA
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volume was adjusted to 14.0mL with ultrapure water.
Blank experiments were carried out in the same way.

Elemental analysis

Ca, Cu, Fe, K, Mg, Mn, P, and Zn were determined in
digests by ICP OES. The final acidity was 5% v v�1.

The accuracy of the analytical procedures was
assessed by Ca, Cu, Fe, K, Mg, Mn, P, and Zn determin-
ation using certified reference material Poplar Leaves
(GBW 07604) that was digested using the same proced-
ure for geopropolis samples.

Figures of merit

Validation of the analytical procedures is an essential
condition for evaluating the appropriateness of the pro-
cedure for the method of analysis. In these processes,
parameters known as figures of merit are used to con-
firm the validation of the proposed procedure. In this
study, the figures of merit used for this purpose were
analytical curve linearity (R2), limit of detection (LOD),
and limit of quantification (LOQ).

The limit of detection (LOD) and limit of quantifica-
tion (LOQ) were calculated using the following equa-
tions: LOD ¼ (3�RSDblank � BEC)/100 and LOQ ¼
(10�RSD blank � BEC)/100, where BEC is the CSR

(concentration of the multi-element reference solution)
divided by SBR (analytical signal/background signal) and
RSDblank is the relative standard deviation for 10 con-
secutive blank measurements (Thomsen et al., 2000).
The figures of merit are presented in Table 2.

Statistical analysis

For a better interpretation of the obtained data and
extraction of information, statistical analysis was per-
formed in Minitab Statistical Software version 18.1
(Minitab Inc., State College, Pennsylvania, USA) for
Windows. Principal component analysis (PCA) was
applied to verify the correlation of the inorganic ele-
ments with the sample collection regions and the spe-
cies of bees producing geopropolis. The correlation
between the concentrations of the elements was estab-
lished by the Pearson correlation coefficient (r) in the
bivariate linear correlations (p< 0.05).

Results

Concentrations of inorganic elements in geopropolis

Table 3 shows the levels of Ca, Cu, Fe, K, Mg, Mn, P,
and Zn obtained in digestates of geopropolis samples by
ICP OES. The results showed good precision under the
analytical conditions used, and the RSD values were less
than 5%.

Calcium is a necessary element for growth and nor-
mal development of the skeleton and teeth. It is
involved in various metabolic processes, such as blood

clotting and muscle contraction, and a high dietary
intake of Ca may cause excessive calcification of bones
and soft tissue such as the kidneys (Underwood, 1981).
Levels of Ca were obtained in samples ranging from
146.2mg kg�1 to 3888.0mg kg�1. The highest concen-
tration of Ca was found in G16 of the Santo Antônio
do Tau�a City. Bonveh�ı and Bermejo, (2013) found
higher values of Ca when compared to levels obtained
in this study.

Copper is an element that participates in the synthe-
sis of hemoglobin. Intoxication by this element is char-
acterized by the accumulation in the liver, causing
nausea and vomiting (Yeung & Laquatra, 2003). The
contents of Cu obtained in geopropolis ranged from
1.6mg kg�1 to 21.9mg kg�1. These values are above
the levels of Cu found in propolis by Korn et al. (2013)
(0.3–2.6mg g�1). Cvek et al. (2008) found Cu (15.8mg
kg�1) in propolis samples close to the levels obtained
for geopropolis samples studied here. Except for G21,
the other samples showed Cu concentrations similar to
the levels found by Gong et al. (2012) in propolis sam-
ples from China.

Iron acts especially on hemoglobin preventing anemia
(Sch€umann et al., 2007). Fe was the most abundant
element found in geopropolis samples, and it showed
minimum and maximum concentrations in G19
(2358.1mg kg�1) and G21 (23128.8mg kg�1), respect-
ively. In this study, Fe levels obtained were higher than
the values found in propolis samples from Poland (Gong
et al., 2012), Argentina (Cantarelli et al., 2011), and
Spain (Bonveh�ı & Bermejo, 2013). These high iron levels
in geopropolis samples can be related to the soil.

Potassium acts on the body regulating osmotic pres-
sure (Yeung & Laquatra, 2003). The concentrations of K
in samples ranged from 169.3mg kg�1 to 2046.3mg
kg�1. G20 presented the highest contents of K (Santo
Antonio do Taua City). Bonveh�ı and Bermejo, (2013)
obtained high concentrations of K (735–4790mg kg�1)
in propolis samples from different areas of south-
ern Spain.

Magnesium is a mineral that participates in many bio-
chemical and physiological processes, such as glucose
metabolism, synthesis of proteins, and neuromuscular
transmission (Magnoni & Cukier, 2004). Mg showed high
concentrations in geopropolis, ranging from 126.2mg kg�1

Table 2. Figures of merit in the determination of Ca, Cu, Fe,
K, Mg, Mn, P and Zn in geopropolis samples by ICP OES.

Elements R2 LOD (mg kg�1) LOQ (mg kg�1)
Ca 0.9991 0.7 2.5
Cu 0.9996 0.1 0.3
Fe 0.9995 0.5 1.8
K 0.9992 9.1 30.3
Mg 0.9986 0.01 0.2
Mn 0.9641 9.7 32.3
P 0.9988 0.5 1.7
Zn 0.9989 0.4 1.3
R2: correlation coefficient; LOD: limit of detection; LOQ: limit of
quantification.
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to 3905.0mg kg�1. High Mg concentrations were found in
G3 (Bel�em city) and G19 (Vigia city). Mg levels obtained
were higher than those found by Korn et al. (2013) in prop-
olis samples (157–387mg kg�1) from northeast Brazil. On
the other hand, Finger et al. (2014) found Mg contents
higher (530–4660mg kg�1) than those obtained in
this study.

Manganese is an essential micronutrient that acts as
a cofactor of various enzymes, such as carboxylase. Mn
deficiency in humans includes weight loss, dermatitis,
nausea, vomiting, hypocholesterolemia, and prolonged
clotting time (Yeung & Laquatra, 2003). The Mn content
in the studied geopropolis ranged from 23.3mg kg�1

(sample G19) to 156.7mg kg�1 (sample G10). These
values were higher than levels (3.6–88.2mg kg�1)
obtained by Gong et al. (2012) in propolis. Finger et al.
(2014) found values (20–140mg kg�1) close to the lev-
els obtained in this study.

Phosphorus is an element that participates as a
cofactor in certain enzymes. P deficiency in humans may
cause many events, such as bone pain, myopathy, hypo-
glycemia, insulin resistance, delirium, memory loss, ano-
rexia, and tachycardia (Epstein & Bloom, 2006; Franco,

1999; Yeung & Laquatra, 2003). High content of P was
found in G20 (1772.2mg kg�1) of the Santo Antônio
do Tau�a city. P levels found in the other samples
were similar to those obtained by Bonveh�ı and
Bermejo, (2013).

Zinc is essential for normal growth and development
of the skeleton and plays many roles in carbohydrate,
lipid, protein, and nucleic acid metabolism and cell
growth (Siqueira et al., 2017; Scherz & Kirchhoff, 2006).
The geopropolis samples showed lower Zn levels, rang-
ing from 3.60mg kg�1 to 68.22mg kg�1. Formicki et al.
(2013) and Cantarelli et al. (2011) reported Zn contents
(25–72 mg g�1 and 11–105 mg g�1) in propolis samples
above those obtained in this study.

Correlation analysis

Correlation analysis of Ca, Cu, Fe, K, Mg, Mn, P, and
Zn concentrations (variables) was performed, as shown
in Table 4. The coefficient of values ranged from 0 to 1
(or �1), indicating weak to strong correlations between
variables. According to Dancey and Reidy (2006), the
correlations between the variables are considered

Table 3. Concentrations of Ca, Cu, Fe, K, Mg, Mn, P and Zn (in mg kg�1) in 22 geopropolis samples determined by ICP OES
(mean ± SD, n¼ 3).

Samples Ca Cu Fe K Mg Mn P Zn
G1 1336.7 ± 43.3 10.4 ± 0.7 4180.9 ± 6.2 654.8 ± 7.9 1167.3 ± 7.4 50.5 ± 1.8 475.8 ± 9.2 7.2 ± 0.8
G2 609.5 ± 13.4 8.9 ± 0.5 6670.5 ± 20.9 169.3 ± 1.8 409.7 ± 3.9 48.9 ± 1.0 356.6 ± 5.7 11.0 ± 0.7
G3 146.2 ± 8.1 6.5 ± 1.3 7511.6 ± 74.7 182.2 ± 4.9 126.2 ± 5.1 45.7 ± 3.0 299.5 ± 40.2 3.9 ± 0.3
G4 448.3 ± 26.6 7.3 ± 0.7 3755.0 ± 68.3 540.2 ± 0.2 424.5 ± 0.6 38.9 ± 3.9 455.4 ± 47.6 8.9 ± 2.6
G5 590.3 ± 31.6 9.3 ± 0.4 6121.4 ± 147.7 1037.1 ± 18.9 1377.5 ± 54.7 63.9 ± 0.5 304.6 ± 13.6 7.7 ± 0.5
G6
G7
G8

1412.5 ± 3.0 12.5 ± 1.1 6554.8 ± 75.2 959.6 ± 2.4 1494.0 ± 1.5 77.6 ± 0.9 192.4 ± 5.1 11.2 ± 0.6
1407.6 ± 31.8 9.6 ± 0.3 6349.2 ± 159.3 709.7 ± 13.4 980.6 ± 17.7 64.3 ± 2.7 413.2 ± 0.5 12.6 ± 0.6
979.4 ± 49.2 13.9 ± 0.3 4915.3 ± 226.4 984.8 ± 40.8 702.4 ± 30.3 80.0 ± 3.4 232.9 ± 60.4 6.5 ± 0.6

G9 1032.5 ± 26.5 5.9 ± 0.3 6465.4 ± 55.9 920.9 ± 14.4 2159.4 ± 36.0 74.0 ± 1.2 268.2 ± 2.0 8.2 ± 1.0
G10 1584.0 ± 46.7 7.9 ± 0.4 6511.6 ± 59.7 1455.1 ± 14.6 1382.5 ± 20.5 156.7 ± 4.9 345.0 ± 9.6 6.0 ± 0.2
G11 1737.8 ± 15.3 7.6 ± 0.1 6285.3 ± 74.1 1314.1 ± 3.8 1178.2 ± 13.4 121.9 ± 0.2 323.6 ± 3.3 68.2 ± 3.0
G12 723.7 ± 1.9 8.0 ± 0.1 9179.0 ± 83.5 898.2 ± 10.1 1743.2 ± 22.0 94.4 ± 1.3 143.0 ± 12.2 7.0 ± 0.4
G13 1552.2 ± 66.4 10.1 ± 0.1 6267.4 ± 49.5 526.9 ± 4.6 612.2 ± 11.0 56.0 ± 0.7 564.1 ± 17.9 17.5 ± 2.6
G14 1256.9 ± 13.0 10.9 ± 0.7 6400.0 ± 58.6 771.8 ± 36.1 632.0 ± 24.4 55.6 ± 3.2 475.1 ± 44.0 18.3 ± 2.0
G15 1352.8 ± 43.6 7.3 ± 0.5 3168.8 ± 89.1 917.6 ± 30.9 599.7 ± 27.5 37.1 ± 1.2 622.9 ± 12.8 9.3 ± 4.0
G16 3888.0 ± 92.3 10.5 ± 0.1 4982.2 ± 47.3 1548.2 ± 44.2 1182.3 ± 9.5 64.6 ± 1.0 799.8 ± 21.2 12.1 ± 1.4
G17 2451.1 ± 57.2 4.5 ± 0.1 4813.5 ± 13.6 872.2 ± 1.0 1333.1 ± 6.3 53.6 ± 0.5 802.6 ± 0.5 11.0 ± 1.3
G18 1215.9 ± 23.4 5.5 ± 0.1 7957.7 ± 8.1 1164.2 ± 4.9 592.5 ± 7.7 57.4 ± 1.7 594.5 ± 3.9 9.9 ± 1.5
G19 3357.6 ± 230.4 1.6 ± 0.5 2358.1 ± 169.1 615.8 ± 52.6 3905.0 ± 212.7 23.3 ± 2.4 257.0 ± 60.0 11.5 ± 2.3
G20 G21 3871.3 ± 105.9 5.4 ± 0.1 3019.7 ± 29.6 2046.3 ± 23.5 1762.6 ± 28.2 51.2 ± 0.5 1772.2 ± 4.0 20.4 ± 0.7

1104.5 ± 11.4 21.9 ± 0.1 23128.8 ± 63.8 245.9 ± 5.7 232.0 ± 1.2 150.8 ± 1.1 602.3 ± 2.0 21.2 ± 0.3
G22 818.9 ± 35.4 3.0 ± 0.2 2625.3 ± 9.8 326.5 ± 4.3 636.7 ± 10.6 42.9 ± 1.3 352.0 ± 3.6 3.6 ± 0.8

Table 4. Correlation between the concentrations of different mineral elements.

Ca Cu Fe K Mg Mn P
Cu �0.216
Fe �0.270 0.747
K 0.628 �0.159 �0.288
Mg 0.550 �0.445 �0.322 0.330
Mn �0.101 0.551 0.656 0.217 �0.107
P 0.643 �0.087 �0.099 0.536 �0.026 �0.158
Zn 0.216 0.106 0.143 0.263 0.011 0.362 0.117
�Correlation with significance at p< 0.05.
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weak, moderate, and strong when the values obtained
for “r” are between 0.10 and 0.30, 0.40 and 0.60, and
0.70 and 1.00, respectively. According to this classifica-
tion, a strong positive correlation was observed
between Fe and Cu contents in the geopropolis samples
(r¼ 0.747). Moderate and positive correlations were
found between K and Ca contents (r¼ 0.628), Mn and
Fe (r¼ 0.656), and P and Ca (r¼ 0.643). The Mg and
Ca, Mn and Cu, and P and K contents presented a
moderate correlation at a lower level of significance.
Similar to this study, Korn et al. (2013) found a positive
and strong correlation between Fe and Cu contents
(r¼ 0.9382) and a moderate correlation between Mn

and Fe contents (r¼ 0.6434) in samples of propolis
collected in northeastern Brazil.

Principal component analysis

The relationship between the inorganic constituents in geo-
propolis was verified by PCA. The contents of the elements
(Ca, Cu, Fe, K, Mg, Mn, P, and Zn) in 22 geopropolis samples
were used as variables (loadings) for the formation of the
original matrix (22� 8). However, the presence of the G21
(Belterra) sample showed low variance in the data for the
first and second principal components, indicating an outlier
in the formation of principal component groups.

Figure 1. Scores and loadings biplot obtained from PCA data of mineral concentrations in geopropolis samples.

Figure 2. Scores plot for bees species producing geopropolis: Melipona fasciculate (FASC), Melipona flavolineata (FLAV), Melipona semi-
nigra (SEM).

Inorganic elements in geopropolis from northern Brazil 5



Consequently, the data for this sample (scores) were taken
from the original matrix, and a new matrix (21� 8) was
obtained to evaluate the groups formed by the PCA.

Through the results (Figure 1), it was observed that
Ca, P, and K presented the highest coefficients for the first
component of the correlation matrix. The samples of
Santo Antônio do Tau�a presented the highest concentra-
tions of Ca (G16), P, and K (G20). The proximity of the
coefficients obtained for these elements agrees with the
values of the Pearson correlation analysis. Mn presented
the highest correlation coefficient, associated with the
second principal component. As expected, Fe and Cu pre-
sented similar behavior in the two components, which
corroborate the correlation analysis shown in Table 4.

In relation to the analysis of the scores, the samples
were grouped by bee species producing geopr�opolis
(Figure 2) and by geographic region (municipalities) of
sample collection (Figure 3).

Accuracy

The accuracy of the method for determining Ca, Cu,
Fe, K, Mg, Mn, P, and Zn in geopropolis was verified

using the certified reference material Poplar Leaves
(GBW 07604) (National Research Centre for CRM,
Langfang, China). The comparison between the deter-
mined and certified values for analytes is presented in
Table 5. Analyte recoveries were in the range of
88–99%. The t test, at a 95% confidence level, showed
that there was no significant difference between deter-
mined and certified values. However, the accuracy of
the method was also evaluated by adding 3, 5, 7, and
9mg L�1 of all analytes in the samples prior to diges-
tion. Thereafter, the samples were subjected to the
digestion process, assisted by microwave radiation.
Afterwards, the elements were determined by ICP OES.
Recoveries ranged from 82% to 118%.

The accuracy of the measurements by ICP OES was
verified by the recovery test. Aliquots of Ca, Cu, Fe, K,
Mg, Mn, P, and Zn (3.0, 5.0, and 7.0mg L�1) were
added to the digested samples of geopropolis. All
recovery values were satisfactory and ranged from 96%
to 103% for Ca, 93% to 97% for Cu, 96% to 98% for
Fe, 98% to 101% for K, 98% to 102% for Mg, 94% to
99% for Mn, 97% to 98% for P, and 94% to 99% for Zn.

Discussion

Microwave-assisted digestion and quantification by ICP
OES was shown to be effective in the determination of
inorganic constituents in geopropolis samples. Low con-
centrations of Cu, Mn, and Zn were found in samples.
On the other hand, Ca, Fe, K, Mg, and P were meased-
ured at high levels. The results of the Pearson correl-
ation analysis showed that there was a strong and
positive correlation between Fe and Cu contents and
moderate and positive correlation between Mn and Fe
contents in the geopropolis samples.

Figure 3. Scores plot for geographic region of geopropolis sample collection. Regions: Barcarena (BAR), Bel�em (BEL), Bragança (BR),
Colares (COL), Igarap�e-Miri (IGM), S~ao Caetano de Odivelas (SCO), S~ao Jo~ao de Pirabas (SJP), Santo Antônio do Tau�a (STAU),
Tracuateua (TR), Vigia (VIG).

Table 5. Accuracy of the method by certified reference
material, GBW 07604. Data are mean ± SD (n¼ 3).

Elements
Certified

value (mg kg�1)
Determined

value (mg kg�1) Recovery (%)
Ca 18100 18048 ± 147 99.7
Cu 9.3 8.5 ± 0.7 91.6
Fe
K

274
–

227.4 ± 3.4
–

83.1
–

Mg 6500 6280.4 ± 59.3 96.6
Mn 45 43.4 ± 0.4 96.5
P – – –
Zn 37 38.8 ± 2.1 104.8
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According to the results of PCA, there was better separ-
ation and grouping of the samples when they were related
to the municipalities, indicating a strong influence of the geo-
graphic region on the mineral composition of geopropolis,
which can be related to the flora, type of soil, and climate
characteristic of each region. The formation of three main
groups was observed. Group A was composed exclusively
of samples from the municipality of Tracuateua and group B
was composed of samples from Santo Antônio do Tau�a.
Group C was composed only of geopropolis samples col-
lected in Bel�em. Other studies also verified the correlation
of propolis and geopropolis samples with the respective col-
lection sites in different geographical regions (Bonsucesso
et al., 2018; Bonveh�ı & Bermejo, 2013; Cantarelli et al., 2011;
Cvek et al., 2008; Gong et al., 2012; Korn et al., 2013).

This study is of great importance to the knowledge
of the chemical composition of geopropolis produced in
northern Brazil and can serve as a database for mineral
characterization of the products in this region.
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