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ABSTRACT

The physicochemical properties of honey vary considerably depending on the nectar sipped by Apis mellifera bees
because these characteristics are determined by environmental, geographical, and vegetational conditions in foraging
areas. The aim of this study was to characterize types of honey from the Biobio Province in the Biobio Region,
Chile, according to its botanical origin and physicochemical and microbiological characteristics, and thus contribute
to increased knowledge about honey in the region. A total of 11 samples from different communes within the region
were analyzed. Physicochemical parameters such as moisture, insoluble solids, ashes, electrical conductivity, pH, and
hydroxymethylfurfural were determined, and the presence of coliforms and Escherichia coli was evaluated. Two places
of provenance were characterized as monofloral of introduced plant species: the M11 sample of Melilotus indicus and
the M1 sample of Echium vulgare. One place of provenance (M6 sample) was characterized as monofloral of Eucryphia
glutinosa, species endemic to Chile. All types of honey complied with the physicochemical standards established by
national and international food safety regulations, and none had any signs of coliforms or E. coli. Results showed that
there are new types of honey in the region that meet all the required parameters; in addition, they provide a comparison
of plant species that are unique in the world. This demonstrates the potential of these types of honey for national and
international marketing.
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INTRODUCTION

In recent years, the demand for honey has shown a steady increase mainly due to its natural origin and sweetness, which
is the result of a high sugar content mostly obtained from the nectar sipped by bees from flowers; honey is also attributed
with various medicinal properties (Montenegro et al., 2009; Navarrete et al., 2016; Barrera, 2017; Bridi and Montenegro,
2017; Velasquez and Montenegro, 2017). Similarly, the use of bees as biomarkers of the health status of the environment
has recently been promoted due to their sensitivity to climate change and environmental pollutants. The evidence for
this is the colony collapse disorder and the emergence of new diseases, which have caused significant variations in the
honey market (Barrera, 2017). The decline in bee products in recent years is due to colony collapse disorder, which has
generated an upward price trend (Majewski, 2017). World honey consumption has increased markedly in the European
Union and the USA (Popp et al., 2018; Ferrier et al., 2018). Demanding international markets have established strict
quality standards and have enhanced those products with certain characteristics mainly related to food safety. Therefore,
regulations have been developed that allow quality certification of these honey products (Montenegro et al., 2008).
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Since 2005, the Chilean Standards Division of the National Normalization Institute (INN) has established standards
to carry out the physicochemical characterization of national honey (INN, 2013). It provides beekeepers with the
basic knowledge to position their honey in international markets, which are increasingly reluctant to receive products
without guarantees as to their origin and composition. The possibility of determining the pollen content of honey by
melissopalynology contributes added value to the honey product and differentiate it in the market (Montenegro et al.,
2008). Although the honey certification process has become more important in the beekeeping sector because it is
considered an essential stage for honey marketing (Schifani et al., 2016), this process is not associated with the knowledge
of the analyses to be performed on the product or the usefulness of the results of these analyses on the final product. This
point is still widely unknown to beekeepers.

Therefore, the concern for research on this topic led to the present study. The objective was to analyze and characterize
honey through palynological, physicochemical, and microbiological analyses in a region where the composition of honey
is not sufficiently known and to establish if there were unique characteristics in the locations under study.

MATERIALS AND METHODS

The study area consisted of a geographical area (37°-38° S; 71°-72° W) in the Biobio Province, Biobio Region, Chile. A
total of 11 honey samples obtained from different communes in the established area were analyzed (Figure 1). All samples
were obtained between January and March 2013.

Vegetation in the Biobio Province is mainly characterized by vegetation units of the sclerophyll forest in sandy areas,
border deciduous forest, high-Andean Biobio forest, high-Andean forest steppe, high-Andean deciduous forest of Chillén,
and high-Andean deciduous forest of the La Araucania Region. Some species of fruit trees commonly grown in the
province are also present and whose pollen grains are frequently found in national honey (Navarrete et al., 2016).

Figure 1. Map of the places of provenance of the samples under study by commune in the Biobio Province, Biobio
Region, Chile.
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Determination of botanical origin by melissopalynological analysis

The palynological analysis of the honey samples followed the acetolysis method described by Faegri and Iversen (1989)
and according to the current national standard NCh29810£.2007 (INN, 2013). This technique consists in performing acid
hydrolysis to a 40-g sample of honey to eliminate organic remains of the honey (wax, sugars, insect parts, etc.), except
for the pollen grains that can resist this procedure. A mixture of pure acetic anhydride and concentrated sulfuric acid in a
9:1 ratio was applied. Once the process was completed, only the outer layer (exin) of the pollen grains remained, allowing
the identification of each species.

The pollen count was performed under an optical microscope (10X and 40X) and at least 1200 pollen grains per
preparation were counted. The botanical determinations of the polymorphs were made using literature that is specific to
Chile, as described by Heusser (1971) and Markgraf and D’ Antoni (1978). For species of exotic origin, the polynotheca
of the Palynology and Plant Ecology Laboratory of the Universidad de Concepcién was used. All the samples were later
classified according to the Chilean standard NCh2981, whereby those types of honey that mainly recorded pollen from
one species, including a percentage equal to or greater than 45% in this pollen composition, were considered monofloral
types of honey. Bifloral types of honey were established as those in which the pollen composition was primarily from
two species with no less than 50% and the difference between the two was not greater than 5%. Finally, polyfloral types
of honey were those made from the nectar of various species and in the pollen content in their chemical composition for
any of them did not reach a percentage equal to or greater than 45%.

Determination of physicochemical parameters

Moisture. The procedure established by the National Normalization Institute using the standard NCh30260£.2006 (INN,
2013) was followed to determine moisture. The amount of water contained in each sample was measured by placing 50
mL of honey without impurities in a volumetric flask. Samples were then placed in a water bath, preventing moisture or
water vapor from penetrating the sample at a temperature adjusted to 50 + 2 °C for approximately 3 h. This dissolved
all the sugar crystals, even those that were imperceptible. The sample was allowed to cool to room temperature, stirred
with a glass rod, and a small amount of honey was placed on the prism of the refractometer. The measurement was taken
in quadruplicate. An Abbe refractometer equipped with a thermostat was used to determine moisture. This equipment is
suitable for reading refraction values up to the fourth decimal place and calibrated with distilled water at 20 °C.

Water insoluble solids. The procedure established by the National Normalization Institute using the standard
NCh30470f£.2007 (INN, 2013) was followed to determine wax particles, insect residues, plant material, and pollen. The
procedure consisted in a 20 + 1 g honey sample (value of m0) dissolved in approximately 200 mL water at 80 °C. The
solution was filtered in a crucible melting pot. The filtered material was carefully washed with water at 80 °C until it was
free of sugars. The assay was checked by the Mohr test. For filtering, a crucible melting pot previously filtered in an oven
at 135 £ 2 °C for 1 h was used. It was then cooled in a desiccator and weighed at 0.1 mg accuracy (value of m1). The
crucible melting pot with the residues of insoluble solids were dried for 1 h at 350 + 2 °C, allowed to cool in the desiccator,
and weighed at an accuracy of 0.1 mg (value of m?). Drying was continued until constant weight was obtained.

The content of water insoluble solids (g 100 g"' honey) was determined by (m2 - m1/m0) x 100, where m0 is the mass
of the honey test sample (g), m! is the mass of the previously prepared crucible melting pot (g), and m2 is the mass of the
crucible melting pot with the residue of insoluble solids (g).

For the Mohr test, an aliquot of the wash filtrate was taken and a phloroglucinol solution was added; this solution was
mixed, a few drops of concentrated sulfuric acid were added through the side of the tube, and a color was produced at the
interface if sugars were present. Washing continued until no coloration appeared.

pH. The procedure established by the National Normalization Institute using the standard NCh30190f.2006 (INN,
2013) was followed to determine pH. It describes the method for potentiometric determination of free acidity from the
concentration of hydrogen ions in honey. It was carried out with an electrode coupled to a pH meter (potentiometer).
This potential difference compared with a reference electrode was proportional to the difference in the concentration of
hydrogen ions in both dissolutions. The pH meter measured this potential difference and transformed it into a pH scale.
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Ashes. The procedure established by the National Normalization Institute using the standard NCh31020£.2007 (INN,
2013) was followed to determine ash content. This procedure describes the method to determine ash content, expressed
in g 100 g honey. The amount of ash of each sample was measured by taking 5 to 10 g of honey without impurities and
with an accuracy of 0.001 g in a previously prepared crucible melting pot (weight of mass m0). Two drops of mineral-free
vegetable oil were added and the sample was evaporated on a heating plate at between 350 and 400 °C. The evaporated
samples were taken to an electric oven preheated to 600 °C and heated for at least 1 h. Afterward, the crucible melting pot
was cooled in the desiccator at room temperature and weighed (weight of mass m1). This procedure was repeated until
constant weight was obtained.

A crucible melting pot was used, previously heated in an electric oven at between 350 and 400 °C and weighed with
an accuracy of 0.001 g after being cooled in the desiccator at room temperature (weight of mass m2). The calculation of
the ash content expressed in g 100 g! honey was performed by WA = (ml - m2/m0) x 100, where m0 is the initial mass of
the sample (g), m1 is the mass of crucible melting pot and ash residue (g), and m2 is the mass of the previously prepared
crucible melting pot (g).

Electrical conductivity. The procedure established by the National Normalization Institute using the the standard
NCh30640f£.2007 (INN, 2013) was followed to determine electrical conductivity. This procedure describes the method to
determine electrical conductivity of a honey solution. The conductivity of honey samples was measured by taking a 20 g
solution of each sample in 100 mL distilled water at a stable temperature of 20 + 0.5 °C. The calculation of the electrical
conductivity of each solution was expressed as approximately 0.01 mS cm™.

Hydroxymethylfurfural. The procedure established by the National Normalization Institute using the standard
NCh30460f£.2007 (INN, 2013) was followed to determine the hydroxymethylfurfural (HMF) content. This procedure
describes the method to determine the HMF content in honey by UV spectrometry. The HMF content of each sample was
measured by placing a 5-g honey sample without impurities (in duplicate) in 50 mL beakers; 25 mL distilled water was
added and the sample was stirred until the honey was dissolved. Some 0.5 mL Carrez I solution was added to each beaker
and mixed, and drops of ethanol were added to suppress the foam. Each sample was quantitatively transferred to a 50 mL
flask and filled with water. The content was stirred and filtered with Whatman N° 2 paper. The first 10 mL of filtrate was
discarded and the rest was collected in a new beaker. Some 10 mL of filtrated material was placed in two 18 mm x 150
mm test tubes (5 mL each). A total of 5 mL sodium bisulfite solution was added and the absorbance at 284 (A284) and 336
nm (A336) was immediately measured by placing the solution in 1 cm cells. Afterward, 5 mL of distilled water was added
to the other tube (sample solution to be measured) and the absorbance was measured in the same way as for the reference
solution. If the absorbance of the sample solution was greater than 0.6, it was diluted with water and the reference solution
diluted with 0.1% sodium bisulfite solution (0.1 g 100 mL! water) in the same proportion and the absorbance corrected.
The amount of HFM (mg 100 g) in the types of honey from the absorbance data at 294 and 336 nm was calculated as
HMF = (A284 - A336) x 5 x 14.97/test portion, where A284 is absorbance measured at 284 nm, A336 is absorbance
measured at 336 nm, 5 is the nominal test portion (g), test portion (g) is the honey mass weighed on a precision balance,
and /4.97 is the factor = (126/16830) (1000/10) (100/5).

Microbiological characterization

The procedure established by the National Normalization Institute using the standard NCh31090f.2008 (INN, 2013)
was followed to determine the presence of total coliform bacteria and Escherichia coli. This procedure describes the
method by the most probable number technique (MPN). The method began with the preparation of primary dilution
and subsequent dilutions; the sample was shaken in such a way that the microorganisms were distributed in the most
homogeneous way possible by inverting the sample container. The interval between taking the aliquot and mixing was not
more than 3 min. Subsequently, 1.0 mL of the test sample was taken and 9.0 mL diluent added. The primary solution was
stirred using a rotary movement, thus obtaining 10™'. A total of 1.0 mL primary solution was transferred to another tube
containing 9.0 mL sterile diluent. It was carefully mixed with a mechanical stirrer for 5 to 10 s to obtain a 10 dilution.
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The process was repeated using a 102 solution to obtain 10~. Each solution was carried out in triplicate. Finally, it was
necessary to conduct a presumptive test, which was performed by the inoculation of the lauryl sulphate tryptose medium
(LST). To achieve this, three tubes of enrichment medium (double concentration) were taken and 1 mL primary dilution
was transferred to each of these tubes. The abovementioned procedure was followed for each of the dilutions prepared in
step 1. Finally, the grid was gently stirred to mix the sample with the culture medium, preventing the entry of air in the
Durham bells. The tubes were then incubated in the oven at 35 + 0.5 °C for 24 + 2 h. If no gas production was observed
in this period, it was incubated to complete 48 + 2 h. The absence of gas in all the tubes indicated a negative presumptive
test for total coliforms and E. coli.

RESULTS

Determination of botanical origin

The determination of the botanical origin of the types of honey by melissopalynological analysis allowed establishing
the existence of 38 pollen types, all of them with different degrees of content in each analyzed sample (Table 1). The
plant families that showed higher levels of presence in honey in the province were Boraginaceae represented by the
species Echium vulgare L. (viper’s-bugloss) that reached 36.5% (Quilleco, M2), 31.3% (Antuco, M3), and 56.7% (Laja,
M11). For Alto Biobio (M6), the Cunoniaceae family was the most representative with the species Eucryphia glutinosa
(Poepp. & Endl.) Baill. (guindo santo) reaching 56.8%. In the commune of Los Angeles (M1), Escalloniaceae with
Escallonia spp. represented 26.0%. Meanwhile, the Fabaceae family dominated in the communes of Los Angeles (M1,
49%), Tucapel (M9, 18.6%), Nacimiento (M4, 41.6%), and Quilaco (M7, 45.8%), which were mainly represented by the
species Melilotus indicus (L.), Medicago sativa (L.), Lotus pedunculatus Cav., and Galega officinalis L. The Myrtaceae
family reached 27.5% in the M5 sample (Negrete).

Physicochemical parameters

All samples analyzed in the present study showed moisture percentages between 15% and 17% (Table 2). These values
comply with the parameters established by the Chilean Food Sanitary Regulations (RSA) (MINSAL, 2014) and Codex
Alimentarius (2001).

Values of insoluble solids were within the ranges established by the standards (both national and international) and
were less than 0.1% (Table 2). Samples from Antuco (M3), Nacimiento (M4), Negrete (M5), Alto Biobio (M6), Santa
Barbara (M8), and Tucapel (M9) had contents of water insoluble solids of 0.01%, corresponding to the lowest value
determined in the analysis (Table 2).

The pH value for the analyzed samples ranged between 3 and 4 (Table 2). The most acid honey came from Quilleco
(M2) with 3.55, whereas the sample from Alto Biobio had the highest pH value (4.52).

The ash content values (Table 2) in all the types of honey complied with Chilean regulations. The lowest ash contents
occurred in the Tucapel (M9, 0.06%) and Mulchén (M10, 0.04%) samples, whereas the highest contents occurred in the
communes of Antuco and Nacimiento (M3 and M4, 0.29%).

Electrical conductivity varied between 0.14 mS cm” in Mulchén (M10) and 0.57 mS cm™ in Antuco (M3) and
Nacimiento (M4) (Table 2). Therefore, all places of provenance exhibited values within the ranges established by the
Codex Alimentarius (2001). The statistical analysis showed a direct and proportional relationship between ash content and
electrical conductivity in all the evaluated honey samples with R? equal to 0.92.

The HMF was found in the places of provenance of Quilleco (M2), Antuco (M3), Nacimiento (M4), Negrete (M5),
Alto Biobio (M6), Quilaco (M7), Santa Barbara (M8), and Tucapel (M9) which ranged from 0.90 to 4.94 mg kg.
However, three samples showed no HMF activity (0.00 mg kg') (Los Angeles, M1; Mulchén, M10; Laja, M11) (Table 2).

The evaluation of microbiological activity showed no presence of E. coli for the 11 places of provenance in all the
tested concentrations (10, 102, and 107); there was no generation of oxygen in the Durham bells or turbidity in the
culture media with the samples.
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Table 1. List of pollen types determined in the types of honey in the Biobio Province, Biobio Region, Chile. Content

percentages are determined in relation to a total of 1200 pollen grains counted per sample.

Sample
Plant family Pollen type Ml M2 M3 M4 M5 M6 M7 M8 M9 M10 MIl1
%o
Anacardiaceae Schinus polygamus + 28 + + 1.1 + + + 4.1 2.3 5.8
Apiaceae + 19.6 33 3.6 + + 8.3 2.7 + + 6.0
Berberidaceae Berberis sp. 3.0
Boraginaceae Echium vulgare 1.5 365 313 15 74 59 53 14.1 + 96  56.7
Brassicaceae Brassica sp. + + + 14.5 149 +
Convolvulaceae  Convolvulus sp. 1.7 + + + 1.5 30.8 +
Cunoniaceae Eucryphia glutinosa + 1.1 56.8 +
Elaeocarpaceae  Aristotelia chilensis + 7.7 + + + + 169 2.3 3.6 3.7
Escalloniaceae  Escallonia sp. 26.0 6.3 94 26.3 39
Euphorbiaceae 18.2 24
Fabaceae + 35 2.7 45 72 + 3.8 214 + 14 23
Galega officinalis + + 2.0 + 6.9 14
Lotus pedunculatus + + 10.7 50 154 29 29.1 33 15.8 2.6 70
Medicago sativa + + 2.1 32.1 1.2 6.0 4.7 2.0 +
Melilotus indicus 49.0 2.8
Trifolium sp. 3.1
Vicia sp. 35
Gentianaceae Selliera radicans 1.5
Gesneriaceae Mitraria coccinea + 2.3 + +
Lardizabalaceae  Bogquila trifoliolata 16.5
Myrtaceae 8.3 + 6.9 5.6 275 1.8 + + + 8.5 +
Plantaginaceae  Plantago sp. 1.5 +
Poaceae + 1.5 + + + +
Polygonaceae 5.1 6.5 244
Primulaceae 4.8 1.3 3.8
Proteaceae + + 145 + + + +
Quillajaceae Quillaja saponaria + 4.4 + 1.7 + 30 33 8.9 + 1.0 +
Ranunculaceae 1.0
Rhamnaceae 1.5 3.0
Retanilla stricta + +
Rosaceae Rosa sp. 20 33 49 6.9 1.8 + + 13 + + +
Prunus sp. + 50 49 2.5 + 79 +
Rubus ulmifolius + 3.8 + 1.5 + 14 1.7 + +
Rubiaceae 3.6
Salicaceae + 1.7 +
Saxifragaceae 1.0 55 1.7 1.1 9.7
Verbenaceae 10.6
Vitaceae Cissus striata 39 + + + + 1.0 4.0
+: Indicates the presence of the pollen type in a percentage less than 1%.
DISCUSSION

Determination of botanical origin

According to the Chilean official standard to determine the botanical origin in honey, samples meeting the requirements
to be considered as monofloral were those from Alto Biobio (M6, 56.8% Eucryphia glutinosa), Los Angeles (M1, 49.0%
Melilotus indicus), and Laja (M 11,56.7% Echium vulgare). These results have provided more comprehensive information
than the findings reported by Montenegro et al. (2008), which only showed the existence of the Chilean hazelnut (Gevuina
avellana) monofloral honey and the introduced alfalfa (Medicago sativa) in the Biobio Region. Our results did not concur
with those indicated by these authors. However, honey samples showed 14.5% Proteaceae family as a maximum content
in the M6 sample and 32.4% Fabaceae family as the maximum content with the M. sativa pollen in the M4 sample. This
allows us to corroborate that the food preferences of bees are similar in different harvest periods. Thus, during the honey
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production period of the studied samples, there was a greater diversity of plants available for the bees to sip, which
is consistent with changes in the flowering periods due to the effects of climate change (Lustenhouwer et al., 2018).
Monofloral types of honey of introduced species found in this study have also been described in the La Araucania and Los
Lagos Regions in addition to pollen types very common in national types of honey (Montenegro et al., 2008; Navarrete
etal.,2016).

In Chile, the most desirable types of honey are those from native and/or endemic species such as Quillaja saponaria
(soapbark), Eucryphia cordifolia (ulmo), Escallonia pulverulenta (madrofio), G. avellana (Chilean hazelnut), and
Weinmannia trichosperma (tineo) (Montenegro et al., 2008; Bridi and Montenegro, 2017). However, the monofloral
honey of the species E. glutinosa (nirrhe) found in this study is still unknown and understudied; it could potentially be
a product with high added value and exclusive characteristics due to its endemic origin. This could be enhanced with
possible antioxidant and antimicrobial properties such as those found in other native types of honey in Chile (Montenegro
et al., 2009; Bridi and Montenegro, 2017).

The species E. glutinosa belongs to the Cunoniaceae family and is one of the two species of the Eucryphia genus in
Chile. The other species is E. cordifolia (ulmo), which has been studied for its melliferous attractiveness, its antimicrobial,,
antibacterial, antioxidant, antiproliferative, and cytotoxic properties, and because it can be used as a treatment to heal
burns (Mejias and Montenegro, 2012; Schencke et al., 2016). Therefore, it is possible to make an a priori assumption that
E. glutinosa (nirrhe) honey could have beneficial properties for human health due to the close phylogenetic relationship
between both plant species.

In some iconic cases of honey production with unique characteristics in the world are Manuka honey (Abd El-Malek
et al., 2017; Nguyen et al., 2018) and Tenerife honey (Manzanares et al., 2014). For Manuka honey, there has been a
greater commercial and economic development for New Zealand growers because their honey has a high market value
and there is a high demand for this product due to the medicinal properties of monofloral species native to New Zealand
(Lloyd et al., 2017). Similarly, the quality and unique characteristics of Tenerife honey have led beekeepers and local
authorities to create legislation to protect the designation of origin of their honey with the Royal Decree 1069/2007
(Manzanares et al., 2014). These cases would be homologous to the E. glutinosa honey and the current Chilean situation.

Physicochemical parameters

Moisture is one of the most important parameters when establishing the quality of honey and is related to the degree of
maturity. Water content determines the possibility of product fermentation by promoting the proliferation of fungi and
bacteria, which seriously affect its organoleptic characteristics (Navarrete et al., 2016). All types of honey contain yeast,
which in the presence of sugar and optimal levels of temperature and humidity activate their metabolism. However, honey
does not ferment with moisture contents less than 17.1%, although the total yeast count in the sample is high. Of the total
honey samples analyzed in this study, only one place of provenance (M10) had a percentage greater than 17.1% (Table 2).
Despite this and including the M 10 place of provenance, all samples had moisture levels within the parameters established
by the Chilean Food Sanitary Regulations (MINSAL, 2004) and Codex Alimentarius (2001). Some authors have described
different moisture percentages in national types of honey; Navarrete et al. (2016) indicated that polyfloral types of honey
from southern Chile exhibited values from 15.57% to 16.1%, which are below the mean of 16.28% in the present study.

The geographical location of apiaries greatly influences water content in honey due to the ability of the honey to absorb
moisture from the environment. However, this is not the only factor related to this parameter. Variables such as initial
moisture of the nectar, product handling, climatic conditions, hygroscopic nature of honey, season of the year, and degree
of maturation achieved in the opercula affect the moisture levels of the final product (Tornuk et al., 2013; Missio da Silva
etal.,2016). According to our results, it is possible to point out that all sampled types of honey were obtained and stored
under adequate protection systems and there was no possibility of fermentation.

The content of insoluble solids in the analyzed types of honey was much lower than that established by national
(MINSAL, 2004) and international (Codex Alimentarius, 2001) regulations. Therefore, honey from this geographical area
complies with the quality standards for this parameter.

There are studies of South American honey indicating that the content of insoluble solids is within the norms established
by the Codex Alimentarius (Almeida-Muradian et al., 2013; Vit et al., 2016). The botanical origin of the types of honey,
environmental characteristics of the area where the bees sip, and the extraction and storage practices used by beekeepers
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Table 2. Physicochemical parameters of types of honey from the Biobio Province, Biobio Region, Chile, compared
with the parameters established by national and international standards.

Standards Samples
Parameter Nat." Internat?  MI M2 M3 M4 M5 M6
Moisture, % <180 <200 1632 1608 16.86 1608 1531 1647
Insoluble solids, % <10 <0.1 0.03 002 001 001 001 001
HMF, mg kg’ honey <400 <400 0.00 0.90 307 1.50 090 479
Ashes, % <0.8 - 0.10 0.16 029 029 0.6 023
EC, mS cm’! - <038 0.25 045 057 057 033 046
pH 3.76 3.55 412 438 366 452
Samples
M7 M8 M9 MIO0O MIl Mean
Moisture, % <180 <200 1570 1647 1686 1725 1570 16.28
Insoluble solids, % <10 <0.1 0.03 0.01 001 008 002 002
HMF, mg kg’ honey <400 <400 1.80 4.94 472 0.00 0.00 205
Ashes, % <0.8 - 0.15 0.18 006 004 0.17 0.17
EC, mS cm’! - <038 0.36 052 0.17 0.4 029 037
pH 3.75 3.58 3.65 3.64 370 385

HMEF: Hydroxymethylfurfural; EC: electrical conductivity.
'National standards (MINSAL, 2004).
“International standards (Codex Alimentarius, 2001).

are factors that directly influence the content of insoluble solids (Vit et al., 2016). This establishes that the post-harvest
management of honey by the producers of the Biobio Province would be adequate and would not further influence the
content of compounds classified as insoluble solids.

The pH is related to the content of mineral elements because it represents the level of ionized acids in a sample. Honey
is generally acidic, registering pH values that vary between 2.3 and 4.5 for those of floral origin and honeydew honey
(produced from myelates, which are secretions of the living parts of plants or exudates of sucking insects such as that bees
sip and convert them into honey) can neutralize the acidity due to the high presence of mineral elements, providing pH
values between 4.5 and 6.5 (Tornuk et al., 2013; Karabagias et al., 2014). In the present study, pH values were between
3.55 and 4.52, and these are within the range mentioned in the literature. Navarrete et al. (2016) established pH 3.36 and
4.26 for polyfloral types of honey in southern Chile, and these values are very similar to those found in the present study.
However, this parameter is not considered by current national and international regulations as critical and indispensable
for determining honey quality (Codex Alimentarius, 2001; MINSAL, 2004). The taste characteristics of honey and its
antimicrobial activity is largely related to acidity, which is expressed by pH. This aspect becomes a useful parameter to
discriminate different types of honey and if they show any alterations (Karabagias et al., 2014; Ribeiro et al., 2014).

All the analyzed samples complied with the requirements of the national standard with ash contents less than 0.8%.
There are no ranges for this parameter in Codex Alimentarius (2001) because the information obtained from determining
ash content can be acquired from the values of electrical conductivity. The abovementioned is based on studies by several
authors who indicated a correlation between the content of these two parameters (Codex Alimentarius, 2001; Kaskoniene
etal.,2010; Yiicel and Sultanoglu, 2013; Karabagias et al.,2014). The results obtained for electrical conductivity indicated
that sample M 10 with the lowest ash content (0.04%) obtained the lowest value for electrical conductivity (0.14 mS cm™).
Samples M3 and M4 had the highest ash contents (0.29%) and showed the highest level of electrical conductivity (0.57
mS cm™'). Together with the statistical analysis of both factors, this validated the existence of a directly proportional
correlation between both parameters.

Mineral elements found in honey are reflected in the ash content. Values are usually low and mainly determined by the
nectar composition of the dominant plant species, which are affected by soil type and climate (Mejias and Montenegro,
2012). It has been possible to establish a qualitative association between variability in ash content and different botanical
and geographical origins of honey (Karabagias et al., 2014). Chakir et al. (2011) points out that floral origin honey
encountered in the sample ranged from 0.02% to 1.03%, whereas honey produced from myelates had values greater than
1.2%. All types of honey evaluated in the present study had values less than 0.29%, which indicates that the 11 places of
provenance are of floral origin.
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Electrical conductivity varies depending on pollen type with a greater content in the sample. This allows differentiating
honey with pollen origins different from myelates (Kaskoniene et al., 2010; Karabagias et al., 2014). This information is
also accurate with values found in native monofloral (E. glutinosa) and exotic (M. indicus and E. vulgare) types of honey.
As indicated in the Codex Alimentarius (2001), all samples in the present study meet the international requirements for
values of electrical conductivity of floral origin honey (Table 2). Chilean Food Sanitary Regulations establish acceptable
quality ranges for this parameter based solely on the ash content (Codex Alimentarius, 2001; MINSAL, 2004).

The HMF is a compound that is formed by the breakdown of monosaccharides (glucose and fructose) in what is known
as the Maillard reaction when heat affects the honey or when it is stored for long periods. It is therefore not found in fresh
and unadulterated honey. However, its concentration after storage can increase because of temperature and pH, making
this parameter one of the most important to determine honey quality as to its freshness and whether it has been subjected
to overheating (Capuano and Fogliano, 2011; Yiicel and Sultanoglu, 2013; Tornuk et al., 2013). Likewise, HMF is related
to diastase levels in honey because the diastase activity decreases at 27 °C as storage time increases, although this process
is accelerated by subjecting the honey to temperatures greater than 40 °C. Therefore, a good quality product is one that
shows high diastase activity along with low HMF levels (Yiicel and Sultanoglu, 2013).

This is consistent with the findings of the present study because all the samples had HMF concentrations within the
parameters established by the Chilean Food Sanitary Regulations and Codex Alimentarius. The samples were therefore
fresh honey without thermal alterations prior to packaging (Codex Alimentarius, 2001; MINSAL, 2004). The HMF values
in both national and international fresh honey range approximately from 0.0 to 10 mg kg™. It is quite common to find
concentrations below 1 mg kg in honey from central and southern Chile (Tornuk et al., 2013; Navarrete et al., 2016).
This information is similar to the results obtained in the present study in which the HMF content ranged from 0.0 to 4.95
mg kg ' honey (Table 2).

It is very important to determine the presence of contaminating microorganisms in honey because it is food for the
population and is also increasingly used for its potential antimicrobial and regenerative activity in the cosmetic and
pharmaceutical industry (Schencke et al., 2016; Ramos et al., 2017). The microbiological analysis showed the absence
of total coliforms and E. coli in all types of honey at the tested concentrations (10, 102, and 10~); oxygen generation in
the Durham bells and turbidity in the culture media were not observed in the samples. Although bees manage to make
products free of contaminating and harmful organisms that ensure the health of the hives, the deficient collection and
packaging practices used by beekeepers can sometimes transfer bacteria and/or fungi to the honey (Gallez and Ferndndez,
2009). This situation was not observed in the analyzed samples. Finally, it is important to note that although the types of
honey under study did not reflect the full spectrum of regional production, the low HMF values and low microbial activity
shown in the present study are evidence of a good level of beekeeping and product processing practices.

CONCLUSIONS

The determination of the botanical origin by a melissopalynological analysis showed the participation of both native and
introduced plant species. Only two samples were characterized as monofloral of the introduced species Melilotus indicus
(Fabaceae) and Echium vulgare (Boraginaceae), and one sample was monofloral of the endemic species Eucryphia
glutinosa (guindo santo). This means that a food product with unique characteristics in the world was identified, potentially
contributing added value to this product. The other samples were polyfloral.

Physicochemical and microbiological tests allowed pointing out that all types of honey met the quality standards
mentioned by national and international standards. Therefore, all types of honey of this study from the Biobio Province in
the Biobio Region, Chile, complied with the sanitary studies required for their commercialization.
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