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Abstract

This work proposes the revaluation of honeys from the native flora of Uruguay. The results
obtained in the pollen and physicochemical analysis allow us to conclude that it is possible
to characterize and distinguish monofloral honeys produced from Uruguayan native flora,
/& Editor and that they also present interesting properties that make them stand out from the rest of
the honeys. This could be a starting point for the exploitation of this market of little-known

Belen Branchiccela honeys with great nutritional potential.
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Resumen

& Correspondence Este trabajo propone la revalorizacién de mieles provenientes de la flora nativa de Uru-
guay. Los resultados obtenidos en el analisis polinico y fisicoquimico permiten concluir que
es posible caracterizar y distinguir las mieles monoflorales producidas a partir de flora na-
tiva de Uruguay y que, ademas, presentan propiedades interesantes que las diferencian
del resto de las mieles. Este podria ser un punto de partida para la explotacién de este
mercado de mieles poco conocidas y con gran potencial nutricional.

Eduardo Dellacassa
edellac@fq.edu.uy
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Explorando a diversidade dos méis da flora nativa do Uruguai

Resumo

Este trabalho propde a revalorizagdo dos méis da flora nativa do Uruguai. Os resultados obtidos nas analises polinicas e
fisico-quimicas permitem concluir que é possivel caraterizar e distinguir os méis monoflorais produzidos a partir da flora
nativa do Uruguai e que estes também apresentam propriedades interessantes que os destacam do resto dos méis. Este
poderia ser um ponto de partida para a exploragao deste mercado de méis pouco conhecidos e com grande potencial
nutricional.
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1. Introduction

In Uruguay, honey remains a prominent component among the products earmarked for export. However, the
export market has experienced significant annual fluctuations, contributing to considerable uncertainty for honey
producers in recent years(!). Given this situation, there is a need to explore tools that facilitate efforts to achieve
a more favorable pricing structure for honey production. Simultaneously, there is an opportunity to promote
domestic honey consumption by enhancing the perceived value of our honey. Honey gains heightened value
when predominantly sourced from a single plant species (monofloral honeys) or from a specific geographical
region, referred to as honeys of specific origin (e.g., those from bushes, meadows)@@)4), The production of
monofloral/multifloral honeys depends on various factors, particularly the availability of nectar-producing plants
in each region and season. In the case of monofloral honeys, derived from the nectar of a specific plant, their
elevated commercial value results from the ability to showcase distinctive chemical and sensory characteristics,
including flavor and aroma.

Honey composition depends on the floral origin of the nectar on which the bees feed, as well as on external
factors such as climate, environment, and processing conditions(®). Floral origin can be very varied, which is
reflected in final products that differ both in appearance and in sensory perception and composition. From a
phytogeographical point of view, the flora of Uruguay is mostly found in the Pampean province(®). The main
ecosystems of Uruguay include natural grasslands, forests, wetlands, and coastal ecosystems.

In recent years, the area of grassland has been significantly reduced due to the increase in forestry production,
cultivated pastures and annual crops(?). One response to the soil deterioration on the part of producers is the
planting of certain promising (non-native) legumes to complement pasture(®). Native forests, on the other hand,
occupy a much smaller portion of the territory than grasslands (3.5%), however, they have a high ecological
value due to the number of plant species present(®).

In the beekeeping context, this aggregation of ecosystems (bush, grassland) and agroecosystems (afforestation,
grasslands improved with legumes) is where apiaries for honey production are installed at different intensities.
These ecosystems are neither isolated nor permanent but vary over time and present ecotones that are reflected
in the botanical composition of our honeys(10("(12)13), |n turn, the forest dynamics plays a role of great im-
portance, because it is characterized by early flowering (a low flowering period in December-January followed
by a new flowering in February-March. During the low flowering period of the bush, melliferous production is
mainly based on grasslands (white clover, lotus) or on other annual (e.g. sunflower) or permanent crops (fruit
trees, Eucalyptus sp.). In turn, the late flowering of the bush is very useful for the hive to store reserves for the
winter(14),

Starting from all such considerations, this study demonstrates that the combination of melissopalynology and
physicochemical parameters, as a first approximation to achieve a complete characterization, can be a useful
tool for discrimination between different kinds of honeys according to their bee species origin.

2. Materials and Methods
2.1 Honey sampling

Fifteen honey samples were collected from the Southeastern region of Uruguay. Eight samples were harvested
between March and April 2016 from Maldonado department, and one obtained from Lavalleja department (Table 1).
A second group of six samples corresponded to honeys harvested during September and October 2016, being
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five obtained from Canelones and one from Rocha (1 sample) departments (Table 1). All samples were coded
and stored in sterile glass jars, kept at 4°C in the dark until analyzed (no longer than two months).

Table 1. Detail of tested honey samples

Detail of honey location N° of samples Sampling time
Villa del Rosario Lavalleja Department 1
Aigua 4
Carapé 1 March-April
Las Cpaﬁas, San Carlos Maldonado Department 1 i
San Carlos 2
Castillos Rocha Department 1
Canelén Chico 1
Toledo Canelones Department 2 September-October
Sauce 1
Santa Lucia 1

2.2 Melissopalynological analysis

The melissopalynological analysis of the samples was carried out at the Instituto de Ciencias Geoldgicas, Fa-
cultad de Ciencias-Udelar, Montevideo (Uruguay). This analysis was carried out according to the method pro-
posed by Louveaux and others(19),

2.3 Physicochemical analysis

All the physicochemical parameters were determined in triplicate according to the Harmonized Methods of the
International Honey Commission-IHC(16) and the Association of Official Analytical Chemists-AOAC(17),

2.3.1 Color and HMF

Color was determined in mm on the Pfund scale according to the US Department of Agriculture classifications
(water white: <9, extra white: 9-17, white: 18-34, extra light amber: 35-50, light amber: 51-85, amber: 86-114,
dark amber: >114)@®),

Hydroxymethyl furfural (HMF) was measured using the method of White('9 and honey color was determined
using a digital photometer (HANNA HI 96785). The limits of acceptance used were those given by Codex Ali-
mentarius Standard (HMF: <40 mg/kg)(9).

2.3.2 Diastase activity

This enzyme hydrolyses starch and dextrins resulting in carbohydrates of lower molecular weight. Due to the
sensitivity of diastase to heat and storage, its measurement is used as an indicator of honey freshness 1), Ac-
cording to national and international regulations, honey must have a minimum diastase activity of 8 on the Gothe
scale(16)22), For the determination of diastase activity, the method of Schade and others(?3) was used, which is
based on the rate of hydrolysis of a 2% starch solution by diastase enzymes in a buffered solution of honey
employing an iodine solution as an indicator, using a spectrophotometric measurement at 660 nm. Diastase
activity was calculated as DN (diastase number) as follows(24):

DN = (60min / t)* (0,10/0,01) * (1,0/2,0) = 300/tx

where tx is the reaction time (min) to reach 0.235 absorbance.
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2.3.3 Sugar composition

Sugar analysis was performed according to Bogdanov and Baumann(23), Briefly, 5 g of honey were mixed with
distilled water (40 mL) and transferred to a 100 mL volumetric flask and then mixed with methanol. Next, 10 mL
of this dissolution was filtered through a 0.20-um cellulose acetate membrane prior to HPLC analysis. The de-
termination of the sugars (fructose, glucose, sucrose, maltose and turanose) was performed using a LC 20-10
series Shimadzu chromatograph equipped with a refractive index detector operated at 30 °C and a
SUPELCOSIL™ LC-NH2 HPLC Column (5 um particle size, 250 x 4.6 mm). Acetonitrile (80%) in water was
used as the mobile phase (flow rate 1.3 mL/min). The HPLC sample peaks were identified by comparing the
retention times obtained from standards. Duplicate injections were performed, and the average peak areas were
used for the quantification.

2.3.4 Mineral content

Na, K, Ca and Mg were analysed by atomic absorption spectrometry with acetylene air flame using an Analyst
200 spectrometer (PerkinElmer, Inc., MA, USA). In order to minimize organic matrix effects, a microwave-as-
sisted sample digestion was performed according to Chudzinska and Baralkiewicz(26) before analysis. In brief,
the heating program consisted of a 20 min ramp up to 120 °C, holding at that temperature for 20 min, followed
by a 20 min ramp from 120 to 170 °C, and remaining 15 min at that temperature.

2.4 Statistical analysis

Principal components analysis (PCA) was performed using the InfoStat software 27),

3. Results

3.1 Melissopalynological analysis

Table 2 shows the results of the palynological analysis of honeys and its typification (monofloral or polyfloral)
according to the percentage of pollen observed. Eight of the fifteen honey samples were classified as monofloral,
where five of them were from native plants (SMmO03, Sbm04, Sbm05, Sbm06 and Sbm09), and three were
originated from introduced plants (Lm01, Lm13, Lm14). The remaining seven honey samples were found to be
polyfloral. Among the native monofloral honeys the predominant pollen found was of Scutia buxifolia in four of
them, and one of Schinus molle. The corresponding three non-native monoflorals were found to be Lotus sp,
while the remaining seven polyfloral samples showed a predominance of Eucalyptus sp. pollen.

Figure 1 shows the geographic distribution of the honey samples classified according the melissopalynological
analysis as presented in Table 2.
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Table 2. Main pollen types in the evaluated honeys

Origen floral
Sample I O i o i
Code Typification % main pollen % minor pollen
Ammi sp (5.6%); Eucalyptus sp (5.0%); Trifolium
Lmo01 Monofloral Lotus sp (77.6%) pratense (3.1%); Asterea (2.4%); Echium sp (1.7%);
Trifolium repens (1.0%); Scutia buxifolia (1.0%)
Scutia buxifolia (43.9%); Schinus molle (24.4%);
Eucalyptus sp (12.5%); Salix sp. (5.7%); Lotus sp
Sbp02 | Polyfioral (3.8%); Blepharocalyx tweediei (2.8%); Echium sp
(2.1%); Allophylus edulis (1.2%)
Scutia buxifolia (17.9%); Blepharocalyx tweediei
. 0 (3.8%); Lotus sp (3.6%); Eucalyptus sp (2.7%); Bac-
SMm03 | Monofioral Schinus molle (62.9%) charis sp (2.4%); Trifolium repens (1.2%); Struthanthus
acuminatus (1.2%)
. . 0 Blepharocalyx tweediei (30.8%); Schinus molle
Sbm04 | Monofloral Scutia buxifolia (52.8%) (10.6%); Eucalyptus sp (1.8%)
Sbm05 | Monofloral Scutia buxifolia (64.2%) Schinus molle (29.1%); Eucalyptus sp (1.7%)
Sbm06 | Monofloral Scutia buxifolia (51.4%) Schinus molle (44.5%)
Eucalyptus sp (41.7%); Schinus molle (18.3%); Scu-
tia buxifolia (10.3%); Baccharis sp (8.3%); Echium sp
Ep07 Polyfloral (6.9%); Blepharocalyx tweediei (4.7%); Trifolium re-
pens (2.8%); Trifolium pretense (1.7%); Acacia sp
(1.6%)
Eucalyptus sp (39.3%); Scutia buxifolia (31.6%);
Echium sp (9.3%); Blepharocalyx tweediei (6.7%);
Ep08 Polyfioral Lotus sp (5.2%); Schinus molle (1.4%); Baccharis sp
(1.2%)
) o Schinus molle (27.8%); Eucalyptus sp (8.0%); Ble-
0,
Sbm09 | Monofloral Scutia buxifolia (55.2%) pharocalyx tweedliei (4.2%)
Eucalyptus sp (46.7%); Acacia longifolia (34.8%); Lo-
Ep10 Polyfloral tus sp (3.9%); Papilionoidea (3.0%); Shinus molle
(2.6%); Euphorbiaceae (2.4%); Baccharis sp (2.2%)
Eucalyptus sp (71.5%); Lotus sp (5.9%); Trifolium re-
Ep11 Polyfloral pens (5.4%); Trifolium pratense (5.3%); Baccharis sp
(4.7%); Shinus molle (1.7%)
Trifolium repens (23.2%); Trifolium pratense (22.2%);
Lotus sp (15.5%); Eucalyptus sp (13.5%); Shinus
molle (5.3%); Ligudtrum vulgare (2.8%); Echium sp
Tp12 Polyfloral (2.3%); Brassicaceae (2.2%); Cynara cardunculuus
(2.0%); Mentha pulegium (1.8%); Ammi visnaga
(1.5%); Daucus carota (1.0%)
Schinus molle (12.1%); Trifolium pretense (10.2%);
0 Scutia buxifolia (9.0%); Eucalyptus sp (7.0%); Trifolium
Lm13 | Monofloral Lotus sp (49.0%) repens (6.0%); Ammi visnaga (1.5); Cynara cardun-
culuus (1.5%)
Eucalyptus sp (15.9%); Trifolium repens (6.5%); Scutia
Lm14 | Monofloral Lotus sp (61.6%) buxifolia (3.6%); Schinus molle (2.9%); Ammi visnaga
(2.1%); Trifolium pretense (1.4%); Echium sp (1.3%)
Scutia buxifolia (42.1%); Echium sp (22.4%); Lotus
0/ \- i 0/ \-
Sbp15 | Polyfioral sp (14.0%); Schinus molle (5.9%); Eucalyptus sp

(5.7%); Trifolium repens (3.7%); Trifolium pretense
(1.7%); Brassicaceae (1.3%)

Lm, Lotus sp. Monofloral; Sbp, Scutia buxifolia polyfioral; SMm, Schinus molle monofloral; Sbm, Scutia buxifolia monofloral; Ep, Eucalyptus sp.
polyfloral; Tp, Trifolium polyfloral. The number corresponds to the order of sample entry. Lm01 (Villa del Rosario), Sbp02 (Aigua), SMmO03 (Ai-
gua), Sbm04 (Aigua), Sbm05 (Aigua), Sbm06 (Carapé), Ep07 (Las Cafias, San Carlos), Ep08 (San Carlos), Sbm09 (San Carlos), Ep10 (Cas-
tilos), Ep11 (Canelon Chico), Tp12 (Toledo), Lm13 (Toledo), Lm14 (Sauce), Sbp15 (Santa Lucia)
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Figure 1. Geographic zones for honeys sampling

3.2 Physicochemical analysis
Table 3 shows the results obtained from the physicochemical analysis of the honey samples.

Table 3. Physicochemical properties of honey samples

Sample oH Free Acidity Moisture Ash (%) Diastase HMF EC *Pfund
Code (meqglkg) (%) activity | (mglkg) (mS/cm) Color (mm)
Lmo01 4.0 215 17.6 0.06 48.4 0 0.51 48
Sbhp02 |56 12.0 18.4 0.50 26.6 0 1.32 99
SMmO03 | 4.7 19.0 19.2 0.38 452 0 1.06 98
Sbm04 | 4.9 18.5 18.4 0.46 33.0 0 1.27 112
Sbm05 | 6.1 7.5 18.8 0.49 32.0 0 1.44 102
Sbm06 | 5.2 7.0 18.8 0.44 26.4 0 117 92
Ep07 5.5 13.5 18.8 0.46 22.7 0 1.38 118
Ep08 4.8 14.5 17.6 0.57 17.5 0 1.72 109
Sbm09 |58 8.0 17.8 0.45 15.1 0 1.35 92
Ep10 4.2 18.5 15,0 0.20 14.7 0 1.03 71
Ep11 3.6 29.5 17.4 0.19 18.3 15.2 0.63 65
Tp12 35 30.0 17.2 0.11 24.8 8.6 0.48 44
Lm13 3.7 245 15 0.15 22.7 7.6 0.44 50
Lm14 35 36.5 16.8 0.08 24.9 8.5 0.49 60
Shp15 |44 17.5 17.4 0.39 n.d. 1.0 1.08 145
min 35 7.0 15.0 0.10 14.7 0.0 0.44 44
max 6.1 36.5 19.2 0.60 48.4 15.2 1.72 145

Codex Alimentarius Standard (moisture: < 20%, Pfund color: 0-150 mm; EC: 0.8 mS/cm; pH: 3.4-6.1; FA: <50 meqg/kg; HMF: <40
mg/kg; DN: 28)(20),
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3.2.1 pH and acidity

The pH values ranged from 3.5 to 6.1, which are within the Food Codex standard limits, which establishes the
pH limit for honey between 3.4 and 6.1(2%. The pH values are important for honey extraction and storage as it
influence its texture, stability, and shelf life(28), being also low enough to inhibit the development of microorgan-
isms(29)(30),

Acidity values ranged from 7 to 36.5 meqg/kg within the maximum value accepted of 50 meg/kg., while the mois-
ture percentage ranged between 15.0 and 19.2%, a value that is below the maximum limit established of 20%
in the Codex standard for honey(20),

3.2.2 HMF

HMF values were all below the maximum allowable limit of 40 mg/kg, indicating that the honeys were not sub-
jected to heat treatment after being harvested. In addition, these low HMF values also agree with the diastase
activity values found not less than 8 Schade units(20),

3.2.3 Ash and conductivity

As for the ash percentage, the values obtained were below the maximum limit established (0.6%) in the Uru-
guayan directives for flower honey(@2). This result is also indicative of the cleanliness of the honey samples and
the absence of adulteration with molasses(®!).

Conductivity values ranged from 0.44 to 1.70 ms/cm, where only 5 of the 15 honey samples showed values
below the maximum limit (0.8 ms/cm) defined by the Codex Alimentarius(%). Generally, both conductivity and
ash content are related to the mineral content in honey(©223) and so honeys with higher ash percentage pre-
sented higher conductivity values. Figure 2 shows the relationship between ash content and electrical conduc-
tivity found for the honeys here studied.
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Figure 2. Ash content (gray) and electrical conductivity (yellow) relationship for the different honeys

3.2.4. Minerals

Table 4 shows the mineral content of the honeys studied. The most abundant mineral in all the honey samples
was potassium (K), ranging in values between 582.3 and 3585.5 mg/kg honey; followed by sodium (Na) or
calcium (Ca), depending on the honey considered, with values between 36.4-608.7 and 63.5-209.4 mg/kg
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honey, respectively. For all honeys the least abundant mineral was magnesium (Mg), with values between 16.1-
57.7 mg/kg honey.

In brief, the relationship between mineral content, ash and conductivity in honey is because the minerals present
in honey contribute to both the mineral content and the ash, and these minerals are also responsible for its ability
to conduct electricity, which affects its electrical conductivity.

Table 4. Mineral profile

Sample Code

Na K Ca Mg

Lm01 1145 | 7833 | 63.5 | 16.1
Sbp02 67.8 | 3265.6 | 68.6 | 43.9
SMmO03 46.3 | 26478 | 69.9 | 51.9
Sbm04 61.1 | 3137.2 | 1959 | 57.7
Sbm05 40.0 | 35855 | 79.1 | 358
Sbm06 36.4 | 3081.0 | 1329 | 335
Ep07 278.4 | 2931.1 | 169.0 | 53.5
Ep08 4975 | 35426 | 209.4 | 49.6
Sbm09 57.8 | 3042.0 | 122.8 | 36.7
Ep10 608.7 | 1014.7 | 124.8 | 53.3
Ep11 1276 | 8926 | 1486 | 315
Tp12 1172 | 5823 | 1146 | 20.0
Lm13 148.3 | 618.8 | 105.1 | 18.6
Lm14 106.4 | 6429 | 129.1 | 23.6
Sbp15 117.8 | 1948.2 | 130.8 | 31.1

3.2.5 Color

As for color, honeys presented a wide range of values on the Pfund scale ranging from 48 to 145 mm (extra light
amber to dark amber, respectively).

Samples Sbm04, Sbm05, Sbm06 and Sbm09 defined as Scutia buxifolia monofloral and SMmO3 (Shinus molle
monofloral) presented conductivity values higher than those established by Codex Alimentarius of 0.8 ms/cm(20)
and were amber in color. Instead, Lotus monofloral honeys (Lm01, Lm13, Lm14) showed conductivity values
below the maximum limit established by Codex Alimentarius (0.8 ms/cm)(2), while their color ranged between
light amber and extra light.

Figure 3 shows the relationship between electrical conductivity and color for the honeys studied. Similar results were
previously reported correlating high conductivity values to the dark color of the honeys(21)(34)(35)(36)(37),

8 Agrociencia Uruguay 2024;28:e1450
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Figure 3. Color (green) and electrical conductivity (yellow) relationship for the different honeys

To confirm whether the relationship between mineral composition and parameters such as color, electrical con-
ductivity and ash content are factors capable of differentiating the honey samples studied, multivariate statistical
tools were used to perform a principal component analysis (PCA) (Figure 4).
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Figure 4. Discriminant analysis (PCA) of the honeys studied based on physicochemical parameters and mineral profile

3.2.6 Sugar profile

In Table 5 the content of sugars found in each honey sample is shown. Fructose and glucose were the main
sugars analyzed followed by the disaccharide maltose, sucrose and turanose. The primary sugars found in
honey are fructose and glucose. These sugars, along with the sucrose content, collectively serve as key quality
indicators for honeys within the European Union(38),

Agrociencia Uruguay 2024;28:e1450 9



&

o Godoy A, Bonini A, Farifia L, Sixto A, Daners G, Dellacassa E

Table 5. Analysis of sugar content (%) present in honey samples

Sample Code Fructose | Glucose | Sucrose | Turanose | Maltose | F+G*| FI/G G/W
LmO01 39.5 33.4 2.0 0.9 2.7 729 | 1.2 1.9
Sbp02 36.4 29.2 3.1 3.0 3.8 656 | 1.2 1.6
SMm03 36.9 29.9 2.9 1.9 34 66.8 | 1.2 1.6
Sbm04 37.0 29.3 2.9 2.2 3.0 66.3 | 1.3 1.6
Sbm05 36.2 28.9 2.8 2.7 3.8 651 | 1.3 1.5
Sbm06 36.1 28.9 3.2 2.8 3.9 65.0 | 1.2 15
Ep07 36.5 31.4 3.1 29 3.7 679 | 1.2 1.7
Ep08 38.1 29.2 34 2.9 4.2 67.3 | 1.3 1.7
Sbm09 36.2 28.9 3.1 3.0 4.5 651 | 1.3 1.6
Ep10 40.4 36.6 2.5 1.1 1.7 770 | 1.1 24
Ep11 40.8 30.8 2.1 0.9 24 716 | 1.3 1.8
Tp12 425 27.9 0.4 1.8 4.5 704 | 15 1.6
Lm13 40.0 31.7 0.9 24 1.8 17| 13 2.1
Lm14 42.1 29.1 2.3 1.2 2.0 712 | 14 1.7
Sbp15 374 28.8 2.8 2.3 3.9 66.2 | 1.3 1.7

min 36.1 279 0.4 0.9 1.7 65.0 | 1.10 15
max 42.5 36.6 34 3.0 4.5 770 | 1.53 24

*F, fructose; G, glucose; W, water

4. Discussion

Melissopalynological analysis plays a fundamental role for monofloral honeys marketing, where at least 45% of
the total number of pollen grains belong to the same plant species. There are exceptions, such as the case of
Eucalyptus honey, in which its pollen grains are over-represented, so that to be considered monofloral it must
contain at least 75% of pollen from this genus(®7). The opposite situation is represented by citrus honey, where
pollen grains from citrus are underrepresented, so that a presence of this type of pollen between 10-20% is
sufficient to consider citrus honeys as monofloral(15)(39),

The results obtained on the pollen identification for the honeys evaluated agreed with previous works reported
in the literature on the taxa of the most common plant communities in the Uruguayan regions considered(12)(13)(34),

When evaluating the results of the physicochemical and mineral content analyses, it was found that mineral
values agree with those reported in the literature, where K is the most abundant mineral (about 80% of the total
metals determined), followed in smaller proportion by Na or Ca, and lastly Mg("(40), Moreover, and as previously
reported®1)32)33)(41) honeys with higher mineral content show darker colors, higher ash content and higher con-
ductivity values.

A statistical treatment using Principal Component Analysis (PCA) applied to the results obtained from physico-
chemical and mineral analyses showed that the first two components explain more than 83% of the variability of
the system. The samples distribution through the projected variables (minerals, electrical conductivity, ash, and
color) demonstrates that those are factors capable of differentiating the honey samples studied.

Non-native monofloral Lotus spp. honeys (Lm01, Lm13, Lm14) and polyfloral honeys with predominance of
Trifolium repens and Trifolium pratense (Tp12) were grouped (green circle) towards negative values of PC1,
and presented light colors, low ash content, low conductivity values and low mineral content.

PC1 also separated, towards positive values (red circle), the Scutia buxifolia native monofloral honeys (Sbm04,
Sbm05, Sbm06, Sbm09), Schinus molle (SMm03) and polyfloral honeys with predominance of Scutia buxifolia
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(Sbp02, Sbp15), which presented dark colors, high ash content, higher conductivity values and high metal con-
tent.

Meanwhile, samples Ep07, Ep08, Ep10 and Ep11 identified as polyfloral honeys with a higher predominance of
Eucalyptus were distributed in this analysis according to their less abundant pollen content. Ep07 and Ep08,
presenting less Eucalyptus pollen content with predominance of Schinus molle and Scutia buxifolia, respectively,
were in the PC1 towards positive values close to the native honeys, also presenting dark color, high ash content,
higher conductivity value and high metal content. Samples Ep10 and Ep11, also presenting Eucalyptus pollen
content, less pollen content but with Acacia longifolia and Lotus sp predominance, respectively, located towards
negative values of PC1, next to the non-native honeys that presented light colors, low ash content and low metal
content.

The results obtained from the study of sugar profiles confirm that all the honeys analyzed pertain to flower
honeys type, as the combined levels of fructose and glucose (F+G) were at least 65%, and sucrose content did
not exceed 5% for flower honey(8). The crystallization time of honey primarily depends on the relative proportions
of fructose to glucose and the ratio of glucose to water(42),

Lower solubility of glucose in water than of fructose explains the F/G ratio has been used to predict the honey
tendency to crystallize3). F/G ratio below 1 indicates fast crystallization, while the ratio exceeding 1.3 indicates
slow crystallization(*4), The data obtained showed honeys Tp12 and Lm14 presented F/G ratio <1.3, so they can
be considered slow crystallization honeys, while the others presented F/G values between the limits of fast and
slow crystallization.

Moisture content can affect the physical properties of honey (viscosity, crystallization), so the Glucose/Moisture
(G/W) ratio could be also a useful indicator to predict honey crystallization. Honey crystallization is slow when
ratio glucose/G/W is less than 1.7, but it is rapid when the ratio is greater than 2(39)(40), According with our results,
only the honeys samples Ep10 and Lm13 showed a ratio over 2 and so they can present faster crystallization.

5. Conclusions

The results found in this work contribute to the identification of honeys and to initiate a characterization work for
Uruguayan honey valorization. Honey, being a highly complex mixture, exhibits a unique composition in every
batch, making each one distinct from the other. Moreover, variations in botanical sources contribute to differ-
ences in both appearance and composition among honeys derived from native flora. Even within the same floral
category, honey composition can vary significantly due to geographical location, seasonal influences, bee spe-
cies, harvesting methods, storage conditions, and processing techniques. As melissopalynology remains the
sole validated method for determining the botanical origin of honey, it is not without its limitations.

Studies such as the one presented here contribute with valuable information for comparative purposes, thereby
aiding in the quest for improved methodologies in this field. Focus has been put on the characterization of honeys
that can be classified as monofloral from native plants, where the results suggest that these honeys are in
accordance with the quality standards established by national and international standards.

Transparency of data
Available data: The entire data set that supports the results of this study was published in the article itself.
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