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Abstract

Uruguay produces and exports honey. Honey is appreciated worldwide and has been well studied in terms of its chemical
composition. These studies help determine botanical origin and prevent fraud. However, Uruguay exports honey without
differentiating; the diversity of soils and vegetation in the country allows different types of honey production. Therefore, the
aim of this work was to characterize honey from four regions of the country including three protected areas. The samples
were collected during one year in two stations and electrical conductivity, humidity, sugar profile, macrominerals (K, Ca,
Na and Mg) and pollen content were analyzed. The quality of the studied environments was evaluated by determining the
presence of glyphosate. Results from this study confirm significant differences among the analyzed honeys from the dif-
ferent regions (Tukey-Kramer, p <0.05). Most of the measured values were within world ranges. However, some samples
with high conductivity (> 0.8 mS / cm) associated with high mineral content were found. 37 different pollen taxa (family,
genus or species) were detected. Some samples are monofloral (main pollen> 45%) of cultivated species (Lotus sp and
Trifolium repens) or native species (Parkinsonia aculeata, Lithraea brasiliensis, Myrcianthes sp and Tripodanthus acutifo-
lius). Calcium and sodium are suggested as markers of geographic origin. Mannose is suggested as a marker of botanical
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origin. The detection of glyphosate appears associated with agricultural activities even in protected areas. Uruguay pro-
duces different honeys that can be marketed indicating origin. More regions should be studied and for longer periods.

Keywords: protected areas, honey, sugar profile, mineral profile

Resumen

Uruguay produce y exporta miel, alimento mundialmente apreciado y estudiado en términos de su composicién quimica.
Estos estudios ayudan a determinar el origen geogréfico y botanico y a prevenir fraudes. Sin embargo, Uruguay exporta
miel sin diferenciar. La diversidad de suelos y vegetacion del pais permite diferentes tipos de produccién de miel. El
objetivo de este trabajo fue caracterizar la miel de cuatro regiones del pais, de las que tres son areas protegidas. Las
muestras se recolectaron durante un afio en dos estaciones. Se analiz6 conductividad eléctrica, humedad, perfil de azu-
car, macrominerales (K, Ca, Na y Mg) y contenido de polen. Se evalué la calidad de los ambientes estudiados determi-
nando la presencia de glifosato. Se encontraron diferencias entre las mieles analizadas (Tukey-Kramer, p <0.05). La
mayoria de los valores medidos estaban dentro de los rangos mundiales. Sin embargo, se encontraron algunas muestras
con alta conductividad (> 0.8 mS / cm) asociadas a altos contenidos minerales. Se detectaron 37 taxas de polenes dife-
rentes (familia, género o especie). Algunas muestras son monoflorales (polen principal> 45%) de especies cultivadas
(Lotus sp'y Trifolium repens) o especies nativas (Parkinsonia aculeata, Lithraea brasiliensis, Myrcianthes sp y Tripodant-
hus acutifolius). Se sugieren calcio y sodio como marcadores de origen geogréfico. Se sugiere la manosa como marcador
de origen botanico. La detecciéon de glifosato aparece asociada con las actividades agricolas incluso en areas protegidas.
Uruguay produce diferentes mieles que se pueden comercializar indicando origen, se deberian estudiar mas regiones y
durante més tiempo.

Palabras clave: areas protegidas, miel, perfil de azlcares, perfil de minerales

Resumo

O Uruguai produz e exporta mel. Um alimento apreciado em todo 0 mundo e estudado quanto & sua composigéo quimica.
Esses estudos ajudam a determinar a origem geografica e boténica e a prevenir fraudes. No entanto, o Uruguai exporta
mel sem se diferenciar. A diversidade de solos e vegetacdo do pais permite diferentes tipos de producdo de mel. O
objetivo deste trabalho foi caracterizar mel de quatro regides do pais. Trés sdo areas protegidas. As amostras foram
coletadas durante um ano em duas estagdes. Condutividade elétrica, umidade, perfil de aglcar, macrominerais (K, Ca,
Na e Mg) e contetido de pélen foram analisados. A qualidade dos ambientes estudados foi avaliada pela determinagéo
da presenca de glifosato. Foram encontradas diferencas entre os méis analisados (Tukey-Kramer, p <0,05). A maioria
dos valores medidos estava dentro de faixas mundiais. No entanto, algumas amostras com alta condutividade (> 0,8 mS
/ cm) associadas a alto teor de minerais foram encontradas. 37 taxa de pélen diferentes (familia, género ou espécie)
foram detectados. Algumas amostras sdo monoflorais (polen principal> 45%) de espécies cultivadas (Lotus sp e Trifolium
repens) ou espécies nativas, Parkinsonia aculeata, Lithraea brasiliensis, Myrcianthes sp e Tripodanthus acutifolius). O
calcio e o sddio sdo sugeridos como marcadores de origem geografica. A manose é sugerida como um marcador de
origem boténica. A detecgdo do glifosato aparece associada as atividades agricolas mesmo em éreas protegidas. O
Uruguai produz diferentes méis que podem ser comercializados com indicacdo de origem. Mais regides devem ser estu-
dadas e por mais tempo.

Palavras-chave: reas protegidas, mel, perfil de agUcar, perfil mineral

1. Introduction not expected. However, honey produced in Uruguay
is exported without differentiating as a commodity.
Nevertheless, honey is a food product that many
countries want to regulate and also differentiate in
its botanical or geographical origin. Honey is valor-
ized by its phenolic compounds®), mineral con-
tent®), its content of particular sugars(”) and also by
the positive effect of its intestinal absorption(®), and
to prevent gastric affections®. Concerning the

Despite its size, Uruguay has variations in climate("),
geology®@), soil® and vegetation. These variations
would allow the production of different honeys. In
addition, the country has a national system of pro-
tected areas (SNAP) where native vegetation oc-
curs without competition from crops and their asso-
ciated weeds, and where agrotoxic contamination is
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origin, honey is characterized by the botanical
origin, searching to differentiate between floral or
extra floral and among the floral, mono or multiflo-
rals(19(11), Some honey such as Manuka honey has
an added-value because it came from a native New
Zealand myrtaceae (Leptospermum scoparium)
and it is associated with medicinal properties('2).
Geographical origin('3) enables to avoid honey com-
ing from contaminated regions as much as to en-
sure consumers that honey comes from natural or
protected areas®). To determine the honey origin
many analytical procedures were developed con-
cerning flavonoids or sugars profile, or trace ele-
ment and mineral content(14(15)(16). Geographical
origin was not specified in previous works about
honey quality in Uruguay('/(18(19), The importance of
honey as an exportable product and the opportunity
to enhance protected areas for this production make
it necessary to investigate honey from these areas.
In these areas the risk of appearance of contami-
nants such as glyphosate is minimized. In the last
years glyphosate was detected and stopped honey
exportation. In this sense, the objective of this work
was to characterize Uruguayan honey from three
protected areas and one not protected area
throughout the year by physicochemical

parameters, nutritional compounds and palynology,
looking for possible markers of geographical or bo-
tanical origin. Also, glyphosate presence was eval-
uated.

2. Materials and methods
2.1 Location of apiaries

The locations of the apiaries chosen allowed to
show both a latitude effect (higher temperature and
rainfall in the north) and a longitude effect (similarity
to Argentinean flora in the west or similarity to Bra-
zilian flora in the east). Three of the selected sites
(north, west and east) are Protected Areas belong-
ing to the Uruguayan National System of Protected
Areas (SNAP in Spanish), while one of them is not
(south). The georeferentiation, soil types and loca-
tion names are presented in Table 1. Local bees
characterized by the predominance of hybrids were
used@). The rainfall and temperature data of each
production season are presented in Table 2. Oxalic
acid was used against Varroa destructor control, ex-
cept in the East.

Table 1. Geographical location of apiaries and names of protected areas (East, North and West) and non-pro-
tected area (South) with information about soils and date of harvest, group honey names and number of sam-

ples
Region Coordinates Soils and age_of thﬁ geol Harvest 1 Harvest 2
ogy of origin (")
Month Month
Honey Samples Honey Samples
group group
name name
South: S3435911  Argiudolls and Hapluderts ~ December 10 March 10
Los Cerrillos W 56 24 712 (Cenozoic/Cretaceous) South 1 (11010) South 2 (30 t039)
East: Que-
bradadelos S 3257 943 Hapludolls February 90) May 70
Cuervos W5427273  (Paleozoic/Predevonic) East 1 (1110 19) East2 (40 to 46)
(SNAP)®)
North:
Valle del $3108229  Hapludolls ?nd Haplqdalfs February 10 December 10
Lunarejo W 55 58 876 (Mesozoic/Jurassic) North 1 (20 to 29) North 2 (47 to 56)
(SNAP)
. Endoaquolls and Hap-
West: Esteros ¢ a5 £ 576 ql ol p December 0
de Farrapos udafts West 57 to 66 @
(SNAP) W 5805 135 (Cenozoic) ( )

(SNAP: Sistema Nacional de Areas protegidas. **) Soil names according United States Department of Agriculture (USDA). () Hives
lost by Varroa destructor @ Only a harvest was obtained due to Climatic adverse conditions.

Agrociencia Uruguay 2022 26(1)



Table 2. Climate data during honey production by region and season

Region Temperature Rain
max °C min °C max °C min °C max °C min °C mm total
October November December
South 228 12.5 21.7 14.3 31.1 16.9 538.3
December January February
East 36.6 14.4 36.1 10.8 33.2 1.2 660.4
North 30 18.5 28.6 17.4 32.9 8.8 4
January February March
South 30.5 16.5 34.7 91 304 8.1 2352
March April May
East 314 54 28 6 26.8 2.1 2024
October November December
North 30.8 52 31.2 10.6 35 " 395.2
West 31.9 5.1 31.8 10.1 36.5 15.2 2884

In bold values above the national means

Data from Instituto Uruguayo de Meteorologia (INUMET) (unreferenced)

2.2 Extraction of samples of honey

In each region 10 hives (Langstroth) were used, and
unstretched commercial wax was placed in the cen-
ter (frames 4 and 5) of the first box on the brood
chamber. Two samples were taken from each hive.
One hundred percent capped pieces of honeycomb
were cut with disposable plastic knives. These
combs were placed in labeled sterile jars and stored
at -20°C. Honey was extracted from these combs
into the laboratory. For this reason, hydroxymethyl
furfural (HMF) was not measured(@’). Combs were
extracted in two harvests, at spring-summer (De-
cember-February; harvest 1) and at summer-au-
tumn (March-May; harvest 2). 66 samples were ob-
tained (Table 1).

2.3 Palynological analysis

Twenty g of honey were dissolved with distilled wa-
ter, according to Louveaux(?). After centrifugation
residual extract was observed with a microscope at
400x magnification. Six hundred pollen grains were
counted to determine the relative abundance of
each taxa(@). Moreover, the presence of honeydew
elements (HDE) was determined (e.g. algae, spores
or hyphae fungi and microcrystals), as present or
not.

2.4 Electrical conductivity (EC), pH and moisture

The EC and pH of 20% (w/v) honey solution was
measured at 20°C using a conductivity meter CON
10 (Oakton, USA) and a pHmeter JENWAY 3305
(U.K.). The honey solution was prepared in milli-Q®
water (conductivity < 10 uS/cm). The results of

conductivity were expressed as milli Siemens per
centimeter (mS/cm). Moisture content was meas-
ured by refractometry according to the AOAC
method@) with a manual refractometer ATAGO-
MASTER 3 M (58° to 90° Brix), using a drop of
honey of each hive. Data are expressed as moisture
percentage (%).

2.5 Ca, Mg, Na and K content

The total Ca, Mg, Na and K were determined ac-
cording to Paul®@), using a flame atomic absorption
spectrophotometer (PinAAcle™ 500, Perkin Elmer,
USA). Briefly, 2 grams of honey were dissolved on
a hot plate with a solution of HNO3 1M (Merck 65%
p.p.a., distilled by sub boiling) and HCI 6 M (Merck,
p.p.a.) in a Erlenmeyer under trap of steam during
an hour at sub boiling (< 75°C), and were taken to
volume of 25 ml with Milli-Q® water (18 MQ.cm).
Determinations were carried up with air-acetylene
flame, (10-2.5, I/min). A multielement lamp, Lumina
(Perkin Elmer, USA) was used for Ca (422.7 wave-
length) and Mg (285.2), whereas Na and K were
measured with emission (589 and 404.4 wave-
length, respectively). For each analyte a standard
curve was prepared from stock solutions of Ca, Mg,
Nay K of 1000 mg/l (CertipurR, Merck, Germany). A
blank (only the acids) was run with the samples. LQ
was 1.386, 0.176, 0.110 and 7.826 mg/! for Ca, Mg,
Na and k, respectively. Data were expressed in mil-
ligrams of each mineral by kilogram of honey

(mg/kg).
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2.6 Sugars content

Sugars were determined by high performance liquid
chromatography (HPLC). One gram of honey of
each sample was dissolved with 20 ml of deionized
H20 and vortexed to homogenize. Solution was fil-
tered previously to inject in the HPLC, with PVDF
filters of 13 mm of diameter and 0.45um of porous
(Merck Millipore). A HPLC Prominence, LC-20A se-
ries, Shimadzu Corporation (Japan) was used,
equipped with IR differential detector (RID-20A), a
low-pressure gradient valve (LC-20AT), enabling 4-
solvent gradient elution, auto sampler (SIL-20AC
HT), oven (CTO-10AS VP) and degassing unit
(DGU-20A 5R). Data was processed using LabSo-
lutions software. A column Luna Omega SUGAR
100 A, 3 pm, 250 x 4.6 mm (Phenomenex, USA)
thermostatized at 40°C was used. Mobile phase
was Acetonitrile: H20 (80:20) with a flux of a
1ml.min-'. RID detector was thermostatized at 40°C.
Total time of each run was 30 min. To quantify sug-
ars the following external standards from Sigma-Al-
drich, USA, were used: D(-)-Fructose, D(+/-)- Su-
crose (99.5%), D(+/-)-Galactose (299%), D(+/-)-
Mannose (299%). For Glucose and isomaltulose,
D(+/-) -Glucose anhydride AR® ACS (97-102%,
Macron Fine Chemicals, USA) and Isomaltulose
(94.5%, USP Reference Standard, USA) were uti-
lized. Calibration curves were made for each sugar.
Data were expressed as g of sugar by 100 g of
honey (%). Limit of Quantification (LOQ) = 0.01%.

2.7 Glyphosate content

Glyphosate determination was carried up with
HPLC coupled with a mass spectrometer (LC-
MS/MS), in the QSI Laboratory (Bremen Deutsch-
land/Germany). For each region and harvest date
samples were grouped to obtain 50 grams of honey.
All regions and harvest dates had two groups, ex-
cept for East 2 due to having only 7 hives to sample.
Data were expressed as mg/kg. Limit of Detection
was 0.005 mg/kg.

2.8 Statistical analysis

Data were analyzed by analysis of variance
(ANOVA), comparing seven groups of honey (East
1 and 2, North 1 and 2, South 1 and 2, and West),
and post hoc Tukey-Kramer test. The normality of
residuals was adjusted by graphic methods
(QQplot) and the Levene's test was used to test the
homogeneity of the variance. Principal Component
Analysis (PCA) was used to search the associations
between physicochemical variables of the different

Agrociencia Uruguay 2022 26(1)
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honey and regions. The data was standardized.
Electric conductivity, pH, sugar and minerals con-
tent were analyzed to group the different types of
honey and the region considering two harvests. The
relation between pollen content, Galactose and
Mannose was determined by linear regression.
Software R was used().

2.9 Transparency of data

The entire data set that support the results of this
article appear in the article itself, or as a supplemen-
tary material section.

3. Results
3.1 Palynology

It was possible to determine the family, genus or
species of 37 types of pollen. Results are shown by
region and harvest date in Tables 3,4,5,6,7,8 and 9.
The 66 honeys underwent a principal component
analysis that is represented in Figure 1. West hon-
eys show a great variation and are distributed in 3
quadrants. On the other hand, the other honeys are
associated with one of the quadrants, varying with
the harvest date. Eastern honeys are associated
with a single quadrant regardless of the harvest
date. Some regions present similar honeys despite
the distance (South 1 and 2 and North 2). North has
different honeys in different seasons.

Figure 1. PCA of 7 groups of Honeys, number
samples are: red (east), green (north), blue (south)
and black (west)

PC2 (25.5% explained var )

25 00
PC1 (37.8% explained var.)



Table 3. Name and number of taxa, honey dew element presence and percentage of pollen in South 1

Sample number 1 2 3 4 5 6 7 8 9 10
Honey dew
no no yes no no yes yes no no no
elements
Myrtaceae Eucalyptus sp. 89 35 183 62 71 62 123 63 87 253
Myrtaceae Myrcianthes 199 497 15 102 98 101 77 23 59 0.
cisplatensis
Fabaceae Lotus sp. 10 165 32 65 64 32 21 268 24 16
Fabaceae Acacia sp. 5 0.8 3 8
Scrophulariaceae - 05 08 23 01 01 0.1 2.1
Fabaceae Trifolium pratense 1.2 0.5 03 01 02 01 03 02 13
Asteraceae Senecio sp. 03 01
Asteraceae Cirsium vulgare 0.1
Salicaceae Salix sp. 0.9 10 91 221 168 15 149 164 1565 19
Anacardiaceae Schinus 57 122 31 54 84 61 162 41 31 45
longifolius
Fabaceae Trifolium repens 43 21 26 71 43 01 43 52 42
Apiaceae Ammi viznaga 1.5
Boraginaceae Ech/ym 79 69 33 43 84 7 145 68 7 77
plantagineum
Lamiaceae Menta piperita 2.1 0.2 2 4 0.1
Asteraceae Baccharis 86 36 55 65 68 77 31 73 61 34
articulata
Asteraceae Baccharis spp. 54 59 05 52 97 63 4.1
Asteraceae Bacharis spp. 34 02 13 7 54 32
Fabaceae Gleditsia 18 21 42 43 44 21 45 23 02 12
triacanthos
Oxalidaceae Oxalis sp 2.3 15 262 123 18 03 25 05 04 23
Rhamnaceae Discaria 16 05 25 12 05
americana
Rhamnaceae Scutia buxifolia 3.5 0.2 0.6
Brassicaceae - 2.2 0.2 1
Salicaceae Xylosma 165 89 178 126 41 235 219 175 167 15
tweedianum
TOTAL 23 100 100 100 100 100 100 100 100 100 100
6 Agrociencia Uruguay 2022 26(1)
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Table 4. Name and number of taxa, honey dew element presence and percentage of pollen in East 1

Sample number 11 12 13 14 15 16 17 18 19
Honey dew elements nO yes yes yes yes yes yes yes yes
Myrtaceae Eucalyptus sp. 38 42 01 52 1.2 0.5
Myrtaceae Myrcianthes cisplatensis 172 179 152 21 34 02 21 0.6
Asteraceae Senecio sp. 67 81 64 53 38 41 36 07 1.2
Anacardiaceae Schinus longifolius 156 198 511 07 78 01 05 3.2
Loranthaceae Tripodanthus acutifolius 449 196 21 11 221 195 267 " 482 47
Asteraceae Baccharis articulata 181 138 161 54 423 38 492 252 38.2
Asteraceae Baccharis spp. 92 66 129 108 125 5 12 9.1 25
Asteraceae Bacharis spp. 16.5 163 15 5 10 5.6
Poaceae - 0.8 1 4.1 2 23 06 1.2
Anacardiaceae Lithraea brasiliensis 83 27
Fabaceae Gleditsia triacanthos 56 69 17 041 0.1
Caprifoliaceae Lonicera japonica 3.2
Myrtaceae Eugenia uniflora 82 94 2.3
TOTAL 13 100 100 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)

Table 5. Name and number of taxa, honey dew element presence and percentage of pollen in North 1

Sample number 20 21 22 23 24 25 26 27 28 29
Honey dew elements yes no yes yes yes yes yes yes yes  yes
Myrtaceae Eucalyptus sp. 1.1 3.8
Myrtaceae Myrcianthes cis- 21 43 51 36 12
platensis
Fabaceae Trifolium 2.1 1.2
pratense
Asteraceae Senecio sp. 1.3 2.3 2.1 2.3 49 2.6 4.5 42
Asteraceae Cirsium vulgare 1.1
Asteraceae Senecio sp. 4.3 11 2.1
Fabaceae/Papilionoidea - 2
Anacardiaceae pohinus fongio- 06 468 729 146 241
Apiaceae Eryngium sp. 1.4 0.5
Loranthaceae Tripodanthus a5 478 10 76 109 342 376 61 212 133
acutifolius
Asteraceae g";';’c”ar lsarticl- o8 213 174 356 296 337 318 45 312 224
Asteraceae Baccharis spp. 425 124 118 376 382 243 222 44 213 25
Asteraceae Bacharis spp. 51 5 0.2 91 12 2.3 8.2 0.2 3.2
Poaceae - 1.3 1.2 53 7
Anacardiaceae Lithraea _ brasili- 23 02 01 01 2
ensis
Fabaceae Gleditsia triacar- 34 05 01 14
thos
Myrtaceae Eugenia uniflora 21 21
Iridaceae - 0.1 0.1 0.6
Euphorbiaceae ﬁ'/lan/'/.)ot gra- 0.1 0.2
amii
TOTAL 19 100 100 100 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)
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Table 6. Name and number of taxa, honey dew element presence and percentage of pollen in South 2

Sample number 30 31 32 33 34 3 36 37 38 39
Honey dew elements no no no no no no no no no no
Eucalyptus
Myrtaceae sp. P 2.1 6.5 9.1 3.8 46 9.8 3.2 0.7 1.3 2.3
T.
Myrtaceae Myrcianthes 200 12 40 59 23 18 104 02 236
cisplatensis
Fabaceae Lotus sp. 677 448 821 786 752 816 786 811 823 495
Fabaceae Trifolium
pratense 43 12 01 96 32 08 02 01 05
Asteraceae Senecio sp. 27 0.2
T.  Cirsium
Asteraceae 15
vulgare :
Asteraceae Senecio sp. 3.1 24
Fabaceae/Papilionoidea - 92 39 23 57 32 55 68 109
Fabaceae Glycinemax 61 91 09
Fabaceae Trifolium
repens 95 25 12 16 34 28 19 35 96
Apiaceae Eryngiumsp. o5 06 08 0.9 06
Apiaceae Ammi
p viznaga 03 01 08 02 0.1
Boraginaceae Echium
9 plantagineum 03 11323 24 31 21 19 04 0.3
Lamiaceae I. Menta
piperita 72 06
TOTAL 14 100 100 100 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)

Table 7. Name and number of taxa, honey dew element presence and percentage of pollen in East 2

Sample number 40 41 42 43 44 45 46
Honey dew elements yes  yes  yes  yes yes yes  yes
Myrtaceae Eucalyptus sp. 17

Myrtaceae Myrcianthes cisplatensis 9.2 112 15
Asteraceae Senecio sp. 43 45 32 26 21 06 32
Asteraceae Senecio sp. 12 6.2 2.1 08 09 23
Anacardiaceae Schinus longifolius 3.4 05 0.2 0.1
Loranthaceae Tripodanthus acutifolius 53.1 17.9 165 275 318 169 278
Asteraceae T.Baccharis articulata 38.2 154 418 389 224 318 326
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Sample number 40 41 42 43 44 45 46
Asteraceae Baccharis spp. 163 27 302 213 369 235
Asteraceae Bacharis spp. 5.6 8.9 65 10 99
Poaceae - 3.2 0.1

Anacardiaceae Lithraea brasiliensis 0.6 2.1
Fabaceae Gledlitsia triacanthos 45 3.1 0.3
Caprifoliaceae Lonicera japonica 05
Myrtaceae Eugenia uniflora 46 05

TOTAL 14 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)

Table 8. Name and number of taxa, honey dew element presence and percentage of pollen in North 2

Sample number 47 48 49 50 51 52 53 54 55 56
Honey dew
elements yes ~yes yes yes yes yes yes  yes  yes yes
Myrtaceae Eucalyptus sp. 21 34 138 21 95 109 35
Mvrtaceae T. Myrcianthes
y cisplatensis 804 512 295 50 455 367 356 313 106 154
Asteraceae Senecio sp. 01 01 02 1 05
Anacardiaceae  Schinus longifolius 43 115 74 63 126 54 72 39 105 43
Apiaceae Eryngium sp. 3
Boraginaceae Echium
9 plantagineum 41 23 23 01 02 23 33
Asteraceae T.Baccharis
articulata 94 65 03 0.1 68 4.1
Asteraceae Baccharis spp. 04
Anacardiaceae Lithraea
brasiliensis 23 138 1565 312 68 456 354 505 59 63.6
Fabaceae Gleditsia
triacanthos 36 194 431 68 148 98 119 0.8 63 88
TOTAL 10 100 100 100 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)
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Table 9. Name and number of taxa, honey dew element presence and percentage of pollen in West

Sample number 57 58 59 60 61 62 63 64 65 66
Honey dew elements yes yes yes yes yes yes yes yes yes  yes
Myrtaceae Eucalyptussp. 481 360 20 15 25 231 419 593 615
Myrtaceae T.  Myrcianthes
y cisplatensis 475 611 165 105 193 24 73.7 459 371 343
Fabaceae Parkinsonia

aculeata 3.3 02 715 59.5 262 09 112 09 2.1
Rosaceae - 05 15 53 0.2
Fabaceae Lotus sp. 06
Fabaceae Acacia sp. 1.9 1.0 25 1.2 0.3 0.8 2.1
Scrophulariaceae - 0.8 01 12
Fabaceae Trifolium

pratense 40 865 75 2.3 0.2 0.7
Asteraceae Senecio sp. 05 15 36
Asteraceae T. Cirsium 30 05

vulgare : :
Asteraceae Senecio sp. 46 0.2
Fabaceae/Papilionoide
a - 3.7
Salicaceae Salix sp. 34.8
Pinaceae Pinus sp. 0.2
Anacardiaceae Schinus

longifolius 26.2
Total 15 100 100 100 100 100 100 100 100 100 100

In red bold, monofloral samples (> 45 %)

3.2 Mineral content, conductivity, pH and mois-
ture

In Table 10 mean values of calcium, potassium,
magnesium, sodium and the sum of them are pre-
sented. All samples analyzed had a higher mineral
content than previously reported by others(@7)(28)(29),
In Table 11 mean values of conductivity, moisture
and pH are presented. Despite floral origin, some
honey samples showed high conductivity. The
moisture values are within what is accepted®9. The
pH values are similar to other values found for Uru-
guayan honey(17),
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3.3 Sugar content

In Table 12 mean values of Glucose (G), Fructose
(F), Sucrose (S), Isomaltulose (I), Mannose (M) and
Galactose are presented. A quadratic relation (Fig-
ure 2) was obtained between the content of Man-
nose and the percentage of pollen from Echium
plantagineum in the first harvest of the south (R2=
0.64, y = 0.029 + 0.155x+ 0.0068x?). A linear rela-
tion (Figure 3) was detected between Galactose
content and percentage of pollen from Eucalyptus
sp. in the west region (R2=0.81y = 0.351 + 0.077 x).
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Table 10. Calcium (Ca), potassium (K), magnesium (Mg), sodium (Na) and totals (Ca+K+Mg+Na) content
(mg/kg) from different regions and harvest date

Region Harvest Ca K Mg Na Totals
1 102.7+29.6 b 3365 + 655a 51+7b 171+57a 3690 £ 700 a
South 2 125+329b 1694 + 558 bc 27+7b 131+ 70ab 1979 + 640 bc
1 286.4+998a 2309+ 338 abc 123+ 25a 87 £ 28 bc 2806 + 288 ab
ast 2 2442+641a 2530 +451ab 135+13a 88 + 30 bc 2999 + 426 ab
1 94.1+20.5bc 1292+ 731¢ 40+21b 64 +43¢c 1491+ 780 ¢
North 2 M4+x111¢ 3014+ 316 a 27+4b 111+ 31 abc 3184+ 341 ab
West 85.7+423bc 2506 + 1588 ab 93+71a 82+ 41bc 2766 +1738ab

Values are means + SD; values within a column not sharing a common letter are significantly different (Tukey-Kramer < 0.05).

Table 11. Conductivity (mS/cm), moisture (%) and pH from different regions and harvest date

Region Harvest Conductivity (mS/cm) Moisture (%) pH
South 1 0.93+0.029a 20.3+£0.10ab 418+0.025a
2 0.65 + 0.033 bc 204+025a 3.66 + 0.071 bc
1 0.82 £ 0.036 ab 202+0.16 ab 3.86 £ 0.015ab
Fast 2 0.86 £ 0.120 ab 20.3+0.14ab 3.85+0.178 ab
1 0.41+0.051c 200+0.25ab 3.36+£0.031¢
North 2 0.92+0.038a 19.5+£0.15b 423+0.100 a
West 0.80 + 0.044 ab 200+025ab 3.79+0.047b

% Mannose

Values are means + SD; values within a column not sharing a common letter are significantly different (Tukey-Kramer < 0.05.

Figure 2. Mannose content (%) and average pol-
len content of Echium plantagineum (%)

% Galactose

% Echium plantagineum
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len content of Eucalyptus sp. (%)

Figure 3. Galactose content (%) and average pol-

% Eucaliptus sp.
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)
)

3.4 Glyphosate content of residual admissible by the European Union (0.05

Glyphosate was detected in south and west regions mgfkg).

(Table 13). In the South, above the maximum limit

Table 12. Fructose (F), glucose (G), sucrose (S), galactose (Ga), isomaltulose (I) and mannose (M) content

(%) from different regions and harvest date

H

ar-

Region  ~°% F (%) G (%) S (%) Ga (%) I (%) M (%)
1 3582+098bc 29.76+127cd  0.8020.72b 004+008b 214+018a 0.81+0.28a
sout 2 3731+084ab 30.31£090bcd 0.08+007b 001£001b 203+019a 0.230.23b
1 3859+014a 33442502 060+£036b 005£044b 075+060c  0.02:+0.05bc
el 2 3902+£172a  3222+148ab 023+024b 001:003b 074:041c  0.01+0.01c
1 3767+£038c 3125+230abc 1.71+210b 0.14+033b 153+039b  0.01+001¢c
rort 2 3466+100c 2013+074bc 128+077b <001  226+016a  0.07 +0.09 be
West 3398+£276¢c  2864+169c 382+235a 247+213a 127£034b  0.04 £0.08bc

Values are means * SD; values within a column not sharing a common letter are significantly different (Tukey-Kramer < 0.05)

Table 13. Values of glyphosate by region, harvest and group

Region Harvest Group Samples Glyphosate ppm
South 1 1 1t05 0.022
South 1 2 61010 0.016
East 1 1 111015 n.d.
East 1 2 16t0 19 n.d.
North 1 1 20t0 24 n.d.
North 1 2 251029 n.d.
South 2 1 30to 34 0.070
South 2 2 34 t0 39 0.082
East 2 1* 40 to 46 n.d.
North 2 1 47 to 51 n.d.
North 2 2 52 to 56 n.d.
West 1 57 to 61 0.011
West 2 62 to 66 0.017

[ bold values higher than those established by European standards; n.d. Not detected; * Only 7 hive for sample

12

Agrociencia Uruguay 2022 26(1)



Cracco P, Cabrera C, Cadenazzi M, Galietta G, Moreni A, Santos E, Zaccari F

4. Discussion
4.1 Palynology and PCA

The great dispersion in different quadrants of west-
ern honeys can be botanically explained. In the west
we found 4 monofloral samples of Myrcianthes, 2 of
Parkinsonia aculeata, 1 of Trifolium pratense. The
remaining 3 are multifloral with different percent-
ages of different pollen. The differences in vegeta-
tion and the soils where these plant species are
found originate both groups of north honeys that
could explain the differences between North 1 and
2; Baccharis is found in shallow soils (North 1) while
Lithraea, Myrcianthes and Gleditsia in deep soils
(North 2).

The two southern honeys are close in the PCA and
present minor differences. The vegetation that orig-
inates is in the same soils but one is multifloral
honey (South 1), while the other is monofloral Lotus
honey (South 2). Some of the analyzed variables
have a great impact on the results (e.g., Ca and Mg
in East, Na in South 1). Species not previously cited
from Uruguay honeys were found, like Parkinsonia
aculeata, Tripodanthus acutifolius and Lithraea
brasiliensis('8)31), This would be explained by the
fact that samples were taken from different regions
of the country in different seasons. Unlike other
works(17)(18)(19)31)  this one collected honey from dif-
ferent parts of the country for a year and directly
from the hives. In addition, direct extraction from the
honeycomb ensures that different or lesser pollen
appears and is not diluted. These species generate
monofloral honeys, which marks the preference of
bees for them.

4.2 Moisture, pH and minerals

Values within world ranges were found for humidity,
pH and sugars. High conductivity values (> 0.8 mil-
liS / cm) were found for some honeys. These values
could indicate an extrafloral origin. However, alt-
hough some samples have HDE, the HDE/pollen ra-
tio is less than 3(23), In addition, the sum of fructose
plus glucose is greater than 60%, complying with
the European standard for floral honeys. In the re-
gion (Argentina) other works report honeys with
high conductivity, although they relate it to honey-
dews(2. The reported values correspond to other
studies from Uruguay(1")(*9), Also, high mineral con-
tent was found in the sum of the four minerals ana-
lyzed. Potassium is the dominant mineral as in other
honeys from Apis®7)(28) or from Meliponas(3).This
mineral exceeds the average of 742 mg / kg cited(@8),
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The soils of Uruguay present variable potassium
contents associated with the content of clays and
minerals that originate the soil34). Differences in Ca
values were found in the east more than in other re-
gions, higher than the average calcium found in Bra-
zil®, and in other countries of the world@. In Eu-
rope, only 4 values higher than the average for the
eastern region are reported@), Also in the east are
high values of Mg, although Mg is reported as a min-
eral with greater variation in its values(?. The soils
and waters of this region have high Ca and Mg con-
tents explained by geology(®). In the south, a higher
sodium content was observed on both dates, with-
out statistical differences. In contrast to the Ca, Na
would not be a mineral that allows discrimination
origin(®), but in Uruguay, proximity to the sea and
the absence of barriers to the sea winds could ex-
plain the values found in the south apiary. Sodium
could be considered a “pollutant’, which comes
through the air as heavy metals or pesticide mole-
cules), This could be valid for the entire coastal
region of the Rio de la Plata and the Atlantic Ocean.

4.3 Sugars

Sugar values are among the range reported in many
studies around the world®)38)9), In all honeys the
sum of F+G is more than 60%. This supports the
floral origin of the honeys despite the presence of
HDE. Eastern region shows higher fructose values
than the other regions, but within the world
ranges0“1), The relationship found between Man-
nose and Equium R2 = 0.64 in the south was not
found in the other group, where there is Equium pol-
len (North 2). This could be explained by the differ-
ent behavior of the species on different soils(9). In
the case of the relationship between Galactose and
Eucalyptus R? = 0.81, the Eucalyptus species level
should be reached to propose its use as a marker of
botanical origin. Both of them are introduced spe-
cies, Echium associated with crops and Eucalyptus
in commercial forestry. Indeed, both species could
not be associated with a specific region.

4.4 Glyphosate

The presence of glyphosate, even in protected ar-
eas, is explained by human activities. Agriculture in
the south and west appears to be responsible for
the pollution levels. Honey samples with Glycine
max, Lotus, Trifolium pratense and Trifolium repens
pollen are evidence of this intensive production of
forage and crops in the south. Also, the presence of
pollen from weeds associated with crops such as
Senecio, Cirsium, Echium and Ammi, that are
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controlled with glyphosate. The levels found in
South 2 would be explained by the accumulation of
applications during the summer in soybeans, and by
the killing of old pastures to implant winter crops.
Low levels below the maximum admissible were
also detected in the west protected area. Honey
samples with Lotus and Trifolium pratense pollen
are evidence of this intensive production of forage
and crops in the west. There were soybean crops in
the western region, the absence of pollen in the
samples is due to the harvest date prior to flowering.
A later harvest of summer honey could have a
higher accumulation of glyphosate. The protected
areas, with a limited surface, do not prevent bees
from going out of bounds and work in agricultural
areas. To avoid this problem, the location of the api-
aries inside the protected area is crucial. A right
management is necessary in this sense. It is inter-
esting to note that in east and north protected areas,
located near fields of pastoral animal production
(cattle and sheep) and forest activities, this contam-
inant was not detected.

5. Conclusions

Different honeys were found in different regions and
at different seasons. Values variables are between
the ranges reported in the world. However, the high
value of conductivity (> 0.8 mS/cm) is not explained
by the presence of honey dew. The high mineral
content of honeys must continue to be investigated
since it can be an element of the soils of Uruguay.
Different monofloral honeys of unreported species
were found. Calcium could be used as a marker for
the east region associated with soil type. In the
same way sodium could be a marker for the region
of the maritime coast but more honeys should be
studied. Mannose was associated with Echium
plantagineum in southern samples and could be
suggested as a botanic marker in this region. More
studies should be carried out to determine the spe-
cies of eucalyptus that correlates with galactose.
Further investigations are necessary in order to re-
late other sugars in honey with native species.
Honey production in protected areas is not enough
to ensure the absence of glyphosate.
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