
Food Research International 157 (2022) 111362

Available online 14 May 2022
0963-9969/© 2022 Elsevier Ltd. All rights reserved.

Quality assessment of Portuguese monofloral honeys. Physicochemical 
parameters as tools in botanical source differentiation 

Alexandra M. Machado a, Andreia Tomás b, Paulo Russo-Almeida c, Aida Duarte d, 
Marília Antunes e, Miguel Vilas-Boas b, M. Graça Miguel f, A. Cristina Figueiredo a,* 

a Centro de Estudos do Ambiente e do Mar (CESAM Lisboa), Faculdade de Ciências da Universidade de Lisboa, Centro de Biotecnologia Vegetal (CBV), DBV, C2, Piso 1, 
Campo Grande, 1749-016 Lisboa, Portugal 
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A B S T R A C T   

The quality evaluation and physicochemical parameters assessment of Portuguese monofloral honeys were 
performed. Fifty-one monofloral honeys were collected from several regions from mainland Portugal, and from 
the Azores islands, producer labelled as carob tree (n = 5), chestnut (n = 2), eucalyptus (n = 5), bell heather (n 
= 6), incense (n = 4), lavender (n = 8), orange (n = 9), rape (n = 2), raspberry (n = 2), rosemary (n = 1), 
sunflower (n = 3), and strawberry tree (n = 4). Pollen analysis and microbiological safety were evaluated, and 
the parameters such as colour index, moisture content, electrical conductivity, hydroxymethylfurfural, pH, free 
and total acidity, diastase activity, proline, and sugar profile were assessed for physicochemical characterization, 
in all 51 monofloral honeys. After melissopalynological examination, the honeys were either confirmed as 
monofloral, or classified as multifloral with predominance of a specific pollen type or multifloral. Microbiological 
analysis showed that honeys were safe for human consumption. Pairwise comparisons of physicochemical pa
rameters, using only honey types with n ≥ 3, revealed significant differences between honey types. Despite some 
homogeneity in sugar profile among honeys, eucalyptus honey was significantly different in glucose, maltose and 
maltulose content compared to incense, orange and sunflower honeys, and also exhibited a higher isomaltose 
amount compared to all analyzed honeys. Electrical conductivity, colour index, free and total acidity, and dia
stase activity showed significant differences between the analyzed honeys, indicating that these parameters may 
provide an additional tool in monofloral honey identification.   

1. Introduction 

Honey has been consumed since ancient times due to its nutritional 
and health benefits, being nowadays widely used in many areas of food 
and pharmaceutical industries (Soares et al., 2017; Karapetsas et al., 
2020). 

This product contains several carbohydrates, mainly fructose and 
glucose, and other minor constituents like proteins, enzymes, minerals, 
vitamins, volatiles, phenolic compounds such as flavonoids, and organic 

acids (da Silva et al., 2016; Hossain et al., 2021). Honey composition 
depends remarkably on the botanical source and/or geographic origin 
(Escuredo et al., 2014), which involves climatic conditions, soil 
composition, flora variety and the intensity of nectar flow. Other factors 
that might affect honey’s composition include beekeepers’ handling, 
packing procedure, time of and storage’s conditions (Thrasyvoulou 
et al., 2018). The quality of honey is mainly determined by sensorial, 
microbiological analysis and physicochemical parameters comprising 
moisture content, sugars content, electrical conductivity, diastase 

* Corresponding author. 
E-mail addresses: prusso@utad.pt (P. Russo-Almeida), marilia.antunes@ciencias.ulisboa.pt (M. Antunes), mvboas@ipb.pt (M. Vilas-Boas), mgmiguel@ualg.pt 

(M. Graça Miguel), acsf@fc.ul.pt (A. Cristina Figueiredo).  

Contents lists available at ScienceDirect 

Food Research International 

journal homepage: www.elsevier.com/locate/foodres 

https://doi.org/10.1016/j.foodres.2022.111362 
Received 28 January 2022; Received in revised form 4 May 2022; Accepted 10 May 2022   

mailto:prusso@utad.pt
mailto:marilia.antunes@ciencias.ulisboa.pt
mailto:mvboas@ipb.pt
mailto:mgmiguel@ualg.pt
mailto:acsf@fc.ul.pt
www.sciencedirect.com/science/journal/09639969
https://www.elsevier.com/locate/foodres
https://doi.org/10.1016/j.foodres.2022.111362
https://doi.org/10.1016/j.foodres.2022.111362
https://doi.org/10.1016/j.foodres.2022.111362
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodres.2022.111362&domain=pdf


Food Research International 157 (2022) 111362

2

activity (DA) or hydroxymethylfurfural (HMF) determination (Bogda
nov et al., 2002). Honey’s natural acidity, low protein content and high 
viscosity, contribute to decrease the amount of atmospheric oxygen 
penetration, causing a low probability of pathogen presence (Sinacori 
et al., 2014). However, honey is not a sterile product due to two main 
sources of contamination, with the first including pollen, nectar, 
digestive tracts of honeybees, dust, air, and soil, which are very difficult 
to control. Secondary sources comprising people’s honey manipulation, 
food handlers, cross-contamination, equipment and buildings, can be 
controlled applying good manufacturing practices (Finola et al., 2007). 

According to the European Union (EU) quality policy, and EU 
Database of Origin & Registration (DOOR, 2021), honeys from a specific 
region and following a traditional production process may be identified 
with the labels Protected Designation of Origin (PDO) or Protected 
Geographical Indication (PGI). Portugal has a great richness and di
versity of melliferous flora all over the country, including the Azores 
islands, which enables the production of several monofloral honeys, 
namely bell heather (Erica spp.), eucalyptus (Eucalyptus spp.), incense 
(Pittosporum undulatum), orange (Citrus spp.), lavender (Lavandula stoe
chas, L. pedunculata, L. luisieri) or viper’s bugloss (Echium spp.) honeys. 
Currently, Portugal is the country with the highest number of honeys 

registered in the EU (nine PDO honeys), followed by Spain (five PDO and 
one PGI honeys) and France (two PDO and three PGI honeys) (DOOR, 
2021). Monofloral honey, mainly produced from a single botanical 
source (generally at least 45% of the total pollen grains), in opposition to 
multifloral, is characterised by having highly distinguishing aromas, 
which could indicate the presence of specific volatile compounds 
(Soares et al., 2017). Traditionally, pollen analysis or mellisopalynology 
is the method used to achieve botanical source and geographic origin 
(Von der Ohe et al., 2004; Rodopoulou et al., 2021), remaining nowa
days as the reference method despite demanding a very experienced 
analyst. To overcome this requirement other approaches are applied to 
complement pollen examination, such as physicochemical analysis, 
chromatographic, spectroscopic or molecular methods (Soares et al., 
2017; Anjos et al., 2018). 

Considering the reduced number of studies on Portuguese mono
floral honeys (Mendes et al., 1998; Estevinho et al., 2012; Alves et al., 
2013; Tomás et al., 2017; Karabagias et al., 2018), the consumers 
growing interest in these honey types, the necessity of ensuring their 
quality and authenticity, and the social and economic relevance of this 
country product, it is highly important to gain further knowledge on 
them, to establish the value of Portuguese honeys in competing and 

Fig. 1. Identification of the mainland Portugal 
and Azores archipelago geographical origin, and 
number, of the studied honey samples (n = 51), 
identified according to monofloral honey type. 
Carob tree ( , n = 5), chestnut ( , n = 2), 
eucalyptus ( , n = 5), bell heather ( , n = 6), 
incense ( , n = 4), Lavender ( , n = 8), orange 
( , n = 9), rape ( , n = 2), raspberry ( , n = 2), 
rosemary ( , n = 1), sunflower ( , n = 3), 
strawberry tree ( , n = 4). (For interpretation of 
the references to colour in this figure legend, the 
reader is referred to the web version of this 
article.)   
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demanding markets. In view of this, and using fifty-one honeys of 
labelled monofloral honeys of carob tree (Ceratonia siliqua), chestnut 
(Castanea sativa), eucalyptus (Eucalyptus spp.), bell heather (Erica spp.), 
incense (Pittosporum undulatum), lavender (Lavender spp.), orange (Cit
rus spp.), rape (Brassica spp.), raspberry (Rubus spp.), rosemary (Ros
marinus officinalis), sunflower (Helianthus annuus), and strawberry tree 
(Arbutus unedo), the main purposes of the present study were: a) to 
contribute to the knowledge on monofloral honeys, regarding pollen 
analysis, microbiological safety, and physicochemical parameters 
(colour index, moisture content, electrical conductivity, hydrox
ymethylfurfural, pH, free and total acidity, diastase activity, proline, and 
sugar profile), and b) to assess which parameters contribute the most to 
the honey’s differentiation according to the botanical source. 

2. Material and methods 

2.1. Honey sampling 

Fifty-one honey glass containers representative of Portuguese mon
ofloral honey types were collected in several regions of the mainland 
Portugal (Minho, Trás-os-Montes e Alto Douro, Beira Baixa, Estrema
dura, Alto Alentejo, Baixo Alentejo, Alentejo Litoral and Algarve), and of 
the Azores islands (São Miguel and Pico) (Fig. 1). Most honeys were 
obtained from local producers, and the remaining from specialized 
shops, between 2015 and 2018. Monofloral honeys were codified based 
on their label botanical source: five of carob tree (Ct1-Ct5), two of 
chestnut (C1-C2), five of eucalyptus (E1-E5), six of bell heather (H1-H6), 
four of incense (I1-I4), eight of lavender (L1-L8), nine of orange (O1- 
O9), two of rape (R1-R2), two of raspberry (Rb1-Rb2), one of rosemary 
(Ros1), three of sunflower (Sf1-Sf3) and four of strawberry tree (St1-St4) 
(Fig. 1). 

From each honey glass container three independent samples were 
collected, and analyzed separately, in a total of 153 samples (Table 1). 
The honeys were stored in a cool, dry place until further assessment. All 
the honeys were subjected to pollen analysis to confirm their botanical 
source. 

2.2. Melissopalynological analysis 

Qualitative pollen analysis was performed according to the acetolytic 
method as described by Louveaux et al. (1978). The pollen was exam
ined using an optic microscope (Nikon Microphot - FXA) at 40x and 
100x. Pollen grains were grouped into pollen types, with similar 
morphology, normally being produced from plants of the same genus. 
For an estimation of the relative frequencies of pollen types, a minimum 

of 600 pollen grains were counted per sample. 
The relative frequency, expressed as a percentage of the dominant 

identified pollen type was considered for classification of the honeys in 
monofloral or multifloral, according to their botanical source. Honey’s 
obtained from eucalyptus, bell heather, lavender, orange, rape, rose
mary, sunflower and strawberry tree were classified according to Von 
der Ohe et al. (2004), of chestnut as mentioned in Perez-de-Zabalza 
(1992), carob tree and raspberry honey’s botanical source were estab
lished according to dominant pollen type (≥45%). Azores’ incense 
honey was classified according to the Commission Delegated Regulation 
(EU) PDO-PT-0268-AM01 (2019). 

2.3. Microbiological quality 

The microbiological quality assessment of the fifty-one honeys fol
lowed national and international standards, namely NP 4405:2002 for 
aerobic mesophilic bacteria, ISO 21527–2:2008 for yeasts and moulds, 
ISO 21528–2:2017 for Enterobacteriaceae and ISO 15213:2003 for 
sulphite-reducing Clostridium spp. Detection of Escherichia coli strain was 
also included in the tests, following the Portuguese Pharmacopoeia 
(Farmacopeia Portuguesa 9, 2008). Briefly, ten grams of each sample 
were transferred to 90 mL of peptone water and homogenized. Decimal 
dilutions were prepared using the same diluent. Microbial counts were 
expressed in Log10 colony-forming units (CFU)/g. The microbiological 
determinations were done in duplicate. 

2.4. Physicochemical determinations 

The colour index, moisture, electrical conductivity, HMF content, 
pH, free and total acidity, DA, and proline content were analyzed using 
the procedures recommended by the International Honey Commission 
(Bogdanov et al., 2002). All the determinations were performed in 
triplicate for each sample. Colour index was determined in a C221 
colorimeter (Hanna Instruments, Woonsocket, RI, USA), moisture con
tent was determined using a hand refractometer (Digit-5890, Ref: 
8100.5890), electrical conductivity was measured with a calibrated 
Consort C868 conductivity meter (Hanna Instruments, Woonsocket, RI, 
USA), pH, free and total acidity measurements were performed using a 
HI902 potentiometer titrator (Hanna instruments, pH 211 micropro
cessor pH meters), and absorbance measures of DA and HMF and proline 
content were performed using a UV/Vis spectrophotometer (Specord 
200 spectrophotometer, Analytikjena, Jena, Germany). 

Sugar composition was analyzed by high performance liquid chro
matography coupled with a refractive index detector (HPLC-RI) ac
cording to Tomás et al. (2017). HPLC-RI was performed on an integrated 

Table 1 
Number of glass containers per honey type, number of samples analyzed per honey type for physicochemical parameters evaluation and number of glass containers per 
honey type used in statistical analysis.  

Analyzed honey 
types 

Number of glass containers from different producers 
per honey type 

Number of samples per honey type for PP 
evaluation 

Number of glass containers per honey type for 
statistical analysis 

Carob tree 5 15 3 
Chestnut 2 6 NA 
Eucalyptus 5 15 3 
Bell heather 6 18 4 
Incense 4 12 4 
Lavender 8 24 5 
Orange 9 27 6 
Rape 2 6 NA 
Raspberry 2 6 NA 
Rosemary 1 3 NA 
Sunflower 3 9 3 
Strawberry tree 4 12 3  

Total 51 153 31 

PP: Physicochemical parameters. NA: Not applicable. 
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Knauer system with pump (Smartline 1000), with a degasser (Smartline 
5000), a UV detector (Knauer Smartline 2300) and an autosampler 
(Jasco, AS-2057). Data acquisition and remote control of the HPLC 
system was done by Clarity Chrom software (Knauer, Berlin, Germany). 
The sugar profile was obtained by comparing the retention time of 
samples and the standard individual sugar solutions. Using standard 
samples of known composition and concentration, calibration curves 
were determined, as follows: fructose (3.1–60.0 mg/mL, y =

1.6767x – 0.0552, R2 = 0.999), glucose (2.3–45.0 mg/mL, y =

1.5283x – 0.2337, R2 = 0.999), isomaltose (0.4–6.9 mg/mL, y =
0.6013x + 0.0993, R2 = 0.999), maltose (0.2–4.5 mg/mL, y = 1.1554x 
+ 0.0555, R2 = 0.993), maltulose (0.2–4.5 mg/mL, y = 1.3132x +
0.012, R2 = 0.998), melibiose (0.5–4.5 mg/mL, y = 0.8321x - 0.1062, 
R2 = 0.998), sucrose (0.8–15 mg/mL, y = 1.678x - 0.0489, R2 = 0.999), 
trehalose (0.2–4.5 mg/mL, y = 1.6215x - 0.0141, R2 = 0.998), turanose 
(0.2–2.8 mg/mL; y = 1.4418x - 0.1113, R2 = 0.999), erlose (0.1–1.7 
mg/mL, y = 0.6721x + 0.094, R2 = 0.996), melezitose (0.5–4.5 mg/mL, 
y = 1.42x - 0.013, R2 = 0.999) and raffinose (0.5–4.5 mg/mL, y =
1.3844x - 0.1626, R2 = 0.999). The assay was performed in triplicate for 
each honey glass container and the results were expressed as g / 100 g of 
honey, dry mass. 

2.5. Statistical analysis 

To deal with the presence of repeated measures in the evaluation of 
the effects of botanical source on the physicochemical parameters, linear 
regression models were estimated using generalized estimation equa
tions (GEE), assuming Gaussian distribution of the parameters under 
evaluation. Statistical analyses were performed in R (Version 4.0.2) and 
RStudio (Version 1.3.1093) environments. Package gee (Generalized 
Estimation Equation Solver, 2012) was used to estimate the models. Post 
hoc analysis following model’s estimation consisted in pairwise com
parisons to identify significant differences between honeys from 
different botanical source. In these procedures family wise type I error 
was controlled using Bonferroni’s correction. The statistical comparison 
between honey types has been conducted with monofloral honeys and 
with predominance of a specific pollen type honeys, after pollen anal
ysis, with three or more glass containers from different producers per 
honey type, according to botanical source. Differences with p < 0.05 
were considered statistically significant. 

3. Results and discussion 

3.1. Pollen analysis 

Before assessing the physicochemical parameters, pollen analysis 
(PA) was performed on all fifty-one honeys to ascertain the correspon
dence between the monofloral honey label and the frequency of the most 
abundant pollen type(s), represented in Table 2 and Fig. 2. 

Overall, and depending on the honey type, 53% of the total analyzed 
honeys confirmed the monofloral honey label, after melissopalyno
logical analysis (Fig. 2). Melissopalynological analysis enabled the 
identification of three main groups of honeys, one of which with sub
groups: a) honeys whose pollen analysis confirmed the monofloral label 
type, b) honeys whose percentage of the dominant pollen type was not 
enough to classify them as monofloral, therefore being considered 
multifloral, b1) honeys whose percentage of the dominant pollen was 
close to the minimum limit to be monofloral (7–30%, being this last 
value linked to eucalyptus honey), were considered multifloral with 
predominance of a specific pollen type and c) honey whose botanical 
source was reassigned, as pollen analysis showed a predominance of a 
pollen type different to that indicated in the label. The honeys that 
matched the monofloral honey label, were marked in bold in Table 2. 
Monofloral honeys whose pollen analysis showed values below the ex
pected standard were further treated as multifloral, or multifloral with 
predominance of a specific pollen type (Table 2). 

Ceratonia siliqua pollen (Fig. 2) frequency in labelled carob tree 
honeys varied between 28 and 75%. The minimum percentage of 
Ceratonia siliqua pollen required to classify a honey as carob tree mon
ofloral honey is not yet officially established, so this study considered 
45% as the minimum limit, as described by Terrab et al. (2003) for 
Moroccan honeys. Nevertheless, Ferrauto & Pavone (2013), considered 
15% enough to classify similar type Sicilian honeys as monofloral. 

The pollen content in chestnut honeys (Fig. 2) showed a frequency of 
Castanea sativa pollen type of 31% and 80% for C1 and C2 honeys 
respectively. Nevertheless, only sample C2 may be considered as 
chestnut monofloral honey, based on chestnut pollen frequency reported 
by Perez-de-Zabalza (1992) 77%, and Escuredo et al. (2014) 78%, for 
this type of honey. 

The five analyzed eucalyptus honeys showed a wide variation in 
Eucalyptus spp. pollen frequency (8–88%). Using the criteria of Von der 
Ohe et al. (2004), of > 83% of Eucalyptus ssp. pollen to classify as 
monofloral, only sample E3 with 88% of this pollen type, matched the 
criteria (Fig. 2). However, other authors classify as monofloral if the 
dominant pollen reaches 70% (Feás et al., 2010). Castanea spp. and 
Eucalyptus spp. pollen grains are strongly over-represented in the pollen 
spectra in chestnut and eucalyptus honeys (Oddo and Piro, 2004; Von 
der Ohe et al., 2004). 

The frequency of Erica spp. pollen in bell heather honeys, ranged 
between 8 and 52% and only H2 and H4 could be considered as mon
ofloral honeys, again using the criteria of pollen frequency (>45%) 
defined by Von der Ohe et al. (2004). These results are in accordance 
with the common representativeness of Erica spp. pollen in bell heather 
honeys, though some authors refer 45% as too high, being hardly 
reached due to the morphology of Erica’s pollen grains as well to its 
dispersion in tetrads (Escuredo et al., 2014). 

Incense honey classified as PDO is only produced in the Azores 
islands (Fig. 1), thus studies related with this honey type remain scarce. 
According to the Commission Delegated Regulation (EU) PDO-PT-0268- 
AM01 (2019) Pittosporum undulatum pollen grains (Fig. 2) should reach 
at least 30% in incense honey. In this study, all four honeys fitted in 
these criteria showing a Pittosporum undulatum pollen frequency of 
34–51%. 

Lavender honey, like strawberry tree or citrus honeys, contains 
under-represented pollen grains and the botanical classification must be 
achieved with a lower pollen frequency (15%). In this study the fre
quency of Lavandula spp. pollen ranged between 5 and 43% (Fig. 2). 

Citrus spp. pollen type in orange honeys ranged from 1 to 81% 
(Fig. 2). Similar high pollen frequency values, 1–88%, were reported in 
Spanish orange honeys (Juan-Borrás et al., 2015). Citrus spp. pollen is 
another under-represented pollen in honeys, and in this study 10% was 
the minimum limit to ascertain the botanical source of orange honey. 
The range of pollen values sometimes found is dependent on the 
different Citrus species and cultivars (Oddo and Piro, 2004). 

The two honeys labelled as rape honey showed a Brassica spp. pollen 
range from 28 to 45%. According to Von der Ohe et al. (2004), Brassica 
spp. pollen should be ≥ 60% to label rape honey as monofloral, thus the 
analyzed rape honeys were classified as multifloral, despite other au
thors considering a lower limit value of 45% to classify this honey as 
monofloral (Pauliuc et al., 2020). 

Only raspberry honey Rb2 was considered monofloral using Von der 
Ohe et al. (2004) criteria of presence of ≥ 53% of Rubus spp. pollen. This 
pollen type is also characteristic of blackberry honey, also produced in 
Portugal. 

Rosemary honey sample Ros1 was not considered monofloral since it 
only contained 1% of Rosmarinus officinalis pollen type, unfulfilling the 
minimum of 10% required according to Louveaux et al. (1978). 

The three sunflower honeys analyzed, showed Helianthus annuus 
pollen ranging 13–58%, reaching the minimum of 12% to be considered 
as monofloral according to Von der Ohe et al. (2004) (Fig. 2). 

Arbutus unedo pollen type (Fig. 2) is usually under-represented in 
strawberry tree honey with a frequency range of 8–20% (Von der Ohe 
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Table 2 
Physicochemical parameters (colour, moisture, electrical conductivity, HMF content, pH, free acidity, total acidity, DA, and proline) of monofloral and multifloral honeys or with predominance of a specific pollen type 
according to botanical source after melissopalynological analysis.  

AH PA (%) Botanical Source Electrical conductivity  
(mS/cm) 

Colour  
(mm Pfund) 

Moisture (%) HMF  
(mg/kg) 

pH Free acidity (meq/kg) Total acidity (meq/kg) DA  
(schade number) 

Proline (mg/g) 

Carob tree 
Ct1 75 C. siliqua 0.6 ± 0.0 106 ± 1 14.8 ± 0.0 27.0 ± 3.0 4.1 ± 0.1 25.1 ± 0.1 38.3 ± 0.2 23.2 ± 0.7 1.8 ± 0.6 
Ct2 28 Multifloral 0.4 ± 0.0 150 ± 0 15.5 ± 0.0 31.1 ± 6.3 3.7 ± 0.0 19.8 ± 0.2 36.0 ± 0.4 14.0 ± 0.5 1.4 ± 0.2 
Ct3 49 C. siliqua 0.7 ± 0.0 107 ± 1 15.1 ± 0.1 34.5 ± 1.8 4.4 ± 0.0 20.8 ± 0.2 31.9 ± 0.2 17.9 ± 1.3 1.8 ± 0.5 
Ct4 63 C. siliqua 0.6 ± 0.0 118 ± 2 16.1 ± 0.1 33.8 ± 1.2 4.1 ± 0.0 24.6 ± 0.4 38.1 ± 0.2 16.7 ± 0.4 1.5 ± 0.1 
Ct5 30 Multifloral 1.1 ± 0.0 147 ± 3 16.8 ± 0.0 6.7 ± 1.3 4.6 ± 0.0 29.8 ± 0.7 43.4 ± 0.8 18.1 ± 0.2 1.2 ± 0.1  

Chestnut 
C1 31 Multifloral 0.4 ± 0.0 83 ± 2 15.2 ± 0.0 11.9 ± 0.4 4.2 ± 0.2 19.8 ± 0.2 36.5 ± 0.4 27.5 ± 1.2 2.2 ± 0.2 
C2 80 Castanea sativa 0.8 ± 0.0 147 ± 1 16.2 ± 0.0 5.8 ± 0.4 4.4 ± 0.0 11.7 ± 0.2 24.1 ± 0.5 11.6 ± 0.4 0.9 ± 0.1  

Eucalyptus 
E1 68 Multifloral*1 0.4 ± 0.0 104 ± 0 16.2 ± 0.1 18.1 ± 1.0 4.0 ± 0.0 14.7 ± 0.2 28.5 ± 0.3 5.4 ± 0.4 0.5 ± 0.1 
E2 56 Multifloral*1 0.5 ± 0.0 113 ± 1 15.3 ± 0.1 27.7 ± 5.7 4.1 ± 0.1 16.9 ± 0.4 34.1 ± 0.3 9.1 ± 0.1 1.1 ± 0.1 
E3 88 Eucalyptus spp. 0.4 ± 0.0 75 ± 1 16.3 ± 0.0 35.3 ± 3.5 4.0 ± 0.0 17.2 ± 0.3 30.3 ± 0.2 14.1 ± 0.4 1.2 ± 0.1 
E4 45 Multifloral 0.3 ± 0.0 85 ± 1 16.0 ± 0.0 15.1 ± 0.6 3.8 ± 0.1 16.1 ± 0.3 31.5 ± 0.3 5.7 ± 0.4 0.9 ± 0.1 
E5 8 Multifloral 0.4 ± 0.0 85 ± 2 16.0 ± 0.0 59.1 ± 5.1 3.7 ± 0.0 22.2 ± 0.0 41.3 ± 0.2 11.0 ± 0.4 1.3 ± 0.1  

Bell heather 
H1 36 Multifloral*2 0.5 ± 0.0 134 ± 1 16.5 ± 0.1 32.0 ± 5.6 4.1 ± 0.0 23.4 ± 0.5 38.0 ± 0.7 9.2 ± 0.4 0.7 ± 0.1 
H2 46 Erica spp. 0.7 ± 0.0 150 ± 0 16.0 ± 0.0 2.4 ± 0.6 4.2 ± 0.0 27.7 ± 0.4 45.3 ± 0.2 11.2 ± 2.0 2.1 ± 0.4 
H3 42 Multifloral*2 0.6 ± 0.0 138 ± 1 16.1 ± 0.1 35.0 ± 6.4 4.0 ± 0.1 23.6 ± 0.3 39.4 ± 0.4 9.5 ± 0.3 1.4 ± 0.2 
H4 52 Erica spp. 0.5 ± 0.0 150 ± 0 16.2 ± 0.0 44.9 ± 8.8 3.9 ± 0.0 23.5 ± 0.2 41.2 ± 0.3 9.9 ± 1.0 0.7 ± 0.1 
H5 19 Multifloral 0.5 ± 0.0 150 ± 0 16.8 ± 0.0 43.3 ± 3.7 3.9 ± 0.0 27.1 ± 0.0 47.3 ± 0.1 9.8 ± 0.6 1.3 ± 0.3 
H6 8% Multifloral 0.5 ± 0.0 150 ± 0 16.1 ± 0.0 21.1 ± 11.0 4.3 ± 0.0 22.8 ± 1.5 38.3 ± 1.5 9.1 ± 0.5 1.1 ± 0.1  

Incense 
I1 51 P. undulatum 0.2 ± 0.0 45 ± 1 15.7 ± 0.0 20.6 ± 1.3 3.7 ± 0.0 7.5 ± 0.1 15.8 ± 0.2 1.3 ± 0.2 0.4 ± 0.0 
I2 47 P. undulatum 0.3 ± 0.0 80 ± 1 15.8 ± 0.0 83.1 ± 8.5 3.6 ± 0.1 11.6 ± 0.2 23.7 ± 0.5 1.1 ± 0.2 0.5 ± 0.1 
I3 34 P. undulatum 0.2 ± 0.0 40 ± 5 15.0 ± 0.0 31.8 ± 0.3 3.9 ± 0.0 8.5 ± 0.1 17.2 ± 0.1 4.3 ± 0.2 0.2 ± 0.1 
I4 40 P. undulatum 0.2 ± 0.0 71 ± 2 15.9 ± 0.0 31.9 ± 2.6 4.0 ± 0.0 7.8 ± 0.2 18.1 ± 0.3 1.5 ± 0.7 0.4 ± 0.1  

Lavender 
L1 43 Lavender spp. 0.1 ± 0.0 32 ± 1 15.5 ± 0.0 20.9 ± 0.3 3.6 ± 0.0 14.1 ± 0.0 27.8 ± 0.2 5.2 ± 1.0 0.7 ± 0.0 
L2 12 Multifloral*3 0.2 ± 0.0 32 ± 1 15.3 ± 0.0 12.5 ± 1.0 3.5 ± 0.1 14.8 ± 0.4 26.3 ± 0.5 11.2 ± 0.7 0.6 ± 0.1 
L3 36 Lavender spp. 0.1 ± 0.0 30 ± 1 15.7 ± 0.0 8.1 ± 2.5 3.4 ± 0.0 13.8 ± 0.2 26.8 ± 0.2 5.1 ± 0.9 0.5 ± 0.1 
L4 14 Multifloral*3 0.1 ± 0.0 54 ± 2 14.2 ± 0.0 48.3 ± 1.3 3.4 ± 0.1 10.2 ± 0.3 21.8 ± 0.3 2.9 ± 0.7 0.4 ± 0.0 
L5 35 Lavender spp. 0.2 ± 0.0 66 ± 3 14.8 ± 0.0 67.0 ± 5.3 3.8 ± 0.0 14.7 ± 0.2 28.7 ± 0.1 1.4 ± 0.3 0.6 ± 0.1 
L6 8 Multifloral 0.1 ± 0.0 42 ± 3 14.2 ± 0.0 19.1 ± 6.9 3.6 ± 0.0 9.4 ± 0.4 20.7 ± 0.8 2.5 ± 0.0 0.5 ± 0.1 
L7 5 Multifloral 0.1 ± 0.0 34 ± 1 15.8 ± 0.01 15.4 ± 0.6 3.6 ± 0.1 12.7 ± 0.2 24.8 ± 0.2 4.7 ± 0.5 0.5 ± 0.1 
L8 4 Echium spp. 0.1 ± 0.0 26 ± 1 15.3 ± 0.0 8.6 ± 0.1 3.2 ± 0.0 11.8 ± 0.1 21.8 ± 0.3 8.4 ± 0.3 0.4 ± 0.0  

Orange 
O1 3 Multifloral 0.2 ± 0.0 72 ± 0 15.0 ± 0.0 61.1 ± 12.5 3.5 ± 0.0 17.1 ± 0.4 34.4 ± 0.2 2.6 ± 0.2 0.5 ± 0.1 
O2 23 Citrus spp. 0.1 ± 0.0 43 ± 1 15.8 ± 0.0 35.1 ± 4.5 3.7 ± 0.0 12.2 ± 0.0 23.3 ± 0.2 3.3 ± 0.2 0.4 ± 0.0 
O3 1 Multifloral*4 0.1 ± 0.0 48 ± 1 16.0 ± 0.0 15.4 ± 3.0 3.4 ± 0.2 14.6 ± 0.2 26.8 ± 0.3 8.6 ± 0.1 0.6 ± 0.1 
O4 54 Citrus spp. 0.2 ± 0.0 78 ± 1 15.1 ± 0.0 22.0 ± 4.6 3.6 ± 0.0 14.3 ± 0.5 28.9 ± 1.0 3.4 ± 0.1 0.4 ± 0.2 
O5 81 Citrus spp. 0.2 ± 0.0 42 ± 1 15.1 ± 0.0 26.4 ± 2.0 3.6 ± 0.1 13.6 ± 0.6 28.8 ± 0.5 3.0 ± 0.2 0.4 ± 0.0 
O6 8 Multifloral 0.3 ± 0.0 63 ± 2 16.5 ± 0.0 60.2 ± 4.3 3.3 ± 0.0 26.0 ± 0.0 48.1 ± 0.0 5.1 ± 0.5 0.6 ± 0.2 

(continued on next page) 
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Table 2 (continued ) 

AH PA (%) Botanical Source Electrical conductivity  
(mS/cm) 

Colour  
(mm Pfund) 

Moisture (%) HMF  
(mg/kg) 

pH Free acidity (meq/kg) Total acidity (meq/kg) DA  
(schade number) 

Proline (mg/g) 

O7 57 Citrus spp. 0.1 ± 0.0 31 ± 1 15.9 ± 0.0 26.9 ± 1.3 3.6 ± 0.0 12.2 ± 0.1 24.3 ± 0.4 4.7 ± 0.1 0.6 ± 0.1 
O8 15 Citrus spp. 0.2 ± 0.0 42 ± 2 16.0 ± 0.0 18.8 ± 0.4 3.5 ± 0.0 15.7 ± 0.1 29.2 ± 0.1 8.9 ± 0.4 0.2 ± 0.0 
O9 35 Citrus spp. 0.1 ± 0.0 36 ± 2 14.5 ± 0.0 38.0 ± 1.5 3.7 ± 0.0 13.3 ± 0.0 25.9 ± 0.1 3.0 ± 0.1 0.4 ± 0.1  

Rape 
R1 28 Multifloral 0.1 ± 0.0 70 ± 1 17.4 ± 0.0 21.1 ± 0.9 3.5 ± 0.0 10.4 ± 0.1 21.0 ± 0.1 13.8 ± 2.0 0.3 ± 0.0 
R2 45 Multifloral*5 0.1 ± 0.0 37 ± 3 18.6 ± 0.0 22.2 ± 0.2 3.2 ± 0.0 14.8 ± 0.1 27.2 ± 0.1 15.8 ± 0.5 0.4 ± 0.0  

Raspberry 
Rb1 19 Multifloral 0.2 ± 0.0 32 ± 1 16.6 ± 0.0 15.2 ± 0.3 3.6 ± 0.0 13.9 ± 0.1 24.0 ± 0.1 10.9 ± 2.3 0.5 ± 0.0 
Rb2 53 Rubus spp. 0.3 ± 0.0 33 ± 1 16.9 ± 0.0 28.6 ± 0.3 3.3 ± 0.0 24.7 ± 0.1 45.8 ± 0.3 15.6 ± 0.3 0.9 ± 0.1  

Rosemary 
Ros1 1 Multifloral 0.5 ± 0.0 84 ± 0 16.1 ± 0.0 4.6 ± 4.2 4.1 ± 0.0 23.5 ± 0.2 35.0 ± 0.3 19.2 ± 0.5 1.3 ± 0.5  

Sunflower 
Sf1 13 H. annuus 0.3 ± 0.0 66 ± 1 16.1 ± 0.0 22.5 ± 3.4 3.4 ± 0.1 18.8 ± 0.2 35.0 ± 0.8 15.1 ± 0.7 0.9 ± 0.2 
Sf2 15 H. annuus 0.4 ± 0.0 80 ± 2 16.4 ± 0.0 17.1 ± 3.0 3.6 ± 0.0 21.4 ± 0.1 38.6 ± 0.2 15.4 ± 0.4 1.3 ± 0.3 
Sf3 58 H. annuus 0.3 ± 0.0 60 ± 2 15.5 ± 0.0 7.9 ± 4.9 3.6 ± 0.0 17.6 ± 0.3 32.3 ± 0.3 18.0 ± 0.8 1.0 ± 0.1  

Strawberry tree 
St1 29 A. unedo 0.6 ± 0.0 150 ± 0 15.8 ± 0.0 29.1 ± 0.4 4.2 ± 0.0 14.7 ± 0.1 34.9 ± 0.3 0.1 ± 0.1 0.2 ± 0.0 
St2 13 A. unedo 0.7 ± 0.0 115 ± 4 18.0 ± 0.0 31.2 ± 9.7 4.4 ± 0.0 17.5 ± 0.2 33.2 ± 0.4 0.2 ± 0.1 0.6 ± 0.0 
St3 5 Multifloral 0.7 ± 0.0 101 ± 2 17.3 ± 0.0 28.8 ± 5.9 4.4 ± 0.0 19.3 ± 0.2 40.0 ± 0.2 4.4 ± 0.2 0.7 ± 0.1 
St4 20 A. unedo 0.6 ± 0.0 107 ± 3 16.9 ± 0.0 2.8 ± 0.6 4.1 ± 0.1 22.5 ± 0.2 42.0 ± 0.2 10.7 ± 0.5 1.6 ± 0.0 

AH: Analyzed honeys. PA: Pollen analysis. Each value is the mean ± standard deviation, n = 3. DA: Diastase activity. Ct: Carob tree. C: Chestnut. E: Eucalyptus. H: Bell heather. I: Incense. L: Lavender. O: Orange. R: Rape. 
Rb: Raspberry. Ros: Rosemary. Sf: Sunflower. St: Strawberry tree. *1: Predominance of Eucalyptus spp. pollen. *2: Predominance of Erica spp. pollen. *3: Predominance of Lavandula spp. pollen. *4: Predominance of Echium 
spp. pollen *5: Predominance of Brassica spp. pollen. 
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et al., 2004). In the four studied honeys, Arbutus unedo pollen varied 
between 5 and 29%. 

Although not labelled as viper’s bugloss honey, the honeys labelled 
as lavender (L8), orange (O3) and rosemary (Ros1) honeys showed a 
percentage of Echium spp. pollen above 45%. Arroyo et al. (2017) sug
gested a minimum of 70% of Echium spp. pollen to consider this honey 
monofloral, thereby only L8 sample with 83% of this pollen type fitted 
this classification. Sample O3 was considered as multifloral with pre
dominance of Echium spp. pollen type (61%), and Ros1 was classified as 
multifloral with 49% of this pollen. 

3.1.1. Honey’s classification regarding pollen type 
As stated above, only some honeys confirmed monofloral labelling, 

after melissopalynological analysis. Overall these were grouped as fol
lows: a) twenty seven confirmed monofloral label (53% of total honeys), 
specifically three of carob tree (Ct1, Ct3, Ct4), one of chestnut (C2), one 
of eucalyptus (E3), two of bell heather (H2, H4), four of incense (I1-I4), 
three of lavender (L1, L3, L5), six of orange (O2, O4, O5, O7, O8, O9), 
one of raspberry (Rb2), three of sunflower (Sf1-Sf3) and three of 
strawberry tree (St1, St2, St4), b) fifteen honeys were classified as 
multifloral label (29% of total honeys), namely, Ct2, Ct5, C1, E4, E5, H5, 
H6, L6, L7, O1, O6, R1, Rb1, Ros1, St3, b1) eight honeys were consid
ered multifloral with predominance of a specific pollen type (16% of 
total honeys), specifically two with Eucalyptus spp. pollen (E1, E2), two 
with Erica spp. pollen (H1, H3), two with Lavandula spp. pollen (L2, L4), 
one with Echium spp. pollen (O3) and one with Brassica spp. pollen (R2), 
and c) L8 sample was reassigned as monofloral (2% of total honeys), 

being classified as viper’s bugloss (Echium spp.) honey. 

3.2. Microbiological quality 

The studied honeys showed microbiological quality within the 
acceptance criteria for aerobic mesophilic bacteria, <103 CFU/g, and 
also for yeasts and moulds, <102 CFU/g. Low values of these microor
ganisms are indicative of an appropriate management of apiaries. These 
results are similar to those reported by Estevinho et al. (2012) for Por
tuguese honey collected in Trás-os-Montes region. Enterobacteriaceae 
were absent in all honeys (<10 CFU/g) including E. coli isolates after 
inoculation into enrichment broth medium. The absence of faecal co
liforms are indicators of good sanitary quality. In this study one honey 
sample was contaminated with the sulphite-reducing Clostridium spp. 
The detection of sporulate bacteria in honey suggests contamination or 
environmental pollution, as these bacteria are ubiquitous in the farming 
environment, being the soil the main responsible in addition to dust, 
equipment and buildings. The presence of spores of this Gram positive 
bacteria in honey is the responsible for infant botulism (Finola et al., 
2007). European Union legislation still lacks specifications concerning 
microbial contamination or hygiene of honey, being urgent to establish 
honey microbiological quality standards. In general, the analyzed hon
eys in this work showed very good microbiological quality, revealing to 
be safe products for human consumption. 

Fig. 2. Representative botanical species pollen 
types present in honeys of carob tree A. Ceratonia 
siliqua (polar view), chestnut B. Castanea sativa 
(equatorial view), eucalyptus C. Eucalyptus spp. 
(polar view), viper’s bugloss D. Echium spp. 
(equatorial view), bell heather E. Erica spp. (polar 
view), incense F. Pittosporum undulatum (equato
rial view), Lavender G. Lavandula spp. (polar 
view), orange H. Citrus spp. (polar view), rape I. 
Brassica spp. (polar view), raspberry J. Rubus spp. 
(polar view), sunflower K. Helianthus annuus 
(polar view), and strawberry tree L. Arbutus unedo 
(polar view). (For interpretation of the references 
to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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Table 3 
Main mono-, di- and trisaccharides (%) of monofloral and multifloral honeys or with predominance of a specific pollen type according to botanical source after 
melissopalynological analysis.  

AH FT GL ISM MTS MTL MBS SCR TRL TRN ERL MZT RFS FT + GL 

Carob tree 
Ct1 39.5 ± 0.3 21.6 ± 0.8 1.4 ± 0.2 0.8 ± 0.2 0.9 ± 0.2 n.d. 0.9 ± 0.3 2.0 ± 0.2 1.4 ± 0.5 n.d. n.d. n.d.  61.1 
Ct2 36.1 ± 1.7 25.4 ± 1.4 0.7 ± 0.4 1.5 ± 0.6 0.2 ± 0.1 n.d. n.d. 1.2 ± 0.5 1.8 ± 0.2 n.d. n.d. n.d.  61.5 
Ct3 41.8 ± 8.4 33.3 ± 6.8 2.5 ± 0.9 1.0 ± 0.2 2.6 ± 0.6 n.d. n.d. 0.6 ± 0.1 1.9 ± 0.5 n.d. 3.8 ± 0.2 n.d.  75.1 
Ct4 42.8 ± 6.6 35.2 ± 5.7 1.9 ± 0.2 0.4 ± 0.0 1.9 ± 0.4 n.d. n.d. 1.0 ± 0.0 1.6 ± 0.1 n.d. n.d. n.d.  78.0 
Ct5 45.7 ± 4.7 22.9 ± 2.5 n.d. 0.9 ± 0.5 1.0 ± 0.3 n.d. 0.8 ± 0.1 1.6 ± 0.6 1.9 ± 0.2 n.d. n.d. n.d.  68.6  

Chestnut 
C1 37.6 ± 5.0 29.6 ± 4.0 3.1 ± 0.5 3.9 ± 0.5 n.d. n.d. n.d. 1.4 ± 0.0 2.0 ± 0.3 n.d. n.d. n.d.  67.2 
C2 47.5 ± 8.5 21.4 ± 1.9 6.7 ± 0.5 n.d. 5.2 ± 0.7 n.d. n.d. n.d. 1.9 ± 0.4 n.d. n.d. n.d.  69.0  

Eucalyptus 
E1*1 48.8 ± 7.1 21.1 ± 2.9 6.1 ± 0.3 n.d. 5.0 ± 0.2 n.d. n.d. 1.1 ± 0.3 2.4 ± 0.2 n.d. n.d. n.d.  69.1 
E2*1 50.7 ± 5.1 22.4 ± 2.0 4.7 ± 0.4 n.d. 4.4 ± 0.5 n.d. n.d. 2.5 ± 0.1 1.9 ± 0.2 n.d. n.d. n.d.  73.1 
E3 37.2 ± 5.0 26.7 ± 3.4 3.4 ± 1.2 n.d. 3.5 ± 0.9 n.d. n.d. 0.5 ± 0.2 1.8 ± 0.3 n.d. n.d. n.d.  63.9 
E4 37.0 ± 0.9 29.9 ± 0.7 0.9 ± 0.2 3.2 ± 0.1 2.1 ± 0.1 n.d. n.d. 1.7 ± 0.1 1.8 ± 0.1 n.d. n.d. n.d.  66.9 
E5 47.3 ± 1.6 27.7 ± 0.7 1.8 ± 0.2 1.2 ± 0.1 1.5 ± 0.1 n.d. n.d. 1.0 ± 0.0 1.3 ± 0.1 0.2 ± 0.1 n.d. n.d.  75.0  

Bell heather 
H1*2 40.2 ± 3.5 30.1 ± 2.9 0.8 ± 0.1 0.4 ± 0.5 1.2 ± 0.3 n.d. n.d. 1.0 ± 0.2 1.4 ± 0.0 n.d. n.d. n.d.  70.3 
H2 35.0 ± 0.5 27.8 ± 0.3 2.3 ± 0.5 2.1 ± 0.7 4.4 ± 1.4 n.d. n.d. 1.4 ± 0.0 2.1 ± 0.4 n.d. n.d. n.d.  62.8 
H3*2 35.8 ± 1.1 28.2 ± 0.9 1.6 ± 0.2 1.6 ± 0.1 2.9 ± 0.6 n.d. n.d. 1.3 ± 0.0 1.7 ± 0.3 n.d. n.d. n.d.  64.0 
H4 40.1 ± 8.5 22.4 ± 4.9 2.2 ± 1.4 3.1 ± 1.9 6.8 ± 2.7 n.d. n.d. 2.2 ± 0.5 3.1 ± 1.1 n.d. n.d. n.d.  62.5 
H5 36.7 ± 4.6 25.4 ± 3.2 2.1 ± 0.6 6.5 ± 1.4 3.7 ± 0.3 n.d. n.d. 2.7 ± 0.4 2.3 ± 0.5 n.d. n.d. n.d.  62.1 
H6 42.0 ± 1.4 26.2 ± 7.8 2.5 ± 1.0 6.2 ± 2.5 2.8 ± 1.6 n.d. n.d. 2.1 ± 0.7 2.9 ± 1.1 n.d. n.d. n.d.  68.2  

Incense 
I1 32.4 ± 1.2 30.5 ± 1.8 0.7 ± 0.4 0.8 ± 0.6 0.9 ± 0.5 n.d. 0.3 ± 0.0 0.6 ± 0.1 1.1 ± 0.1 n.d. n.d. n.d.  62.9 
I2 33.0 ± 3.2 29.2 ± 3.0 0.9 ± 0.1 1.5 ± 0.0 1.1 ± 0.1 n.d. 0.3 ± 0.0 0.6 ± 0.0 1.5 ± 0.2 n.d. n.d. n.d.  62.2 
I3 43.3 ± 7.4 27.6 ± 0.4 n.d. 0.9 ± 0.7 1.1 ± 0.5 n.d. 0.7 ± 0.1 0.4 ± 0.2 1.9 ± 0.1 1.0 ± 0.6 n.d. n.d.  70.9 
I4 40.0 ± 1.1 26.7 ± 1.5 0.2 ± 0.3 0.9 ± 0.2 0.5 ± 0.2 n.d. 0.6 ± 0.1 0.3 ± 0.2 1.0 ± 0.2 n.d. n.d. n.d.  66.7  

Lavender 
L1 40.8 ± 8.6 34.9 ± 7.3 1.9 ± 0.9 0.6 ± 0.1 3.2 ± 0.7 n.d. 0.9 ± 0.3 0.3 ± 0.1 1.7 ± 0.4 1.8 ± 0.4 n.d. n.d.  75.7 
L2*3 44.8 ± 8.4 28.3 ± 2.0 1.9 ± 0.2 1.0 ± 0.2 2.6 ± 0.2 n.d. 0.2 ± 0.0 0.6 ± 0.0 2.0 ± 0.2 n.d. n.d. n.d.  73.1 
L3 34.7 ± 3.5 34.4 ± 3.3 2.2 ± 0.3 0.7 ± 0.5 3.0 ± 0.4 n.d. 0.5 ± 0.0 0.5 ± 0.1 1.5 ± 0.1 1.3 ± 0.2 n.d. n.d.  69.1 
L4*3 40.1 ± 6.0 24.5 ± 0.9 1.1 ± 0.5 3.2 ± 0.2 2.0 ± 0.1 n.d. n.d. 0.5 ± 0.2 0.4 ± 0.0 n.d. n.d. n.d.  64.6 
L5 37.9 ± 1.3 25.4 ± 0.7 n.d. 0.7 ± 0.1 1.3 ± 0.2 n.d. n.d. 1.0 ± 0.1 2.0 ± 0.1 n.d. 1.3 ± 0.4 n.d.  63.3 
L6 42.9 ± 0.4 23.6 ± 0.8 2.5 ± 0.3 4.2 ± 0.2 1.8 ± 0.1 n.d. n.d. 0.8 ± 0.1 2.5 ± 0.1 1.6 ± 0.2 n.d. n.d.  66.5 
L7 34.5 ± 6.4 29.4 ± 5.6 n.d. 1.3 ± 0.2 1.0 ± 0.2 n.d. n.d. 0.7 ± 0.1 1.4 ± 0.4 1.8 ± 0.4 n.d. n.d.  63.9 
L8 40.9 ± 0.1 26.3 ± 0.6 0.5 ± 0.5 0.7 ± 0.5 0.7 ± 0.1 n.d. 0.1 ± 0.0 0.5 ± 0.2 0.9 ± 0.2 0.9 ± 0.0 n.d. n.d.  67.2  

Orange 
O1 38.0 ± 1.4 26.5 ± 1.0 1.7 ± 0.4 2.8 ± 0.0 1.3 ± 0.1 n.d. n.d. 1.2 ± 0.4 2.5 ± 0.3 n.d. n.d. n.d.  64.5 
O2 41.0 ± 1.2 30.3 ± 1.2 n.d. 2.0 ± 2.2 1.7 ± 1.4 2.5 ± 1.4 3.1 ± 2.7 0.9 ± 0.8 2.4 ± 0.8 n.d. n.d. n.d.  71.3 
O3*4 34.2 ± 3.0 26.9 ± 2.3 1.1 ± 0.1 0.7 ± 0.3 0.8 ± 0.2 n.d. 0.3 ± 0.1 0.9 ± 0.0 1.7 ± 0.2 2.2 ± 0.4 n.d. n.d.  61.1 
O4 37.3 ± 0.0 28.8 ± 0.2 0.9 ± 0.0 1.7 ± 0.1 1.4 ± 0.1 n.d. 0.7 ± 0.0 0.9 ± 0.1 1.8 ± 0.2 n.d. n.d. n.d.  66.1 
O5 39.4 ± 2.0 31.6 ± 1.5 n.d. 1.3 ± 0.4 0.8 ± 0.2 n.d. 0.5 ± 0.1 0.8 ± 0.1 1.4 ± 0.1 n.d. n.d. n.d.  71.0 
O6 35.4 ± 2.2 28.8 ± 1.6 n.d. 0.4 ± 0.2 0.8 ± 0.4 n.d. n.d. 0.6 ± 0.1 1.5 ± 0.5 n.d. n.d. n.d.  64.2 
O7 41.7 ± 0.9 31.7 ± 0.6 n.d. 1.0 ± 0.3 1.0 ± 0.3 n.d. 2.1 ± 0.1 0.9 ± 0.1 2.0 ± 0.1 n.d. n.d. n.d.  73.4 
O8 40.2 ± 1.1 32.5 ± 0.9 0.8 ± 0.1 n.d. 1.4 ± 0.2 n.d. n.d. 0.7 ± 0.1 2.2 ± 0.1 n.d. n.d. n.d.  72.7 
O9 34.3 ± 1.6 27.3 ± 1.3 n.d. 0.7 ± 0.6 1.2 ± 0.4 n.d. 0.7 ± 0.2 1.0 ± 0.3 1.3 ± 0.6 n.d. n.d. n.d.  61.6  

Rape 
R1 34.8 ± 1.0 32.8 ± 0.9 1.5 ± 0.1 1.7 ± 0.2 n.d. n.d. n.d. 0.6 ± 0.1 1.5 ± 0.0 n.d. n.d. n.d.  67.6 
R2*5 38.9 ± 3.7 27.7 ± 2.5 n.d. 0.4 ± 0.5 1.1 ± 0.7 n.d. 0.5 ± 0.5 0.3 ± 0.2 1.6 ± 0.3 n.d. n.d. n.d.  66.6  

Raspberry 
Rb1 39.6 ± 4.9 31.8 ± 4.2 0.4 ± 0.2 0.7 ± 0.1 0.3 ± 0.1 n.d. n.d. 1.1 ± 0.1 1.7 ± 0.1 n.d. n.d. n.d.  71.4 
Rb2 39.3 ± 0.6 31.9 ± 0.4 0.2 ± 0.2 1.2 ± 0.3 0.6 ± 0.1 n.d. 0.2 ± 0.0 0.6 ± 0.0 0.8 ± 0.1 n.d. n.d. n.d.  71.2  

Rosemary 
Ros1 33.9 ± 1.0 28.3 ± 1.9 2.0 ± 0.3 2.4 ± 0.3 1.2 ± 0.2 n.d. n.d. 0.8 ± 0.1 1.8 ± 0.3 n.d. n.d. n.d.  62.2  

Sunflower 
Sf1 41.3 ± 1.2 35.5 ± 1.0 0.6 ± 0.8 0.6 ± 0.5 0.9 ± 0.3 n.d. n.d. 0.6 ± 0.2 1.0 ± 0.1 n.d. n.d. n.d.  76.8 
Sf2 38.2 ± 0.9 32.6 ± 1.0 0.4 ± 0.7 1.0 ± 0.7 0.6 ± 0.3 n.d. n.d. 0.7 ± 0.2 0.8 ± 0.0 n.d. n.d. n.d.  70.8 

(continued on next page) 
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Table 3 (continued ) 

AH FT GL ISM MTS MTL MBS SCR TRL TRN ERL MZT RFS FT + GL 

Sf3 41.1 ± 5.0 29.4 ± 0.8 0.4 ± 0.5 0.6 ± 0.1 0.6 ± 0.2 n.d. 0.4 ± 0.1 0.5 ± 0.2 0.7 ± 0.1 n.d. n.d. n.d.  70.5  

Strawberry tree 
St1 34.6 ± 2.3 30.8 ± 2.0 2.0 ± 1.3 n.d. 2.8 ± 1.0 n.d. n.d. 0.9 ± 0.2 1.7 ± 0.5 0.6 ± 0.3 n.d. n.d.  65.4 
St2 38.8 ± 1.3 22.9 ± 0.6 n.d. 0.6 ± 0.4 0.7 ± 0.3 n.d. 1.6 ± 0.2 0.7 ± 0.3 1.2 ± 0.1 n.d. n.d. n.d.  61.7 
St3 39.9 ± 1.5 25.5 ± 1.1 1.1 ± 0.5 2.7 ± 0.5 0.8 ± 0.6 n.d. 0.3 ± 0.1 0.6 ± 0.0 1.9 ± 0.2 n.d. n.d. n.d.  65.4 
St4 39.4 ± 0.4 33.0 ± 0.5 2.7 ± 0.1 1.0 ± 0.0 3.2 ± 0.1 n.d. n.d. 1.0 ± 0.1 2.0 ± 0.1 n.d. n.d. n.d.  72.4 

AH: Analyzed honeys. FT: Fructose. GL: Glucose. ISM: Isomaltose. MTS: Maltose. MTL: Maltulose. MBS: Melibiose. SCR: Sucrose. TRL: Trehalose. TRN: Turanose. 
ERL: Erlose. MZT: Melezitose. RFS: Raffinose. Each value is the mean ± standard deviation, n = 3. Ct: Carob tree. C: Chestnut. E: Eucalyptus. H: Bell heather. I: In
cense. L: “Lavender. O: Orange. R: Rape. Rb: Raspberry. Ros: Rosemary. Sf: Sunflower. St: Strawberry tree. n.d.: not detected. FT + GL: Fructose + Glucose. *1 Pre
dominance of Eucalyptus spp. pollen. *2 Predominance of Erica spp. pollen. *3 Predominance of Lavender spp. pollen. *4 Predominance of Echium spp. pollen. 
*5 Predominance of Brassica spp. Pollen. 

Fig. 3. Mean differences between pairs of mon
ofloral honeys, for electrical conductivity, colour, 
free acidity, and pH parameters. yy axis represent 
pairs of monofloral honeys and xx axis represent 
the mean differences of the analyzed parameter 
and the corresponding 95% CI (Confidence in
terval). Ct: Carob tree, E: Eucalyptus, H: Bell 
heather, I: Incense, L: Lavender, O: Orange, Sf: 
Sunflower, St: Strawberry tree. Statistical signifi
cance is indicated for each pair: ***: p ≤ 0.001, 
**: p ≤ 0.01, *: p ≤ 0.05. The dotted vertical line 
at x = 0 corresponds to no difference in mean 
between the elements of the pair. For each pair 
(represented at the yy axis), the dot corresponds 
to the difference of the means and the horizontal 
segments represent the CI for the mean differ
ence. Pairs for which the CI segment crosses the 
dotted line are not statistically different in mean. 
Those with the CI segment on the right side of the 
dotted line are the ones for which the first 
element of the pair has a significantly higher 
mean. The opposite occurs for the pairs with the 
CI segments on the left of the dotted line.   
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3.3. Physicochemical characterization of honeys 

The obtained average data for colour index, moisture, electrical 
conductivity, HMF, pH, free acidity, total acidity, diastase activity and 
proline, for all honeys, is detailed in Table 2, while Table 3 shows the 
average values for the sugar profile. 

To assess generalized linear regression models that could predict the 
effects of the botanical source on the physicochemical parameters, only 
the honeys confirmed as monofloral or those with a predominance of a 
specific pollen type (with a minimum number of three honeys per honey 
type), where selected for the application of generalized estimating 
equations (GEE). To identify significant differences (p < 0.05) amongst 
honeys from different botanical source, pairwise comparisons between 
honey types were also evaluated. 

Using the analyzed physicochemical parameters, detailed in the 
following sections, and comparing pairs of monofloral honeys or with 

predominance of a specific pollen, it was possible to define graphs of 
degree of relatedness between honey types, [Figs. 3 and 4, and Sup
plementary File (S) Fig. S2 and S3]. For instance, for electrical con
ductivity, carob tree (Ct) and lavender (L) honeys (top left corner) 
showed significant differences (p ≤ 0.001) whereas lavender (L) and 
orange (O) honeys did not show significant differences between them 
(Fig. 3). The dotted vertical line at x = 0 helps to understand the results. 
The honey pairs whose confidence interval (CI) line crosses the line are 
not significantly different in relation to the parameter analyzed. When 
the CI line for the mean difference of the honey pairs is on the right of the 
dotted line, it means that the first element of the pair has a significantly 
higher value than the other element, for the assessed physicochemical 
parameter. On the contrary, when the CI line for the mean difference of 
the honey pairs is on the left of the dotted line, it means that the second 
element of the pair has a significantly higher value than the first 
element, regarding the evaluated physicochemical parameter. 

Fig. 4. Mean differences between pairs of mon
ofloral honeys, for maltulose, isomaltose, treha
lose and turanose. yy axis represent pairs of 
monofloral honeys and xx axis represent the 
mean differences of the analyzed parameter and 
the corresponding 95% CI (Confidence interval). 
Ct: Carob tree, E: Eucalyptus, H: Bell heather, I: 
Incense, L: Lavender, O: Orange, Sf: Sunflower, 
St: Strawberry tree. Statistical significance is 
indicated for each pair: ***: p ≤ 0.001, **: p ≤
0.01, *: p ≤ 0.05. The dotted vertical line at x =
0 corresponds to no difference in mean between 
the elements of the pair. For each pair (repre
sented at the yy axis), the dot corresponds to the 
difference of the means and the horizontal seg
ments represent the CI for the mean difference. 
Pairs for which the CI segment crosses the dotted 
line are not statistically different in mean. Those 
with the CI segment on the right side of the 
dotted line are the ones for which the first 
element of the pair has a significantly higher 
mean. The opposite occurs for the pairs with the 
CI segments on the left of the dotted line.   
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The results presented and discussed in the following sections, 
concern only the confirmed monofloral honeys and the multifloral ones 
with predominance of a specific pollen type. Whenever, for comparison 
purposes, multifloral honeys are addressed, this is specifically 
mentioned. 

3.3.1. Electrical conductivity 
The higher the concentration of mineral salts, organic acids, and 

proteins, the higher the corresponding conductivity. Mineral content 
depends on various factors such as botanical source, geographic origin 
or soil composition, and can be used for botanical source discrimination 
(Alves et al., 2013). 

The values of electrical conductivity obtained in this study comply 
with the specified by Portuguese and European legislations for nectar 
honey (Decreto Lei no 214/2003; Council directive 2001/110/EC, 
2002). Except for chestnut and one multifloral honey, all had electrical 
conductivity values less than the maximum limit (0.8 mS/cm). Chestnut 
honey C2 (0.81 mS/cm), and one multifloral C5 (1.14 mS/cm), showed 
values above the limit (Table 2). C2 chestnut honey value was similar to 
that reported by Rodríguez-Flores et al. (2019a) also for this honey type. 
However, chestnut honey from Greece showed an even higher value, 
1.68 mS/cm (Rodopoulou et al., 2021). Electrical conductivity was 
significantly different (p < 0.05) between different pairs of honeys, 
Fig. 3. 

Carob tree, bell heather and strawberry tree honeys showed high 
conductivity (0.5–0.7 mS/cm) although below the standard limit. 
Comparable results were found for Moroccan and Portuguese carob tree 
honeys (Terrab et al., 2003; Aazza et al., 2013). Other Portuguese bell 
heather honeys showed lower electrical conductivity values (Estevinho 
et al., 2012), although higher ones were obtained for Spanish honeys 
from Galicia (Rodríguez-Flores et al., 2019b). 

Eucalyptus honeys showed electrical conductivity values 
(0.4–0.5 mS/cm) similar to those reported in Northwest Iberian Penin
sula (Rodríguez-Flores et al., 2014), or Algerian eucalyptus honeys 
(Makhloufi et al., 2021). 

On the other hand, incense, lavender, orange, rape, raspberry, vi
per’s bugloss, and sunflower honeys presented lower values 
(0.1–0.4 mS/cm). Orange honeys analyzed in this work showed similar 
values (0.1–0.2 mS/cm) to those obtained by Aazza et al. (2013) and 
Alves et al. (2013) (0.2 mS/cm in both cases), also for Portuguese orange 
honeys. Nevertheless, these values were lower than those found for 
Algerian (Homrani et al., 2020) or Greek orange honeys (Rodopoulou 
et al., 2021) (0.3 mS/cm in both cases). Electrical conductivity values 
for sunflower honeys were also below those reported in Czech Republic, 
Republic of Serbia, and Spain (Juan-Borrás et al., 2014; Sakač et al., 
2019). The results of incense honey comply with Commission Delegated 
Regulation (EU) PDO-PT-0268-AM01 (2019) for Azores honey. It is also 
worth mentioning that the lowest electrical conductivity values were 
found for lavender honeys (0.1–0.2 mS/cm), even lower than those re
ported by Anjos et al. (2018) for Portuguese lavender honey (0.2–0.4 
mS/cm). 

3.3.2. Colour index 
Honey colour’s varies from nearly colourless to dark brown (Bog

danov et al., 2002), and is mostly determined by the honey’s botanical 
source, ash content, storage time and temperature, as well as by the 
presence of compounds, such as chlorophylls, carotenoids, flavonoids, 
tannins derivatives and polyphenols (da Silva et al., 2016; Pita-Calvo 
and Vázquez, 2017; Sakač et al., 2019). 

The honeys showed a colour range from white to dark amber 
(Table 2, Fig. S1), with significant differences (p < 0.05) between most 
of them (Fig. 3), according to pairwise comparisons between honeys 
from different botanical sources. Lighter honeys included those from 
incense, lavender, orange, rape, raspberry, viper’s bugloss, and sun
flower whilst darker honeys were those from carob tree, chestnut, 
eucalyptus, bell heather, and strawberry tree (Fig. S1). 

Carob tree honeys colour range (106–118 mm Pfund) was similar to 
Moroccan carob tree honeys (Terrab et al., 2003) although darker than 
Sicilian honeys (Ferrauto & Pavone, 2013). 

The dark amber colour of C2 chestnut honey (147 mm Pfund), is in 
accordance to that reported for Spanish honeys from Galicia (Rodríguez- 
Flores et al., 2019a). 

Eucalyptus honeys evidenced light amber and amber colour (75–113 
mm Pfund) similar to values reported for Portuguese, Moroccan and 
Spanish honeys (Rodríguez-Flores et al., 2014; Karabagias et al., 2018; 
Bobis et al., 2020). 

Bell heather honeys showed dark amber colour (>130 mm Pfund) 
typical of bell heather honey from Erica spp., in Portugal and Spain 
(Karabagias et al., 2018; Rodríguez-Flores et al., 2019b). 

Incense honeys from the Azores islands, evidenced a variation in 
colour according to the island of origin, 40–45 mm Pfund in São Miguel 
Island, 71–80 mm Pfund in Pico Island (Table 2). Thus only São Miguel 
incense honeys meet EU colour specifications for Azores honey Com
mission Delegated Regulation (EU) (PDO-PT-0268-AM01, 2019), that 
should exceed 50 mm Pfund. 

Lavender honeys showed a colour range of 30 to 66 mm Pfund. The 
lowest value was assigned to sample L8, which after pollen analysis 
indicated viper’s bugloss honey as botanical source. The remaining 
lavender labelled honeys were lighter than other Portuguese lavender 
honeys from the north of Portugal (Gomes et al., 2011). 

Orange honeys colour range (31–78 mm Pfund) was similar to the 
obtained for Algerian, Moroccan and Spanish honeys (Juan-Borrás et al., 
2015; El Menyiy et al., 2020; Homrani et al., 2020), although higher 
than those of other Portuguese orange honeys (31 mm Pfund) (Aazza 
et al., 2013). Nevertheless, in the study of Aazza et al. (2013), there was 
no melissopalynological analysis, and the designations were only ac
cording to the label, with no guarantee that this was indeed the same 
honey type. 

Honey sample R2 with predominance of Brassica spp. pollen revealed 
37 mm Pfund, comparable to similar rape honeys from Romania (20–34 
mm Pfund) (Pauliuc et al., 2020). 

Raspberry honey sample Rb2 showed white colour (33 mm Pfund), 
different from that obtained for Spanish and Romanian honeys (Escur
edo et al., 2012; Pauliuc et al., 2020), which evidenced amber and light 
amber colours, respectively. 

Sunflower honeys colour range (60–80 mm) was similar to the ob
tained for Spanish, Romanian and Czech Republic honeys (Juan-Borrás 
et al., 2014), although different from those reported by Pauliuc et al. 
(2020) for Romanian honeys with a mean Pfund value of 38 mm. 

Strawberry tree honeys showed amber and dark amber colour 
(107–150 mm Pfund). The darker ones were produced in Alentejo and in 
Algarve (Table 2), although slightly darker than those observed in 
strawberry tree honeys from the same geographical origin (Aazza et al., 
2013). 

3.3.3. Moisture content 
The moisture level of the analysed honey samples ranged between 14 

and 19% (Table 2). Pairwise comparisons between honey types showed 
that bell heather honeys exhibited significant differences (p < 0.05) with 
respect to incense and to lavender honeys (Fig. 3) and these last honey 
types were statistically different from orange honeys (p < 0.05). In all 
cases, this parameter complied with the international standards (Council 
directive 2001/110/EC, 2002), which defines 20% as the higher mois
ture limit for honeys placed on market. Besides, the values are also in 
agreement with previous studies on Portuguese chestnut, eucalyptus or 
bell heather honeys (Feás et al., 2010; Karabagias et al., 2018). It is 
worth mentioning that the legislation for Azores honey (Commission 
Delegated Regulation (EU) PDO-PT-0268-AM01, 2019) recommends 
18% as the maximum allowed, which was fulfilled considering the 
moisture content between 15 and 16% for the incense honey samples. 
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3.3.4. Hydroxymethylfurfural (HMF) 
In the present study eight honeys, of which, three monofloral (bell 

heather H4, incense I2, lavender L5), one multifloral with predominance 
of Lavandula spp. pollen (lavender L4), and four multifloral (eucalyptus 
E5, bell heather H5 orange O1 and O6), did not comply with the Council 
directive 2001/110/EC (2002) requirements for honey, which establish 
the HMF limit of 40 mg / kg. Of these honeys, six of them (H4, H5, I2, 
L4, L5, O1) were produced in 2015/2016, meaning the HMF values 
obtained could be explained by the aging of the honeys. Pairwise com
parisons between honey types, indicated that only carob tree and sun
flower honeys showed significantly differences between them (p < 0.05) 
(Fig. S2). 

3.3.5. pH 
The pH values ranged from 3.2 to 4.4, with pairwise comparisons 

showing significant differences (p < 0.05) between honey samples from 
different botanical sources (Fig. 3). The values obtained were in accor
dance with the expected range for nectar honey (3.2 to 4.5), which, 
together with its natural acidity, inhibit the growth of microorganisms 
(da Silva et al., 2016). The low pH values of honey are associated with 
the presence of organic acids, mainly gluconic acid, and inorganic ions 
such as phosphate and chloride (Pita-Calvo and Vázquez, 2017). 

Carob tree, chestnut and strawberry tree honeys evidenced higher 
pH values (4.1–4.4) whilst lavender, orange, rape, raspberry, viper’s- 
bugloss, and sunflower honeys showed lower values (3.2–3.8). The re
sults are similar to those reported for Portuguese chestnut, eucalyptus, 
bell heather or strawberry tree honeys (Aazza et al., 2013; Alves et al., 
2013; Karabagias et al., 2018). 

3.3.6. Acidity 
Free acidity is a parameter characterized by the presence of organic 

acids in equilibrium with their corresponding lactones and some inor
ganic ions, such as phosphate, sulphate and chloride (Alves et al., 2013; 
Pita-Calvo and Vázquez, 2017). Like pH, free and lactonic acidity in the 
different honeys are a consequence of their botanical source, also 
influenced by the harvesting season (da Silva et al., 2016). 

All studied honeys followed Portuguese and European legislations 
(Decreto Lei no 214/2003; Council directive 2001/110/EC, 2002), 
which allow a maximum of 50 meq/kg for the free acid content, indi
cating the absence of undesirable fermentations. Statistical analysis 
regarding both free and total acidity among the analyzed samples is 
detailed in Fig. 3 and Fig. S2. 

Carob tree, bell heather and raspberry honeys had the highest values 
of free acidity (20.8–27.7 meq/kg), whilst incense honeys presented the 
lowest values (7.5–11.6 meq/kg), being in accordance with the regula
tion for Azores honey (Commission Delegated Regulation (EU) PDO-PT- 
0268-AM01, 2019), which assigns low acidity values for this honey type. 
The values obtained for carob tree honeys were slightly higher than 
those reported by Terrab et al. (2003) for Moroccan honeys, although 
lower than that of other Portuguese honeys (Aazza et al., 2013). Free 
acidity values previously reported for Portuguese bell heather honey 
(Karabagias et al., 2018), were slightly superior than those obtained in 
this work. 

The free acidity value of chestnut honey sample C2 (11.7 meq/kg), 
was inferior to that reported also for Portuguese chestnut honey (Kar
abagias et al., 2018). 

Eucalyptus honeys showed similar free acidity values (14.7–17.2 
meq/kg) to those found for other Portuguese eucalyptus honeys (Kar
abagias et al., 2018). 

Orange honeys free acidity values (12.2–15.7 meq/kg) were similar 
to those reported for Greek orange honeys, although higher when 
compared to Egyptian, Moroccan and Spanish honeys (Karabagias et al., 
2017). 

Free acidity values for sunflower honeys ranged between 17.6 and 
21.4 meq/kg, being similar to those reported by Sakač et al. (2019) on 
Serbian and Italian honeys, although Mendes et al. (1998) reported 

values slightly lower for Portuguese honey. 

3.3.7. Diastase activity (DA) 
DA is a parameter representing freshness and/or overheating of 

honey since it decreases with time and temperature. Its levels may 
reflect differences in the botanical source or geographic origin (Aazza 
et al., 2013). 

DA values ranged from 0.1 to 23.2 shade units/g, with pairwise 
comparisons between honey samples from different botanical source 
showing significant differences (p < 0.05), as detailed in Fig. S2. Ac
cording to the legislations (Decreto Lei no 214/2003; Council directive 
2001/110/EC, 2002) several honeys showed unacceptable DA 
(<8 Schade units/g honey). However, the same regulations state that 
honeys with naturally low enzyme activity, like citrus honey, stand a 
minimum of 3 Schade units if the HMF content is lower than 15 mg/kg. 
However, with little processing, blending or storage, HMF can easily 
reach or exceed the limit of 15 mg/kg, being suggested that such rules 
should be reviewed, taking into account the honeys that are naturally 
low in enzymes (Thrasyvoulou et al., 2018). In this study the samples 
with lower DA included incense, lavender, orange, and strawberry tree 
honeys. These last honeys specifically, St1 and St2, showed values closer 
to 0, similar to the results described by (Oddo and Piro, 2004) for Ar
butus honey with a range between 0 and 9.7 Schade units/g. The high 
value obtained for St4 (10.7) could be explained by the lower HMF when 
comparing to the other strawberry tree honeys, as well to the different 
geographic production location. Honeys St1 and St2 were obtained in 
Baixo Alentejo, characterized by a hot and dry climate, and St4 in 
Algarve, specifically in Aljezur region, with wetter conditions, near the 
Atlantic Ocean (Fig. 1). 

3.3.8. Proline content 
Proline represents 50–80% of the total amino acids content in honey, 

being considered as a maturation criterion as well for assessing sugar 
adulteration (Pita-Calvo and Vázquez, 2017). According to Bogdanov 
et al. (1999) a minimum of 0.180 mg/g of proline is accepted as the limit 
for genuine honey, which was verified in the analyzed honeys (Table 2). 

The proline content in the studied honeys ranged from 0.2 to 2.1 mg/ 
g. Pairwise comparisons between honey types, showed that some of 
them exhibited significant differences (p < 0.05) according to botanical 
source. Carob tree honeys presented significant differences when 
comparing to the other honey types, showing a higher proline content, 
except with bell heather and strawberry tree honeys (Fig. S2). Darker 
honeys such as those obtained from carob tree or bell heather showed 
higher proline content while lighter honeys, specifically incense, lav
ender or orange exhibited lower values (Table 2). 

3.3.9. Sugar profile 
Fructose and glucose account for>60% of the sugars present in 

nectar honey, while honeydew honeys contain lower values of these 
monosaccharides, but higher levels of oligosaccharides, such as mele
zitose and erlose (Tomás et al., 2017). 

In this study, the sum of fructose and glucose content, 61%-78% 
(Table 3), was in agreement with Portuguese and European re
quirements for nectar honeys (Decreto Lei no 214/2003; Council 
directive 2001/110/EC, 2002). Pairwise comparisons between honey 
types showed no significant differences (p < 0.05) in fructose content 
amongst honey samples. Nevertheless, eucalyptus honeys exhibited 
significant differences towards incense, orange, and sunflower honeys 
concerning glucose content (Fig. S3). 

Minor sugars showed significant differences between botanical 
sources, mainly isomaltose and maltulose (Fig. 4). Maltulose (0.5–6.8%) 
and turanose (0.4–3.1%) were found in all the analyzed honeys. Iso
maltose (0.2–6.7%) and maltose (0.4–3.2%) were detected in most of 
the honeys and trehalose ranged from 0.3 to 2.5%, despite not being 
detected in chestnut honey. Maltose and maltulose content in eucalyptus 
honey showed significant differences compared to incense, orange, and 
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sunflower honeys (Figs. 4 and S3). Eucalyptus honey also evidenced 
higher isomaltose content, with significant differences compared to the 
other honey types (Fig. 4). Orange honeys presented a higher amount of 
trehalose, significantly different from that obtained for sunflower and 
incense honeys. Orange honeys also had a higher turanose content, 
which was statistically different from that of sunflower honeys (Fig. 4). 

Sucrose was only detected in a few of the honeys, and the values 
obtained were within the defined limits (<5%), indicating the absence 
of adulterations with sugar syrups (Soares et al., 2017). In this case, 
pairwise comparison was only performed for honey types containing 
sucrose (Fig. S3), showing no significant differences between the 
analyzed honeys (p < 0.05). 

Other less abundant sugars also detected were the disaccharide 
melibiose, and the trisaccharides melezitose, raffinose and erlose. 
Melibiose was only detected in one sample of orange honey (O2), 
melezitose was found in one sample of carob tree honey (Ct3) and in 
another of lavender honey (L5) whilst raffinose was absent in all honeys. 
These last two trisaccharides are characteristic in honeydew honeys 
(Rodríguez-Flores et al., 2019a). Erlose was mainly detected in lavender 
honeys, with a maximum value of 1.8%. Similar results were obtained 
by Tomás et al. (2017) for Portuguese lavender honeys. 

3.3.10. Relevant physicochemical parameters for the differentiation 
between monofloral honeys 

Pairwise comparisons between honey types (Fig. 3 and Fig. S2), 
evidenced some physicochemical parameters that could be considered 
potential good discriminators of monofloral honeys according to 
botanical source. Electrical conductivity, colour index, free and total 
acidity as well diastase activity showed significant differences among 
some honey types. The obtained results evidenced that some honey pairs 
could be differentiated by all these parameters, namely carob tree honey 
from those of lavender, orange and incense, or bell heather honey from 
those of lavender, orange and incense, or eucalyptus honey from that of 
incense and lavender honey from that of sunflower. 

4. Conclusions 

Portugal produces a great variety of monofloral honey types all over 
the mainland, and in Azores islands, with different composition and 
physicochemical profile, both influenced by the richness of the sur
rounding flora. Currently there is a new generation of consumers driven 
by environment sustainability as well as demanding high-quality. To 
achieve these market requirements, as well to combat honey adultera
tion, it is very important to invest on several studies to validate the 
quality and authenticity of Portuguese monofloral honeys. Knowledge 
on these honeys is scarce and this work aimed to fill gaps in information 
and produce a sustained recommendation on methods, parameters and 
needs to be met in the future. While in complementary studies the sig
nificance of other quality parameters, such as phenolic or volatile 
composition, is being evaluated, the present study showed these honeys 
to be microbiologically safe and, in addition to the relevance of the sugar 
profile, allowed to define a set of physicochemical parameters, namely 
electrical conductivity, colour, free and total acidity, as well diastase 
activity as important tools that are more likely to provide additional 
information in the differentiation of monofloral honeys. 
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Nedeljković, N. M. (2019). Physicochemical properties and mineral content of honey 
samples from Vojvodina (Republic of Serbia). Food Chemistry, 276, 15–21. https:// 
doi.org/10.1016/j.foodchem.2018.09.149 

Sinacori, M., Francesca, N., Alfonzo, A., Cruciata, M., Sannino, C., Settanni, L., & 
Moschetti, G. (2014). Cultivable microorganisms associated with honeys of different 
geographical and botanical origin. Food Microbiology, 38, 284–294. https://doi.org/ 
10.1016/j.fm.2013.07.013 

Soares, S., Amaral, J. S., Oliveira, M. B. P. P., & Mafra, I. (2017). A comprehensive review 
on the main honey authentication issues: Production and origin. Comprehensive 
Reviews in Food Science and Food Safety, 16(5), 1072–1100. https://doi.org/10.1111/ 
1541-4337.12278 

Terrab, A., Díez, M. J., & Heredia, F. J. (2003). Palynological, physico-chemical and 
colour characterization of Moroccan honeys: III. Other unifloral honey types. 
International Journal of Food Science & Technology, 38(4), 395–402. https://doi.org/ 
10.1046/j.1365-2621.2003.00713.x 

Thrasyvoulou, A., Tananaki, C., Goras, G., Karazafiris, E., Dimou, M., Liolios, V., 
Kanelis, D., & Gounari, S. (2018). Legislation of honey criteria and standards. Journal 
of Apicultural Research, 57(1), 88–96. https://doi.org/10.1080/ 
00218839.2017.1411181 

Tomás, A., Russo-Almeida, P., & Vilas-Boas, M. (2017). Avaliação do perfil de açúcares 
do mel de rosmaninho Português. Revista de Ciências Agrárias, 40(SPE), 261–270. 
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