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Abstract 

Honey is a highly consumed natural product, not only due to its taste and nutritional value, but 

also for its health benefits. Its composition, properties and characteristics are mainly dependent 

on botanical and geographical nectar origins, honey bee species involved in its production, and 

seasonal and environmental factors.  

In the first part of this PhD work, the effect of the geographical origin on the quality parameters 

and biological compounds of honey were investigated, as well as its stability during 4 years. 

For that purpose, honey samples (n=18) from different European countries, including Portugal, 

were evaluated regarding moisture, pH, hydroxymethylfurfural (HMF), diastase activity (DA) 

and color. The results were all within in the acceptable range of international standards for the 

tested quality parameters. 

The total phenolic content, total flavonoid content and antioxidant activity (through 1,1-diphenyl-

2-picrylhydrazyl radical (DPPH●) scavenging ability and ferric reducing antioxidant power 

(FRAP) assays) were also achieved. Portuguese samples attained the highest phenolic and 

flavonoid content as well as the antioxidant activity through FRAP assay. Multivariate statistical 

analysis revealed variations among production zones allowing the successful differentiation of 

honeys from different geographical areas according to quality parameters, antioxidant profile 

and color. 

Additionally, a set of Portuguese honeys (n=15) from different botanical and geographical 

origins were analysed regarding the influence of a 4-year storage on the same parameters. In 

general, the antioxidant activity presented a good correlation with bioactive compounds. The 

storage affected differently each individual sample, especially regarding the antioxidant profile. 

In general, the lightness of the samples decreased (and the redness increased) after storage, 

but 4 samples presented unacceptable values of DA and HMF. 

In the second part of this PhD work, the honey authenticity in relation to botanical and 

entomological origins using DNA approaches were investigated. The high commercial honey 

value leads to several problems of adulteration practices, mostly by fraudulent mislabeling 

regarding its botanical, geographical and entomological origins. For this purpose, firstly five 
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DNA extraction methods (the kits NucleoSpin Plant (methods A and B) and DNeasy Plant Mini 

Kit, and the in-house CTAB-based and Wizard methods) combined with three different sample 

pre-treatments were applied to four honey samples (three monofloral honeys of Calluna 

vulgaris, Lavandula spp. and Eucalyptus spp., respectively, and one multifloral honey). The 

DNA extraction protocols were compared in terms of DNA integrity, yield and purity, as well as 

capacity of amplification targeting universal and adh1 specific genes of C. vulgaris. The Wizard 

method was selected as the best approach in terms of DNA quality and amplification capacity, 

when combined the sample preparation treatment with a mechanical disruption step of pollen 

to improve DNA yield.  

Taking into account these results, a DNA extraction method was selected and improved 

regarding the subsequent use of the novel technique of real-time polymerase chain reaction 

(PCR) coupled with high resolution melting (HRM) analysis for the botanical species 

identification in honey. For that purpose, different species of Lavandula spp. (n=9) and lavender 

honey samples (n=20) were used, and specific primers targeting the plastidial matK gene of 

Lavandula spp. was designed. The application of the specific PCR assay was successful in the 

detection of the lavender species. The results were confirmed by real-time PCR using 

EvaGreen® dye and the posterior application of HRM analysis allowed the differentiation at a 

species level of the lavender species studied with their inclusion in three distinct clusters (level 

of confidence > 99%). HRM analysis was confirmed by sequencing analysis. Honey samples 

were posteriorly tested and the method successfully identified the botanical origin of lavender 

honeys, which were grouped in the cluster corresponding to the common lavender species in 

Portugal.  

The same technique of real-time PCR coupled with HRM analysis was further applied aiming 

the specific identification of Apis mellifera and Apis cerana in honey. Previously, a new species-

specific primers were designed targeting the tRNAleu-cox2 intergenic region allowing the 

detection of A. cerana DNA by qualitative PCR. For the application of the novel technique, A. 

cerana bees from Thailand, China and Vietnam and bees of five different A. mellifera 

subspecies representative of European honey production were used, and primers were 

developed to target the 16S rRNA gene of both bee species, allowing their discrimination in 

different clusters. The developed methodologies were applied to the analysis of authentic 

honey samples from Vietnam (produced from A. cerana and A. mellifera bees) and Portugal, 

allowing its successful entomological origin identification. 

Overall, this research showed that it is possible to connect the geographical origin of honey 

with the evaluation of quality parameters, antioxidant profile and color. However, the specific 
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species amplification by real-time PCR coupled with HRM analysis proved to be more simple, 

specific and cost-effective technique for the botanical and entomological species identification 

in honey, meeting the current needs of honey authenticity. 

 

 

Keywords: Honey; Quality; Antioxidant profile; DNA-based methods; Authenticity 
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Resumo 

O mel é um produto natural cada vez mais apreciado, não só pelo seu sabor e valor nutricional, 

mas também pelos seus benefícios para a saúde. A sua composição, propriedades e 

características dependem principalmente da sua origem botânica e geográfica, das espécies 

de abelhas que o produzem, e de fatores sazonais e ambientais. Tendo em conta estas 

premissas, foram avaliadas 18 amostras de mel de diferentes países Europeus, incluindo 

Portugal. Foram avaliados diversos parâmetros relacionados com a qualidade (humidade; pH; 

hidroximetilfurfural, HMF; atividade diastásica, AD; e cor). Os resultados obtidos estão dentro 

da gama de valores descritos na legislação internacional.  

Foram também determinados os teores totais de polifenóis e flavonoides, bem como a 

atividade antioxidante, através do ensaio de captação do radical livre DPPH● e do ensaio do 

poder redutor do ferro (FRAP). As amostras de mel portuguesas obtiveram os valores mais 

elevados de fenólicos e flavonoides, assim como o maior valor de atividade antioxidante 

através do ensaio FRAP.  

A análise estatística efetuada comprovou a existência de variações entre as zonas de 

produção, permitindo uma diferenciação positiva dos méis com diferentes origens geográficas, 

tendo em conta os parâmetros da qualidade, perfil de antioxidantes e a cor.  

Adicionalmente, os mesmos parâmetros foram determinados para um grupo de amostras 

portuguesas (n=15) com diferentes origens geográficas, com vista à avaliação da influência de 

4 anos de armazenamento na qualidade e nas propriedades biológicas do mel. De um modo 

geral, a atividade antioxidante apresentou uma boa correlação com os compostos bioativos. 

De acordo com os resultados, o armazenamento afetou cada amostra de maneira diferente, 

especialmente no perfil de antioxidantes. Regra geral a luminosidade das amostras diminuiu 

(a tonalidade vermelha aumentou) após armazenamento. Contudo, 4 amostras apresentaram 

valores de AD e HMF fora dos limites aceitáveis.  

Na segunda parte deste trabalho, foi estudada a autenticidade do mel no que respeita à origem 

botânica e entomológica, utilizando métodos de análise do ácido desoxirribonucleico (ADN). 
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O valor comercial atribuído ao mel conduz diversas vezes a práticas de adulteração, 

principalmente rotulagem fraudulenta no que diz respeito à origem botânica, geográfica e 

entomológica.  

Assim, foram testados inicialmente cinco métodos de extração de ADN (os kits NucleoSpin 

Plant (método A e B) e DNeasy Plant Mini Kit, e os métodos CTAB e Wizard) combinados com 

três pré-tratamentos diferentes da amostra, com quatro amostras de mel (três méis 

monoflorais de Calluna vulgaris, Lavandula spp. and Eucalyptus spp., respetivamente, e um 

mel multifloral). Os protocolos de extração foram comparados, avaliando a integridade do 

ADN, o rendimento e pureza, e a capacidade de amplificação, tendo como alvo um gene 

universal e o gene específico adh1 da C. vulgaris. O método Wizard combinado com o pré-

tratamento que envolve o passo de rompimento mecânico do pólen foi selecionado como 

sendo a melhor técnica em termos da qualidade do ADN e capacidade de amplificação.  

Tendo em conta estes resultados, foi selecionado um método de extração de ADN e adaptado 

para posterior aplicação da técnica de PCR em tempo real seguida de análise por HRM na 

identificação de espécies de Lavandula spp. no mel.   

Com esse propósito, foram usadas diferentes espécies de Lavandula spp. (n=9) e diferentes 

amostras de mel monofloral de Lavandula spp. (n=20) e desenhados primers para a 

amplificação do gene plastidial matK. A amplificação da reação de PCR especifica foi positiva 

na deteção das espécies de Lavandula spp. Estes resultados foram confirmados por PCR em 

tempo real com o uso da sonda EvaGreen®. A posterior aplicação da análise por HRM permitiu 

a discriminação, ao nível da espécie, das espécies de Lavandula spp. estudadas, com a sua 

distribuição em três clusters distintos (nível de confiança > 99,1%). A análise por HRM foi 

confirmada por sequenciação. Posteriormente foram testadas as amostras de mel e os 

resultados obtidos por PCR em tempo real foram submetidos a uma análise por HRM. Todos 

os méis monoflorais de Lavandula ssp. foram incluídos no mesmo cluster que as espécies de 

Lavandula spp. mais comummente encontradas na flora portuguesa.  

A mesma técnica de PCR em tempo real seguida de análise por HRM foi depois aplicada na 

identificação de espécies de Apis mellifera e Apis cerana no mel. Para isso, foram usadas 

abelhas da espécie A. cerana da Tailândia, China e Vietname e cinco subespécies diferentes 

de A. mellifera representativas da produção de mel na Europa. Procedeu-se ao desenho de 

dois conjuntos de primers para o gene 16S rRNA e a região intergénica tRNAleu-cox2. Os 

primers desenhados para a região intergénica diferenciaram positivamente a espécie A. 

cerana da espécie A. mellifera, e todas as amostras de abelhas amplificaram positivamente 

com os primers desenhados para o gene 16S rRNA na aplicação da PCR convencional. 
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Posteriormente, o uso de PCR em tempo real seguido de análise por HRM permitiu a 

separação das duas espécies em diferentes clusters. Os métodos desenvolvidos foram 

aplicados na análise de méis autênticos do Vietname (produzidos por A. cerana e A. mellifera) 

e de méis de Portugal, permitindo a sua identificação entomológica. 

De um modo geral, este trabalho mostrou ser possível relacionar a origem geográfica do mel 

com a avaliação dos parâmetros da qualidade, perfil de antioxidantes e cor. Contudo, a 

amplificação de espécies específica por PCR em tempo real, seguida de análise por HRM, 

demonstrou ser uma técnica simples, específica e mais económica na determinação da origem 

botânica e entomológica no mel, indo de encontro às necessidades atuais relacionadas com a 

autenticidade do mel.  

 

 

Palavras-chave: Mel; qualidade; perfil de antioxidantes; métodos de análise de ADN; 

autenticidade. 
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General scope and objectives 
 

 

Honey is a natural substance produced by honey bees, being part of the human diet since 

ancient times. It is produced from the nectar or secretions of living parts of plants, or from the 

excretions of plant-sucking insects, collected and transformed by bees, deposited, dehydrated 

and stored in honeycombs (1). The honey bees species enrolled on its production are variable 

according to geographical location. Its intensive diversification is essentially a result of the 

honey bee’s adaptation to natural factors such as weather and flora diversity, as well as to 

interacting causes that promote poor health and colony loss, and beekeeping practices by using 

different nonnative species to suit their particular purpose (2, 3). In Europe, honey is produced 

by A. mellifera (4), which comprises several different subspecies belonging to 3 different 

mitochondrial DNA ancestries, namely lineages A, M and C (5). However, the genus Apis 

comprises eight more species, all indigenous to Asia, including A. cerana that together with A. 

mellifera are considered the two most important economic species due to their use in apiculture. 

Honey is a highly consumed natural product, not only due to its taste and nutritional value, but 

also for its health benefits. It has been traditionally used for healing wounds and burns as well 

as for the treatment of colds and sore throats. Recently, several studies highlighted its 

antibacterial, anti-fungal, hepatoprotective, hypoglycemic, antihypertensive, gastroprotective, 

anti-inflammatory activity and antioxidant effects (6-9).  

Regarding its nutritional value, honey is essentially composed by different sugars (mainly 

fructose and glucose) and water, having also other minor components with origin from plants 

where honey bees collect nectar, such as vitamins, minerals, enzymes, free amino acids, 

proteins, organic acids, volatile compounds and phenolic compounds (10, 11, 12). Although in 

small amounts, these compounds confer to each honey specific/individual characteristics and 
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nutritional properties and can be used in the assessment of honey quality and properties (10). 

Thus, the quality and biological properties can be quite variable mainly depending on the 

different botanical, and consequently geographical, origin of honey, but also being influenced 

by several other factors such as the honey bee species involved in its production and seasonal 

and environmental factors. Additionally, the processing, manipulation, packaging and storage 

time can also contribute to honey properties changes (13).  

Given the increasing consumer’s interest for honey’s potential health and wellbeing properties, 

there is currently a need for studying the influence of geographical origin in honey’s biological 

properties. 

In general, honey is considered a high-quality and valued product, however, different honeys 

can attain different quality degrees and thus attain higher commercial values than others, such 

as monofloral and PDO honeys. Several types of monofloral honeys can be found in Portugal 

due to the diversity of flora and climatic conditions. Chestnut honey (Castanea sativa), lavender 

honey (Lavandula spp.) and heather honey (Erica spp.) are the most commonly found (14). 

The high costs related to their production (15, 14) together with its high demand by consumers 

due to its appreciated flavor, make these honeys susceptible to be adulterated through incorrect 

labeling and fraudulent admixing with lower-cost and low-quality honeys. 

In the last few years, Asia has been the main contributor to the increasing of world honey 

production, producing about 45% of the total world production (1,636 thousand tons in 2011) 

(14). Oppositely, honey production in Europe has stabilized. Therefore, in the European Union 

(EU), there is currently the need to import almost half the consumed honey, since European 

production is not enough to respond to the high levels of consumption (14). Consequently, a 

rapid growth in exportation/importation of honey has been noticed to respond to the high 

demand of consumers for this product with interesting biological properties and potential health 

benefits. This fact also contributed to the increase of honey economic value, making it 

vulnerable to adulteration. Therefore, honey has been associated with fraudulent practices for 

a long time (16), increasing the concern about its quality and authenticity.  

Standards guidelines and legislation suggest several composition criteria, including sugar 

content, moisture content, water-insoluble content, electrical conductivity, free acid, diastase 

activity (DA), and hydroxymethylfurfural (HMF) content, to assess honey quality (1, 17). On the 

other hand, the authenticity of honey is more difficult to assess since several types of 

adulterations have already been described for this matrix (18). 

The economic and nutritional value of honey is mainly attributed to its botanical and/or 

geographical origin, representing the main concerns related to honey authenticity together with 
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the fraudulent addition of sugars and syrups to honey. However, in the last few years, the 

importance of the entomological origin of honey has been increasing. The bee source can also 

be an indicative of the honey value, since honey produced by certain honey bee species is 

more valued (19, 20). For instance, honey produced by A. cerana is being increasingly valued, 

due to the decline of the wild population of this species (21).  

Honey authenticity regarding its botanical and geographical origin can be assessed by different 

approaches including the traditional melissopalynological analysis, the use of chemical 

parameters, spectroscopic techniques and, more recently, relying in advanced DNA-based 

methods. DNA-based methods have been considered as the most suitable tools for the 

unequivocal species identification in animal products and processed foods (22), showing to be 

promising in the determination of both botanical and entomological origin of honey. 

With this purpose, the work described on this thesis aimed at proposing innovating tools for the 

evaluation of honey quality and authenticity, by studying the relation of quality and antioxidants 

parameters variation with the honey origin and by developing DNA-based methods for the 

evaluation of honey authenticity with regard to its botanical origin and entomological origin.  

Thus, in the first part of this thesis national and international honeys were characterized in order 

to evaluate their quality. The influence of geographical origin on the antioxidant profile and 

physicochemical parameters were also assessed. Additionally, storage stability studies were 

performed since physical and chemical changes may occur during this period, influencing 

honey properties, such as color, flavor or fluidity, even when properly stored.  

Secondly, DNA-based techniques were developed to the unequivocal identification of species 

(plant or animal) as well as for the assessment of the authenticity of national and international 

honeys, regarding botanical and entomological origins. These methods were aimed to be useful 

and suitable tools for the detection of fraudulent practices in honey. 

 

To achieve the main goals of this thesis, different specific objectives were established: 

1) To evaluate different physicochemical and quality parameters of European honeys, 

focusing on the determination of  hydroxymethylfurfural (HMF), diastase activity (DA), 

pH, moisture and color;  

2) To study the influence of the geographical origin and storage time on the quality 

parameters as well as on the antioxidant profile of honeys produced in Europe  

3) To develop a high efficiency DNA extraction method, by testing different sample 

preparation treatments, different DNA extraction methods and their combinations, for 
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further application in honey analysis towards its botanical an entomological 

authentication; 

4) To develop molecular methodologies based on plant DNA barcodes for the botanical 

authentication of honey, having lavender monofloral honey as case study;  

5) To develop DNA-based methods, including species-specific PCR and real-time PCR 

assays coupled to HRM analysis, for the entomological authentication of honey 

samples. 
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Thesis Outline 
 

 

The work developed under this thesis was divided in five chapters. Chapter 1 corresponds to 

the state-of-the-art comprising an overview of the main topics addressed in this thesis, while 

chapters 2, 3 and 4 contains the experimental part and the main results obtained. The work of 

each experimental chapter is presented in article format, with each one having its own sections, 

namely introduction, materials and methods, results and discussion, a brief conclusion and the 

respective bibliography. Chapter 5 corresponds to the general conclusions drawn from this 

work. A schematic overview of the organization of this thesis can be found on Figure 1, with 

the content of each chapter being detailed as follows:  

 

Chapter 1 – State-of-the-art 

An extensive overview on the current and most advanced analytical methods applied for 

the authentication of honey/detection of eventual fraudulent practices, is presented. The most 

recent advances on molecular, chromatographic, and spectroscopic methodologies, including 

non-target fingerprint approaches, are described, emphasizing their pros and cons, with 

particular emphasis for the identification of botanical and/or geographical origin of honey. 

 

Chapter 2 – Chemical characterization 

Chapter 2.1 reports the evaluation of quality parameters and antioxidant properties of 

national and international honeys and their relation with geographical origin.  

Chapter 2.2 describes the evaluation of honey stability during a storage period of 4 

years, focusing on its main quality parameters and antioxidant properties. 
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Chapter 3 – Botanical authentication 

Chapter 3.1 describes the comparison of three sample preparation treatments 

combined with five different DNA extraction methods for further application on following studies 

concerning botanical and entomological authentication of honey using DNA based-methods. 

Chapter 3.2 reports the proposal of molecular markers, based on DNA barcoding 

coupled with HRM analysis, to differentiate several species of Lavandula spp. and further 

application to Portuguese lavender honeys. 

 

Chapter 4 – Entomological authentication 

Chapter 4.1 describes a species-specific PCR assay and a real-time PCR assay 

coupled to HRM analysis for the identification of A. cerana and A. mellifera DNA and 

further application to the authentication of honey samples. 

 

Chapter 5 – Final remarks  

Presents the overall conclusions drawn from the work presented in this thesis as well as 

future perspectives 
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Figure 1. Schematic overview of the thesis organization, with indication of the different chapters 

included in each part.
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The information presented in this chapter was published in the following publication: 

- Sónia Soares, Joana S. Amaral, Maria Beatriz P.P. Oliveira, Isabel Mafra, A Comprehensive 

Review on the Main Honey Authentication Issues: Production and Origin, Comprehensive 

Reviews in Food Science and Food Safety, (2017): 16, 1072-1100. 
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1.1. A Comprehensive Review on the Main Honey Authentication Issues: Production 

and Origin 

Abstract 

Honey is a highly consumed natural product, not only for its taste and nutritional value, but also 

for its health benefits. Owing to characteristics that are essentially or exclusively related to the 

specific region or particular local environment and flora, honey can be classified as a premium 

product generally perceived as a high-quality and valued product because of its desirable flavor 

and taste. Consequently, honey has been a target of adulteration through 

inappropriate/fraudulent production practices and mislabeling origin. Globally, authentication of 

honey covers 2 main aspects: the production, with main issues related to sugar syrup addition, 

filtration, thermal treatment, and water content; and the labeled origin (geographical and/or 

botanical) and “organic” provenance. This review addresses all those issues, focusing on the 

approaches to detect the different types of honey adulteration. Due to the complex nature of 

honey and to the different types of adulteration, its authentication has been challenging and 

prompted the development of several advanced analytical approaches. Therefore, an updated, 

critical, and extensive overview on the current and advanced analytical methods targeting 

markers of adulteration/authenticity, including non-target fingerprint approaches will be 

provided. The most recent advances on molecular, chromatographic, and spectroscopic 

methodologies will be described, emphasizing their pros and cons for the identification of 

botanical and geographical origins.  

 

Keywords: Honey; Authenticity; Analysis; Production; Botanical and geographical origins 
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1.1.1 Introduction 

According to the standards of Codex Alimentarius (FAO 2001), “honey is the natural sweet 

substance produced by honey bees from the nectar of plants or from secretions of living parts 

of plants or excretions of plant-sucking insects on the living parts of plants, which the bees 

collect, transform by combining with specific substances of their own, deposit, dehydrate, store 

and leave in the honey comb to ripen and mature”. The definition of honey under the European 

Union (EU) legislation is very similar, with the difference that it stipulates the bee species as 

being Apis mellifera (Directive 2014/63/EU). 

Honey is a widely consumed natural product, not only desirable for its taste and nutritional 

value, but also for its health benefits. Since ancient times, honey consumption is generally 

associated with its medicinal properties, being traditionally used for healing wounds and burns 

and for the treatment of colds and sore throats. More recently, several studies have associated 

honey with many other medicinal effects, as it was shown to have antibacterial, 

hepatoprotective, hypoglycemic, antihypertensive, gastroprotective, anti-fungal, anti-

inflammatory, and antioxidant effects (Frans and others 2001; Akbulut and others 2009; Gomes 

and others 2010; Erejuwa and others 2012). Regarding its nutritional value, honey is essentially 

composed of water and sugars (mainly fructose and glucose). However, other different valuable 

substances, such as vitamins, minerals, enzymes, flavors, free amino acids, and numerous 

volatile compounds, are present as minor components (Schievano and others 2013). These 

compounds, which can vary among different honeys due to factors such as the botanical origin, 

geographic area, season, technology used for honey extraction, and storage conditions, are 

responsible for conferring specific/individual organoleptic and nutritional properties to honey. 

Even being present at small amounts, they are reported to represent a fingerprint and, 

therefore, are used to differentiate honeys by botanical and geographical origins, as well as to 

define their quality (Schievano and others 2013). 

According to Article (2) of Directive 2001/110/EC, the country or countries of origin where the 

honey is harvested have to be declared on the label and, in the case of more than one member 

state or third country, the origin of the honey has to be declared as a ‘blend of EC honeys’, 

‘blend of non-EC honeys’ or ‘blend of EC and non-EC honeys’. Depending on the botanical 

origin, honey can be classified as monofloral or multifloral, if arising predominantly from a single 

or from several plant species, respectively. In the last few decades, owing to its more 

appreciated flavor and aroma, and also to particular pharmacological attributes, there has been 

higher consumer demand for monofloral honey, thus increasing its commercial value (Pires 

http://www.sciencedirect.com/science/article/pii/S0308814610000270#bib6
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and others 2009). Honey can also be classified according to its geographical origin, with 

particular types being from specific areas within the EU, bearing the labels of Protected 

Designation of Origin (PDO) and Protected Geographical Identification (PGI) labels, processed 

and prepared in given geographical areas using recognized expertise (Regulation (EEC) No 

2081/92). As happens with other products, PDO and PGI honeys generally present 

characteristics that are essentially or exclusively related to the specific region or particular local 

environment with inherent natural and human factors (Regulation (EEC) No 2081/92). 

Currently, there are 23 PDO and 8 PGI honeys registered in the EU, with Portugal the country 

with the highest number (9 PDO honeys), followed by Spain (5 PDO and 1 PGI honeys) and 

France (2 PDO and 3 PGI honeys) (Table 1.1) (European Commission 2017). 

Owing to its refined and unique flavor and taste, monofloral, PDO, and PGI honeys are 

generally perceived as high-quality products and, consequently, the most susceptible to be 

adulterated through incorrect labeling and fraudulent admixing with lower-cost and low-quality 

honeys. Moreover, the increased population concerns with health and well-being and the 

consequent growing demand for “natural” food products with therapeutic and healing properties 

has contributed to increase their economic value, making them vulnerable adulteration targets. 

Therefore, honey has been associated with fraudulent practices for a long time (White 2000). 

During the last several decades, documents have been developed aiming at proposing tools to 

assess the quality and authenticity of honey, protecting consumers, and promoting fair 

competition among producers. The quality of honey is mainly determined by its sensory, 

chemical, physical, and microbiological characteristics (Khalil and others 2012), with the 

required composition criteria (sugar content, moisture content, water-insoluble content, 

electrical conductivity, free acid, diastase activity, and hydroxymethylfurfural (HMF) content) 

being described in standards and legislation (FAO 2001; Directive 2001/110/EC). On the other 

hand, the authenticity of honey is more difficult to assess since several types of adulterations 

have already been described for this matrix. 
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Table 1.1. Protected designation of origin (PDO) and protected geographical indication (PGI) honeys registered in European Commission, 

Agriculture and Rural Development DOOR in 2017 (European Commission 2017). 

Honey Classification Country Region Botanical origin 
Registration 
year 

Mel de Barroso PDO Portugal Boticas, Chaves, Montalegre, Vila Pouca de Aguiar, Murça Monofloral from heather 2005 

Mel dos Açores PDO Azores islands Multifloral  
Monofloral from incenso (Pittosporum ondulattum) 

1996 

Mel do Alentejo PDO Different regions of Évora, Beja and Portalegre districts Monofloral from lavender 
Monofloral from eucalyptus 
Monofloral from orange blossom  
Multifloral  

1996 

Mel do Parque de 
Montezinho 

PDO Bragança and Vinhais  Multiflower  1996 

Mel do Ribatejo Norte PDO Alcanena, Ourém, Ferreira do Zêzere, Tomar, Vila Nova de 
Barquinha, Torres Novas  

Multifloral  1996 

Mel da Serra da Lousã PDO Different regions of Coimbra and Leiria districts Multifloral 
Monofloral from heather 

1996 

Mel da Serra de 
Monchique 

PDO Monchique, Aljezur, Lagos, Portimão and Silves  Multifloral  1996 

Mel das Terras Altas do 
Minho 

PDO Different regions of Viana do Castelo, Braga, Vila Real, Porto 
and Aveiro districts 

Monofloral from heather 
Multifloral  

1996 

Mel da Terra Quente PDO Mirandela, Vila Flor, Moncorvo, Freixo de Espada à Cinta, 
Mogadouro, Alfândega da Fé, Macedo de Cavaleiros, 
Carrazeda de Anciães, Vila Nova de Foz Côa, Valpaços 

Monofloral from lavender 
Multifloral 

1996 

Miel Villuercas-Ibores PDO Spain Province of Cáceres Monofloral from chestnut  
Monofloral from retama (Retama sphaerocarpa) 
Multifloral 
Honeydew 

2017 

Miel de Liébana PDO Cabezón de Liébana, Camaleño, Cillorigo de Liébana, 
Pesaguero, Potes,Tresviso, Vega de Liébana 

Honeydew  
Monofloral from heather  

2016 

Miel de Tenerife PDO Tenerife Island Monofloral from “Retama del Teide” (Spartocytisus 
supranubius)  

2014 
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Monofloral from “Tajinaste” (Echium spp.) 
Monofloral from Avocado (Persea americana) 
Monofloral from Chestnut  
Monofloral from Heather 
Monofloral from Shortpod mustard (Hirstfeldia incana) 
Monofloral from Common ice plant 
(Mesembryanthemum crystallinum) 
Monofloral from Fennel (Foeniculum vulgare) 
Monofloral from “Poleo” (Bystropogon Origanifolius) 
Monofloral from “Pitera” (Agave americana) 
Monofloral from Malpica (Carlina xeranthemoides) 
Monofloral from Arabian Pea (Aspalthium bituminosum) 
Honeydew 
Multifloral 

Miel de Granada PDO Province of Granada Monofloral from chestnut  
Monofloral from rosemary  
Monofloral from thymus  
Monofloral from avocado  
Monofloral from orange blossom (Citrus sp.) 
Monofloral from french lavender (Lavandula stoechas) 
Multifloral 

2005 

Miel de La Alcarria PDO Province of Guadalajara and Province of Cuenca. Monofloral from rosemary  
Monofloral from spike lavender (Lavandula latifolia 
Medicus) 
Multifloral 

1996 

Miel de Galicia; Mel de 
Galicia 

PGI Autonomous Community of Galicia Multifloral 
Monofloral from eucalyptus (Eucaliptus sp.) 
Maonofloral from chestnut (Castanea sp.) 
Multifloral from blackberry (Rubus sp.) 
Monofloral from heather (Erica sp.) 

2007 

Miele della Lunigiana PDO Italy Province of Massa Carrara Monofloral from acacia 
Monofloral from chestnut  

2004 

Miele Varesino PDO Province of Varese Monofloral from acacia (Robinia pseudoacacia L.) 2014 

Miele delle Dolomiti 
Bellunesi 

PDO Province of Belluno Multifloral 
Monofloral from acacia  
Monofloral from lime (Tilia spp.) 
Monofloral from chestnut  
Monofloral from rhododendron (Rhododendron spp.) 
Monofloral from dandelion (Taraxacum spp.) 

2011 
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Miel de Corse; Mele di 
Corsica 

PDO France Corsica Island Honeydew from Maquis 
Monofloral from chestnut 
Multifloral  

2000 

Miel de sapin des 
Vosges 

PDO Departments of Meurthe-et-Moselle, Moselle, Haute-Saône 
and Belfort Territory 

Honeydew 2005 

Miel d'Alsace PGI Alsace: Alsatian slopes of the Vosges and Jura mountain 
ranges for silver fir honey;  
hills south of the Vosges (Lower Rhine and Upper Rhine in the 
forests of Brumath and Haguenau) for chestnut honey; forests 
of Hardt (Upper Rhine) for Lime honey. 

Silver fir 
Chestnut 
Lime 
Acacia 
Honeydew 
Multifloral 

2005 

Miel de Provence PGI Six departments of the Provence – Alpes – Côte-d'Azur 
region, with the exception of the some communes and 
cantons from the departments of Alpes-de Haute-Provence, 
Hautes-Alpes and Alpes-Maritimes. Drôme Provençale area 
and the eastern part of Gard. 

Multifloral 
Monofloral 

2005 

Miel des Cevénnes PGI Departments of Ardèche, Aveyron, Gard and Lozère 
(mountain range which borders the Massif Central to the 
south-east) 

Multifloral 
Monofloral from heather (Erica arborea, Erica cinerea, 
Calluna vulgaris) 
Monofloral from chestnut  
Monofloral from raspberry  
Monofloral from blackberry  

2015 

Kočevski gozdni med PDO Slovenia Kočevje, Kostel, Osilnica, Loški Potok, Sodražica in Ribnica 
ter delno občine Črnomelj, Semič, Dolenjske Toplice, 
Žužemberk, Velike Lašče in Dobrepolje 

Honeydew 
Spruce 
Fir 
Lime 

2011 

Kraški med PDO Karst area Honeydew from forest 
Multifloral from blossom 
Acacia (Robinia pseudoacacia) 
Lime (Tilia sp.) 
Chestnut (Castanea sativan) 
St Lucie cherry (Prunus mahaleb) 
Cherry (Prunus avium) 
Winter savoury (Satureja montana) 

2013 

Slovenski med PGI Slovenia Acacia (Robinia pseudoacacia) 
Lime (Tilia spp.) 
Chestnut (Castanea sativan) 
Fir (mainly honeydew) 

2013 
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Spruce (mainly honeydew) 
Multifloral (pollen of fruit trees, Castanea sativa, Acer 
sp., Trifolium repens and plants of the Asteraceae 
family) 
Honeydew from forest 

Miel - Marque nationale 
du Grand-Duché de 
Luxembourg 

PDO Luxembourg Grand Duchy of Luxembourg Multifloral 2000 

Miód z Sejneńszczyny / 
Łoźd/ 
Seinų/Lazdijų krašto 
medus  

PDO Poland 
Lithuania 

Poland: four municipalities in Sejny county and five 
municipalities in Suwałki. 
Lithuania: twelve civil parishes in the Lazdijai District 
municipality. 

Multifloral 2012 

Podkarpacki miód 
spadziowy 

PDO Poland 17 State forest districts (Rymanów, Komańcza, Lesko, 
Baligród, Cisna, Wetlina, Stuposiany, Lutowiska, Brzegi 
Dolne, Strzyżów, Bircza, Dukla, Brzozów, Dynów, Kańczuga, 
Radymno, Krasiczyn) and Bieszczadzki Park Narodowy and 
Magurski Park Narodowy 

Honeydew from European silver fir (Abies alba) 2010 

Miód wrzosowy z Borów 
Dolnośląskich 

PGI Boundaries of the area in which nutrient heather stands Heatther (Ericaceae) 2008 

Miód kurpiowski PGI Kurpie Multifloral 2010 

Miód drahimski PGI Municipalities of Czaplinek, Wierzchowo, Barwice, Borne 
Sulinowo and in the Borne Sulinowo Forest District, located in 
the Drawa Lake District. 

Buckwheat (Fagopyrum) 
Heather (Calluna vulgaris) 
Colza (Brassica napus var. arvensis 
Lime (Tilia spp.) 
Multifloral 

2011 
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The main concerns related to honey authenticity have been focused on geographical and 

botanical origins, but the addition of other non-allowed substances, like syrups or sugars, is 

also an important issue. Adulteration practices, such as overfeeding the bees with sucrose or 

other sugars, harvesting prior to maturity, and the overuse of veterinary drugs, are still 

performed by some producers around the globe to answer to the demands of a competitive 

market (Bogdanov and others 2004; Sahinler and others 2004; Guler and others 2007). In a 

global way, the authentication of honey encompasses mainly 2 different aspects that should be 

both considered: production and origin (Figure 1.1). Regarding honey production, the main 

authenticity issues, namely processing, addition of sugars/syrups, and water content, will be 

particularly described. Additionally, the claims of organic, botanical, and geographical origins, 

mostly associated with high-quality honeys, will be addressed, focusing on the chemical  

parameters, melissopalynology, and the most advanced DNA-based methods and 

spectroscopic approaches for honey authentication. 

 

 

 Figure 1.1. Schematic representation of the main issues related to honey authentication.  
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1.1.1.1 Production 

Honeybees are the keystone in honey production to obtain the final product available in 

commercial display. The intervention of the beekeeper is also of utmost importance to maintain 

the honeybee colonies, to collect and to transport the honey from the hives, and to proceed 

with its extraction and packaging. Within all this, there are several potential sources of honey 

contamination and adulteration that should be considered. Those are originated from the 

contact of the bees with contaminated water, air, and plants (such as the case of contamination 

with pesticides, heavy metals, microorganisms, and genetically modified organisms (GMO)), 

and from the adulterations associated with processing, packaging, and inadequate beekeeping 

practices, such as overheating, feeding the bees during honey production, the addition of 

different sugars and/or syrups after production, and mislabeling. In the following subsections, 

adulteration and quality issues regarding honey production, namely addition of sugars, thermal 

processing, and water content, will be described, together with the parameters and tools used 

for their evaluation. 

1.1.1.2 Addition of sugars 

Sugars are the main components of honey, comprised of mainly glucose and fructose, but also 

several minor oligosaccharides. Thus, adulteration by the addition of carbohydrate materials is 

a type of fraud that should be carefully considered as it would be, by principle, difficult to detect 

if the added sugars are tailored to mimic those naturally existing in honey. The presence of 

sugars as adulterants in honeys can be related to the direct addition of syrups, at certain ratios 

after production, to increase honey sweetness or to overfeed the bees during the main nectar 

period in order to recover more honey from hives. Inexpensive sugars or industrial syrups are 

generally used for this purpose, with well-known adulterants being sugar syrups, such as corn 

syrup (CS) and high-fructose corn syrup (HFCS), glucose syrup (GS), sucrose syrup, inverted 

syrup (IS), or high-fructose inulin syrup (HFIS), which are produced from sugar cane or sugar 

beet (Anklam 1998; Guler and others 2007; Tosun 2013). 

Honeys adulterated by sugar addition can present, in fact, changes in some chemical and/or 

biochemical parameters, such as enzymatic activity, electrical conductivity, and contents of 

specific compounds (HMF, glucose, fructose, sucrose. maltose, isomaltose, proline, ash) when 

compared to a control. However, when evaluating a blind sample, normal variation of these 

parameters should be considered when interpreting results. Moreover, some chemical 

parameters, such as HMF content, formerly suggested as a test to detect the addition of IS, 
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may be ambiguous because HMF and enzymatic activity vary in different honeys and can 

spontaneously change in honeys when subjected to heat or abusive storage in warm 

environments (Ajlouni and others 2010). Sugar (sucrose, fructose, and glucose) content and 

other biochemical properties, such as proline content and electrical conductivity, were 

determined by Guler (2007) aiming at discriminating pure blossom honey from those 

adulterated by overfeeding the bees with sucrose syrup (SS). The results showed that sugar 

content could not be used to discriminate adulterated honeys because more than 95% of the 

sucrose given to overfeed the bees was converted to fructose and glucose. On the contrary, 

the authors reported that proline content and electrical conductivity could be satisfactorily used 

for that purpose. However, it should be mentioned that, in this study, honey samples were taken 

from just 5 bee colonies and the results should be further confirmed by data from other studies. 

Stable carbon isotope ratio analysis (SCIRA), expressed as 13C/12C = δ13C (‰), has been 

proposed for a long time to detect this type of adulteration (Martıń and others 1998; Elflein and 

Raezke 2008; Simsek and others 2012; Tosun 2013; Luo and others 2016; Silva and others 

2016) and has been used as the official analytical method in many countries (AOAC 2005; Xue 

and others 2013). The principle of this method is based on the fact that monocotyledonous (C4) 

and dicotyledonous (C3) plants have distinct carbon isotope ratios that are produced by 

different photosynthetic cycles (Cengiz and others 2014). C3 plant species use the Calvin and 

Benson cycle yielding 13C values near −25‰ (generally presenting a 13C/12C ratio ranging from 

23 to 28‰), while C4 plants mainly use the Hatch-Slack cycle, thus yielding 13C values near 

−10‰ (generally presenting a carbon isotope ratio ranging from 9 to 15‰) (Anklam 1998; 

Simsek and others 2012; Guler and others 2014). Considering that most plants used as nectar 

sources the honeybees are C3 plants, and both cane and corn, the 2 main sources of industrial 

sugar syrups are C4 plants, authentic honeys are expected to have the characteristic properties 

of C3 plants, rather than those of C4 plants. Consequently, honey samples having δ13C less 

negative than −23.5‰ could be considered as suspicious (Simsek and others 2012). However, 

as the δ13C values for themselves may not be sufficient to detect honey adulteration with C4 

sugar syrups, the carbon isotope ratio should also be determined in the honey proteins, which 

are used as internal standard. For authentic honeys, a mean difference of +0.1‰ (range: +1.1 

to −0.9‰) has been measured with more negative differences, indicating the addition of C4 

plant sugars (Anklam 1998). Thus, there is general agreement that in pure honeys the 

difference between the δ13C values of the honey and its protein should not exceed 1‰, in 
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addition to the δ13C of honey that should be more negative than −23.5‰ (Simsek and others 

2012; Cengiz and others 2014; Guler and others 2014). Nevertheless, although SCIRA has 

proved to be useful in detecting honey adulteration with sugar cane or corn syrups, the addition 

of C3 plant sugars, such as sugar beet, cannot be evidenced by this method. Tosun (2013) 

applied SCIRA in honey samples prepared with different known amounts of HFCS, GS, and 

SS from sugar beet. The results showed that, while adulteration using HFCS and GS (both C4 

sugar syrups) could be detected to a certain extent, the same was not feasible in the case of 

SS produced from sugar beet (C3 metabolic pathway plant).  

The use of SCIRA has also been proposed to evaluate indirect adulteration of honey carried 

out by excessive supplementary feeding the bee colonies. Guler and others (2014) used SCIRA 

to detect adulterated honey produced by honeybee colonies fed with different levels of 

commercial industrial sugar (C3 and C4 plants) syrups. SCIRA showed to be useful in detecting 

the indirect adulteration of honey by overfeeding bees with C4 (corn or sugar cane) sugar 

syrups to a certain extent, while failing in detecting adulteration using C3 sugar syrups (beet 

sugar) due to the similarities in isotopic composition. A new approach to determine δ13C, δ2H, 

and δ18O values of honey, and its extracted protein, individual sugar (sucrose, glucose, and 

fructose) 13C isotope ratios, sucrose, and reducing sugar contents of 800 commercial honey 

samples was proposed using an elemental analyzer and liquid chromatography coupled to 

isotope ratio mass spectrometry (IRMS). The approach allowed to reliably detect honey with a 

C4 sugar content of <0%, providing effective evidence of honey authenticity (Dong and others 

2016). 

Recently, alternative chromatographic approaches have been used to analyze sugars in honey, 

namely liquid chromatography coupled to a refractometry detector, anion exchange 

chromatography coupled to pulse amperometric detection (HPAEC-PAD), and gas 

chromatography coupled to a flame-ionization detector (GC-FID) or mass spectrometry (GC-

MS). Even though major sugars are considered not suitable as authentication markers of 

honey, some of the studies showed the presence of disaccharides and small amounts of 

trisaccharides and tetrasaccharides in honey, but also demonstrated the nonexistence of 

oligosaccharides with high a degree of polymerization (DP). Considering that several sugar 

syrups are obtained by enzymatic hydrolysis of starch, they can contain a large amount of 

oligosaccharides with high DP (Megherbi and others 2009; Wang and others 2015). Therefore, 

oligosaccharides with high DP have been suggested as indicators to detect honey adulteration 
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with starch syrups. Morales and others (2008) evaluated the profile of high-molecular-weight 

oligosaccharides in genuine honeys and in 9 sugar syrups, including CS and HFCS with 

different degrees of isomerization, and they found it possible to detect honey adulteration with 

CS down to 5%. Megherbi and others (2009) used HPAEC-PAD to establish trace 

polysaccharide fingerprints in order to detect adulterated honeys with CS. The combination of 

reversed-phase solid-phase extraction and HPAEC-PAD revealed the presence of 

polysaccharides (DP11-DP17) coming from corn syrup that can be used as markers to detect 

adulteration down to the 1% level (Megherbi and others 2009). However, this method does not 

allow to produce accurate quantitative results due to the unavailability of pure standard 

oligosaccharides with DP >7. Recently, Wang and others (2015) evaluated a series of artificially 

adulterated honeys with high-fructose syrups, including those made from corn and rice (this 

last, a C3 plant species) using HPAEC-PAD and reported the presence of a marker peak of 

starch syrups on the chromatograms. The authors claimed that the proposed method could 

detect the addition of both C4 and C3 starch syrups to honey in a simple and low-cost way. 

HPAEC-PAD combined with chemometrics was proposed for detecting and quantifying the 

presence of industrial sugar syrup added to honey samples from 10 to 40% (Cordella and 

others 2005). The method allowed the characterization of authentic and adulterated honey 

samples at a 96.5% level of correct classification using linear discriminant analysis (LDA) 

followed by a canonical analysis. Additionally, the same authors conducted a field experiment 

and showed that adulteration was also possible via bee-feeding syrups. This practice could 

cause chemical modifications to honey quality similar to direct insertion of sugar syrup into 

honey.  

The carbohydrate composition of high-fructose inulin syrups (HFIS) has been studied by Ruiz-

Matute and others (2010) using a GC-MS method to provide better resolution for honey 

oligosaccharide analysis, though requiring a derivatization step that might lead to very complex 

chromatograms (Wang and others 2015). Ruiz-Matute and others (2010) analyzed 107 floral 

honeys (heather, rosemary, eucalyptus, and citrus) and suggested to use inulotriose as a 

marker for honey adulteration with HFIS. This compound was not detected in any of the 

analyzed honey samples, while high concentrations were found in all the ones containing HFIS. 

The addition of rice syrup has recently emerged as an increasing adulteration in the honey 

market due to its very difficult detection. Being a C3 plant, the use of common SCIRA is not 

feasible to detect it in this syrup. According to Xue and others (2013), rice syrup is produced 
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by the hydrolysis of polysaccharides and oligosaccharides, thus containing low levels of these 

compounds. As an alternative, they developed a simple, fast, and effective methodology using 

liquid chromatography with diode array detection (HPLC-DAD) to analyze 160 samples of 

different honeys (acacia, jujube, rape, linden, litchi, clover, and multifloral honeys from Chinese 

beekeepers) and also 32 representative rice syrups purchased in China. The obtained results 

allowed selecting a suitable marker present only in rice syrup, namely 2-acetylfuran-3-

glucopyranoside, which proved to be accurate and effective for its detection as an adulterant 

in honey. Du and others (2015) developed a method to assess adulteration of honey with multi-

class sugar syrups based on ultra-high-performance liquid chromatography/quadrupole time-

of-flight mass spectrometry (UHPLC/Q-TOF-MS). The method allowed the simultaneous 

detection of polysaccharides, difructose anhydrides, and 2-acetylfuran-3-glucopyranoside as 

adulteration markers, enabling identifying the presence of 10% of sugar syrup in honey in less 

than 30 minutes (Figure 1.2).  

 

Figure 1.2. Chromatogram obtained by using UHPLC/Q-TOF-MS of rape honey from China with 10% 

mixed syrups. Peaks 1 and 2 correspond to [M – H]− and [M + COOH]− of 2-acetylfuran-3-

glucopyranoside (AFGP), respectively; peaks 3 and 4 correspond to [M – H]− and [M + COOH]− of 2-

acetylfuran-3-glucopyranoside (AFGP), respectively; peaks 3 and 4 correspond to [M – H]− and [M + 

COOH]− of difructose anhydrides (DFAs), respectively; and peaks 5–12 correspond to [M – 2H]2– of 

polysaccharides (DP 12–19). Reprinted from Du and others (2015) with permission from American 

Chemical Society. 
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According to several authors, the use of spectroscopic techniques based on infrared (IR), 

Raman spectroscopy and NMR are considered useful alternatives to detect sugar adulteration 

in honey. Compared to other analytical approaches, in general, spectroscopic methods have 

the advantages of not being destructive, providing fast, simple, and low-cost screening 

analysis. However, these techniques generally need to be combined with multivariate data 

analysis, require a large set of diversified samples to allow establishing a suitable database, 

and the availability of special equipment, often of high cost. Moreover, data obtained by the 

use of classification models are not always very accurate in differentiating authentic from 

adulterated honeys. Fourier transform infrared spectroscopy with attenuated total reflectance 

(FTIR-ATR) and multivariate analysis was successfully used to detect and quantify different 

sugar adulterants (corn syrup, high-fructose corn syrup, and invert sugar) in honeys (Gallardo-

Velázquez and others 2009; Rios-Corripio and others 2012; Irudayaraj and others 2003). 

Similarly, near-infrared (NIR) spectroscopy in combination with chemometric methods was 

investigated for the qualitative and quantitative detection of beet syrup adulteration of honey 

(Li and others 2013), adulteration of honey with fructose and glucose mixtures (Zhu and others 

2010), and adulteration of honey with HFCS (Chen and others 2011). 

Recently, Li and others (2012) used Raman spectroscopy to detect honey adulterated with 

HFCS and maltose syrups (from 10% to 40% w/w adulteration level). Adaptive iteratively 

reweighted penalized least squares (airPLS) was used to remove the background of spectral 

data, and partial least squares-linear discriminant analysis (PLS-LDA) was used to develop a 

binary classification model. Spectra data were collected from a total of 74 authentic honeys of 

10 botanical origins, as well as from 132 HFCS-adulterated honeys (corresponding to 

laboratory admixing of 44 authentic honeys with different amounts of syrup) and 150 maltose 

syrup-adulterated honeys (corresponding to laboratory admixing of 50 authentic honeys with 

different amounts of syrup). Classification of authentic honey samples showed a total accuracy 

of 91.1% (authentic honey vs. adulterated honey with HFCS), 97.8% (authentic honey vs. 

adulterated honey with MS), and 75.6% (authentic honey vs. adulterated honey with HFCS and 

MS), while classification of honey adulterants (HFCS or maltose syrup) gave a total accuracy 

of 84.4%.  

Higher accuracy was reported by Bertelli and others (2010) who studied the feasibility to detect 

honey adulteration using one-dimensional (1D) and two-dimensional (2D) NMR spectra and 

multivariate statistical analysis. The authors claimed several advantages of this technique, such 
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as the fact of not needing a calibration with internal standards or component extraction prior to 

the analysis, and having a remarkable selectivity and the capacity of identifying unknown 

compounds at a molecular level, providing both structural and quantitative information on a 

wide range of chemical species. When applying the technique to the analysis of 63 authentic 

and 63 adulterated honeys with 10%-40% of commercial sugar syrups, the best discriminant 

model, obtained by 1D-spectra, showed a predictive capacity of 95.2%, with some samples 

being incorrectly classified. Nevertheless, none of the adulterated samples was classified as 

being authentic. Although the obtained results seem to be promising, even considering that 

honeys from different botanical origins and different commercial syrups were used, the number 

of samples was still regarded as being low. This remark can be further extended to several 

other studies using spectroscopic methods, as frequently the works include sets with a low 

number of authentic and adulterated samples, with the latter generally being limited to a few 

laboratory-model mixtures. 

Processing 

During the industrial processing of honey, some treatments, including heat-assisted filtration 

and centrifugation, can be used. In the case of filtration, a process commonly used by 

producers to remove some foreign matter that might appear in honey, legislation has specific 

rules for the use of filters, defining also that filtered honey must be labeled as such (Directive 

2001/110/EC; FAO 2001). 

According to the Codex standards, honey shall not be heated or processed to such an extent 

that can cause changes to its essential composition or that impairs its quality (FAO 2001). 

Therefore, treatments such as the use of high temperatures are not allowed. However, it is 

general knowledge that some producers use high/uncontrolled heating for pasteurization 

purposes and/or for liquefaction. Pasteurization is used to kill osmophilic yeasts, being carried 

out for 7.5 min at 63 ºC or for 1 min at 69 ºC, involving rapid heating and cooling (Bogdanov 

and others 2002a). Since consumers, generally (and often incorrectly) associate crystallized 

honey to be of lower quality or sugar-adulterated honey, some producers apply heat treatments 

(flash-heating at 80 ºC with vacuum for 1-2 min, followed by flash-cooling to 55 ºC) to melt 

glucose microcrystals and remove air bubbles because both can act as crystallization nuclei, 

thus delaying the onset of crystallization at least for 12 months post-processing. Both processes 

affect the quality of honey, causing the loss of volatile compounds and the reduction of 



  Chapter │1 

A Comprehensive Review on the Main Honey Authentication Issues: Production and Origin 

64 

 

enzymatic activity (Bogdanov and others 2002a). Enzymes have an important role in honey 

because they are responsible for the transformation of nectar, or honeydew, into honey and 

can be used as a sensitive indicator of honey exposure to heat during processing and storage. 

However, it should be noticed that enzyme content can be variable in different honeys owing 

to its provenance from bees’ saliva, which can vary depending on different conditions. Enzymes 

such as amylases can also be added artificially by producers in order to mask their reduction 

caused by honey adulteration with syrups (Voldřich and others 2009). 

The standard methods used for the evaluation of honey freshness and overheating rely on the 

determination of diastase activity and HMF content. The effects of temperature and time of 

treatment on the modification of diastase activity, measured as diastase number, were 

evaluated by Tosi and others (2008). The results showed a highly variable behavior that makes 

diastase activity an uncertain parameter to determine if honey has been submitted to heating. 

Due to this variability, some authors have suggested that enzymatic activity is not a very 

accurate parameter if analyzed separately from other quality parameters (Anklam 1998). HMF 

is a furanic compound usually absent or present only at low levels in fresh and unprocessed 

foods. In honey, HMF can be formed as a result of overheating or during long-term storage, 

thus being generally used as an indicator for honey freshness and quality. In the EU, legislation 

establishes that its concentration should not exceed 40 mg/kg, except for honey that originated 

from regions with tropical temperatures (Directive 2001/110/EC). Zappalà and others (2005) 

tested and compared 3 different methods for the determination of HMF recommended by the 

International Honey Commission, namely 2 spectrophotometric methods, according to Winkler 

(1955) and White (1979), and a HPLC method. The methods were applied to monofloral honeys 

from acacia, citrus, eucalyptus, chestnut, and wildflower. Data showed that similar values were 

generally obtained using both the HPLC and the White methods, while for all types of honey 

the Winkler method gave higher values compared to the other 2 methods. The HPLC method 

was proposed as being the most adequate for HMF determination in honey because the 

substances derived by heat or storage damage can interfere with the spectrophotometric 

methods. Due to the low precision of the Winkler method, the authors also suggested to avoid 

its use, as previously recommended by the International Commission of Honey. More recently, 

a micellar electrokinetic capillary chromatography (MECK-UV) method was proposed as an 

alternative, with potential for routine and automated analysis of HMF in honeys based on the 

analytical performance of the method, namely its very short time of analysis (less than 1 min), 
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low cost, and simple sample pre-treatment (Rizelio and others 2012). In addition to HMF, 

Morales and others (2009) suggested to use a combination of HMF and furosine, a chemical 

marker of the progress of Maillard reaction that has also been used as an indicator of freshness 

in foods, being a useful parameter for evaluating the quality of fresh honey. 

Water content 

The water content in honey depends on the climatic, storage, and harvesting conditions 

(including season of production and human manipulation) and it affects the physical properties 

of honey, such as viscosity and crystallization, and consequently its quality (Gallina and others 

2010). Generally, the water content in honey is less than 20%, with the exception of heather 

honey, for which the limit is 23% (Directive 2001/110/EC; FAO 2001).  

Any excess of water can be removed by centrifugation or vacuum-evaporation during 

processing. On the other hand, if water is artificially added into honeys or if harvesting is made 

under high humidity conditions, it can cause fermentation and spoilage. Even though this type 

of honey adulteration is not considered as being a realistic practice (Bogdanov and others 

2002a), several parameters such as microscopic yeast count and analysis of fermentation 

products (Martins and others 2008) are used to test honey spoilage, and, thus, indirectly detect 

this type of honey adulteration. 

The determination of honey moisture is an important and a very frequent analysis to establish 

the quality and marketability of honey. Moisture can be determined gravimetrically, but the 

refractive index (RI) determination with an evaluation of moisture percentage, using an 

empirical formula or a relative conversion table, is the most used method. However, it requires 

heat pre-treatment in crystallized honeys and the empirical formula or relative conversion table 

used for moisture content evaluation is not correct for every type of honey (Gallina and others 

2010). Thus, alternative methods have been suggested, such as the Karl Fischer titration (KFT) 

(Isengard and others 2001). Gallina and others (2010) compared the values attained with the 

KFT method of more than 100 samples of honey with the RI values determined for the same 

samples. Results allowed verifying that KFT was the most reliable method, although displaying 

slightly higher values in general. Sanchez and others (2010) compared RI and KFT methods 

using 2 different solvents (methanol and methanol:formamide, (1:1)). Similar results were 

obtained, mainly when the solvent mixture was used. The KFT method with solvent mixture 

also allowed a reduction in titration time. 
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1.1.1.3 Origin 

Organic 

Nowadays, consumers are increasingly aware of the dangers associated with the possibility of 

toxic substances in food, preferring those labeled as being “organic”. According to legislation, 

honey is a natural substance and shall not have added any food ingredient to it, including food 

additives or other non-honey substances. The production of organic honey should be in good 

agreement with the rules established by the European legislation on the production and labeling 

of organic products (Regulation (EC) No 834/2007). Thus, organic honey must be produced 

following an ecological-based system, using natural resources, and promoting environmental 

quality, animal welfare, and human health (Gomes and others 2011). Nevertheless, honey 

contamination can arise from different sources, such as beekeeping practices or the 

environment surrounding hives. The last one is a complex issue in the classification of organic 

honey, since nowadays it is almost impossible to produce honey in a totally pollution-free 

environment (Bogdanov and others 2008). Environmental contaminants include heavy metals, 

such as lead, cadmium, and mercury, radioactive isotopes, organic pollutants, pesticides 

(insecticides, fungicides, herbicides, and bactericides), pathogenic bacteria, and GMO. The 

contaminants introduced from beekeeping are mainly acaricides, used for Varroa destructor, 

and antibiotics used for the control of bee brood diseases (Bogdanov 2006). Accordingly, 

beekeepers have to meet strict production standards and conditions to certify honey as 

“organic”, including the absence of contaminants such as pesticides, antibiotics, and organic 

pollutants. An evaluation of the presence of veterinary drug residues and pesticides is important 

to recognize honey as organic. The presence of such residues reveals that producers did not 

use organic production methods, and it might be considered a commercial fraud if labeled as 

organic (Bogdanov and others 2002a). 

Directive 2014/63/EU relating to honey is written according to the specific labeling requirements 

of Regulation (EC) No 1829/2003, stating that there is no obligation to indicate the presence of 

genetically modified (GM) pollen in honey on labels for honey if the following conditions are 

met: such pollen does not exceed 0.9% of the honey, and its presence in honey is adventitious 

or technically unavoidable. Additionally, according to Council Regulation (EC) No 834/2007 on 

organic production and labeling of organic, GMO and products produced from or by GMO are 

incompatible with the concept of organic production and consumers' perception of organic 

products. Therefore, their use is prohibited in organic farming or in the processing of organic 
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products such as honey. Nevertheless, as honeybees forage across a long distance to collect 

nectar and pollen, without being able to distinguish between conventional and GM plants, 

honey production is at high risk of containing unintended traces of pollen from GMO, if those 

plants are grown in the vicinity of the hives. This can happen in some European honey-

producing countries, such as Spain, Portugal, Czech Republic, and Romania, which cultivate 

GM maize with the event MON810. Considering that honey production is not sufficient to 

address the European consumption and industrial needs, approximately 40% of honey 

consumed in Europe is imported from third-party countries, mostly from Latin American 

(Argentina, Mexico, Chile, Cuba, Brazil, and El Salvador, accounting for 45% of imports) and 

Asian countries (China and Thailand, accounting for 33% of imports), where, in some cases, 

large areas of GM crops (maize, soybean, rapeseed) are cultivated. Thus, honey labeled as 

organic should ideally be tested for the presence of GMO, especially if imported from non-EU 

countries where non-authorized GM crops are also cultivated and not allowed to be market in 

EU.  

Botanical and geographical 

Honey can result from a broad variety of plant species because bees collect nectar from 

different surrounding flowers. Usually, honey is classified as being monofloral when at least 

45% of pollen grains arise from a single species. However, there are some exceptions, namely: 

honeys that have under-represented pollen grains, such as in the case of lavender honey, for 

which only 15% of pollen grain is required for botanical classification as monofloral honey; and 

honeys having over-represented pollen grains, such as those from eucalyptus and chestnut 

that can show a pollen frequency of 70-90% (Pires and others 2009). A multifloral honey is 

composed of pollen grains from several plant species, none of which being considered 

predominant. Due to their particular flavor, taste, and biological properties, monofloral ones are 

the most demanded, as previously stated. For that reason, the botanical source of honey is 

highly connected with its price, and, consequently, producers may be tempted to describe 

different nectar sources to increase profit. Similarly, the geographical origin is an important 

parameter with respect to honey differentiation and valorization. Depending on its geographical 

origin, the region where the hives are located and the surrounding environment, honey can 

acquire different characteristics and properties. 
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Considering the increasing global trade and owing to the higher economic value of monofloral, 

PDO, and PGI honeys, associated with particular origins, those products are particularly prone 

to adulteration through incorrect labeling and fraudulent admixing with honey of lower value 

and quality. Thus, in order to protect consumers and promote fair competition among 

producers, there is a growing need to assess the authenticity of honey, particularly with regard 

to geographical and botanical origins.  

Currently, organoleptic properties, physicochemical analysis, and pollen spectrum are the main 

criteria for honey classification. Considering the difficulties associated with the traditional 

melissopalynology, new analytical methodologies for botanical origin discrimination are 

emerging as alternatives, including those based on chromatography, spectroscopy, and 

molecular biology. Analytical methods applied to honey characterization and authentication 

have recently reviewed with particular emphasis on the spectroscopic techniques (Consonni 

and Cagliari 2015; Siddiqui and others 2017). The chemometric tools have appeared as 

analytical complements for honey authentication, which were particularly reviewed by Camiña 

and others (2012) focusing on the geagraphical and botanical origins of honeys from numerous 

countries. So far, several advanced approaches have been proposed aiming at accurately 

assessing the botanical and geographical origins of honey, by targeting certain minor 

compounds in honey, including the use of GC-MS, liquid chromatography with mass 

spectrometry (LC-MS), capillary electrophoresis-time-of-flight mass spectrometry (CE-TOF-

MS), matrix-assisted laser desorption/ionization MS (MALDI-TOF MS), and NMR spectroscopy 

(Schievano and others 2013). However, the assessment of chemical markers, such as 

volatiles, phenolic acids, sugars, and other constituents of honey can be influenced by 

beekeeping techniques, environmental conditions, and climate changes, thus leading 

frequently to unreliable determination of its floral or geographical origin (Madesis and others 

2014). Besides, honey is a very complex matrix in terms of pollen origin because bees never 

visit a single plant species to produce honey, with consequent variability of honey composition. 

To overcome these problems, the use of DNA markers for pollen identification can offer new 

alternative tools independent of external conditions of honey production. In the following 

sections, several analytical methodologies are described aiming at the analysis of particular 

target parameters for botanical and/or geographical origin discrimination, critically emphasizing 

their advantages and drawbacks. Similarly, recent advances in non-target methods will be 

discussed. 
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Target parameters 

Pollen 

The traditional method used for ascertaining the botanical origin of honey is melissopalynology, 

which consists of pollen identification by microscopic analysis to determinate the plants visited 

by the bees during honey production. The identification and quantification of pollen grains in 

honey sediment is still used as a reference method to establish the botanical origin of honey 

samples (Pires and others 2009). Nevertheless, this method has several shortcomings, such 

as the long time of analysis, the availability of a comprehensive collection of pollen grains, and 

the need of experts with adequate skills and experience to identify different pollen morphologies 

(Soares and others 2015). Besides, there is the risk of considerable discrepancy of the pollen 

content in honeys because of several factors, such as seasonal variations, or the sort of flora 

visited by bees for certain types of honey with “under-represented” pollen (Escriche and others 

2011). Moreover, this methodology is not suited for cases of inadequate honey filtration 

performed by beekeepers or adulteration by pollen addition. Consequently, melissopalynology 

is commonly complemented by physico-chemical and organoleptic analyses, being honey 

botanical classification based on a global interpretation of all results (Bogdanov and others 

2008).   

Phenolic compounds 

The natural properties of honey are well known by consumers; they are mainly attributed to its 

antibacterial and antioxidant activities. Besides promoting human health and well-being, honey 

can also prevent deteriorative oxidation reactions in foods, such as lipid oxidation in meat and 

enzymatic browning of fruits and vegetables. Its antioxidant properties are derived from both 

enzymatic (catalase, glucose oxidase, peroxidase) and non-enzymatic substances (ascorbic 

acid, α-tocopherol, carotenoids, amino acids, proteins, Maillard reaction products, flavonoids, 

and phenolic acids). Among those, phenolics are considered the main responsible compounds 

for the antioxidant properties of honey. The type and amount of these compounds in honey can 

vary with seasonal, climatic, and processing factors, but mostly depend on the botanical origin 

of honey because they are transferred from plants to honey through the nectar collected by 

bees (Gheldof and others 2002; Silici and others 2010; Rosa and others 2011). For this reason, 

phenolic compounds have been considered useful markers in honey characterization and, 
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consequently, their profile appears to be valuable to assess its botanical and/or geographical 

origins. In this context, the development of reliable analytical methods to obtain such 

information has been recently described as being of major importance (Sergiel and others 

2014a). 

The extraction of phenolic compounds is often performed by solid-phase extraction (SPE), with 

subsequent analysis performed by chromatographic methods (Kaškonienė and others 2010). 

Due to the complexity of the honey matrix, sample preparation/extraction is considered a key 

step, since the identification of compounds can be affected by interferences that will 

compromise the sensitivity and selectivity of the analytical method (Michalkiewicz and others 

2008). The use of SPE with different sorbents, including non-ionic Amberlite XAD polymeric 

resins (Jasicka-Misiak and others 2012), hydrophobic C18 cartridges (Pulcini and others 2006; 

Dimitrova and others 2007; Hussein and others 2011), and polymeric reversed-phase Strata X 

cartridges (Sergiel and others 2014b) has been suggested to separate phenolic acids and 

flavonoids from sugars and other polar substances. They have also been used to concentrate 

the compounds of interest prior to a more accurate identification (Sergiel and others 2014a). 

Compared to reversed-phase cartridges, non-ionic resins, such as Amberlite XAD-2 and XAD-

4, have been reported to effectively eliminate sugars, acids, pigments, and other interfering 

compounds (Petrus and others 2011). The influence of different factors, including the solid 

sorbents (Bond Elut octadecyl C18, Oasis HLB, Strata-X, and Amberlite XAD-2) and the 

composition of washing and elution solvents on the recovery of phenolic compounds from 

honey was evaluated by Michalkiewicz and others (2008). The selectivity of the procedure was 

assessed using spiked honeys and the performance of the method was tested in real honey 

samples from different botanical origins. Bond Elut C18 silica sorbent was found to be less 

appropriate for the isolation and pre-concentration of the tested compounds, while the best 

results were obtained with polymeric sorbent Oasis HLB, possibly due to π–π interactions 

between aromatic structures. With the exception of rutin and quercetin, results were also better 

when compared with Amberlite XAD-2. As mentioned, the complexity of the matrix brings an 

added difficulty to the determination of a honey phenolic profile. 

Besides the extraction step, the use of adequate separation and detection techniques enabling 

an unambiguous determination of as many components as possible is crucial (Keckes and 

others 2013). With this aim, different methods, namely ultra-high-performance liquid 

chromatography (UHPLC) coupled with hybrid mass spectrometry (Keckes and others 2013; 
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Gašić and others 2014), HPLC-DAD (Jasicka-Misiak and others 2012; Jerkovic and others 

2014; Sergiel and others 2014a), HPLC coupled with coulometric electrode array detection 

(CEAD) (Petrus and others 2011), and HPLC with electrospray ionization tandem mass 

spectrometry (ESI-MS/MS) (Sergiel and others 2014a) were suggested for the determination 

of phenolic compounds in honey. Recently, a different approach was proposed by Sergiel and 

others (2014b), who applied 3D-synchronous fluorescence spectroscopy (SFS) to identify 

phenolic compounds in honey. The authors concluded that 3D-SFS spectra obtained from the 

honey phenolic fraction could serve as a very good signature of a particular botanical origin 

and could be useful for authentication and/or identification in a very straightforward way. 

Although most of the phenolic acids and flavonoids are simultaneously present in different 

monofloral honeys, several studies suggest the use of some of them as suitable markers for 

the floral origin of honey. Hamdy and others (2009) analyzed the flavonoids and phenolic acids 

of clover, cotton, and citrus honey samples and concluded that the flavanone hesperetin was 

present only in citrus honey, whereas quercetin, cinnamic acid, and p-hydroxy benzoic acid 

were detected in the 3 analyzed monofloral honeys. These results were in good agreement 

with previous studies that also suggested hesperetin as being a useful botanical marker for 

citrus honey (Ferreres and others 1993; Hamdy and others 2009). Other phenolic compounds 

also proposed as markers for the floral origin of honey include homogentisic acid for strawberry 

tree honey (Tuberoso and others 2010), methyl syringate for rapeseed honey (Kuś and others 

2014), 8-methoxykaempferol for rosemary honey (Ferreres and others 1994), and ellagic acid 

for heather honey (Ferreres and others 1996a). Other compounds, such as abscisic acid in 

heather honey (Ferreres and others 1996b; Kuś and others 2014) and p-hydroxybenzoic acid 

in buckwheat honey (Kuś and others 2014), have also been suggested to serve as floral 

markers, though they have also been reported in honeys from other sources (Truchado and 

others 2008). Similarly, quercetin and kaempferol were proposed as markers for sunflower 

(Tomás-Barberán and others 2001) and rosemary (Gil and others 1995) honeys, respectively, 

yet both compounds have also been found in considerable amounts in other honeys (Petrus 

and others 2011).  

Considering that some compounds previously suggested as floral markers for a particular 

honey are frequently found in other types of honey, the use of a phenolic profile instead of a 

single compound has been suggested as more adequate to identify the botanical origin of 



  Chapter │1 

A Comprehensive Review on the Main Honey Authentication Issues: Production and Origin 

72 

 

honey. Accordingly, Martos and others (2000) concluded that myricetin, tricetin, quercetin, 

luteolin, and kaempferol could be used for eucalyptus honey identification. 

Bearing in mind that phenolic compounds are phytochemicals transferred from the plant to the 

nectar and then to the honey, they are mostly associated with botanical origin authentication, 

though their use has also been reported as suitable for geographical origin determination. 

Generally, such an approach requires the use of chemometrics as demonstrated by Karabagias 

and others (2014). The authors classified and differentiated Greek thyme honeys according to 

geographical origin based on selected phenolic compounds and quality parameter data 

combined with chemometrics.  

Sugars 

As mentioned, sugars (saccharides) are the main components of honey and are considered 

useful parameters to assess honey adulteration by the addition of syrups. Their use as floral or 

geographical origin markers of honey is not so frequent due to difficulties in specifying one or 

more carbohydrates present in honey that can serve this purpose (Kaškonienė and others 

2010). Nevertheless, some authors have suggested using the amount and ratio of particular 

carbohydrates, such as fructose and glucose, as well as oligosaccharides, as useful indicators 

to recognize monofloral honeys (Cotte and others 2004; Nozal and others 2005). Besides major 

mono- and disaccharides, it is known that tri- and tetrasaccharides can be present in small 

amounts in honeys. Therefore, different studies have been conducted to determine the 

carbohydrate profile of distinct honeys, either for botanical or geographical origin classification 

(Cotte and others 2004; Sanz and others 2004; Nozal and others 2005). With this aim, different 

methodologies based either on spectroscopic or chromatographic techniques have been 

suggested. They include diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) 

(Bertelli and others 2007), NMR (Lolli and others 2008), HPLC coupled to pulsed amperometric 

detection (PAD) (Nozal and others 2005), GC-MS based on the use of 2 different stationary 

phases (de la Fuente and others 2011), and a combination of HPLC-PAD and GC-FID (Cotte 

and others 2004). HPLC-PAD is considered advantageous because it does not require 

derivatization and allows high sensitivity (Nozal and others 2005). The analysis of low-

molecular-weight carbohydrates in complex mixtures, when performed by conventional GC, 

frequently results on peak co-elution. To overcome the co-elution problem of anomeric 

structures, GCxGC-TOF-MS was recently applied for the separation and identification of 
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saccharides previously converted to trimethylsilyl oxime derivatives (Brokl and others 2010). 

The authors evaluated different honeys, including 5 multifloral and 6 monofloral honeys 

marketed in New Zealand, obtaining similar qualitative profiles, but still with variations in the 

relative abundance of disaccharides. 

Among spectroscopic methods, Consonni and others (2013) demonstrated the capability of 

NMR for saccharide analysis to discriminate, either the geographical origin or the floral source 

of honey. According to the authors, NMR largely demonstrated its feasibility for the analysis of 

complex mixtures, such as honey, with the advantages of high reproducibility, and low sample 

amount and preparation time over chromatographic methods. The application of multivariate 

statistical analysis to the NMR saccharide data allowed the characterization and differentiation 

of honeys from 5 distinct botanical origins. High-mountain multifloral and rhododendron honeys 

partially overlapped, which could be related to their similar origin with respect to altitude 

(Consonni and others 2012). This is in good agreement with Kaškonienė and others (2010), 

who reported that the interpretation of sugar composition data can become impracticable to 

determine the floral origin of honey, especially in the case of multifloral honeys since both 

botanical and geographical origins influence the composition of honey carbohydrates.  

Volatile compounds  

As previously mentioned, the botanical origin of honey depends on the pollen sources visited 

by the bees, making each honey unique on the basis of the nature, amount, and combination 

of various components and giving it a distinctive organoleptic character (Bertelli and others 

2007). Considering that aroma is one of the distinguishable characteristics of honeys, the profile 

of volatile compounds can potentially be used as a fingerprint for their differentiation and 

authentication (Kaškonienė and others 2010; Schievano and others 2013).  

Volatile compounds in honey are grouped into chemical categories, including aldehydes, 

ketones, acids, alcohols, hydrocarbons, norisoprenoids, terpenes, benzene compounds, and 

their furan and pyran derivatives (Manyi-Loh and others 2011). Until now, more than 600 

different compounds have been identified in volatile extracts or in the headspace isolates of 

honey (Kaškonienė and others 2010). Using volatile analysis, typical compounds can be 

identified and related to a specific plant species, making it potentially useful as floral marker for 

certain honeys. Due to the presence of characteristic volatile organic components deriving from 

the original nectar sources, the monofloral honeys usually have high individual aroma profiles 
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when compared with multifloral honeys (Kaškonienė and others 2010). Notwithstanding, only 

a small number of compounds has been described as possible floral markers that allow 

recognizing honeys from different botanical origins. Methyl anthranylate (MA), a specific 

compound of citrus blossom nectar, has long been used as a marker for citrus honey, also 

being considered useful for the classification of this type of honey when citrus pollen is under-

represented (White and others 1996; Juan-Borrás and others 2015). Since this compound is 

characteristic of citrus honeys, some laboratories for honey control require a minimum MA 

content of 2 mg/kg to classify a sample as being citrus unifloral honey, although that is not an 

official parameter. However, different authors have been showing that there is only a weak 

correlation between the content of MA and the percentage of citrus pollen, which can lead to 

false negatives if the level of 2 mg/kg is considered (Sesta and others 2008; Juan-Borrás and 

others 2015). 

Isophorone and its derivatives has been referred to as characteristic compounds in the volatile 

fraction of strawberry-tree (Arbutus unedo) honey (Bianchi and others 2005; de la Fuente and 

others 2007). Isophorone has also been reported in A. unedo flowers and in Corsican “autumn 

maquis” honey, which typically presents A. unedo in its composition (Yang and others 2014a). 

However, the presence of isophorone has also been described as indicative of a floral origin 

belonging to the heather family (Guyot and others 1999; Seisonen and others 2015). Moreover, 

isophorone and its derivatives have also been reported to occur in other types of honey, such 

as thyme (Alissandrakis and others 2007; Karabagias and others 2014), rare apple (Malus 

domestica Borkh.) (Kuś and others 2013), and Saturana monteja (Jerkovic and others 2015), 

thus indicating their utility for honey authentication. Identically, in other studies, the same 

volatile compounds were suggested as being characteristic for different honeys; as an 

example, lilac aldehydes were suggested as characteristic constituents of rhododendron 

(Senyuva and others 2009), citrus (de la Fuente and others 2005; Alissandrakis and others 

2007; Papotti and others 2012), and rosemary (Castro-Vázquez and others 2009) honeys. 

Therefore, instead of a single compound, most studies refer to the use of several aroma 

compounds present at different levels to characterize honeys, as an attempt to distinguish their 

different botanical origins. A list of the main compounds suggested as possible markers of 

various honeys can be consulted in the review of Kaškonienė and others (2010). Additional 

examples of volatile compounds that were recently suggested as markers for the botanical 

origin of honey are presented in Table 1.2.  
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Table 1.2. Characteristic volatile compounds recently described for different types of honeys. 

Honey source Country of origin a Extraction method b Compounds Reference 

Acacia Slovakia (17) SPME Aldehydes from hexanal to decanal, 1-methylpyrrolidinone, 2,4-decadienal (trans isomer), 

2-hexen-1-ol, (trans isomer), 3,4-dimethylhexan-3-ol, 3-ethylheptan-3-ol, 

heptan-3-one and dihydrolinalool 

Špánik and others (2013) 

Buckwheat Italy (6), Russia (1), Poland 

(2), Nepal (1) 

 3-Methyl-2-buten-1-ol, 2-butanone, 2-hydroxy-3-pentanone, 4-methylpentanoic acid, 4-

pentanoic acid, butanal, 2-methylbutanal, pentanal, dihydro-2-methyl-3(2H)-furanone, 5-

methylfurfural and cis-linalool oxide. 

Panseri and others (2013) 

Chestnut Greece (10) USE 1-Phenylethanol and 2’-aminoacetophenone, cis-cinnamyl alcohol and p-hydrox-

yacetophenone 

Alissandrakis and others 

(2011) 

Corsican (50) HS-SPME 2-Aminoacetophenone, benzaldehyde, acetophenone, nonanoic acid, octanoic acid, and 3-

furaldehyde 

Yang and others (2012a) 

Cornflower Poland HS-SPME 3,4-Dihydro-3-oxoedulan Kuś and others (2013) 

Eucalyptus Greece (10) USE 2-Hydroxy-5-methyl-3-hexanone, 3-hydroxy-5-methyl-3-hexanone, exo-2-hydroxycineole, 

an unknown norisoprenoid, acetoin, nonanal, methyl nonanoate and dehydrovomifoliol 

Alissandrakis and others 

(2011) 

 Italy (2), South Africa (1) SPME Acetoin Pažitná and others (2014) 

Heather  Corsican (45) HS-SPME 4-Propylanisol, p-anisaldehyde, benzaldehyde and 3-furaldehyde Yang and others (2012b) 

Estonia (3) SPME Isophorone and 2-methylbutyric acid Seisonen and others (2015) 

Lavandin/ Lavander Spain SPE γ-Nonalactone, farnesol, acetovanillone, 1-heptanol, decanal, 4-methoxyacetophenone and 

dehydrovomifoliol 

Castro-Vázquez and others 

(2014) 

Lime Slovakia (6) SPME 1-ethoxy-2-(2-ethoxyethoxy)ethane, 2,7-dimethyloxepine, 2-aminoacetophenone, 2-

isobutylthiazole,2-isopropylidene-3-methylhexa-3,5-dienal, 3-hydroxy-β-damascone, 3-

methylpyridazine, 4-(1-methylethyl)benzoic acid methyl ester, geranic acid, m-cymene, 

oxalic acid, hexyl propyl ester, p-mentha-1,8-dien-3-one, methyl ester of 2-

hydroxypropanoic acid, α,4-dimethylbenzyl alcohol, α-hydroxyacetophenone, myrtanol, 2,6-

dimethyl-3,5-heptadien-2-ol, citronellic acid, 1,2,5-trimethylpyrrole and  1,3,7,7-tetramethyl-

9-oxo-2-oxabicyclo[4.4.0]dec-5-ene 

Špánik and others (2013) 

Orange Greece (2), France (1) SPME Herboxid I, herboxide II, dill ether, 8-heptadecane, limonyl alcohol, nerolidol and 8-

hydroxylinalool and lilac aldehydes. 

Pažitná and others (2014) 

 Sicilia (36) SPME Lilac aldehydes, linalool and its oxides, hotrienol, dill ether and the two isomers of p-menth-

1-en-9-al and furfural 

Verzera and others (2014) 
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Phacelia Slovakia (2) SPME 1-methyl-1,4-cyclohexadiene, 1-nitrohexane, 1-phenyl-1,2-propanedione, 2-(2-

butoxyethoxy)ethanol, 2,3-octanedione, 2,4-hexadienal, 2,6-dimethyl-2,5-heptadien-4-one, 

3,9-epoxy-p-mentha-3,8-diene, 4,4-dimethyl-2-cyclopenten-1-one, 5-(1-methylethylidene)-

1,3-cyclopentadiene, acenaphthene, butanoic acid, 3-hexenyl ester (isomer i), methyl 

cinnamate, m-propyltoluene, 2,6-dimethylnaphthalene, valeric acid, 4-nitrophenyl ester, 4-

decen-1-ol, 1,2-dimethoxybenzene and 1,3,8-p-menthatriene. 

Špánik and others (2013) 

Rape Estonia (6) SPME Dimethyl trisulphide Seisonen and others (2015) 

 Slovakia (7) SPME 2-Methyl-2-butenoic acid, 1-phenylpropan-2-ol, 2,4-dithiapentane, pentan-3-one, cinnamic 

alcohol, 2-phenethyl ester of formic acid, perillol and α-bisabolol 

Špánik and others (2013) 

Raspberry  Slovakia (2) SPME 2-ethenyl-2-butenal, 3-methylhexane, 3-methylnonane, 3-pyridinemethanol, β-myrcene, 

cyclopentanemethanol, norbornane and undecanal 

Špánik and others (2013) 

Rosemary  Croatia (2) SPME Trimethyl-tetrahydronaphtalene, widdrene, 2-(2-ethoxyethoxy)-ethanol and p-propylanisole Pažitná and others (2014) 

Sage Croatia (2) SPME 1,8-Cineole, thujone, camphore, borneol acetate, caryophyllene, alpha humulene, ledene, 

verbenone, ethyl geranate and veridiflorol 

Pažitná and others (2014) 

Sunflower Slovakia (6) SPME α-bisabolene (cis isomer), γ-muurolene, copaene, δ-cadinene, levandulol, cis-p-menth-2-

en-7-ol, p-methoxyanisole, α-amorphene, α-caryophyllene, α-gurjunene, α-selinene, trans-

3-caren-2-ol, benzoic acid, 3-methylbutyl ester, 3,6-dimethylene-1,7-octadiene, decan-3-ol, 

β-cubebene, β-pinene, bornyl acetate, calamenene, calarene, β-caryophyllene 

Špánik and others (2013) 

 

Thyme Greece (42) HS-SPME Formic acid ethyl ester, decanoic acid ethyl ester, formic and acetic acids, 1-hydroxy-2-

propanone, 4,7,7-trimethylbicyclo[3.3.3]-octan-2-one, octane and terpinen-4-ol 

Karabagias and others 

(2014) 

Willow Poland HS-SPME and USE Vomifoliol, methyl syringate and 4-hydroxy-3-(1-methylethyl)benzaldehyde  Jerkovic and others (2014) 

a In brackets is presented the number of analysed samples; b USE, ultrasound solvent extraction; HS, headspace; SPME, solid phase 

microextraction; SPE, solid phase extraction. 
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Apart from the floral source, several factors can influence the volatile compounds of honey, 

such as plant maturity, edaphoclimatic conditions, and processing and storage of honey, 

among others. Overheating during processing or a long period of storage are reported to 

considerably affect volatile compounds in honey (Manyi-Loh and others 2011). Kaškonienė and 

others (2008) noticed remarkable changes in the content and composition of volatiles in honey 

samples analyzed after 3 months of storage, with the amount of the headspace volatiles 

decreasing by at least 70% in the majority of samples. The changes in heated or stored honey 

have been attributed mainly to compounds that are heat-labile and might be destroyed, and to 

volatile compounds produced by non-enzymatic browning (Maillard reaction) (Kaškonienė and 

others 2008; Manyi-Loh and others 2011). Recently, Agila and others (2013) studied the effect 

of both storage time and adulteration by the addition of HFCS on the volatile compounds of 

different honeys, concluding that the increase of HFCS content and storage period promoted a 

decrease in volatiles. To circumvent the variability in volatile composition frequently ascribed 

to these factors, Verzera and others (2014) proposed the use of enantiomeric ratios of some 

volatile constituents, which directly come from flowers, to authenticate the botanical origin of 

honey. It is known that chiral flavor and fragrance components of natural origin, generally, have 

a characteristic distribution of enantiomers that is attributable to stereo-selectively controlled 

biogenetic formation mechanisms. The authors demonstrated that the use of enantiomeric 

ratios of some volatiles can be a promising parameter for botanical authentication of honey, 

since the enantiomeric ratio of linalool and its oxides remained stable and was less influenced 

by production period, conditioning, packaging, and storage. 

Another factor that can strongly affect the outcome of the analysis of volatile compounds in 

honey is the choice of the extraction method. Volatile compounds can be extracted by several 

methods depending on the matrix, the required selectivity, and effectiveness. In the particular 

case of honey, this process is difficult because it requires the prior removal of sugars to facilitate 

the isolation of volatile compounds that are present at a very low concentration (Pontes and 

others 2007; Kaškonienė and others 2008; Manyi-Loh and others 2011). Moreover, the 

selection of the extraction method must also take into consideration that these compounds 

have a wide range of physicochemical properties, presenting different volatilities and polarities, 

which can differently affect their recovery (Plutowska and others 2011; Jerković and others 

2011).  

So far, different methodologies have been proposed for the extraction of honey volatile 

compounds, each of them having advantages and disadvantages. For instance, 

hydrodistillation (HD), liquid–liquid extraction (LLE), simultaneous steam distillation extraction 
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(SDE) and Likens-Nickerson simultaneous distillation extraction (LNSDE), and micro-

simultaneous steam distillation-solvent extraction (MSDE) require the use of heat that can lead 

to the formation of furan and pyran derivatives due to its effect on sugars or amino acids (non-

enzymatic browning reaction/Maillard reaction) (Alissandrakis and others 2005; Cuevas-Glory 

and others 2007). The use of solvents, such as in ultrasound solvent extraction (USE) and the 

aforementioned techniques, can also affect the extraction of volatiles and GC analysis because 

solvents can solubilize non-volatile compounds that contaminate the GC port. In addition, some 

volatiles can be lost during solvent removal and some analytes can be masked by the solvent 

inhibiting their detection (Cuevas-Glory and others 2007; Kaškonienė and others 2008; Manyi-

Loh and others 2011). Despite this, USE does not require the use of heat and, thus, the 

generation of thermal artifacts is avoided. Moreover, USE allows the isolation of both low- and 

high-molecular-weight compounds, potentially providing interesting markers for the 

determination of honey origin (Alissandrakis and others 2005). Other methodologies, such as 

solid-phase dynamic extraction (SPDE), were proposed attempting to minimize the 

consumption of organic solvents and reduce the sample amount and sample preparation time. 

SPDE can entirely eliminate solvents, although it requires extensive modification of the GC 

injector or the addition of a desorption module (Cuevas-Glory and others 2007; Manyi-Loh and 

others 2011).  

Nowadays, headspace solid-phase microextraction (HS-SPME) is considered the most popular 

technique for the analysis of volatile compounds from different food matrices, including honey 

(Silva and others 2013). Headspace extraction proved to be the most appropriate approach, 

taking advantage of differences in the Henry constants of volatile analytes and interfering 

compounds. Moreover, it protects the fiber from adverse effects caused by non-volatile 

compounds that occur in the sample matrix (such as sugars in the case of honey) and allows 

modification of sample pH with no effect on the fiber (Cuevas-Glory and others 2007). HS-

SPME has been widely implemented in semi-quantitative fingerprinting and profiling studies 

because it provides good sensitivity and selectivity for the determination of volatile non-polar 

to mid-polar compounds, including flavors and off-flavors (Silva and others 2013). Fiber coating 

used in SPME is an important parameter having a great impact on the attained efficiency 

(Manyi-Loh and others 2011). Several studies testing different combinations of fiber coating 

have been performed in order to improve recoveries of honey volatiles. For instance, Čajka and 

others (2007) and, more recently, Plutowska and others (2011) have compared different SPME 

fiber combinations and both concluded that a divinylbenzene/carboxen/polydimethylsiloxane 

(DVB/CAR/PDMS) fiber combination provided the best sorption capacity and the broadest 
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range of volatiles extracted from the headspace of a honey sample. Considering that the 

composition of volatile organic compounds can vary with the selected extraction method, the 

application of distinct techniques can be advised in order to obtain more relevant and 

comprehensive results. This was demonstrated by Jerkovic and others (2014) when evaluating 

several willow honeys from Poland as the composition for the same samples was completely 

different for the USE extractives compared to the ones obtained by HS-SPME. The headspace 

of samples was mainly characterized by the presence of linalool derivatives and bornane and 

pinane skeletons, while solvent extractives were dominated by vomifoliol and methyl syringate, 

with a less common compound (4-hydroxy-3-(1-methylethyl) benzaldehyde), thus showing the 

relevance of this type of approach (Jerkovic and others 2014). Apart from the used volatile 

extraction method, the aroma profile of honey is commonly determined by GC-FID or, more 

frequently, by GC-MS (Plutowska and others 2011; Jerkovic and others 2014; Yang and others 

2014b). These methods combine high separation efficiency and sensitivity, providing qualitative 

and quantitative data. However, due to the complexity of the headspace volatile composition 

of honey, co-elution of compounds can occur when using one-dimensional GC separation, 

which can compromise identification of volatiles. As a result, comprehensive two-dimensional 

gas chromatography–time-of-flight mass spectrometry (GC×GC–TOF-MS) has been recently 

proposed as an advanced separation and identification approach, allowing the rapid and 

comprehensive examination of a honey volatile profile. Compared to current GC-MS methods, 

several advantages can be pointed out, including the unbiased identification of sample 

components due to increased chromatographic resolution and better spectral quality, higher 

sensitivity through enhanced signal-to-noise ratio and cryogenic focusing, and a higher analysis 

throughput (Čajka and others 2009; Chan and others 2012). Čajka and others (2007) 

implemented a HS-SPME followed by GC×GC–TOF-MS methodology for the analysis of 

volatile compounds in honey, which allowed the identification of a higher number of volatiles 

(164 compounds in a mixture made with 6 honey samples from different countries) when 

compared to studies using one-dimension GC (35 to 110 compounds as previously reported in 

the literature). Moreover, the use of GCxGC-TOF-MS resulted in a faster separation of sample 

components (19 min) compared to chromatographic run times previously published for the 

analysis of honey volatiles by conventional GC methods (Čajka and others 2007). The 

developed methodology was further applied to the authentication of PDO honeys labeled as 

“Corsica” (Čajka and others 2009). A total of 374 honey samples, collected in 2006 and 2007, 

from Corsica (n=219) and other non-Corsican French regions, namely Italy, Austria, Ireland, 

and Germany, was evaluated by GCxGC-TOF-MS. Considering the large volume of data, this 
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technique allowed selecting 26 volatiles as marker compounds, performing smart chemometric 

analysis with a preliminary inspection of data structure by principal component analysis (PCA) 

followed by artificial neural networks with multilayer perceptrons (ANN-MLP). The proposed 

model can be considered appropriate for the geographical discrimination of PDO Corsican 

honeys due to the high prediction and classification abilities of 94.6% and 96.5%, respectively. 

The same authors applied supervised pattern recognition techniques to the same data, aiming 

at constructing classification/discrimination rules to predict the geographical origin of honeys 

on the basis of their profiles of volatile compounds (Stanimirova and others 2010). Among the 

applied techniques, which included LDA, soft independent modelling of class analogies 

(SIMCA), discriminant partial least squares (DPLS), and support vector machines (SVM), the 

best results in Corsican honey discriminations were obtained with the SVM classification model. 

Nevertheless, all techniques scored lower prediction and classification capacities when 

compared with ANN-MPL (Cajka and others 2007).   

SIMCA was also applied to data obtained by selected ion flow tube mass spectrometry (SIFT-

MS) aiming at classifying honeys from different geographical (Ohio and Indiana, USA) and 

different botanical origins (star thistle, blueberry, clover, wildflower, and cranberry), and 

determining the most important volatile compounds for their differentiation (Agila and others 

2013). SIFT-MS has the advantage of requiring minimal sample preparation, providing real-

time analysis of complex mixtures of volatile compounds using 3 positive precursor ions (H3O+, 

NO+, and O2
+) that quickly ionize volatile compounds in the sample headspace, without 

interacting with major components of air, such as N2, O2, H2O, and CO2 (Španěl and others 

1999; Agila and others 2013). SIMCA analysis allowed differentiating honeys from Ohio and 

Indiana, but the same was not so evident regarding botanical origin because only Ohio 

wildflower honey was classified as being different from the other Ohio honeys. Nevertheless, 

caution should be taken when considering these results due to the small number of samples 

analyzed (n=10). 

Other studies have also attempted to use single or multiple volatile compounds for the 

identification of the geographical origin of honey. In this respect, 1-penten-3-ol was suggested 

as a specific volatile compound of English honeys (Radovic and others 2001). However, the 

restricted number of analyzed samples, namely 3 from England, 1 from Denmark, 2 from 

Portugal and 2 from Spain, precludes drawing any conclusions. Besides, for classification 

purposes a group of aroma constituents is more often used rather than a single compound. For 

example, furfuryl mercaptan, benzyl alcohol, δ-octalactone, γ-decalactone, eugenol, benzoic 

acid, isovaleric acid, phenylethyl alcohol, and 2-methoxyphenol were reported to be particularly 
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important volatile compounds in the differentiation of Brazilian honeys (Moreira and others 

2002). Although some studies attempted to use volatile compounds for the determination of the 

geographical origin of honey, most of them so far concluded that they do not provide, generally, 

enough information for such purpose, even when considering the ratio of enantiomeric 

compounds (Špánik and others 2014).  

Organic acids 

Organic acids are present in honey in small proportions (less than 0.5%), but they make an 

important contribution to some organoleptic, physicochemical and biological properties that are 

related to color and flavor, pH and acidity, and antimicrobial and antioxidant activities (Mato 

and others 2006b). Among the organic acids, gluconic acid, produced from glucose by the 

action of glucose-oxidase, is considered as being the most important and abundant in honey. 

Nonetheless, several other organic acids have been reported to be naturally present in honey, 

including acetic, butyric, oxalic, citric, formic, lactic, malic, citramalic, maleic, pyroglutamic, 

succinic, tartaric, and fumaric acids, among others (Wilkins and others 1995; Mato and others 

2006b; Tezcan and others 2011; Haroun and others 2012). The increase of total acid content 

has been associated with fermentation phenomena and aging/storage (Mato and others 

2006a). Additionally, organic acid profiles have also been suggested by some authors as being 

useful to assess the botanical and/or geographical origin of honey (Daniele and others 2012; 

Haroun and others 2012). Citric acid content has been referred to as a useful parameter to 

differentiate floral honey from honeydew honey (Suárez-Luque and others 2002). Wilkins and 

others (1995) identified 32 aliphatic dicarboxylic acids in monofloral honeys from New Zealand, 

and they suggested that O-methylmalic and 4-hydroxy-3-methyl-trans-2-pentenediocic acids 

could be used as floral markers for Knightia excelsa honeys.  

Besides naturally occurring organic acids, the presence of some of them in honeys, in particular 

formic, oxalic and lactic acids, could also be attributed to their use against Varroa parasite, as 

an alternative to synthetic acaricides. Nevertheless, different studies have shown that these 

compounds are eliminated over time (Mato and others 2006a), without affecting the quality of 

honey, if they had been properly applied and in a timely manner (Bogdanov and others 1999, 

2002b).   

The use of organic acids for honey authentication purposes has been suggested based on the 

approach of SCIRA (Daniele and others 2012). As already mentioned, when using SCIRA to 

assess the addition of syrups to honey, the carbon isotope ratio should also be determined in 

the extracted proteins. Considering that pollen is the main source of proteins in honey, its use 
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as internal standard is not adequate if a honey has been filtered or when honey is not saturated 

with its own pollen, leading to misinterpretation/misclassification of authentic honeys. To 

overcome this problem, Daniele and others (2012) proposed to use the 13C/12C isotopic ratio of 

the acidic fraction of honey, replacing the use of proteins as internal standard, which could be 

especially useful when applied to ultra-filtrated honeys.  

Proteins 

Honey contains different minute amounts of proteins, including several enzymes originating 

from nectar and pollen, and from the secretions of cephalic glands of worker honeybees 

(Bilikova and others 2010). To date, the studies on honey proteins are still very limited, though 

enzyme content has been used in different countries as a quality indicator (Chua and others 

2013). Still, some studies have been published, suggesting that honey proteins are mostly 

originated from the salivary and hypopharyngeal glands of bees and that honey proteome can 

be successfully used to differentiate between bee species (Chua and others 2013). Lee and 

others (1998) studied the major proteins of honeys produced by Apis mellifera and A. cerana 

and concluded that they have different molecular weights. Similarly, Won and others (2008) 

analyzed different honeys produced in Korea from A. mellifera (European honeys) and from 

the oriental bee A. cerana (Korean Native honey). Contrarily to A. mellifera honey, which can 

be obtained many times per year, Korean Native honey is very prone to be adulterated because 

it is harvested once a year and has a higher economic value. After honey centrifugation for 

pollen elimination, Won and others (2008) studied the major proteins in both types of honey by 

polyacrylamide gel electrophoresis with sodium dodecyl sulfate (SDS-PAGE) and MALDI-TOF 

MS, confirming that major proteins in honeys from distinct bee species have different molecular 

weights. A methodology based on the co-electrophoresis of artificial marker proteins with the 

same molecular weights of both the identified major proteins (56 kDa and 59 kDa) was 

proposed as a suitable approach for the discrimination of honeybee species in honey (Won and 

others 2008). Later, based on the immunological differences between the major proteins of 

both types of Korean honey, the same authors developed an enzyme-linked immunoassay 

(ELISA) for the discrimination of bee origin using polyclonal antibodies raised on white rats 

injected with the purified proteins extracted from honey (Won and others 2009). More recently, 

Ramón-Sierra and others (2015) proposed that the electrophoretic patterns obtained from the 

SDS-PAGE analysis of honey proteins could be used to determinate the entomological origin 

of honey, namely to differentiate honeys produced by A. mellifera and from the stingless-bees 

(Melipona beecheii and Trigona spp.). 
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According to some authors, honey proteins arising from pollen and/or as a result of the 

enzymatic reaction between bee saliva and plant pollen can also be considered useful markers 

for honey floral classification, when considering different types of honey produced by the same 

bee species (Baroni and others 2002). Baroni and others (2004) developed a sensitive ELISA 

for the evaluation of sunflower pollen in honey. After the isolation of two 33-36 kDa proteins, 

identified as being characteristic of sunflower pollen, they were used as coating antigens in a 

competitive ELISA. The results showed that the method was able to quantify sunflower pollen 

in honey down to 10%, with a linear response between 10 and 90%.  

Šimúth and others (2004) reported that apalbumin 1, the major protein of royal jelly, is the 

dominant protein of honey. Subsequently, the same group developed an immunochemical 

method for the quantification of apalbumin 1 in honeys of different botanical and geographical 

origins, attaining an adequate sensitivity (Bilikova and others 2010). A total of 25 monofloral 

honeys from 5 botanical origins (acacia, linden, rapeseed, dandelion, and chestnut honeys) 

and 2 honeybee lines and geographical origins (A. mellifera ligustica from Italy and A. mellifera 

carnica from Slovakia) were evaluated for their apalbumin 1 contents. The results showed 

differences mainly associated with the botanical origin of honey because no changes in 

apalbumin 1 contents were found for monofloral honeys produced in different regions or by 

different beelines. However, the authors concluded that the differences observed were not so 

significant to use them for the botanical origin determination of honey. The authors also 

concluded that low levels of apalbumin 1 in honey (below 50 μg/g) indicate adulteration with 

industrial glucose syrups or feeding the bees with sucrose syrup. Accordingly, the developed 

ELISA was proposed as a tool for preliminary testing for honey authenticity in what concerns 

adulteration by syrup addition (Bilikova and others 2010). Di Girolamo and others (2012) 

analyzed different honeys (chestnut, acacia, sunflower, eucalyptus, and orange) for their 

proteome content to investigate whether plant proteins could be detected and used for the 

differentiation of botanical origin. Eight proteins were identified after SDS-PAGE separation and 

mass spectrometry analysis, showing that most of them were of animal origin and belonged to 

A. mellifera proteome, with only one protein being of plant origin (glyceraldehyde-3-phosphate 

dehydrogenase from Mesembryanthemum crystallinum). Five of the identified proteins 

belonged to the family of major royal jelly proteins and were also the most abundant in honeys. 

This finding suggests that honey proteome resembles the royal jelly proteome, although 

containing a considerably lower number of different proteins. The presence of major royal jelly 

proteins (MRJP) was also recently reported in acacia, tualang, and gelam honeys from 

Malaysia (Chua and others 2015). According to mass spectrometry results, MRJP-1 was the 
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most abundant protein, particularly in acacia honey samples, with other proteins also being 

detected (including MRJP-2, MRJP-5, and MRJP-7), as well as a few uncharacterized proteins 

from A. mellifera (Chua and others 2015).  

The use of protein barcoding for geographical origin determination was proposed by Wang and 

others (2009). The authors developed a fast and reliable method based on MALDI-TOF MS 

analysis that included 3 steps: rapid honey protein extraction, mass spectrometry analysis, and 

transformation of protein mass spectra into barcodes with the MALDI Biotyper 1.1 software. 

Protein fingerprints of 16 honeys collected in Hawaii were used to generate a database library 

of spectral barcodes that was further used to differentiate the geographical origins of 38 

commercial honeys (including 15 labeled as being of Hawaii origin) based on pattern matching. 

Match scores obtained by comparing the masses and signal intensities of proteins from test 

samples with those in the database library were used to rank the confidence of the results 

obtained from commercial honey samples. High correlation values were obtained for Hawaii 

honeys and for 1 sample labeled as being from Canada and 2 from New Zealand. In general, 

the method allowed differentiating honeys according to their geographical origin since samples 

from Hawaii clustered together. The small number of samples (n=16) used to construct the 

database library might explain those misclassifications, thus it is advisable to extend its range 

to increase the reliability of the method. 

Amino acids 

Amino acids present in honey are derived from the bees and from the plants visited by the 

bees, considering that the pollen is the most important source of proteins and the bees the 

source of free amino acids. The relevance of amino acids in honey regards their function as 

building blocks for proteins and as intermediates in the protein metabolism, besides their role 

as precursors for the production of some key flavor compounds (Janiszewska and others 2012).  

The determination of an amino acid profile in honey is commonly performed by gas or liquid 

chromatographic methods (Janiszewska and others 2012). Spano and others (2009) used a 

RP-LC method with phenylisothiocyanate (PITC) precolumn derivatization to identify 14 free 

amino acids in strawberry-tree honey samples, with proline (65.63%) being the most abundant, 

followed by glutamic acid (6.49%), arginine (5.21%), alanine (5.17%), and phenylalanine 

(4.97%). Paramás and others (2006) optimized a methodology using o-phthaldialdehyde (OPA) 

derivatization reagent in HPLC with fluorescence detection, which has made feasible the 

separation and quantification of 23 amino acids in bee pollen and Spanish monovarietal honey 

samples from ilex, oak, heather, and chestnut-tree. In all the evaluated honeys and pollen, 
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proline was found to be the major amino acid. Similar results were reported by Hermosín and 

others (2003) for Spanish rosemary, eucalyptus, lavender, thyme, and orange blossom honeys, 

for which the main amino acids were found to be proline, phenylalanine, tyrosine, and lysine. 

In some samples, the content of phenylalanine was higher than that of proline. Lavender honey 

samples were differentiated from those of rosemary and thyme due to valine, α-alanine, and a 

high content of tyrosine, but rosemary, thyme, and orange blossom honey were very similar to 

each other. Rebane and others (2008) evaluated several Estonian honeys from heather, 

dandelion, linden, rape, willow, phacelia-sweetclover, rosacean, and polyfloral origin, also 

identifying proline as the main amino acid, while sulfur-containing amino acids (Met and Cys) 

were not present. In opposition, Kivrak (2015) evaluated 58 monofloral honeys from 17 different 

botanical origins (cedar, eucalyptus, vitex, carob, clover, honeydew, sunflower, citrus, heather, 

thyme, flower, chestnut, sideritis, acacia, lavender, cotton and mad) from various regions 

across Turkey, using UPLC–ESI–MS/MS methodology, and they reported that phenylalanine 

was the major amino acid in almost all samples, followed by proline, tyrosine, and isoleucine. 

Acacia and heather honeys were also evaluated by Janiszewska and others (2012), together 

with raspebery, buckwheat, and goldenrod honeys collected from Poland. In this study, proline 

was found to be the major amino acid, with phenylalanine having much lower values in all the 

honeys evaluated, being the second major amino acid only in heather and goldenrod honeys. 

Although high concentrations of aspartic acid and asparagine were suggested as markers of 

raspberry and buckwheat honeys, the authors concluded that the variation in their composition 

was so large that amino acids cannot be used to clearly determine the botanical origins of 

Polish honeys (Janiszewska and others 2012). 

As most of the amino acids are present at trace levels and the amount of proline could be used 

to represent the total amino acid content (Anklam 1998), only the proline content is nowadays 

included in the EU food laws for the quality parameters of honey (Chua and others 2013). 

Regarding authentication issues, even though some authors suggest that amino acids can be 

used for botanical origin identification, others have demonstrated that, in spite of the differences 

among honeys, their high variability disables its use as markers of plant origin (Hermosín and 

others 2003; Carratù and others 2011; Janiszewska and others 2012; Schievano and others 

2015).  

Minerals and trace elements  

Honey contains a wide variety of minerals and trace elements, which depend on botanical and 

geographical origins. The mineral content of honey arises from the environment and soil by 
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means of absorption by the flora from which bees collect nectar (Stankovska and others 2008). 

Many of the minerals present in honey, such as P, Fe, Al, Mg, Cu, Mn, Si, Cl, Ca, K, and Na 

are essential for human health (Stankovska and others 2008). Considering that honey is a 

highly consumed natural product, the determination of minerals and trace elements is of great 

interest for quality control and nutritional aspects. Besides, high levels of some elements, such 

as lead and cadmium, can be dangerous and cause toxicity (Moniruzzaman and others 2014). 

Honey has been recognized as a biological indicator of environmental pollution (Przybyl̶owski 

and others 2001) because the bees, during the collection of pollen, are in contact with the air, 

soil, and water of the surrounding area of their apiaries. As a result, the concentration of some 

trace elements in honey can reflect the level of contamination in the region (Ioannidou and 

others 2005; Moniruzzaman and others 2014). 

Honey was described to contain between 0.04 and 0.2% (w/w) of trace elements (Anklam 

1998). A large range of variation has been observed for the mean values of total mineral content 

among different honey types. However, most studies report K as being the main mineral 

element, with others, namely Ca, Na, and Mg being also present at high levels in some honeys 

(Nalda and others 2005; Pisani and others 2008; Vanhanen and others 2011; Uršulin-Trstenjak 

and others 2015). Several authors also suggested a general correlation between honey color 

and mineral composition, with lighter honeys, such as rosemary and lavender, having lower 

mineral contents compared to darker ones, such as heather and chestnut (Nalda and others 

2005; Pisani and others 2008).  

During the last decades, improvements in high-resolution methods and instrumentation allowed 

more comprehensive and detailed analyses of minerals and trace elements in honey 

(Kaškonienė and others 2010). Different electroanalytical methods were used for this purpose, 

including potentiometric stripping voltammetry (Muñoz and others 2006), differential pulse 

anodic stripping voltammetry (Sanna and others 2000), or ion chromatography and 

voltammetry (Buldini and others 2001). Nevertheless, atomic absorption spectrometry (AAS) 

proved to be the most frequently chosen method, being quite often used to assess minerals 

and trace elements in honey (Taddia and others 2004; Erbilir and others 2005; Hernández and 

others 2005; García and others 2005; Tuzen and others 2007; Silici and others 2008; 

Stankovska and others 2008; Alda-Garcilope and others 2012). More recently, other 

techniques, including inductively coupled plasma atomic emission spectrometry (ICP-AES) 

(Devillers and others 2002; Fernández-Torres and others 2005; Ioannidou and others 2005; 

Ozcan and others 2012), inductively coupled plasma mass spectrometry (ICP-MS) 

(Chudzinska and others 2010; Chudzinska and others 2011; Chen and others 2014; Baroni 
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and others 2015), and total reflection X-ray fluorescence (Golob and others 2005; Ribeiro and 

others 2015) are also being increasingly used to assess minerals and trace elements in honey. 

Although they proved to be effective and capable of identifying and differentiating trace 

elements in honey, some authors used a combination of two or more distinct techniques to 

analyze different minerals and trace elements separately. In this sense, Madejczyk and others 

(2008) used ICP-MS and flame furnace AAS to determine trace elements and major elements, 

respectively. More recently, Moniruzzaman and others (2014) analyzed Ca, Mg, Fe, and Zn by 

flame AAS, and Na and K by flame atomic emission spectrometry (AES), and trace elements 

such as As, Pb, Cd, Cu, and Co were analyzed by graphite furnace AAS. 

As mentioned, advances in instrumentation have provided a detailed mineral characterization 

of honey samples, which has then been used to assess the possibility of differentiating them 

according to their elemental composition. Some minerals, such as Na and K, are considered 

to be of floral origin because they are accumulated in the plant cells and depend on its enzyme 

content, while others are more associated with soil or environmental contamination. As a result, 

the composition of minerals and trace elements has been suggested as a useful parameter for 

the identification of both botanical and geographical origins of honey. Chen and others (2014) 

evaluated the potential of mineral elements and chemometrics to classify Chinese honeys 

according to their botanical origin. For that aim, the content of 12 minerals in 163 honey 

samples from 4 botanical origins was evaluated and a back-propagation artificial neural 

network was explored to construct a classification model. After model training and cross-

validation, an independent set of 42 honey samples was tested, showing a global prediction 

ability of 97.6%, with all samples being correctly classified, with the exception of one acacia 

honey that was classified as being rape. The use of quantitative and qualitative mineral profiles 

coupled to chemometric analysis, as a tool to distinguish the botanical origin of honey, was also 

suggested by Chudzinska and others (2010) and Oroian and others (2015). Besides botanical 

origin, the mineral profiles and trace elements in honeys can also be used to verify geographical 

origin because of being largely affected by the regional environment and anthropogenic 

contamination (Wang and others 2011). Di Bella and others (2015) studied 39 honey samples 

of different botanical origins (orange-blossom, lemon-blossom, chestnut, eucalyptus, acacia, 

sulla, and wildflower honeys) collected in distinct locations in Italy (Sicily and Calabria) to 

establish their geographical origins. An attempt for their differentiation was carried out by PCA 

of mineral composition data, which allowed differentiating between Sicilian and Calabrian 

honeys, despite their botanical origins. Conversely, samples were not separated based on 

botanical origin. 
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In addition to mineral composition, isotope ratio analysis can also bring relevant information 

concerning the geographical origin of food matrices, including (Schellenberg and others 2010). 

In particular, strontium isotopes in plants and in animals, which are fed with them, are related 

to the 87Sr/86Sr signature of the bioavailable strontium derived from water and soil (bedrock) 

(Baroni and others 2015). Accordingly, multielemental composition determined by ICP-MS 

together with isotopic signatures were used to develop a reliable fingerprint to assess the 

geographical origin of Argentinian honey (Baroni and others 2015). In addition to honey, 

samples of soil and water were also collected from 3 regions included in the study (Córdoba, 

Buenos Aires, and Entre Ríos). Besides considering data from the analysis of 31 elements, the 

ratios K/Rb and Ca/Sr were also included since the first can greatly differ among various types 

of rocks and soils, while the last can be used as a chemical tracer in geochemistry and 

bioavailability studies. Honey samples from the 3 regions were differentiated by classification 

trees and discriminant analysis using a combination of 8 key variables (Rb, K/Rb, B, U, 

87Sr/86Sr, Na, La, and Zn). Furthermore, this study clearly demonstrated that elemental and 

isotopic honey compositions are related to soil and water characteristics of the location of origin 

since the application of canonical correlation analysis and generalized procrustes analysis 

showed 91.5% consensus between soil, water, and honey samples, besides the clear 

differences between the 3 studied regions. Bontempo and others (2017) studied 265 honey 

samples of different botanical origin (polyfloral, citrus, rhododendron, eucalyptus, acacia, 

chestnut and honeydew) from Italy based on the determination of stable isotope ratios using 

IRMS and mineral element content using ICP with optical emission spectroscopy. The authors 

confirmed that the botanical origin was the most important factor affecting the isotopic and 

elemental characteristics of honey and that the initial results of combining isotopic and 

elemental profiles were shown to be encouraging with regard to geographical differentiation 

between botanical species. Therefore, the use of multielemental profile coupled with isotope 

ratio analysis seems to be a very promising approach for the discrimination of honeys from 

different geographical origins.  

DNA markers 

Considering the fact that plant DNA molecules are present in honey and that they possess high 

stability under environmental and production conditions, DNA-based methods can be 

considered as reliable and accurate tools to investigate the origin of pollen in honey (Cheng 

and others 2007; Galimberti and others 2013). Those methods allow reducing the time of 
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analysis and increasing the level of species discrimination, thus representing suitable 

alternatives for botanical and geographical honey identification (Hawkins and others 2015). 

Nonetheless, honey is a very complex matrix, mainly composed of different sugars and other 

substances, such as organic acids, polyphenols, pigments, enzymes, and such solid particles 

as waxes, which might interfere with DNA analysis. Furthermore, honey has only low amounts 

of target DNA since pollen is present at very low levels (Soares and others 2015). Therefore, 

the selection of an adequate DNA extraction protocol is a critical step and has to be optimized 

to ensure a sufficient amount of DNA, free of polymerase chain reaction (PCR)-inhibiting 

substances to accomplish a reliable and reproducible analysis (Guertler and others 2014; 

Lalhmangaihi and others 2014). For these reasons, some authors have suggested a sample 

preparation step to isolate pollen particles and eliminate undesirable compounds, such as 

sugars and flavonoids, prior to DNA extraction (Cheng and others 2007; Laube and others 

2010; Soares and others 2015). Soares and others (2015) compared several sample pre-

treatments in combination with different DNA extraction methods. The results showed different 

yields and purities for the tested combinations, but the treatment that included a mechanical 

pollen disruption step provided the best DNA yields. 

Several studies have reported the DNA extraction of pollen from honey samples for subsequent 

botanical identification. The use of the DNeasy Blood and Tissue Kit (Qiagen GmbH) was 

reported with the aim of detecting DNA from different plant species in honey samples (Laube 

and others 2010; Valentini and others 2010). The classical CTAB-based method was also used 

for the extraction of DNA from honey by Jain and others (2013), obtaining extracts with 

adequate quality for honey traceability and molecular identification. Guertler and others (2014) 

reported a comparative study of a previously developed automated DNA extraction method 

(Guertler and others 2013), which was modified to cope with honey as a very complex matrix, 

using a manual CTAB buffer-based DNA extraction procedure, previously proposed by 

Waiblinger and others (2012). The study of Guertler and others (2014) combined a thorough 

CTAB buffer-based DNA extraction with the efficient DNA purification by the use of a Maxwell® 

16 instrument. The results showed that automated DNA extraction was faster and resulted in 

higher DNA yield and sufficient purity, as well as equal or slightly lower Cq (quantification cycles 

of real-time PCR) values for all tested honey samples compared with the manual extraction 

method. In order to develop a simple and efficient method for the DNA extraction with a more 

reduced sample amount when compared with previous studies, Lalhmangaihi and others 

(2014) performed a conventional phenol-chloroform DNA isolation method. They DNA extracts 

were obtained with sufficient quality and amount for PCR amplification and sequencing of 
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genetic markers routinely used for plant barcoding. To search for the best approach to isolate 

pollen DNA from honey, Soares and others (2015) compared five DNA extraction methods 

(NucleoSpin Plant kit (methods A and B), DNeasy Plant Mini Kit, CTAB-based and Wizard) 

combined with 3 different sample pre-treatments. The Wizard method showed generally higher 

DNA yields, purity, and amplification capacity, mainly when combined with a mechanical 

disruption step of pollen to improve DNA yield. The CTAB and DNeasy methods were also 

successful, though with considerable lower yields, because both allowed clear amplification of 

heather DNA from the monofloral heather honey (Soares and others 2015). 

Lately, a few DNA-based methods have been proposed for pollen identification. Laube and 

others (2010) successfully developed a combination of species-specific real-time PCR assays 

with TaqMan™ probes for the detection of relevant species in Corsican honey (acacia, broom, 

citrus, clover, heather, eucalyptus, lavender, linden, oak, olive, rape, rockrose, rosemary, 

sunflower, and sweet chestnut). The authors were able to establish a plant species profile that 

was unique for Corsican honey when compared to honeys from Galicia, Germany, and 

England. Wilson and others (2010) investigated pollen foraging in endemic Hawaiian Hylaeus 

bees based on PCR followed by Sanger sequencing. Despite the availability of pollen from 

multiple plant species, the authors revealed a high fidelity in pollen foraging. 

Currently, DNA barcoding has been given increasing interest for taxonomic identification, 

having been recently suggested for the identification of plant and animal species in honey 

(Schnell and others 2010; Prosser and Hebert 2017). Among several barcode regions, the 

plastidial genes matK and rbcL, as well as the internal transcriber spacers (ITS1 and ITS2) and 

the intergenic spacer trnH-psbA have been proposed for the differentiation of plants (CBOL 

Plant Working Group 2009; Hollingsworth and others 2011). Schnell and others (2010) used 

the approach of DNA barcoding based on PCR amplification followed by cloning and Sanger 

sequencing, and real-time PCR to characterize both plant and animal DNA present in honey. 

The authors targeted the rbcL, adh1, ITS1, and ITS2 sequences for plants and COI gene for 

animals. The results were promising, since they were able to identify some plant families 

combining the studied plant targets (for example, Brassicaceae, Fabaceae). Besides, they 

identified the honey bees as being Apis mellifera ligustica in all samples. Bruni and others 

(2015) targeted the rbcL and trnH-psbA plastid regions to identify the plant origins of 4 

multifloral honeys from northern Italy. Based on the generation of an extensive reference 

database of local flora to determine the botanical origin of honey, 39 plant species were 

identified in the four honey samples, mostly from a mix of common plants belonging to 

Castanea, Quercus, Fagus, and other herbaceous taxa (Figure 1.3). 
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Figure 1.3. Dot blot distribution of plant species in the four tested honeys (multifloral honey from Northern 

Italy). The plant typology (tree, flower, and shrub) and the collection sites are indicated. Legend: BAI, 

Baita Amalia; MON, Alpe Moncodeno; COR, Cornisel Cornisella; ORT, Ortanella. Reprinted from Bruni 

and others (2015) with permission from Elsevier Ltd. 

With the recent developments in high-throughput sequencing platforms, the so-called next-

generation sequencing (NGS), combined with the use of universal markers has given rise to 

the approach of DNA metabarcoding (Hawkins and others 2015). This approach has been 
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applied to identify and quantify airborne pollen based on a fragment of the trnL barcode 

(Kraaijeveld and others 2015). Keller and others (2015) and Richardson and others (2015) used 

ITS2 metabarcoding to characterize pollen collected from honey bee colonies, showing that it 

was superior for qualitative analysis than microscopy. Valentini and others (2010) exploited 

DNA metabarcoding targeting a trnL fragment to obtain the identity of plants in 2 commercial 

honeys (Pyrenean and wild flower), demonstrating the consistency of results with the type of 

sample. To investigate honeybee foraging, Hawkins and others (2015) assessed the potential 

of trnL metabarcoding to characterize the floral composition of honey. The results highlighted that DNA 

metabarcoding provided much better repeatability than melissopalinology, though without 

quantitative analysis, and with the pollen less likely to be detected if present at low levels. 

Prosser and Hebert (2017) exploited the DNA metabarcoding of three regions (ITS2, rbcLa and 

COI) to identify the botanical and entomological origins of 7 honey types: light, medium dark, 

blended, pasteurized, creamed, and meliponine. They were able to identify both plant and 

insect sources in 5 samples, but 2 were misinterpreted. The authors highlighted as limitations 

of the methods such cases as filtered honey or the addition of pollen from the desired plant. 

 

Non-target approaches 

In face of the increasing frauds concerning honey and products thereof, there is a growing need 

for simple, rapid, cheap, and reliable techniques that can be used for screening purposes and 

food authenticity surveillance. In the last few years, different research projects have been 

dealing with this issue and have already demonstrated the feasibility of using non-target 

fingerprinting approaches as comprehensive tools for authenticity assessment (Riedl and 

others 2015). Nevertheless, the uptake and implementation of such techniques into routine 

analysis and official control is still very limited, which can be explained in part by the fact that 

several studies have been conducted as proof-of-principle studies and by the on-going need 

for validation, harmonization, and standardization of non-target approaches.  

Among food fingerprinting techniques, non-target spectrometric and spectroscopic chemical 

approaches, followed by the application of multivariate statistical analysis, have been 

successfully applied for the detection of adulterations in different food matrices (Riedl and 

others 2015). Spectroscopy, in particular, presents several advantages over target approaches, 

namely its overall simplicity (with relatively easy sample preparation and suited to be used by 

untrained personnel), rapidity, non-destructive character and, generally, low to moderate cost 

of instrumentation. The use of spectroscopic techniques, including NMR, NIR, and MIR, has 
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been reported in several studies for honey characterization and botanical origin identification, 

taking in consideration the above advantages over traditional methods, such as 

melissopalinology (Ruoff and others 2005; Ruoff and others 2007; Cozzolino and others 2011; 

Ohmenhaeuser and others 2013). Aiming at differentiating botanical origins of Turkish honeys, 

Gok and others (2015) used ATR-FTIR spectroscopy to compare honey samples based on 

their spectral differences in the 4000-650 cm-1 region. In addition to 120 honeys from different 

botanical origins, 24 “fake” samples, including maple syrups, grape molasses, and adulterated 

honey, were also included in the study. The vector-normalized first derivative of each spectrum 

in the range of 1800-750 cm-1 was used as input data, and PCA and hierarchical cluster 

analysis were applied for sample classification. The results showed variations in the spectral 

parameters associated with the diverse botanical origins and that could be possibly explained 

by the differences in water, carbohydrate, and protein contents. However, for some honeys, 

the number of evaluated samples was low and the proposed model was not submitted to any 

kind of validation. 

The use of NMR spectroscopy for the botanical origin differentiating of honey has also been 

suggested in different studies. Schievano and others (2009) used the 1H NMR spectra of 

organic extracts as a “fingerprint” to differentiate the botanical origins of 118 distinct honeys 

(chestnut, acacia, linden, and multifloral). Based on PCA and supervised techniques, namely 

projection to latent structures by PLS-discriminant analysis, a classification model according to 

floral origin was obtained with high predictability power. More recently, a higher number of 

samples (n=328) was evaluated by a combined NMR spectroscopy (1H and 13C) and 

chemometric data analysis aiming at differentiating the botanical origins of honey samples 

(Ohmenhaeuser and others 2013). In this study, high-resolution 1H NMR was also used for the 

identification and the quantification of 13 selected components in honeys. Spiteri and others 

(2015) presented a large and systematic NMR profiling study, including a worldwide range of 

honeys from different botanical and geographical origins, to establish a general target and non-

target methodology for honey authentication. The authors used H1-NMR profiling coupled to 

suitable quantification procedures and statistical models, with analytical criteria being defined 

to verify the authenticity of mono- and multi-floral honeys based on a reference dataset of more 

than 800 honeys. The results enabled the identification of typical plant nectar markers in 

monofloral honeys, with spectral patterns and natural variability being established for multifloral 

honeys. Based on a statistical comparison with a commercial dataset of about 200 honeys, 

they were able to identify marker signals for sugar syrups and to detect sugar addition down to 

10% of spiking levels. Still in the same report, quantifications of glucose, fructose, sucrose, and 



  Chapter │1 

A Comprehensive Review on the Main Honey Authentication Issues: Production and Origin 

94 

HMF were performed, and markers showing the onset of fermentation were presented (Spiteri 

and others 2015). 1H NMR metabolomics was applied to Finnish honeys to determine their 

botanical origin and the key markers of authentication (buckwheat, clover, dandelion, heather, 

Himalayan balsam, honeydew, linden, lingonberry, multifloral) (Kortesniemi and others 2016). 

The fingerprints of some samples are presented in Figure 1.4, from which the authors 

highlighted 2-hydroxy-3-methylbutyric, 2-hydroxy-3-methylpentanoic, 3-methyl-2-

oxopentanoic, and 4-methyl-2-oxopentanoic acids as specific markers for dandelion 

(Taraxacum spp.) honeys. Full discrimination of buckwheat, dandelion, heather, and honeydew 

honeys was accomplished with PCA (Figure 1.5) and orthogonal partial least squares 

discriminant analysis (OPLS-DA). In the PCA, melezitose, glucose, and fructose explained 83% 

of the variation, while the origin-specific non-saccharide metabolites were the discriminatory 

compounds in OPLS-DA loadings (Kortesniemi and others 2016).  

The use of spectroscopic techniques has also been attempted, with promising results for the 

geographical origin differentiating of honey. Woodcock and others (2007) evaluated the 

potential of NIR spectroscopy to confirm the geographical claim of several samples of honey, 

including 167 unfiltered (88 Irish, 54 Mexican, and 25 Spanish) and 125 filtered (25 Irish, 25 

Argentinean, 50 Czech, and 25 Hungarian) honey samples. After a preliminary examination of 

data using PCA, classification models were obtained by PLS regression and SIMCA. Both 

developed models showed encouraging results as they produced correct classification rates 

ranging from 91.7% to 100%, even though better results were achieved with PLS regression 

(100% correct classification for all honeys, with the exception of 96% for Argentinean filtered 

samples). Later on, the same authors applied NIR spectroscopy to confirm the geographical 

origin of honey labeled as authentic Corsican (Woodcock and others 2009).
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Figure 1.4. Highlighted NMR fingerprints for 

buckwheat (blue), dandelion (yellow), heather 

(purple), honeydew (brown), linden (green), and 

lingonberry (red) honeys. Spectral regions (A) 

1.50-0.75 ppm, (B) 2.94-1.50 ppm, (C) 4.70-

4.10 ppm, (D) 5.50-4.93 ppm, and (E) 9.50-5.60 

ppm. Abbreviations: Ala, alanine; HMF, 5-

hydroxymethylfurfural; Ile, isoleucine; Leu, 

leucine; Phe, phenylalanine; Pro, proline; Tyr, 

tyrosine; Val, valine. Peak multiplicities: s, 

singlet; d, doublet; dd, doublet of doublets; m, 

multiplet; t, triplet. Reprinted from Kortesniemi 

and others (2016) with permission from Elsevier 

Ltd. 
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Figure 1.5. PCA model (t[2] vs. t[1]). The R2X(cum) and Q2(cum) for the model were 0.99 and 0.96, 

respectively. (A) Scores plot (R2X[1] = 0.50 and R2X[2] = 0.33). The legend indicates the honey type. (B) 

Loadings plot. Reprinted from Kortesniemi and others (2016) with permission from Elsevier Ltd. 

The employed strategy was based on the collection of NIR spectra from authentic Corsican 

(n=219) and non-Corsican samples from five EU countries (n=154), which were mathematically 

processed to develop a univariate specification based on fingerprint spectroscopy from a 

multivariate dataset (Woodcock and others 2009). The best performing discriminant PLS 

regression models, developed using cross-validation (a variable selection algorithm and a 

second derivative data pre-treatment), were tested by challenging the model with spectra of 

separate samples of authentic Corsican and non-Corsican honeys. Using separate calibration 

and validation samples and a variable selection procedure, the highest correct classification 

values were 90.4% and 86.3% for Corsican and non-Corsican honey samples, respectively. 
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The results of both studies suggest that NIR spectroscopy coupled to chemometrics could be 

a suitable approach to verify the geographical provenance of honey, with a high degree of 

certainty. However, problems might arise if honeys from countries not included in the models 

are analyzed. In this sense, the inclusion of as many samples as possible from worldwide 

origins and several production seasons is advisable in order to construct a more robust and 

accurate model that could be useful as a screening technique.  

Recently, the use of electronic nose and tongue has been suggested as promising techniques 

for honey characterization and authentication (Benedetti and others 2004; Dias and others 

2008; Escriche and others 2011; Escriche and others 2012; Dymerski and others 2014). 

Electronic nose is an analytical tool consisting of an array of weakly specific or broad-spectrum 

chemical sensors that are intended to mimic the human olfactory system, being able to convert 

sensor signals to data that can be analyzed with appropriate statistical software. This device 

provides a rapid monitoring of the volatile components of food, providing real-time information 

about various characteristics of the matrix under study (Schaller and others 1999; Benedetti 

and others 2004; Dymerski and others 2014). The usefulness of this type of equipment coupled 

to chemometrics, such as PCA, ANN, and LDA, as a simple and fast approach for the correct 

classification of different types of honey has been demonstrated by Benedetti and others (2004) 

and Dymerski and others (2014). Electronic tongue is a novel device for the analysis of liquid 

samples, composed of an array of sensors combined with pattern recognition tools, presenting 

several advantages, such as short time of analysis, simplicity, low cost, non-invasive character, 

and minimal or no sample preparation. So far, the use of electronic tongue coupled to different 

multivariate data analysis, such as PCA, PLS, and ANN, for honey characterization and 

authentication has been successfully described in different studies (Dias and others 2008; Wei 

and others 2009; Major and others 2011; Escriche and others 2012).  

1.1.2 Concluding remarks 

Consumer demands for authentic and natural products with beneficial health properties have 

positioned honey as an important food commodity subjected to numerous studies. The 

importance of honey starts in its production, for which the bees are responsible, with the whole 

pollination process vital to global biodiversity. The nectar-providing plant species, the bee 

species, the geographical area, and the harvesting conditions influence the honey properties 

and honey classifications. Honeys classified as monofloral, PDO, and PGI honeys are generally 

perceived as premium and valued products because of their refined and unique flavor and 
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taste. In opposition, the decline of bee populations, the progressive increase of imported honey 

with lower prices and lower-quality has prompted honey adulteration through incorrect labeling 

of origin and fraudulent admixing with lower quality honeys or with sugar syrups. Accordingly, 

honey authentication addresses several issues that are mainly related to its production and 

origin, which have been the subjects of a huge number of studies, focusing mainly on several 

chemical markers and quality control parameters. The legislation regarding honey suggests 

composition criteria (sugar content, moisture content, water-insoluble content, electrical 

conductivity, free acid, diastase activity, and HMF content) to determine the quality of honey. 

However, the authenticity of honey has been a difficult and challenging task to perform due to 

the high complexity of the matrix and due to the different types of adulterations possible. 

Regarding adulterations with sugar addition to increase honey production or overfeed the bees, 

SCIRA has been used as an official analytical method in many countries based on the fact that 

monocotyledonous plants (C4), such as sugar cane or corn, and dicotyledonous (C3), the main 

plants used as nectar sources, have distinct carbon isotopic ratios from different photosynthetic 

cycles. However, the addition of C3 plant sugars, such as sugar beet or rice syrups is not 

feasible to detect based on such analysis. As alternatives, several chromatographic 

approaches have been proposed to determine oligosaccharides with different DP and to 

establish trace polysaccharide fingerprints. Still as alternatives, the recent advances on 

spectroscopic techniques have proposed powerful tools to identify adulterations by sugar 

addition in honey when combined with chemometrics. Despite the advantages of such 

approaches, a main drawback is the need for large sets of samples. 

Although the application of high/uncontrolled heat treatment to honey is not allowed, some 

producers do it intentionally for pasteurization purposes and/or liquefaction, thereby affecting 

negatively the quality of honey. Therefore, freshness and overheating are important quality 

control and authenticity parameters of honey, whose assessment is performed by the standard 

methods that rely on the determinations of diastase activity and HMF content.  

Nowadays, the main concerns related to honey authenticity are focused on the mislabeling of 

both botanical and geographical origins. Currently, organoleptic properties, physicochemical 

analysis, and pollen spectrum are the main criteria for honey classification. However, so far, 

numerous new analytical methodologies based on target and non-target approaches have 

been developed and applied to assess the origin of honey. Although several chemical and 

molecular markers have been successfully targeted, all of them have their own advantages and 

limitations for honey authentication (summarized in Table 1.3). The chemical markers have 

been widely analyzed by chromatographic techniques. More recently, spectroscopic 
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techniques, namely NMR, Raman spectroscopy and IR in combination with chemometrics have 

been proposed to target those markers. Moreover, their usefulness has been effectively 

demonstrated as fingerprint non-target approaches for the botanical and geographical origin 

identification of honey. Having in mind the inherent advantages of spectroscopic techniques, 

whether as target or non-target strategies, more efforts should be devoted to validate and 

include them as official methods for honey authentication. Concerning the use of molecular 

markers based on DNA analysis, recent reports show promising results, which highlight their 

high potentiality for botanical and even entomological origin identification of honey. The recent 

advances on high-throughput sequencing platforms (NGS) combined with the DNA barcoding 

approach offer highly reliable tools to be applied to botanical and entomological authentication 

of honey. 

In summary, several recent advances have emerged, mainly to differentiate the botanical and 

geographical origins of honey and to detect the addition of syrups. The spectroscopic methods 

can offer reproducible, low-cost, expedite and simple analysis based on target or non-target 

approaches to determine both botanical and geographical origins of honey. However, the initial 

investment on the equipment can be very high, depending on the instrument, a great number 

of samples is required for method development and validation, and chemometric approaches 

are also needed. The DNA-based methods can offer affordable, high specific and sensitive 

tools, for the botanical origin identification, but they cannot be applied to filtered honeys. 

Additionally, if based on NGS, it requires the acquisition of high cost equipment and expertise 

personnel on bioinformatics. Multi-elemental and trace analysis appears to be the most 

promising approach to discriminate the geographical origin of honey, particularly using ICP-

MS, with advantages and drawbacks as for spectroscopic methods. Stable isotope ratio 

analysis using IRMS is surely the most appropriated approach to detect sugar adulteration in 

honey. In this last case, as for the botanical and geographical determination, the recommended 

approach is the combination of at least two techniques.
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Table 1.3. Summary of pros and cons of the analytical methods applied to honey authentication. 

Parameter/approach Pros Cons 

Melissopalynology  Allow a good species identification and differentiation  Time consuming 

 Require experts with adequate skills and experience  

 Unable to apply in filtered honeys or adulterated by pollen addition  

 Difficult to apply in honeys with “under represented” pollen 

Phenolic compounds   Present in all plants and dependent on botanical origin 

 Easily transferred to honey trough bees during honey production 

 Dependent on the extraction step and detection techniques used 

 The same compound could be present in more than one type of honey  

Sugars  Main components of honey  Difficult to identify and specify in honey samples 

Volatile compounds  Distinguishable characteristic of honeys 

 Depending on the source plants of honey origin 

 Requires a previous removal of sugars 

 Questionable results in overheated or long storage honeys 

 The same compound could be present in more than one honey type 

 Individual volatile compounds can be present in a wide range of concentration 

Organic acids  Depending on the botanical and geographical origin  The presence of formic, oxalic and lactic acids could be attributed to its use as an 
alternative to synthetic acaricides against Varroa parasite 

 Pollen is the main source, thus, unable to apply in filtered honeys or adulterated by pollen 
addition 

Proteins  Differentiation of entomological, botanical and geographical origins 

 Indirect detection of sugar addition 

 No significant differences in the major protein (apalbumin 1) 

 Requires a large number of samples 

Amino acids    Pollen is the main source of honey amino acids  Requires the use of the overall amino acid profile to differentiate between specific types. 

Minerals and trace 
elements 

 Dependent of the composition of soil and the environment 

 Determination of botanical and geographical origins 

 Quality control and nutritional determination because high levels can be 
dangerous and cause toxicity 

 Some metals may be present in honey due to the environmental contamination 

DNA markers  Stability under environmental conditions and production techniques 

 More reliable and accurate for botanical and geographical origin 

 Complexity of honey matrix might influence the DNA extraction 

 Unable to apply in filtered honeys or adulterated by pollen addition  

 Difficult to apply in honeys with “under represented” pollen 

Non-target  Short time of analysis required 

 Non-invasive technique 

 Minimal or null sample preparation 

 Simple procedure 

 Require large number of samples 

 Multivariate data analysis is required. 

 High-cost equipment is generally required. 
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2.1 Physicochemical and bioactive characterization of Portuguese honeys: A 

comparison with European samples 

Abstract  

This study aims to investigate the effect of the geographical origin on the quality parameters, 

antioxidant activity and total phenolic and flavonoid contents (TPC and TFC, respectively) of 

Portuguese honeys compared to European ones. Samples (n=18) from different European 

countries were evaluated regarding moisture, pH, hydroxymethylfufural (HMF), diastase activity 

(DA) and color. The TPC, TFC and antioxidant activity (through DPPH● and FRAP assays) 

were also achieved. All samples were found to be in the acceptable range of international 

standards for the tested quality parameters. In what concerns to antioxidant activity, the highest 

value was obtained for Portuguese honeys through FRAP assay, while the Sweden and Italian 

samples presented the highest antiradical activity (DPPH assay). Similarly, the highest TPC 

and TFC quantified were from Portuguese samples. Multivariate statistical analysis revealed 

variations among production zones allowing the successful differentiation of honeys from 

different geographical areas according to quality parameters, antioxidant profile and color. 

According to the PCA, distinct groups were formed. To the best of our knowledge, this is the 

first study that evaluate the influence of geographical origin on the quality of honeys from 

different European countries.  
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2.1.1 Introduction 

Honey is a natural and sweet substance produced by honey bees, consumed and appreciated 

since ancient times worldwide (da Silva et al,. 2016). According to the Codex Alimentarius, it is 

produced from the nectar or secretions of living parts of plants, or from the excretions of plant-

sucking insects, collected and transformed by bees, deposited, dehydrated and stored in 

honeycombs (Codex alimentarius 2001). This substance is essentially composed by different 

sugars (mainly fructose and glucose) and water, as well as other minor bioactive compounds 

such as proteins, lipid, amino acids, minerals, enzymes, vitamins, organic acids and phenolics, 

that are transferred from plants where honey bees collect nectar (Roshan et al,. 2017). Thus, 

the composition and properties of honey are mainly dependent on: (1) botanical and 

geographical origin of the nectar; (2) honey bee’s species involved in its production; and (3) 

environmental factors (Kek et al,. 2017, da Silva et al,. 2016). Additionally, the processing, 

manipulation, packaging and storage time can also contribute to honey properties changes (da 

Silva et al,. 2016).  

Actually, honey is recognized for its healing properties (Molan 2001), and health beneficial 

actions, related mainly with its antioxidant properties (Akbulut et al,. 2009, Theunissen et al,. 

2001, Gomes et al,. 2011). Phenolic compounds, such as flavonoids, are referred to be the 

main responsible for the antioxidant activity of honey (Gomes et al,. 2011, da Silva et al,. 2016), 

with several studies reporting a great correlation of the antioxidant activity of honey with its 

phenolic content and color (Moniruzzaman et al,. 2013, Bertoncelj et al,. 2007, Beretta et al,. 

2005). 

The world honey production has been increasing in the last few years, reaching 1,636 thousand 

tons (Portuguese Government, 2016). According to Pasis et al., for many developing countries, 

such as Portugal, this sector has a huge economy importance [16]. Nevertheless, Asia is the 

first contributor to the world honey production ranking, producing 732 thousand tons [15], while 

Europe have stabilized in 370 thousand tons. In the European Union (EU) the largest producers 

of honey are Spain and Germany, being also the main honey consumers [15]. In fact, the EU 

honey production is not enough for the consumption levels, implying the importation of at least 

half of the consumed honey [15]. 

This rapid growth of honey trade, and it’s consequently exportation/importation to respond to 

the highly demand of consumers, increased the concern about its quality and authenticity. 

Several differences based on physical properties (such as color, viscosity, hygroscopic 
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properties, and pH), taste and chemical composition (as phytochemicals) are easily founded 

and compared in commercially available honeys produced in different countries [17, 18]. 

However, the biological properties are similarly dependent on the country of origin (Khalil et al,. 

2011). Thus, the increasing consumer’s interest for honey’s potential health and wellbeing 

properties leads to the importance of knowing how the geographical origin contribute to its 

biological properties. Several studies have been performed to investigate honeys from different 

locations all over the world, regarding its physicochemical and biological properties as well as 

quality parameters (Moniruzzaman et al,. 2012, Moniruzzaman et al,. 2013, Vela et al,. 2007, 

Khalil et al,. 2011, Saxena et al,. 2010, Gomes et al,. 2011). However, as far as we know, any 

study analysed and compared these parameters from honeys produced in different countries 

of Europe. Therefore, the current study aims to assess the influence of geographical origin on 

physicochemical properties and antioxidant activity/composition of commercial honeys, 

establishing a comparison between them, with a particularly emphasis on Portuguese samples. 

2.1.2  Materials and methods 

2.1.2.1 Honey Samples 

Twenty-six multifloral honey samples with distinct geographical origins were acquired in 

different European countries. Samples were acquired in supermarkets, in labelled glass 

containers with at least 500 g of honey. A detailed description of the samples is presented in 

Figure 2.1. No information about the bee specie involved in its production were available. After 

purchase, samples were immediately analysed, according to the following sections. The 

influence of the geographical origin on the studied properties were evaluated.  
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Figure 2.1. Description of the honey samples analysed in this study regarding their botanical and 

geographical origins. 

2.1.2.2  Reagents 

Ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH•) free radical, catechin, Folin–Ciocalteu's 

reagent, gallic acid, iodine, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, glycerol, 

a water-soluble derivative of vitamin E (Trolox), were all purchased from Sigma-Aldrich 

(Steinheim, Germany). Methanol reagent grade, sodium acetate, sodium carbonate 

decahydrate, sodium nitrite, aluminium chloride and sodium hydroxide were purchased from 

Merck (Darmstadt, Germany). All other reagents were of analytical grade. 

2.1.2.3  Color analysis 

Measurements were performed using a colorimeter (Chroma Meter CR 410, Konica Minolta, 

Tokyo, Japan), previously calibrated with a white standard plate.  Samples were placed on a 

Petri plate with 5.5 cm diameter, with a sample thickness of 5 mm. Color indices (a∗, b∗ and L∗) 

and the hue angle (h∗), chroma (C∗) and total color difference (ΔE∗) were calculated as: 

ℎ∗ = tan−1 (
𝑏∗

𝑎∗
) 

𝐶∗ = [(𝑎∗)2 + (𝑏∗)2]1 2⁄  

∆𝐸∗ = [(∆𝐿∗)2 + (∆𝑎∗)2 + (∆𝑏∗)2]1 2⁄  

Color measurements were performed in triplicate.  
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2.1.2.4  PH 

The honey samples pH was analysed directly with a pH meter (Crison Instruments, Barcelona, 

Spain) equipped with a glass electrode. The measurements were performed in triplicate for 

each sample. 

2.1.2.5  Moisture 

The moisture content was determined using a refractometer (readings were performed at 20 

°C). The corresponding moisture values (%) were obtained from a reference Chataway Table 

(Chataway 1935). The analyses were performed in triplicate. 

2.1.2.6  Diastase activity (DA) 

DA determination was performed according to the method described by official method AOAC 

958.09 (AOAC, 2010). Rigorously, 10 g honey was weighed into a 50-ml beaker; dissolved in 

20 ml of water and 5 ml of acetate buffer solution (pH=5.3). The mixture was transferred to a 

50-ml volumetric flask containing 3 ml of NaCl (0.5 M) solution and the final volume was 

completed with water. A tube with 10 ml of this solution were placed into a water bath at 40 °C 

along with another tube containing a 2% starch solution.  

After 15 minutes, 5 ml of the starch solution was carefully dispensed into the reaction tube with 

honey solution. Contents were mixed and timed. An aliquot (1 ml) was removed at 5 min 

intervals and placed in beakers with 10 ml of diluted iodine solution (0.00035 M) and a known 

amount of distilled water (equal to the volume necessary for the standardization of the starch 

solution). The absorbance of this mixture was immediately measured at 660 nm against a water 

blank in a UV-1800 spectrophotometer (Shimadzu, Japan). A plot of absorbance against time 

was used to determine the time, tx, at which the specified absorbance of 0.235 was reached. 

The diastase index (DI) was calculated using the equation: DI=300/tx and the results were 

expressed in Gothe degrees. This unit is defined as the amount of enzyme which hydrolyses 

0.01 g starch for one hour at 40° C under standard conditions. 

2.1.2.7  Hydroxymethylfurfural (HMF) quantification 

An aliquot of honey sample (5 g) was rigorously weighted and mixed with 50 ml of deionized 

water. The mixture was filtered through a PTFE membrane (0.22 µm) before chromatographic 

analysis.  

The HPLC integrated system used (Jasco, Tokyo, Japan) was composed by an AS-950 

automated injector, a PU-980 pump, and a MD-2010 Plus multiwavelength diode-array detector 
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(DAD). The chromatographic separation was achieved with a RP-Tracer Excel ODS-A column 

(5 µm; 250 x 4 mm), from Teknokroma (Spain), using an isocratic solvent system of 

water:acetonitrile (80:20), and elution was performed at a solvent flow rate of 1 ml/min. 

Chromatograms were recorded at 285 nm. Chromatographic data was analyzed using a 

Borwin-PDA Controller Software (JMBS, France).  

2.1.2.8  Antioxidant analysis 

Total phenolics content 

Total phenolics content (TPC) was determined according to the Folin-Ciocalteu method 

(Singleton and Rossi 1965) with minor modifications (Alves et al,. 2010). Briefly, 30 µL of diluted 

sample with methanol was mixed with 150 µL of Folin–Ciocalteu reagent (1:10) and 120 µL of 

Na2CO3.10 H2O solution (7.5%). The mixture was incubated, protected from light, at 45 ºC 

during 15 min and at room temperature during more 30 min, followed by the absorbance 

reading at 765 nm against distilled water blank in a microplate reader SinergyTM HT (Biotek). A 

calibration curve for the standard gallic acid was performed in order to obtain a correlation 

between sample absorbance and standard concentration (linearity range=0-100 µg/ml, 

R2=0.9991). The TPC of samples were expressed as milligrams of gallic acid equivalents (GAE) 

per kg of honey. Measurements were performed in triplicate. 

Total flavonoids content 

Total flavonoid content (TFC) was determined according to Costa et al. (2010) using a 

microplate reader SinergyTM HT (Biotek). Briefly, 75 µL of distilled water and 45 µl of NaNO2 

solution (1%) was added to 30 µL of diluted sample with methanol. After 5 min, 345 µl of AlCl3 

solution (5%) were added, and after 1 min, 60 µL of NaOH (1 mol/l) and 45 µL of distilled water 

were added and mixed. The absorbance reading was performed at 510 nm against distilled 

water blank in a microplate reader SinergyTM HT (Biotek). Epicatechin was used in order to 

perform a standard curve (linearity range=0-100 µg/ml, R2=0.9999). TFC was expressed as 

milligrams of epicatechin equivalents (ECE) per kg of honey. Measurements were performed 

in triplicate. 

DPPH free radical scavenging assay  

The antioxidant activity of honey samples against the stable nitrogen radical DPPH˙ (1,1-

diphenyl-2-picrylhydrazyl) was performed using a microplate reader SinergyTM HT (Biotek) 
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according to Rodrigues et al. (Rodrigues et al., 2013), with minor modifications. Briefly, 30 µl 

of a sample diluted with methanol (100 µg/ml) was added to 270 µl of a DPPH• solution (6x10-

5 M). The mixture was left to stand for 30 min in the dark. The reduction of the DPPH radical 

was determined by measuring the absorption at 517 nm. A calibration curve was prepared with 

Trolox (linearity range: 2.5–100 µg/mL, R2 > 0.996). The antioxidant capacity based on the 

DPPH free radical scavenging ability of honey was expressed as µmol Trolox equivalents per 

gram of honey. 

Ferric reducing antioxidant power (FRAP) assay 

The reducing power of the honey samples was performed using a microplate reader SinergyTM 

HT (Biotek), according to Costa et al. (Costa et al,. 2012). A solution with 35 µl of a sample 

diluted with methanol (1:10), 140 µl of distilled water and 265 µl of FRAP reagent was mixed 

and incubated in a water bad at 37ºC, during 15 min. The absorbance was measured at 700 

nm and ascorbic acid (1.0 mg/ml) was used in order to perform a standard curve (linearity 

range=0-556 µg/ml, R2=0.9982). FRAP values were expressed as µM Fe2+. Measurements 

were performed in triplicate. 

2.1.2.9 Statistical analysis 

Data were reported as mean ± standard deviation of at least triplicate experiments. Statistical 

analysis of the results was performed with the software SPSS 24.0 (SPSS Inc., Chicago, IL, 

USA). One-way ANOVA was used to investigate the differences between samples. Post-hoc 

comparisons were performed according to Tukey’s HSD test. In all cases, p < 0.05 was 

accepted as significant. Correlations among the different parameters analysed were achieved 

by Pearson correlation coefficients (r) at a significance level of 95% (p < 0.05). Principal 

components analysis (PCA) was applied as pattern recognition unsupervised classification 

method. The number of dimensions to keep for data analysis was assessed by the respective 

eigenvalues (which should be greater than one), by the Cronbach’s alpha parameter (that must 

be positive) and also by the total percentage of variance (that should be as high as possible) 

explained by the number of components selected. The number of plotted dimensions was 

chosen in order to allow meaningful interpretations. 
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2.1.3 Results and discussion 

2.1.3.1  Quality parameters of honey: HMF content, DA, pH, moisture and colour 

To assess the quality of the 18 honey samples, the physicochemical analyses previously 

described were carried out. Results are summarized in Table 2.1. According to the obtained 

results all physicochemical parameters fulfilled the general honey quality standards established 

by honey legislation (Council Directive 2001/110/CE and Codex alimentarius). The 

determination of HMF content and DA is traditionally used for the evaluation of honey 

freshness, indicating honey heating as well as honey modifications resulting from improper 

storage. Also, at high levels, this parameter can be related with adulteration by commercial 

sugar (Soares et al,. 2017). According to international legislation, the determination of HMF 

content is mandatory. Generally, the HMF content is lower in fresh honey, increasing during 

conditioning and storage (Zappalà et al,. 2005). The European legislation and Codex 

Alimentarius Commission determined that HMF content should not exceed 40 mg/kg, with 

exception of tropical countries or regions in which the maximum value allowed is 80 mg/kg 

(Codex alimentarius 2001, European Council 2002). Table 2.1 reports the HMF values for the 

different samples. As can be observed, all samples comply with legislation. Samples 16, 17 

and 18 (all from Portugal) presented the lowest values. Oppositely, samples from Croatia 

(sample 12), Germany (sample 13) and Portugal (sample 15) presented the highest values, 

even so below the limit allowed by legislation. HMF was not detected in sample 6 from 

Denmark.
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Table 2.1. Physicochemical parameters of honey samples (mean ± standard deviation, n = 3). 

Sample HMF (mg/kg) DA (Gothe degrees) pH Moisture (%) L* (lightness) a* (redness) b* (yellowness) 

1 (IT) 8.09±0.04j 16.31±0.20f,g 4.16±0.01c,d,e 16.30±0.10d,e 22.29±0.50k 1.46±0.01d 4.56±0.06n 

2 (IT) 12.01±0.02g 15.42±0.63g 4.47±0.30b,c,d 14.66±0.46h 23.35±0.28j,k 4.05±0.11ª 7.40±0.15m 

3 (IT) 11.96±0.04g 20.00±0.15b 3.36±0.5g 14.93±0.23g,h 36.97±0.14e 0.42±0.01g 12.98±0.25f 

4 (LU) 13.77±0.20d,e 19.47±0.03b,c 3.71±0.08e,f,g 15.86±0.12e,f 27.95±0.71h 1.49±0.04d 7.14±0.44m 

5 (FR) 12.61±0.04f,g 17.99±0.13d,e 3.61±0.01f,g 14.99±0.10g,h 33.58±0.52g -0.89±0.02j 10.75±0.29k 

6 (DK) 0.00±0.00l 19.75±0.25b,c 2.84±0.02h 16.66±0.13c,d 35.11±0.18f,g 0.92±0.05e 12.29±0.16f 

7 (DK) 12.10±0.08g 19.92±0.08b 3.91±0.03e,f 18.80±0.01a 54.40±1.08ª -0.73±0.06i,j 16.38±0.42d 

8 (SE) 14.58±0.12d 20.00±0.21b 3.75±0.17e,f,g 14.99±0.02g,h 44.20±0.73c -1.32±0.04k 23.65±0.56ª 

9 (PL) 10.26±0.08h 19.25±0.75b,c,d 4.96±0.09a 17.99±0.02b 43.68±1.36c -1.68±0.03l 21.45±0.49b,c 

10 (PL) 9.27±0.05i 19.39±0.05b,c 4.82±0.01a,b 18.27±0.12b 46.31±0.04b -0.65±0.02i 15.36±0.09e 

11 (ES) 19.58±0.39c 18.55±1.26c,d,e 3.64±0.01f,g 17.13±0.13c 39,00±0.01d -1.19±0.03k 22.08±0.03b 

12 (HR) 35.36±0.63a 18.67±0.06b,c,d,e 3.89±0.01e,f 18.13±0.15b 24.63±0.39j 0.47±0.03g 5.39±0.08n 

13 (DE) 28.94±0.11b 18.39±0.26c,d,e 3.81±0.04e,f,g 17.13±0.26c 22.34±0.22k 1.49±0.08d 3.42±0.11o 

14 (TR) 13.38±0.16e,f 17.62±0.15e,f 3.63±0.02f,g 16.53±0.18d 27.35±0.03h 0.71±0.01f 8.86±0.02l 

15 (PT) 20.11±0.78c 18.90±0.58b,c,d,e 3.89±0.03e,f 18.13±0.58b 36.44±0.28f 3.12±0.05c 21.18±0.41c 

16 (PT) 1.06±0.12k 25.33±0.65ª 4.49±0.02b,c,d 15.40±0.23f,g 39.67±0.50d -0.25±0.09h 10.82±0.27k 

17 (PT) 0.79±0.02k,l 6.13±0.06i 4.09±0.01d,e 14.68±0.06h 45.08±0.10b,c -3.60±0.01m 15.95±0.23d,e 

18 (PT) 0.33±0.01k,l 13.40±0.20h 4.60±0.01a,b,c 14.57±0.20h 38.21±0.19d,e 3.50±0.16b 10.69±0.35k 

Different letters in the same column indicate significant differences (p<0.05) between samples. HMF, hydroxymethylfurfural; DA, diastase 

activity.
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Diastase is one of the major enzymes found in honey and its activity determination is among 

the most important parameters to evaluate the quality control of honey samples. This enzyme 

is responsible for the conversion of starch in short-chain sugars and, according to its activity, it 

is possible to infer about heating and/or poor storage conditions since heat is responsible for 

its degradation. Nevertheless, different authors reported that factors such as the nectar 

collection period, bee’s age and species, physiological period of the colony, quantity of nectar 

flow or honey sugar content may influence the diastase activity (da Silva et al,. 2016). In 

general, honey legislation stipulates a minimum value of 8 Gothe degrees. However, DA values 

between 3 and 8 Gothe degrees are allowed for honeys with an HMF content lower than 15 

mg/kg (European Parliament, Codex alimentarius 2001). The DA values obtained in the current 

study were higher than 8 Gothe degrees for all samples, except for sample 17 from Portugal. 

In fact, sample 17 presented the lowest DA value, inferior to 8. However, considering the HMF 

value obtained, this honey is in agreement with legislation. Also, since all samples are 

multifloral, several plants species are present in its composition, hindering the determination of 

which plant or group of plants may contribute for this lower DA. These differences can highlight 

the importance of the weather conditions influence on DA, as the degradation of diastase in 

related to heat exposure.  

In what concern physical parameters, the determination of honey moisture is an important and 

frequent analysis to establish the quality and marketability of honey, as higher moisture 

contents can lead to honey fermentation during storage (Soares et al,. 2017). The honey 

moisture content ranged between 14.57% and 18.80%, for a Portuguese and Denmark honey, 

respectively. None of the samples exceeds the values imposed by legislation (20%) and Codex 

Alimentarius (European Council 2002). Moisture is influenced by several factors such as the 

climatic factors, maturity degree reached in hive and harvesting season (Finola et al,. 2007).  

Another important parameter quite useful in the prediction of honey microbial growth is pH. 

Honey pH is affected by extraction conditions and storage, which also influences texture, 

stability and shelf-life (Iglesias et al,. 2012). Nevertheless, this parameter is not regulated by 

law. In fact, a low pH is associated to the inhibition of microbiological growth (Iglesias et al,. 

2012). Also, pH influences the HMF formation as well as texture and stability during honey 

extraction and storage. As presented in Table 2.1, honey samples were acid, with pH values 

ranging between 2.84 and 4.96. The lowest value was obtained for a Denmark honey while the 



Chapter │2 

Physicochemical and bioactive characterization of Portuguese honeys: A comparison with 

European samples 

133 

highest occurs in a Poland one. These values are in accordance with the ones reported for 

Turkish (3.80) (Sorkun et al,. 2001) and Iberian Peninsula honeys (4.10) (Rodríguez Flores et 

al,. 2014). The Portuguese honeys presented values around 4, being in accordance with 

previously results obtained by Rodriguez Flores et al. (Rodríguez Flores et al,. 2014). 

In what concerns color, the CIELAB L* a* b* colour coordinates were calculated (Table 2.1). 

Color is the first parameter evaluated by consumer in the purchase moment, playing a key role 

for marketing and consumers acceptance and varying between clear and colourless to dark 

amber or black (Belay et al,. 2015). According to Brudzynski and Kim the botanical origin of 

honey affects the colour coordinates L* a* b* (Brudzynski and Kim 2011), while the exposure 

to heat and the length of time that the honey stayed in the storage may also affect honey’s 

colour (Belay et al,. 2015). In this study, low a∗ values of honey samples (observed for example 

in samples 3, 6 or 12) indicate that there is little red colour in these honey varieties. The 

negative a∗ value suggests that the honey present some green components, as the case of 

samples 7, 8, 9, 10 or 11. The level of yellow colour is high for all samples, as parameter b∗ 

shows. The L* value ranged between 22.29 and 54.40, respectively for an Italian and a 

Denmark honey. According to these results, honeys with high L* values are rather bright or 

pale, such as the case of sample 7 and 10, while dark honeys are more present on Italy, 

Germany and Croatia. Nonetheless, in a general way, all samples are within the amber 

tonalities. This fact can be explained by the content of pigments (such as carotenoids and 

flavonoids) and it is associated with the content of phenolic compounds, which largely depend 

on the botanical and geographical origin as reported by different authors (Bentabol Manzanares 

et al,. 2014, Bentabol Manzanares et al,. 2017). 

2.1.3.2  Antioxidant activity, TPC and TFC: influence of the country origin of honey  

Results of antioxidant activity (through DPPH and FRAP assays), TPC and TFC are 

summarized in Table 2.2.  
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Table 2.2. Total Polyphenol Content (TPC), Total Flavonoid Content (TFC), Ferric Reducing Antioxidant 

Potential assay (FRAP) and 2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH•) scavenging activity of the 

honeys studied. 

Data are expressed as mean ± standard deviation (n=3). Different letters in the same column indicate 

significant differences (p < 0.05) between samples for a certain parameter; TPC, total phenolics content; 

GAE, gallic acid equivalents; TFC, total flavonoid contents; ECE, epicatechin equivalents; DPPH• SA, 

DPPH• scavenging activity; FRAP, ferric reducing antioxidant power; FSE, ferrous sulphate equivalents.  

Honey samples were characterized by TPC values ranging between 165.27 and 1237.18 mg 

GAE/kg of honey, with the highest value corresponding to a honey sample from Portugal. 

Oppositely, the lowest TPC were obtained for Turkish one. In what concerns TFC, the valued 

Sample 
TPC  

(mg GAE/kg) 

TFC  

(mg ECE/kg) 

FRAP  

(mg FSE/kg) 

DPPH  

(mg Trolox/kg) 

1 (IT) 299.64±6.84h 20.58±0.98e 759.85±11.56e 565.45±49.48b 

2 (IT) 382.62±3.95g 34.70±1.69d 939.21±9.85c 674.32±30.23ª 

3 (IT) 549.94±10.13e 21.83±1.39e 266.12±2.88i 91.43±4.31f 

4 (LU) 309.91±4.87h 12.73±0.53e,f,g 154.47±4.83j 181.92±8.62d,e 

5 (FR) 439.27±4.56f 7.03±0.98g 381.81±7.91h 459.89±16.49c 

6 (DK) 309.90±4.87h 12.73±0.51e,f,g 154.37±5.20j 181.92±7.98d,e 

7 (DK) 287.19±14.05h 17.58±0.49e,f 191.52±3.90j 591.28±38.78b 

8 (SE) 232.05±16.85i 14.11±1.33e,f,g 159.49±6.65j 621.45±5.04ª,b 

9 (PL) 703.85±10.74d 58.48±4.99c 390.04±13.89h 127.34±17.24e,f 

10 (PL) 818.58±28.29c 230.41±8.34ª 518.12±30.76g 98.61±3.98f 

11 (ES) 996.49±1.16b 36.24±0.51d 370.83±49.14h 110.10±8.15e,f 

12 (HR) 166.59±12.07j 5.33±0.97g 370.38±7.61h 454.39±20.16c 

13 (DE) 455.07±11.40f 20.58±1.23e 611.27±4.57f 159.69±34.91e,f 

14 (TR) 165.27±3.95j 8.44±0.85f,g 472.36±8.47g 485.18±54.94c 

15 (PT) 1237.18±6.98ª 118.18±7.36b 832.56±68.22d 247.99±8.62d,e 

16 (PT) 224.95±4.92i 17.61±1.27e,f 1506.00±5.19b 91.79±1.92f 

17 (PT) 207.88±4.93i 14.15±2.10e,f,g 914.33±9.81c 101.83±2.36f 

18 (PT) 378.53±2.47g 31.47±0.78d 2656.33±34.08a 124.34±2.13e,f 
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ranged between 5.33 and 230.41 mg ECE/ kg of honey, being the highest values obtained for 

a Polish honey. The DPPH scavenging activity of the prepared extracts ranged from 91.43 to 

674.32 mg Trolox/kg of honey, both honeys from Italy. In what concerns to FRAP assay, the 

minimum and maximum values were found for a Denmark (154.37 mg FSE/kg) and a 

Portuguese honey (2656.33 mg FSE/kg), respectively.  

As expected, in general, honey samples presented significant differences in antioxidant 

profiles, which agrees with previous works that reported the relation between antioxidant 

activity of honey and its botanical and geographical origin (Bentabol Manzanares et al,. 2017, 

Bentabol Manzanares et al,. 2014). The production of antioxidants by plants is a consequence 

of its defence against several environmental factors, including ultraviolet radiation, 

temperature, water stress or mineral nutrient availability, as well as mineral nutrient availability 

(Wang and Zheng, 2001). Moreover, the different honey bee’s species involved in honey 

production and the processing, manipulation, packaging and storage time can also contribute 

to honey properties changes. Nevertheless, similar differences are observed between samples 

of the same country of honey origin suggesting that other factors, such as packaging and 

storage time, have probably contributed for these differences.  

2.1.3.3  Multivariate analysis 

Principle component analysis (PCA) plot using rotated space was carried out (Figure 2.2) to 

explore experimental data, evaluate relevant variables and correlations, and produce 

bidimensional plots to study the influence of different geographical origin on different 

parameters. Figure 2.2(a) present a PCA to evaluate the influence of geographical origin on 

quality parameters (pH, HMF, DA and moisture), while Figure 2.2(b) and Figure 2.2(c) evaluate, 

respectively, the influence of geographical origin on color and antioxidant profile (TPC, TFC, 

DPPH and FRAP). Figure 2.2(d) evaluate the influence of geographical origin on all parameters 

simultaneously.  

Variables closest and far from the plot origin are positively correlated, while variables opposite 

one another on the plot are negatively correlated. The objective of a loading projection is to 

visualize the position of the variables with respect to one another in two-dimensional space and 

their corresponding correlations (Dabbou et al,. 2012). The loadings plot on PC2 versus PC1 

are shown in Figure 2.2(a). It allows visualizing the relationship of original variables with each 

PC. 
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Figure 2.2(a) evaluates the influence of geographical origin on quality parameters. The first 

principal component (PC1) was strongly correlated with the values of moisture, while for the 

second principal component (PC2) the dominant variables were HMF and DA. Figure 2.2(a) 

shows PC1 vs PC2 grouping the samples studied into five distinct groups. As it is possible to 

observe, most of the samples are included in one group which major differences are based on 

DA and HMF content. According to Figure 2.2(b), that evaluated the influence of geographical 

origin on antioxidant profile, it is possible to visualize that antioxidant activity through FRAP 

assay is negatively correlated with DPPH, while TPC and TFC are positively correlated. The 

first principal component (PC1) represented 47.946% of the total variance while the second 

component (PC2) represent 27.822%. Thus, the first two PCs accounted 75.768% of the total 

variance of the original result data matrix. Samples could be divided in four groups as 

represented in Figure 2.2(a). Most samples are present in one group, being differentiate 

between them according to TFC and TPC values. Sample 15 and 10 are isolated in distinct 

groups, as well as sample 2 and 18 that form another group.  
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Figure 2.2. Principal Component Analysis (PCA) - (a) Biplot of scores and loadings of data obtained from quality parameters (HMF, DA, pH and 

moisture) of the honey samples (left: PCA distribution of variables; right: PCA distribution of honey samples); (b) Biplot of scores and loadings of 

data obtained from antioxidant profile (TPC, TFC, DPPH•, FRAP) of the honey samples (left: PCA distribution of variables; right: PCA distribution 

of honey samples); (c) Biplot of scores and loadings of data obtained from color (a*, b* and L*) of the honey samples (left: PCA distribution of 

variables; right: PCA distribution of honey samples); (d) Biplot of scores and loadings of data obtained from all parameters analysed of the honey 

samples (left: PCA distribution of variables; right: PCA distribution of honey samples).
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Figure 2.2(c) evaluates the origin influence on color parameters. PC (1) represents 74.108% 

of the total variance, while PC (2) comprises 18.793%. b* and L* parameters are positively 

related with PC (1) while PC (2) mostly influenced by a*. As represented, four groups could be 

separated according to color parameter values.  

Figure 2.2(d) evaluates the influence of the geographical origin in all parameters evaluated 

simultaneously. PC (1) comprises 20.744%, while PC (2) and PC (3) represent 26.830% and 

15.939%, respectively. As it is possible to observed, three groups are formed. Sample 15 

constitute an isolated group (I), being the richest in TPC and presenting a huge antioxidant 

activity. Group II is constituted by sample 11. Group III and IV are constituted by samples that 

are differentiated based on color parameter a* and DA and moisture, respectively.  

2.1.4 Conclusions 

This study was conducted to assess the influence of geographical origin on HMF, DA, physical 

parameters, TPC, TFC, antioxidant activity and color of European honeys from different 

countries. The results of all samples were within the legally established intervals for the 

selected parameters. The Portuguese honeys presented differential characteristics being 

richest in TPC and antioxidant activity. Nevertheless, the specific influence of geographical 

origin on different parameters may differ. 
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2.2 Portuguese honeys from different geographical and botanical origins: A 4-year 

stability study regarding quality parameters and antioxidant activity 

Abstract  

Portuguese honeys (n = 15) from different botanical and geographical origins were analysed 

regarding their quality parameters (diastase activity, hydroxymethylfurfural content, moisture 

and pH), colour (L*, a*, b*) and antioxidant profile (total phenolics content, total flavonoids 

content, DPPH• scavenging activity, and ferric reducing power). The samples were analysed 

fresh and after 4-years of storage (at 25 °C and protected from light). The hydroxymethylfurfural 

content and diastase activity of the fresh samples were in accordance with the recommended 

values described in the legislation. In general, the antioxidant activity of the samples correlated 

more with the bioactive compounds content than with colour. The storage affected differently 

each individual sample, especially regarding the antioxidant profile. Nevertheless, although in 

general the lightness of the samples decreased (and the redness increased), after 4 years, 11 

samples still presented acceptable diastase activity and hydroxymethylfurfural values.  

 

Keywords: Honey; botanical and geographical origins; colour; antioxidants; storage 
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2.2.1 Introduction 

Honey is a natural substance produced by honey bees, being part of the human diet since 

ancient times. It is produced from the nectar or secretions of living parts of plants, or from the 

excretions of plant-sucking insects, collected and transformed by bees, deposited, dehydrated 

and stored in honeycombs [1]. Honey is essentially composed by different sugars (mainly 

fructose and glucose) and water. In addition, it contains several other minor components such 

as proteins, free amino acids, minerals, enzymes, vitamins, organic acids and phenolic 

compounds [2]. Although present in honey in low quantities, these minor compounds are 

responsible for conferring specific and individual characteristics to honey, depending mainly on 

botanical and geographical origins, as well as seasonal and environmental factors and the bee 

species involved in its production [3, 4]. Being recognized as a food with healing properties, 

honey is highly sought after and traditionally used to treat throat disorders, wounds and burns 

[5]. Thus, several studies were performed to investigate its medicinal properties such as 

antibacterial and antifungal, gastro and hepatoprotective, antihypertensive, anti-inflammatory, 

and antioxidant [6–10] and its use for oncological care [11].  

Although honey is considered a natural and health beneficial product with a high economic 

value, it can have different commercial value depending on its botanical and geographical 

origins. Such is the case of monofloral honeys, which arise predominantly from a single 

botanical origin, being perceived by consumers as a high qualitative honey with distinct 

individual characteristics [12]. However, previous studies have shown that the quality and 

biochemical properties of honey are related not only with the nectar source (botanical and 

geographical origin), but also with climatic conditions, production and processing methods as 

well as honey maturity [13]. 

Furthermore, it is expected that some changes could occur in its composition during storage, 

based on physical and chemical reactions, leading to alterations of honey properties (such as 

colour or flavour) even when properly processed, packaged and stored [14]. In addition, the 

impact of storage on some specific honey components (such as antioxidants) is a complex 

issue, since contradictory results have been reported [15, 16]. For instance, Wang et al. 

reported a decrease of antioxidant activity of honeys after 6 months of storage [15]. In turn, 

Gheldof and Engeseth, using the same methodology, found no changes of the antioxidant 

activity of honeys stored for periods longer than 2 years [16].  
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To preserve the safety and health effects, and simultaneously protect consumers, it is of utmost 

importance to ensure the quality and authenticity of honey. In Portugal, honey production has 

been increasing, reaching about 12 tons per year, and becoming an important contributor to 

the national economy [17, 18]. However, in the last few years, importation of lower quality 

cheaper honey have been growing [18, 19]. In order to valorise the quality of Portuguese 

honeys in comparison with the imported ones, several studies were performed regarding 

physicochemical parameters and biological compounds [9, 15, 20–26]. However, none of these 

studies evaluated the stability of Portuguese honeys over time. In this work, fifteen Portuguese 

honey samples from distinct botanical and geographical origins, produced in 2012, were 

evaluated regarding different physicochemical and quality parameters. The same samples 

were then stored for four years under controlled temperature (25 °C) conditions and a stability 

study was performed in order to evaluate the influence of storage on the mentioned parameters. 

2.2.2 Materials and Methods 

2.2.2.1 Standards and reagents 

Ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH•) free radical, epicatechin, Folin–

Ciocalteu’s reagent, gallic acid, and iodine were purchased from Sigma-Aldrich (Steinheim, 

Germany). Methanol (reagent grade), sodium acetate, sodium carbonate decahydrate, sodium 

nitrite, aluminium chloride and sodium hydroxide were purchased from Merck (Darmstadt, 

Germany). All other reagents were of analytical grade. 

2.2.2.2 Samples  

Fifteen honey samples, from distinct botanical origins and produced in 2012, were acquired in 

the North and Centre of Portugal. Samples were acquired in labelled glass containers, with at 

least 500 g of honey, directly from producers. A detailed description of the samples is presented 

in Figure 2.3. After purchase, samples were immediately analysed, according to the following 

sections. The influence of storage time on the studied properties were evaluated after 4 years 

(in 2016). This period was selected considering the maximum storage validity mentioned on 

the labels of the analysed samples. During this period, samples were stored in the original 
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package at controlled temperature (25 °C) in the dark. This temperature was selected 

considering the normal storage conditions mentioned on the labels. 

Figure 2.3. Description of the Portuguese honey samples analysed in this study regarding their 

botanical and geographical origins. 

2.2.2.3  Color analysis 

Measurements were performed using a colorimeter (Chroma Meter CR 410, Konica Minolta, 

Tokyo, Japan), previously calibrated with a white standard plate. Samples were placed on a 

Petri plate with 5.5 cm diameter, with a sample thickness of 5 mm. Color indices (a∗, b∗ and L∗) 

and the hue angle (h∗), chroma (C∗) and total color difference (ΔE∗) were calculated as: 

ℎ∗ = tan−1 (
𝑏∗

𝑎∗
) 

𝐶∗ = [(𝑎∗)2 + (𝑏∗)2]1 2⁄  

∆𝐸∗ = [(∆𝐿∗)2 + (∆𝑎∗)2 + (∆𝑏∗)2]1 2⁄  

Color measurements were performed in triplicate. 

2.2.2.4 pH 

The pH of the honey samples was directly analysed with a pH meter (Crison Instruments, 

Barcelona, Spain) equipped with a glass electrode. The measurements were performed in 

triplicate. 
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2.2.2.5 Moisture 

The moisture content was determined using a refractometer (readings were performed at 20 

°C). The corresponding moisture values (%) were obtained from a reference Chataway Table 

[50]. The analyses were performed in triplicate. 

2.2.2.6 Diastase activity (DA) 

DA was determined according to the AOAC method 958.09 [51]. An amount of honey (10 g) 

was rigorously weighed into a 50-mL beaker and dissolved in water (20 mL) and acetate buffer 

solution (5 mL, pH = 5.3). The mixture was transferred to a 50-mL volumetric flask containing 

a NaCl solution (3 mL, 0.5 M) and the final volume was completed with water. A tube containing 

10 mL of this solution was placed into a water bath at 40 °C along with another tube containing 

a 2 % starch solution. After 15 min, starch solution (5 mL) was carefully dispensed into the 

reaction tube with the honey solution. Contents were mixed and timed. An aliquot (1 mL) was 

removed at 5 min intervals and placed in beakers with 10 mL of diluted iodine solution (3.5 × 

10−4 M) and a known amount of deionised water (equal to the volume necessary for the 

standardization of the starch solution). The absorbance of this mixture was immediately 

measured at 660 nm against a water blank in a UV-1800 spectrophotometer (Shimadzu, Kyoto, 

Japan). A plot of absorbance against time was used to determine the time, tx, at which the 

specific absorbance of 0.235 was reached. The diastase index (DI) was calculated using the 

equation: DI = 300/tx and the results were expressed in Gothe degrees. This unit is defined as 

the amount of enzyme which hydrolyses 0.01 g of starch for one hour at 40 °C, under standard 

conditions. 

2.2.2.7 Hydroxymethylfurfural quantification 

An aliquot of honey (5 g) was rigorously weighted and mixed with deionised water (50.0 mL). 

The mixture was filtered through a PTFE membrane (0.22 µm) before HPLC analysis. The 

integrated HPLC system used (Jasco, Tokyo, Japan) was composed by an AS-950 automated 

injector, a PU-980 pump, and a MD-2010 Plus multiwavelength diode-array detector (DAD). 

The chromatographic separation was achieved with a RP-Tracer Excel ODS-A column (5 µm; 

250 mm × 4 mm), from Teknokroma (Barcelona, Spain), using an isocratic solvent system of 

water: acetonitrile (80:20, v/v). Elution was performed at a solvent flow rate of 1 mL/min. 

Chromatograms were recorded at 285 nm. Chromatographic data was analysed using a 

Borwin-PDA Controller Software (JMBS, Le Fontanil, France). 
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2.2.2.8  Antioxidant activity analysis 

DPPH• scavenging activity 

The antiradical activity of the samples against DPPH• was evaluated according to Alves et al. 

[20] with minor modifications to adapt volumes to a microplate reader. Briefly, a sample (30 µL) 

diluted in methanol was added to a DPPH• solution (270 µL, 6 × 10−5 M). The absorbance 

decrease was followed at 517 nm until a stable value was achieved (SinergyTM HT, Biotek 

Instruments, Winooski, VT, USA). Analyses were performed in triplicate and the results 

expressed as percentage of scavenging activity (% DPPH• SA), which was calculated 

according to the following equation:  

   % DPPH• SA = [(Absit - Absft)/ Absit] x 100, 

where Absit is the absorbance of the DPPH• solution at the initial time of reaction (0 min) and 

Absft is the absorbance of the DPPH• solution after reaction with the sample extract (final time). 

Analyses were performed in triplicate. 

Ferric reducing antioxidant power assay 

The reducing power of the honey samples was analysed according to Costa et al. with minor 

modifications [21]. Briefly, 90 µL of a sample dilution in methanol, 270 µL of distilled water and 

2.7 µL of FRAP reagent (containing 0.3 M acetate buffer, 10 mM TPTZ-solution, and 20 mM 

ferric chloride) was mixed and incubated in a water bath at 37 °C, during 15 min. Absorbance 

was measured at 595 nm (SinergyTM HT). A calibration curve was prepared using ferrous 

sulphate (0–2000 μM, R2 = 0.9982). FRAP values were expressed as mg of ferrous sulphate 

equivalents (FSE) per kg of honey. Analyses were performed in triplicate. 

Total phenolics content 

Total phenolics content (TPC) was determined according to Alves et al. with minor 

modifications [20]. Briefly, a sample (500 µL) diluted with methanol was mixed with Folin–

Ciocalteu reagent (2.5 mL, 1:10) and a Na2CO3•10 H2O solution (2 mL, 7.5%). The mixture was 

incubated, protected from light, at 45 °C during 15 min. Afterwards, it was placed at room 

temperature, in the absence of light, during 30 min. The absorbance measurements were 

performed at 765 nm against a distilled water blank (SynergyTM HT). A calibration curve was 

prepared using gallic acid as standard (0–100 mg/L, R2 = 0.9991). The TPC of samples was 

expressed as mg of gallic acid equivalents (GAE) per kg of honey. Analyses were performed 

in triplicate. 
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Total flavonoids content 

Total flavonoids content (TFC) was determined according to Costa et al. with minor 

modifications [21]. Briefly, distilled water (4 mL) and NaNO2 solution (300 µL, 5 g/100 mL) was 

added to a sample diluted with methanol (1 mL). After 5 min, 10% (w/v) AlCl3 solution (300 µL) 

were added, and after 1 min, 1M NaOH (2 mL) and deionised water (2.4 mL) were also added. 

The absorbance measurements were carried out at 510 nm against a blank (SynergyTM HT). 

Epicatechin was used as standard to prepare the calibration curve (0–100 mg/L, R2 = 0.9999). 

TFC was expressed as mg of epicatechin equivalents (ECE) per kg of honey. Analyses were 

performed in triplicate. 

2.2.2.9 Statistical analysis 

Data were reported as mean ± standard deviation of at least triplicate experiments. Statistical 

analysis of the results was performed with the software SPSS 24.0 (SPSS Inc., Chicago, IL, 

USA). One-way ANOVA was used to investigate the differences between samples. Post-hoc 

comparisons were performed according to Tukey’s HSD test. In all cases, p < 0.05 was 

accepted as significant. Correlations among the different parameters analysed were achieved 

by Pearson correlation coefficients (r) at a significance level of 95% (p < 0.05). Principal 

components analysis (PCA) was applied as pattern recognition unsupervised classification 

method. The number of dimensions to keep for data analysis was assessed by the respective 

eigenvalues (which should be greater than one), by the Cronbach’s alpha parameter (that must 

be positive) and also by the total percentage of variance (that should be as high as possible) 

explained by the number of components selected. The number of plotted dimensions was 

chosen in order to allow meaningful interpretations. 

2.2.3 Results and Discussion 

In this study, honeys of distinct geographical and botanical origins were characterized and 

compared, fresh and after a 4-year storage period. The production regions included the North 

and Centre of Portugal, areas highly recognized for their production of high quality honey (Vila 

Real, Bragança, Chaves, Boticas, Lousã, Penamacor, Guarda, Vila Nova de Foz Côa, and 

Viseu). Heather, lavender, blueberry, chestnut, orchard, and multifloral were the botanical 

origins selected.  

Firstly, the quality of all amples were analysed through their HMF content and DA. These 

parameters are routinely used to evaluate honey freshness, providing information about 
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inadequate processing and/or inappropriate storage conditions. It is expected that a honey of 

high quality will present a high DA and a low HMF content. According to the current legislation 

[1,23], DA should be higher than 8 Gothe degrees (except for baker’s honey) and not less than 

3 for honeys with low natural enzyme content (e.g., citrus honeys) and, simultaneously, it 

should present a HMF level lower than 15 mg/kg [23]. In addition, a maximum for HMF content 

is fixed: 40 mg/kg (except for baker’s honey). For honeys of declared origin from regions with 

tropical climate and blends of these honeys, the HMF content should be lower than 80 mg/kg. 

The DA and HMF contents of the fresh honeys are summarized in Table 2.3. In general, all 

samples presented DA and HMF contents in line with the legislation. As can be observed the 

lowest DA value was obtained for sample 14 (from Bragança) and the highest for sample 6 

(from Lousã), with 18.93 and 37.77 Gothe degrees, respectively. In turn, the HMF contents 

ranged between 0.33 and 17.38 mg/kg, respectively, for sample 9 (from Vila Nova de Foz Côa) 

and sample 12 (from Penamacor). Generally, the HMF and DA results obtained in the present 

study are typical of fresh honeys. Moreover, the DA of all samples were higher than 8, 

suggesting that the honeys were not exposed to high temperatures and were adequately stored 

after production. However, it is possible to observe a great variation in the HMF content 

between the honey samples studied. A similar HMF variation have also been reported for other 

honey samples from different Portuguese regions [19,23–26].  

Gomes et al. [19] and Estevinho et al. [24] obtained lower HMF values in honeys from Northeast 

Portugal and the Trás-os-Montes region (1.14 ± 0.20 mg/kg and 1.1 ± 0.2 mg/kg, respectively) 

while Pires et al. [27], Feás et al. [28], Estevinho et al. [23] and Iglesias et al. [25] achieved 

higher HMF results for some samples from different regions of North Portugal. These 

differences could be attributed to the variation of the several factors that affect HMF formation, 

such as temperature and time of heating, storage conditions, pH and floral source [29].  

Moisture values were also assessed (Table 2.3). The determination of this parameter is related 

to honey preservation and storage, as high-water content can lead to the growth of molds, 

causing flavour loss and low shelf-life [25]. The obtained results varied between 13.1 and 16.9, 

with significant differences (p < 0.05) between samples. To guarantee honey safety against 

fermentation the legislation defined an upper limit of 20% of moisture for honeys. All samples 

were within the recommended value. However, the differences observed between samples 

may be due to several factors, such as environmental conditions, harvest period and degree of 

maturity reached in the hive [30]. 
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In addition, the pH values ranged from 3.98 to 5.05, with significant differences (p < 0.05) 

between samples (Table 2.3). Although limits for this value are not defined in the legislation, 

the determination of this parameter is of significant importance as it influences honey texture, 

stability and shelf-life [31]. Low pH values inhibit the presence and growth of microorganisms 

and makes honey compatible with many food products in terms of pH and acidity [23]. These 

moisture and pH values are consistent with previously studies of Portuguese honeys [23–

25,27,28].
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Table 2.3. Physicochemical parameters of honey samples in 2012 and 2016 (mean ± standard deviation, n = 3). 

 

 

 

Different letters in the same column indicate significant differences (p < 0.05) between samples; * means a significant difference (p < 0.05) 

between the results obtained in 2012 and 2016 for the same sample. HMF, hydroxymethylfurfural; DA, diastase activity.

Sample 
HMF (mg/kg) DA (Gothe degrees) pH Moisture (%) 

2012 2016 2012 2016 2012 2016 2012 2016 

         
1 16.99±0.52a 55.11±0.87d,* 19.90±0.58g,h,i 15.83±0.29c,d,e,f,* 4.52±0.04f 3.92±0.01h,* 14.04±0.14c,d,e,f,g 14.00±0.00f,g 

2 2.38±0.25c 12.89±0.12g,h,* 27.78±0.76c 19.23±0.11a,* 4.88±0.00b 4.50±0.01a,* 13.14±0.01g 13.47±0.09h,i,* 

3 1.13±0.06c,d,e,f 20.99±0.07e,f,* 32.64±0.85b 17.83±0.22a,b,c,* 4.80±0.00c,d 4.26±0.01d,* 13.77±0.02c,e,f,g 14.40±0.00d,e,* 

4 2.22±0.03c,d 4.15±0.06i,* 24.80±0.45d,e 15.68±0.18d,e,f,g,* 5.05±0.01a 4.21±0.00e,* 16.85±0.09d,e,f,g 15.67±0.12b,* 

5 1.73±0.08c,d 23.31±0.00e,* 21.74±1.06f,g 15.57±0.38e,f,g,* 4.74±0.01d 4.37±0.01b,* 13.97±0.21b,c,d,e 15.00±0.00i;* 

6 7.70±0.18b 105.05±2.14c,* 37.77±1.41a 18.10±0.19a,b,* 4.82±0.00b,c 4.30±0.01c,* 15.90±0.41e,f,g 14.40±0.00e,f,* 

7 0.71±0.06e,f 15.21±0.31f,g,* 20.85±1.22g,h 8.88±0.58h,* 3.98±0.05i 3.80±0.01i,* 15.40±0.20a,b 14.80±0.00d,e,* 

8 0.79±0.03e,f 21.00±0.22e,f,* 21.68±0.93f,g 17.69±0.27a,b,c,d,* 4.60±0.01e 3.91±0.01h,* 15.16±0.94c,d,e,f,g 13.27±0.12g,h 

9 0.33±0.01f 22.49±0.13e,* 18.93±1.18i 17.69±0.27a,b,c,d 4.64±0.02e 4.11±0.01f,* 15.37±0.79f,g 14.20±0.20h,i 

10 7.11±0.25b 115.95±0.01b,* 26.48±0.80c,d 17.39±0.21a,b,c,d,e,* 4.34±001g 3.96±0.01g,* 14.73±0.06b,c,d 14.67±0.23e,f 

11 1.06±0.17d,e,f 4.06±0.04i,* 19.79±0.47h,i 16.93±0.31b,c,d,e,f,* 5.01±0.01a 4.26±0.01d,* 14.29±0.40b,c,d,e,f 13.73±0.12c,d 

12 17.38±1.05a 148.97±6.14a,* 19.62±0.33h,i 13.60±0.43g,* 4.01±0.03i 3.58±0.01j,* 13.65±0.89a 13.47±0.12a 

13 1.01±0.00d,e,f 14.14±0.11g,h,* 25.32±0.89d 17.48±1.70a,b,c,d,e,* 4.49±0.00f 4.36±0.02b,* 13.91±0.76b 14.20±0.00b,c 
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Table 2.4 present the samples colour expressed as mean ± standard deviation of L*, a*, b* 

parameters. The L* parameter represents the measure of the brightness (lightness) from black 

(0) to white (100). The a* parameter is the function of the red-green difference, where a positive 

value indicates red and a negative one represents green (−100/+100). The b* parameter is the 

function of the yellow–blue difference. A positive b* value indicates yellow while a negative 

value represents blue (−100/+100). The units within the L*, a*, b* system give equal perception 

of the colour difference to a human observer. The results obtained for L* parameter ranged 

from 33.93 to 47.24 for sample 12 (from Penamacor) and 9 (from Vila Nova de Foz Côa), 

respectively. In general, the lowest values of L* corresponded to orchard, heather and chestnut 

honey samples, while lavender and almond blossom honey samples presented the highest 

values. According to González-Miret et al., honey samples can be classified as light and dark 

using the L* parameter, where light honeys present high values of L* and dark honeys show 

the lowest values of this parameter [32].  

Different authors reported that honey colour is related to TPC, with light-coloured honeys 

presenting a lower content and the darkest one a high amount [33–36]. In turn, phenolic 

compounds were described as the main responsible for the antioxidant activity of honey 

[7,33,34]. Consequently, darker honeys usually show a higher antioxidant activity than lighter 

ones [37]. The honey colour, which mainly depends on the nectar source, can also be used as 

an index of honey’s antioxidant power.  
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Table 2.4. Color variation during honey storage between 2012 and 2016. 

Different letters in the same column indicate significant differences (p < 0.05) between samples; *means 

a significant difference (p < 0.05) between the results obtained in 2012 and 2016 for the same sample. 

 

Table 2.5 summarizes the results obtained for the TPC and TFC, as well as for the antioxidant 

activity. Two different assays (DPPH• scavenging activity and FRAP) were selected to assess 

the antioxidant activity of the samples. These methods were selected since they are simple and 

relatively fast to carry out, and can give valuable information about the type of antioxidants 

present in the samples, including about their mechanism of action. In fact, this is possible 

because these two methods act by two complementary mechanisms of action. The FRAP 

assay is based on the reduction of ferric 2,4,6-tripyridyl-s-triazine (TPTZ) to a coloured product, 

detecting several compounds with redox potentials lower than 0.7 V (the redox potential of 

Fe3+-TPTZ), being a reasonable screen for the ability of the samples to maintain the redox 

status in cells or tissues. In this method, only an electron transfer mechanism occurs [38]. In 

turn, the DPPH• scavenging assay evaluates the antiradical activity of a sample. The radical 

can be neutralized either by direct reduction (via electron transfer) or by radical quenching (via 

Sample 

2012  2016 

L* (lightness) a* (redness) b* (yellowness)  L* (lightness) a* (redness) b* (yellowness) 

        
1 37.71±0.03e,f 3.52±0.01a 10.06±0.02g  17.74±0.35d,* 2.77±0.11d 1.85±0.07g,* 

2 39.51±0.00d 2.73±0.03b 12.52±0.01e  18.68±0.35c,d,* 3.45±0.08c,* 2.84±0.06f,* 

3 38.67±0.00d,e -2.06±0.02i 8.42±0.01h  17.90±0.16d,* 3.28±0.02c,* 2.04±0.03g,* 

4 37.91±0.19e,f -0.28±0.07f 8.16±0.14h  21.26±0.40b,* 4.32±0.13b,* 4.25±0.06d,* 

5 37.09±0.51f 2.24±0.14c 7.36±0.08i  17.09±0.25* 0.98±0.01f 0.73±0.04h,* 

6 41.68±0.04c 0.88±0.01e 14.96±0.04c  20.02±0.45b,c,* 4.68±0.20a,b,* 3.52±0.11e,* 

7 44.58±0.03b -1.92±0.02i 17.81±0.01a  21.53±0.43a,b,* 1.80±0.09e,* 5.57±0.16b,* 

8 41.47±0.04c 1.11±0.03e 14.98±0.00c  23.02±0.25a,* 3.61±0.16c,* 6.60±0.22a* 

9 47.24±0.13a -4.26±0.03k 18.42±0.11a  20.63±0.13b,* 4.44±0.04b* 4.77±0.03c,* 

10 41.16±0.01c 1.67±0.00d 13.56±0.05d  21.42±0.25a,b,* 4.95±0.20a,* 5.62±0.18b,* 

11 36.70±0.14 -1.38±0.00h 6.91±0.03i  17.74±0.71d,* 0.93±0.07f,* 0.95±0.04h,* 

12 33.93±0.21g -0.73±0.02g 4.09±0.05j  20.25±0.30b,c,* 1.95±0.13e,* 2.80±0.18f,* 
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H atom transfer) [39]. The lowest TPC was presented by the lavender honey (149.6 mg 

GAE/kg), while the highest phenolics amount (500.83 mg GAE/kg) was found in the heather 

honey (sample 5). Indeed, TFC varied from 8.60 to 44.64 mg ECE/kg honey. The lowest values 

correspond to sample 7 (lavender) and sample 12 (orchard) and the highest TFC belongs to 

the heather honey from Boticas. A positive correlation was found between TFC and TPC (r2 = 

0.683; p < 0.05) for the fresh samples. Other authors also reported a tendency for heather 

honeys to demonstrate higher phenolic contents [26,40,41]. Gomes et al. [19], Estevinho et al. 

[24] and Iglesias et al. [25] also evaluated the presence of these compounds in Portuguese 

honeys, obtaining in general high values when compared with the present study. These 

compounds are transferred to honey through pollen collected by bees, which can justify the 

observed variation in TPC and TFC among honey samples. Also, different plants contain 

different phenolic and flavonoid compounds, presenting fluctuations in their concentration, 

mainly due to climatic and soil conditions [42].  

The DPPH• scavenging activity of the prepared extracts ranged from 5.3% (for sample 7) to 

48.8% (for sample 11). In what concerns to FRAP assay, the minimum and maximum values 

were found for sample 7 (497.7 mg FSE/kg) and sample 5 (4086.7 mg FSE/kg), respectively. 

The highest value was obtained for a heather honey, which in accordance with the results 

reported by Alves et al. [41] that also described a maximum FRAP value for heather honeys. 

Based on the results shown in Table 2.5, it is clear that the antioxidant activity not only depends 

on the botanical origin of the samples, but also on the geographical origin. In fact, the 

production of antioxidants is a consequence of plants defense against several environmental 

factors, including climatic conditions. For instance, it was reported that high-temperature 

growing conditions (25–30 °C) significantly enhance the antioxidant activity of plants, while 

those that grown at inferior temperatures (12–18 °C) generally had lower antioxidant activity 

[43]. Among the conditions that had this effect, ultraviolet radiation, temperature, water stress 

or mineral nutrient availability were the most important. This can justify that honeys from the 

same botanical origin, but produced in different regions, present significantly differences in the 

antioxidant activity. In a previous study, Wilczyńska reported that the highest values of 

antioxidant activity and TPC were detected in dark honeys (with the lowest L* value) [36]. 

Similar conclusions were reported by Ferreira et al. [40]. TFC, antioxidant activity and colour 

were also studied by Kuś et al. [44], reporting a correlation between TFC and colour, as well 

as with antioxidant activity. Moreover, their results showed a higher TPC in dark buckwheat 

honey, which also exhibited a higher antioxidant activity.  
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In parallel, the in vitro antioxidant capacity observed for honey has also been confirmed by 

studies that use in vivo models. For instance, Ahmad et al. [45] showed that the consumption 

of Tualang honey (presenting 200.9 mg GAE/kg, a FRAP value of 2555 μmol Fe2+/kg and a 

DPPH• inhibition of 36%) demonstrated a dose-dependent response in increasing antioxidant 

activity and suppressing oxidative stress in female athletes. The time–course effect that 

provided optimal antioxidant activity and oxidative stress protection ranged from 1 to 2 h after 

consumption. Also, Sairazi et al. [46] evaluated the extent of neuroprotective effect conferred 

by Malaysian Tualang honey in the cerebral cortex of rats against kainic acid (KA), a 

neurotoxicant extracted from a red algae (Digenea simplex). The authors found a therapeutic 

potential of that honey against KA-induced oxidative stress and neurodegeneration through an 

antioxidant effect. In another study, Alvarez-Suarez et al. [47] reported that the Manuka honey 

protected against apoptosis, intracellular reactive oxygen species production, and lipid and 

protein oxidative damage. Moreover, they also found that the honey protected mitochondrial 

functionality, promoted cell proliferation and activated the AMPK/Nrf2/ARE (Kelch ECH 

associating protein 1/NF-E2-related factor 2/antioxidant responsive elements) signalling 

pathway, as well as the expression of the antioxidant enzymes such as superoxide dismutase 

and catalase. These properties were attributed to the phenolic compounds present in the 

sample. 
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Table 2.5. Descriptive statistics of storage effect on antioxidant activity and related compounds of the honeys studied. 

Data are expressed as mean ± standard deviation (n=3). Different letters in the same column indicate significant differences (p < 0.05) between 

samples for a certain parameter; * means a significant difference (p < 0.05) between the results obtained in 2012 and 2016 for the same sample. 

TPC, total phenolics content; GAE, gallic acid equivalents; TFC, total flavonoid contents; ECE, epicatechin equivalents; DPPH• SA, DPPH• 

scavenging activity; FRAP, ferric reducing antioxidant power; FSE, ferrous sulphate equivalents.  

Sample 
TPC (mg GAE/kg) TFC (mg ECE/kg) DPPH• SA (% ) FRAP (mg FSE/kg) 

2012 2016 2012 2016 2012 2016 2012 2016 

         
1 269.03±2.01f 301.70±1.95f,* 21.77±0.92d,e 48.58±2.52c,d,* 24.6±0.2d 21.2±0.4c,d 1948.0±24.2a,b,c 2170.8±4.2b,c* 

2 327.34±4.02d 380.40±8.92d,* 30.08±0.89c 54.83±9.53c,d 18.5±0.4e 16.2±0.9f,g 2956.0±20.7a,b,c 3282.7±7.3a,b,c* 

3 300.32±12.56e 382.79±8.49d,* 23.15±0.02d 49.47±2.19c,d,* 18.2±0.3e 16.4±0.3f,g 2225.7±9.8a,b,c 2957.7±4.2a,b,c,* 

4 251.97±2.01g 335.09±1.95e,* 17.61±1.96f 36.98±1.26d,e,* 27.9±0.5c 20.5±0.6c,d,e 1728.3±16.5a,c 3062.7±7.3b,c* 

5 500.83±3.48a 591.87±11.74a 44.64±0.95a 111.04±2.19a,b,* 33.2±0.1b 31.0±1.3b 4086.7±74.3b,c 4863.8±16.9a,b,c,* 

6 378.53±4.02c 461.49±1.95c,* 31.47±0.03c 94.09±12.81b,* 33.3±0.2b 30.1±0.9b 2286.7±36.4a,b,c 3067.6±8.5b,c,* 

7 149.58±2.01l 267.51±10.73g,* 8.60±0.02i 17.35±5.78f 5.3±0.1g 7.0±1.2h 497.7±21.1c 1598.9±16.9c,* 

8 220.68±2.01h,i 232.53±8.49h 14.15±0.95g 26.27±1.26e,f,* 32.5±0.2b 22.6±0.7c,* 989.3±9.8a,b,c 1708.9±18.5a,b* 

9 378.53±4.02c 297.72±7.37f,* 19.69±0.88e,f 53.93±2.52c,d,* 13.0±0.9f 15.0±0.3g 1706.3±9.8 a 2109.7±19.4a,b* 

10 395.60±2.01b 280.23±3.89f,g,* 23.85±1.01d 43.23±2.52d,e,* 18.9±0.2e 19.0±0.7d,e,f 1631.3±17.2c 2139.0±14.7c,* 

11 183.71±2.01k 509.19±11.85b,* 37.01±0.99b 112.83±5.50a,* 48.8±0.6a 47.5±0.3a 3944.7±38.2a,b,c 5130.2±12.7a,b,c,* 

12 200.77±2.01j 139.52±10.84i,* 10.68±0.01h 16.46±2.52f 18.7±0.5e 17.3±0.4e,f,g,* 764.7±4.6a,b,c 1391.2±7.3a,b,c* 

13 224.95±4.02h 293.75±4.90f,g,* 17.61±0.87f 28.06±0.00e,f,* 11.9±0.0f 9.7±1.7h 1506.0±5.2a,b,c 3827.6±18.5a,b,c,* 

14 207.88±4.02i,j 389.94±3.89d,* 14.15±0.92g 63.75±1.26c,* 18.6±0.8e 16.9±0.4f,g 914.3±9.8a,b,c 3162.9±23.6a,b,c,* 

15 378.53±2.01c 288.98±5.95f,g,* 31.47±0.03c 25.38±4.37e,f 27.0±0.6c 31.0±1.3b 2656.3±9.8a,b 1540.3±15.3a,* 
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In Table 2.6, the Pearson correlation coefficients (r) between the different parameters analysed 

in this study are described. Although not very high, positive correlations were found between 

the L* parameter and TPC (0.383), TFC (0.282), and DPPH• scavenging activity (0.370). In 

turn, high correlations were observed between TPC and TFC (0.683), TFC and DPPH• 

scavenging activity (0.646). Finally, an extremely high correlation was observed between TFC 

and FRAP (0.962), suggesting that, in these samples, TFC has a huge influence in the 

antioxidant activity when compared to TPC 

 

Table 2.6. Pearson correlation coefficients between TPC, TFC, DPPH• SA, FRAP, color parameters, 

HMF and DA for honey samples analysed in 2012 and 2016, expressed as p-levels (95% confidence 

limit). 

2012 

 TPC TFC DPPH• SA FRAP L* a* b* HMF DA 

TPC - 0.683 0.143 0.546 0.383 0.395 0.322 -0.027 0.149 

TFC 0.683 - 0.646 0.962 0.282 -0.222 0.244 -0.194 -0.167 

DPPH• SA 0.143 0.646 - 0.657 0.370 -0.095 0.372 -0.191 -0.400 

FRAP 0.546 0.962 0.657 - 0.185 -0.163 0.150 -0.180 -0.241 

L 0.383 0.282 0.370 0.185 - -0.517 0.955 -0.463 0.062 

a 0.395 -0.222 -0.095 -0.163 -0.517 - -0.293 0.330 0.084 

b 0.322 0.244 0.372 0.150 0.955 -0.293 - -0.379 0.104 

HMF -0.027 -0.194 -0.191 -0.180 -0.463 0.330 -0.379 - -0.285 

DA 0.149 -0.167 -0.400 -0.241 0.062 0.084 0.104 -0.285 - 

2016 

 TPC TFC DPPH• SA FRAP L* a* b* HMF DA 

TPC - 0.911 0.596 0.857 -0.043 0.022 -0.039 0.371 -0.096 

TFC 0.911 - 0.685 0.796 -0.095 -0.081 -0.093 -0.206 0.194 

DPPH• SA 0.596 0.685 - 0.496 0.061 -0.134 0.039 -0.255 -0.042 

FRAP 0.857 0.796 0.496 - -0.095 -0.216 -0.116 -0.335 0.275 

L -0.043 -0.095 0.061 -0.095 - 0.569 0.947 0.174 -0.123 

a 0.022 -0.081 -0.134 -0.216 0.569 - 0.643 0.492 0.291 

b -0.039 -0.093 0.039 -0.116 0.947 0.643 - -0,036 0.095 

HMF 0.371 -0.206 -0.255 -0.335 0.174 0.492 -0.036 - -0.026 

DA -0.096 0.194 -0.042 0.275 -0.123 0.291 0.095 -0.026 - 

TPC, total phenolics content; TFC, total flavonoid contents; DPPH• SA, DPPH• scavenging activity; 

FRAP, ferric reducing antioxidant power; HMF, hydroxymethylfurfural; DA, diastase activity  

 

The detailed results about the influence of storage on each individual sample can be observed 

in Tables 2.3–2.5. In what concerns to DA, a decrease was observed for all samples, albeit still 

within the allowed legal values. Diastase is an enzyme naturally occurring in honey and its level 

depends upon geographic and floral origins of the product [25]. However, during storage, 

diastase can suffer denaturation which contributes to its decrease.  
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As expected, an increase in HMF content, ranging from 4.06 to 148.97 mg/kg, was observed, 

since HMF is produced during acid-catalysed dehydration of hexoses (such as fructose and 

glucose) and Maillard reactions, which occur in the course of time [30].  

Moisture and pH were also assessed after the 4-year storage period. In general, moisture 

values remained stable (ranging between 13.27% and 15.80%) and a slight decrease was 

observed for pH (with values ranging from 3.58 to 4.50).  

Table 2.4 summarizes the sample colour results. The lightness decreased significantly (p < 

0.05) during storage. Simultaneously, there was a tendency of redness (a*) to increase and a 

general yellowness (b*) decrease (Table 2.4). These results suggest that honeys become 

darker during storage, which can be attributed to Maillard reactions, fructose caramelization as 

well as polyphenol reactions [48]. 

In what concerns the TPC, an overall increase was detected, except for four honeys (samples 

9, 10, 12 and 15). In the same way, TFC also augmented from 2012 to 2016. This is probably 

due not to a real increase but to the breakdown of phenolic molecules of higher molecular 

weight as honey ages (a result from enzymatic reactions and/or Maillard reactions) freeing 

chemical substituent groups with reducing power [14]. These compounds react to a greater 

extent (compared to the original molecules) with the chemical reagents used in the respective 

spectrophotometric methods applied. Accordingly, a significant raise (p < 0.05) of the reducing 

power (FRAP) was also noticed. The only exception was sample 15, a multifloral honey, in 

which a decrease of both TPC (p < 0.05) and TFC (not statistically significant) was also 

observed. The high Pearson coefficient correlations obtained between TPC and FRAP (0.857), 

as well as for TFC and FRAP (0.796), are indicative that these are the main groups of 

compounds responsible for the reducing power. Regarding the DPPH• inhibition assay (Table 

2.5), in the majority of the cases, no significant differences (p < 0.05) were observed between 

the results obtained in different years. In two samples, a significant decrease (p < 0.05) of the 

values was observed. The differences obtained between the FRAP and DPPH• inhibition 

assays suggest that other compounds, besides TPC and TFC, are also contributing to the 

DPPH• scavenging ability.  

The general data obtained in this study regarding TPC are not in total agreement to those 

published by Wang et al. [15]. These authors analysed clover and buckwheat honey and 

reported that after 6 months of storage the TPC decreased. Although in the present study the 

storage time was longer and a higher number of samples were analysed, a general tendency 

of TPC increase was observed. However, a decrease of TPC in four of the 15 samples analysed 
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was also detected. In addition, for one sample (sample 8) no significant differences (p < 0.05) 

were found between 2012 and 2016. In addition, Wang et al. reported a significant decrease of 

antioxidant activity of both honeys (using the ORAC assay) after 6 months of storage [15]. In 

turn, in another study, Gheldof and Engeseth, using the same methodology, found no variations 

in the antioxidant activity of honeys for periods longer than 2 years [49]. The results of these 

authors are more in accordance with the DPPH• inhibition values determined than with the 

FRAP ones. 

 

Figure 2.4. Principal Component Analysis (PCA) - Biplot of scores and loadings of data obtained from 

HMF, DA, and antioxidant parameters (TPC, TFC, DPPH• SA, FRAP) of the honey samples analysed in 

2012 and 2016 (left: PCA distribution of variables; right: PCA distribution of variables; right: PCA 

distribution of honey samples). 

In order to study the influence of TPC, TFC, DPPH• inhibition, FRAP, colour, HMF and DA on 

honey quality, a PCA study was carried out. PCA is a recognized technique that allows the 
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evaluation of the influence of several factors on a final value. The objective of a loading 

projection is to visualize the position of the variables with respect to one another in two-

dimensional space and their corresponding correlations. Variables closest and far from the plot 

origin are positively correlated while variables opposite one another on the plot are negatively 

correlated. In what concerns to the fresh samples (analysed in 2012) (Figure 2.4), the two first 

principal components (PC1 and PC2) explained 50.273% and 18.157% of the variability 

between samples, respectively. In the PCA analysis of 2012, PC1 is mainly related with 

antioxidant activity and TFC and PC2 is positively associated with DA. It can also be observed 

that the fresh samples presented a higher heterogeneity compared to the stored samples 

(2016).  

In fact, after being subjected to a 4-year storage period at 25 °C, some modifications were 

detected in the samples. TPC, TFC and FRAP values obtained in 2016 are closely related with 

PC1 while DPPH• inhibition is strongly related with PC2. The first principal component had the 

highest eigenvalue of 2.988, and accounted for 49.794% of the variability in the data set while 

PC2 is responsible for 18.334% and presented an eigenvalue of 1.1. An overall view using the 

PCA shows that, in a general way, the TPC and HMF values were higher in 2016 than in 2012. 

Moreover, the PCA correlation plots show the clustering of the stored honey samples into two 

main groups, revealing an increase of the samples homogeneity (Figure 2.4). In general, the 

differences obtained among the samples for all the antioxidant parameters studied (TPC, TFC, 

DPPH• scavenging activity, and FRAP) clearly show that the storage conditions affect distinct 

types of honey in a different way, being the results mainly dependent on the original honey 

composition. 

2.2.4 Conclusions 

The honey samples analysed in this study were characterized regarding their quality 

parameters (DA, HMF, moisture and pH), colour and antioxidant profile (TPC, TFC, DPPH• 

scavenging activity). The HMF and DA of the fresh samples were in accordance with the 

recommended values described in the legislation. Significant differences were found between 

samples due to their distinct botanical and geographical origins, but in general, the antioxidant 

activity was more correlated with the bioactive compounds content than with colour. The 4-

years of storage affected each individual sample differently, and after the 4 years 11 samples 

still presented very acceptable values of DA and HMF. Nevertheless, in general, sample 
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lightness decreased and redness increased. Also, a tendency of TPC and TFC to increase was 

noticed. The effect of storage on antioxidant activity varied not only with the sample, but also 

with the methodology employed. 
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3.1 Improving DNA isolation from honey for the botanical origin identification 

Abstract 

Honey is a natural product highly consumed due its known association with health benefits. 

Monofloral honeys are perceived as better quality products, being the most appreciated by 

consumers, thus attaining higher market values. Therefore efficient tools are needed as 

alternatives to the classical microscopic analysis presently used for the botanical origin 

identification of honey. In the present work, the use of DNA-based methods for the botanical 

species identification of honey is proposed. For this purpose, five DNA extraction methods (the 

kits NucleoSpin Plant (methods A and B) and DNeasy Plant Mini Kit, and the in-house CTAB-

based and Wizard methods) combined with three different sample pre-treatments were applied 

to four honey samples (3 monofloral honeys of Calluna vulgaris, Lavandula spp. and 

Eucalyptus spp. and one multifloral honey). The 15 DNA extraction protocols were compared 

in terms of DNA integrity, yield and purity, as well as capacity of amplification targeting universal 

and adh1 specific genes of C. vulgaris. The results demonstrated the superior efficacy of the 

Wizard method in terms of DNA quality and amplification capacity, when combined with the 

sample preparation treatment with a mechanical disruption step of pollen to improve DNA yield. 

Although with considerable lower DNA yields, the CTAB and DNeasy methods were also 

successful because both were able to clearly amplify heather DNA from the monofloral heather 

honey. 

 

Keywords: Honey; DNA extraction; PCR amplification; Authenticity; Botanical identification.
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3.1.1 Introduction 

In the last years, the increase of population concern with health and well-being has led to a 

growing demand for natural food products. In particular, the rising interest towards foods 

associated with therapeutic and healing properties has increased their value, making them 

vulnerable targets to economic frauds. Honey, a natural food produced by Apis mellifera bees, 

is among those products since it is highly consumed for its appreciated taste and also for its 

potential health benefits and biological properties (Al-Waili & Boni, 2003; Viuda-Martos, Ruiz-

Navajas, Fernández-López, & Pérez-Álvarez, 2008; Wang, Andrae, & Engeseth, 2002). Honey 

can be classified as monofloral, when arising predominantly from a single botanical origin 

(generally one plant species represents more than 45% of the total pollen content), or 

multifloral. Because of its refined flavour and taste, monofloral honeys are perceived as better 

quality products, being the most appreciated by consumers, thus attaining higher market 

values. Owing to its higher economic value together with the increasing world global trade, 

monofloral honeys are particularly prone to adulteration through incorrect labelling and 

fraudulent admixing with cheaper and lower quality honey. In order to protect consumers and 

promote fair competition among producers, there is a growing need to assess honey’s 

authenticity, in particular to develop methodologies that allow establishing the botanical origin 

of honey. Currently, the traditional method used for ascertaining the origin of honey is 

melissopalynology, which relies on pollen identification by microscopic analysis to determinate 

the plants visited by the bees during honey’s production. However, this method is time 

consuming, requires the availability of a comprehensive collection of pollen grains and must be 

performed by experts with adequate skills and experience to identify pollen grains based on its 

different morphologies. Consequently, in the last years, several other methodologies have been 

proposed for the determination of the botanical origin of honey samples, including the 

assessment of different chemical parameters such as free amino acids (Hermosın, Chicón, & 

Dolores Cabezudo, 2003), phenolic compounds (Escriche, Kadar, Juan-Borrás, & Domenech, 

2014), organic acids (Suárez-Luque, Mato, Huidobro, Simal-Lozano, & Sancho, 2002) and 

volatile compounds (Cuevas-Glory, Pino, Santiago, & Sauri-Duch, 2007), by means of different 

analytical instrumentation, including spectroscopic techniques (Arvanitoyannis, Chalhoub, 

Gotsiou, Lydakis-Simantiris, & Kefalas, 2005; Ruoff et al., 2006). Nevertheless, the chemical 

composition of honeys with the same botanical origin may be quite different since plant 

phytochemicals can vary widely (due to edaphoclimatic factors, soil, flower maturity, etc.), 

making this an unreliable approach for the unequivocal botanical classification of honey 
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(Arvanitoyannis et al., 2005; Kaskoniene & Venskutonis, 2010). Moreover, the need for 

chemometrics to analyse chemical data often makes it rather difficult to draw reliable 

conclusions regarding unknown samples. To overcome these drawbacks, the use of DNA 

markers present in pollen to specifically identify the botanical species of honey is a novel and 

promising approach. The use of DNA-based methods offer advantages in terms of rapidity, 

sensitivity and specificity, being suitable for standardization and thus an alternative to the 

traditional melissopalynological analysis (Laube et al., 2010). However, to successfully achieve 

DNA amplification by polymerase chain reaction (PCR), the use of efficient DNA extraction 

protocols is critical. Ideally, the method of choice should be able to provide high quantity and 

quality DNA extracts, without potential interfering PCR inhibitors. When dealing with complex 

matrices having low amounts of target DNA, such as honey, the selection of an adequate DNA 

extraction method is even more important. Honey is mainly composed of different sugars, but 

also contains other substances such as organic acids, polyphenols, pigments, enzymes and 

solid particles as waxes (Codex alimentarius, 2001), which are considered as being PCR 

inhibitors. Pollen is also present as a characteristic constituent, but at very low levels. For these 

reasons, sample preparation to isolate pollen particles and eliminate undesirable compounds, 

such as sugars and flavonoids, are required prior to DNA extraction (Cheng et al., 2007; Laube 

et al., 2010). In previous studies, DNA extraction of pollen from honey samples has been 

reported both by using in-house extraction methods or commercial DNA extraction kits. Cheng 

et al. (2007) and Waiblinger et al. (2012) both used CTAB-based extraction methods in order 

to isolate DNA from honey and evaluate the presence of genetically modified organisms. The 

use of DNeasy Blood and Tissue Kit (Qiagen GmbH) was reported in other works aiming at 

detecting DNA from different plant species in honey samples (Laube et al., 2010; Valentini, 

Miquel, & Taberlet, 2010). Recently, Guertler, Eicheldinger, Muschler, Goerlich, and Busch 

(2014) reported the development of an automated DNA extraction method from pollen in honey 

and compared its performance with a manual CTAB buffer-based DNA isolation method. 

Although the automated method proved to be faster than the manual and resulted in higher 

DNA yield, it requires the use of high-cost instrumentation. However, there is still a scarcity of 

data concerning comparative analysis of the performance of different DNA extraction methods 

applied to honey samples. In the present study, three different sample preparation treatments 

combined with five different DNA extraction methods were evaluated for the extraction of honey 

samples of four different botanical origins. The methods were selected taking into consideration 

previously reported results for DNA extraction from other complex food matrices and included 

both in-house and commercial kits. The performance of the methods was assessed and 
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compared concerning both the extraction efficiency (DNA quantity and purity) and DNA 

suitability for amplification. 

3.1.2 Materials and methods 

3.1.2.1 Sample preparation 

Three different monofloral honeys and one multifloral were used in this work. The monofloral 

honey samples of heather (Calluna vulgaris), lavender (Lavandula spp.) and the multifloral 

honey were acquired from local producers in the northeast region of Portugal (Trás-os-Montes), 

while the eucalyptus (Eucalyptus spp.) honey was obtained from the northwest region of 

Portugal (Paços de Ferreira). Prior to DNA extraction, each honey was submitted to three 

different sample preparations, named a, b and c: 

- Pre-treatment a was performed as described by Cheng et al. (2007) with minor modifications. 

A sample of 50 g (4 x 12.5 g) of honey was weighted into four 50 mL Falcon tubes, 2 mL of 

ultrapure water were added to each tube and the mixtures were stirred. Then, 12 mL of 

phosphate buffered saline solution (PBS) (136 mM NaCl, 1.4 mM KH2PO4, 2.6 mM KCl, 8.09 

mM Na2HPO4.12H2O, pH 7.2) were added to each tube and the mixtures was homogenised for 

3 min. After centrifuging at 12,000 g for 20 min, the supernatants were discarded. The pellets 

were re-suspended and combined in 1 mL of ultrapure water and 1 mL of PBS, transferred to 

a 2 mL tube and centrifuged at 12,000 g for 20 min. The supernatant was discarded and the 

pellet was stored at -20 °C until subsequent DNA extraction. 

- Pre-treatment b was performed by homogenising 50 g of honey sample in 180 mL of ultrapure 

water and subsequent distribution of the mixture into four sterile 50 mL centrifugation tubes, 

which were incubated at 65 °C for 30 min with stirring. The mixture was centrifuged for 30 min 

at 12,000 g, the supernatant was discarded, and each pellet was re-suspended in 400 µL of 

distilled water, which were further combined into one 2 mL tube. The suspension was placed 

in an ultrasonic bath (FungiLab SA, Barcelona, Spain) during 2 min. The mixture was stored at 

20 °C until subsequent DNA extraction. 

- Pre-treatment c was performed based on a protocol proposed by Waiblinger et al. (2012) with 

some modifications. Fifty grams of honey sample were distributed into four sterile 50 mL 

centrifugation tubes (12.5 g honey per tube), followed by the addition of 40 mL of ultrapure 

water to each tube, stirring and incubation at 40 °C for 10 min. After centrifugation for 10 min 

at 11,000 g, the supernatants were discarded, each pellet re-suspended in 5 mL of ultrapure 
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water and combined in one 50 mL tube. The suspension was diluted with ultrapure water until 

a volume of approximately 45mL and centrifuged for 10 min at 11,000 g. The supernatant was 

discarded, the pellet was re-suspended in approximately 0.5 mL of ultrapure water and 

transferred to a 2 mL reaction tube containing 7 glass beads (particle size approximately 500 

mm). After vortex stirring the suspension for 2 min, the glass beads were removed. The mixture 

was stored at -20 °C until subsequent DNA extraction. 

3.1.2.2 DNA extraction 

The pre-treated samples with the above mentioned 3 procedures were extracted using five 

different methods: Nucleospin A, Nucleospin B, DNeasy, Wizard and CTAB. 

Nucleospin A and Nucleospin B 

The NucleoSpin methods were based on the use of the commercial kit NucleoSpin® Plant II 

(Macherey-Nagel, Düren, Germany) and performed according to the manufacture instructions 

with some minor modifications. This kit included two methods of extraction, namely Nucleospin 

Plant II A and Nucleospin Plant II B owing to some minor differences during the cell lysis step. 

To each pre-treated sample in 2mL tubes, 400 µL of Buffer PL1 and 300 µL of Buffer PL2 were 

added in methods A and B, respectively, and the mixtures were incubated at 65 °C for 1h with 

gentle stirring. Ten minutes before the end of incubation, 4 µL of RNase A (10 mg mL-1) were 

added to both methods. Afterwards, 75 µL of PL3 solution were added to the mixture of method 

B that was incubated at 4 °C for 5 min. The mixtures of methods A and B were centrifuged for 

10 min (17,000 g, 4 °C). The supernatants were passed through the kit filters by centrifugation 

for 2 min (11,000 g, 4 °C) and the filtered solutions were collected in new sterile reaction tubes 

and. The filters were rejected and 450 µL of Buffer PC were added to the filtrates and mixed 

by inversion in both methods. The mixtures were passed through new columns by 

centrifugation during 1 min (11,000 g, 4 °C), discarding the eluted liquid. The columns were 

washed three times: the first wash with 400 µL of Buffer PW1, the second and third washes 

with 700 and 200 µL of Buffer PW2, respectively, followed by 1 min centrifugation (11,000 g; 4 

°C) after the first and second washings and a centrifugation for 2 min (11,000 g; 4 °C) after the 

final one. The DNA was eluted from the column by adding 100 µL of Buffer PE pre-heated at 

65 °C, followed by 5 min incubation period at 65 °C and centrifugation for 1 min (11,000 g, 4 

°C). 
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DNeasy 

The DNeasy extraction method consisted on the use of the commercial kit DNeasy® Plant Mini 

Kit (Qiagen, Mississauga, Canada), according to the manufacturer’s instructions. 

CTAB 

The CTAB-based method was performed as described by Mafra, Silva, Moreira, da Silva, and 

Oliveira (2008) with some modifications. To each pre-treated sample, 1 mL of CTAB-PVP 

extraction buffer (1% polyvinylpyrrolidone (PVP-40); 20 mM EDTA; 100 mM Tris-HCl; pH 7.5; 

1.4 M NaCl; 2% w/v CTAB (cetyltrimethylammonium bromide)) and 20 µL of β-mercaptoethanol 

were added. The mixture was vortex stirred and incubated for 1h at 65 °C in a Thermomixer 

Comfort (Eppendorf AG, Hamburg, Germany) with stirring. The suspension was centrifuged for 

15 min (17,000 g, 4 °C), the supernatant were passed to a new tube and centrifuged again for 

5 min (17,000 g, 4 °C). The supernatant was transferred into new tube with 500 µL of 

chloroform, vortex stirred and centrifuged for 10 min (12,000 g, 4 °C). The upper phase was 

transferred to a new tube, mixed with a double volume of CTAB precipitation solution (5 g L-1, 

0.04 M NaCl) and incubated for 1h at room temperature. After centrifugation for 10 min (12,000 

g, 4 °C), the supernatant was discarded and the precipitate was dissolved in 350 µL of 1.2 M 

NaCl solution and extracted with 350 µL chloroform. The mixture was centrifuged for 10 min 

(12,000 g; 4 °C) and the upper phase was mixed by inversion with 0.6 volume parts of 

isopropanol at -20 °C. The mixture was centrifuged for 10 min (12,000 g, 4 °C), the supernatant 

was discarded and the pellet was washed with 500 µL of ethanol solution (70%, v/v) at -20 °C. 

After centrifugation, the supernatant was carefully discarded by pipetting, the pellet was dried 

and the DNA was dissolved in 100 µL of Tris-EDTA buffer (10 mM Tris, 1 mM EDTA). 

Wizard 

The Wizard method was performed as described by Mafra et al. (2008) with minor 

modifications. Briefly, to each pre-treated sample, 860 µL of pre-heated at 60 °C TNE extraction 

buffer (10 mM Tris, 150 mM NaCl, 2 mM EDTA, 1% SDS), 100 µL of 5 M guanidine 

hydrochloride solution and 40 µL proteinase K solution (20 mg mL-1) were added and the 

mixture was vortex stirred. After incubation at 60 °C for 3 h in a Thermomixer Comfort 

(Eppendorf AG, Hamburg, Germany) with stirring, the suspension was centrifuged for 15 min 

(17,000 g, 4 °C) and the supernatant were mixed with 1 mL of Wizard® DNA purification resin 

(Promega, Madison, WI, USA). The mixture was eluted through a Wizard® column and the 

retained resin was washed with 2 mL of isopropanol solution (80%, v/v). After drying the 
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column, the DNA was eluted with 100 µL of Tris-EDTA buffer (10 mM Tris, 1 mM EDTA) at 70 

°C, by centrifugation for 1 min (10,000 g), to a new reaction tube. All the extracts were kept at 

-20 °C until further analysis. All extractions included a blank for the control of reagents and 

contaminations during the extraction procedure. Each extraction method was performed in 

triplicate. 

3.1.2.3 DNA quality and purity 

The yield and purity of the extracts were assessed by UV spectrophotometry using a 

SynergyHT multi-mode microplate reader (BioTek Instruments, Inc., Vermont, USA) with a 

Take 3 microvolume plate accessory. The absorbance was read at 260 and 280 nm in order to 

estimate DNA content and purity using the nucleic acid quantification protocol with sample type 

defined for double-strand DNA in the Gen5 data analysis software version 2.01 (BioTek 

Instruments, Inc., Vermont, USA). The quality of extracted DNA was further analysed by 

electrophoresis in a 1.0% agarose gel containing Gel Red 1x (Biotium, Hayward, CA, USA) for 

staining and carried out in SGTB 1x (GRiSP, Research Solutions, Porto, Portugal) for 20 min 

at 200 V. The agarose gel was visualised under UV light and a digital image was obtained using 

a Kodak Digital ScienceTM DC120 (Rochester, NY, USA). 

3.1.2.4 PCR conditions 

The polymerase chain reaction (PCR) amplifications were carried out in a total reaction volume 

of 25 µL, containing 2 µL of DNA (maximum of 50 ng) extract, 15 mM Tris-HCl (pH 8.3), 50 mM 

KCl, 0.25 µM or 0.6 µM of each primer Eri_adh1-f/Eri_adh1-r or 18SRGF/18SRG-R, 

respectively (Table 3.1), 0.2 mM of each dNTP (Invitrogene, Carlsbad, CA, USA), 3.0 mM or 

1.5 mM of MgCl2 for primers Eri_adh1-f/Eri_adh1-r or 18SRG-F/18SRG-R, respectively, and 1 

U of SuperHot Taq DNA polymerase (Genaxxon Bioscience GmbH, Ulm, Germany). The 

primers presented on Table 3.1 were synthesised by Eurofins MWG Operon (Ebersberg, 

Germany). The reactions were performed in a thermal cycler MJ Mini (BioRad Laboratories, 

Hercules, CA, USA) using the following programs: (i) initial denaturation at 95 °C for 5 min; (ii) 

40 cycles (primers Eri_adh1-f/Eri_adh1-r) or 33 cycles (primers 18SRG-F/18SRG-R) at 95 °C 

for 30 s, 58 °C (for Eri_adh1-f/Eri_adh1-r) or 65 °C (for 18SRGF/18SRG-R) for 30 s and 72 °C 

for 30 s; (iii) and a final extension at 72 °C for 5 min. The amplified fragments were analysed 

by electrophoresis in a 1.5% agarose gel containing Gel Red 1x (Biotium, Hayward, CA, USA) 

for staining and carried out in SGTB 1x (GRiSP, Research Solutions, Porto, Portugal. The 

agarose gel was visualised under UV light and a digital image was obtained using a Kodak 
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Digital ScienceTM DC120 (Rochester, NY, USA). Each extract was amplified at least in duplicate 

assays. 

Table 3.1. Oligonucleotide primers used in qualitative PCR. 

Gene Name Sequence 5’ – 3’ 
Amplicon 
length (bp) 

References 

Nuclear 18S rRNA 

18SRG-F CT GCC CTA TCA ACT TTC GAT GG TA 

113 
(Costa, Oliveira, & Mafra, 
2013) 

18SRG-R  TTG GAT GTG GTA GCC GTT TCT CA  

Alcohol dehydrogenase 1 
(adh1) 

Eri_adh1-f GGA TAG GGG AGT GAT GAT CCA T 

81 (Laube, et al., 2010) 

Eri_adh1-r GAT GTT CCG ACG AAA TGG TAT ATG 

3.1.3 Results and discussion 

3.1.3.1 Qualitative and quantitative analysis of the extracted DNA 

In this work, the combination of three pre-treatments (a, b and c) with five DNA extraction 

methods gave 15 different DNA extraction protocols that were applied to 4 selected honey 

samples, including both mono and multifloral honeys. The quality of all the obtained extracts 

was assessed by agarose gel electrophoresis and UV spectrophotometry. The results of 

agarose gel electrophoresis (Figure 3.1) show that visible DNA was obtained with the Wizard 

(Figure 3.1M-O) method and, to a lesser extent, with CTAB (Figure 3.1J-L) and DNeasy 

methods (Figure 3.1G-I), while Nucleospin A and B did not show any DNA, regardless the 

sample pre-treatment (Figure 3.1A-F). With the DNeasy and CTAB methods, visible sheared 

DNA was obtained with sample pre-treatment c, mainly for samples 1 and 4 that show high 

molecular mass DNA (Figure 3.1I, L), but only traces or no detectable DNA for pre-treatments 

b (Figure 3.1H, K) and a (Figure 3.1G, J), respectively. In general, irrespectively of the pre-

treatment used, the Wizard method was the one who exhibited the highest DNA intensity. 

Generally, it also allowed obtaining higher molecular mass DNA, which was particularly 

evidenced in samples 1 and 4 with pre-treatment c (Figure 3.1O). The results of DNA yield and 

purity of the four honey samples extracted with the combination of 3 pre-treatments and 5 

methods are presented in Table 3.2. Generally, data were in good agreement with 

electrophoretic analysis, confirming the highest DNA yields for all the samples extracted with 

the Wizard method, followed by CTAB and DNeasy methods with considerable lower values, 

which is emphasised in Figure 3.2. The higher DNA yield of extracts obtained with Wizard 

method is also emphasised comparing with other reports, which produced much lower values 

from honey samples extracted with CTAB method (9.5-39 ng/µL) (Waiblinger et al., 2012). In 
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what concerns the different applied pre-treatments, Figure 3.2 also allows to highlight that the 

best yields were achieved with pre-treatment c, while pre-treatment a exhibited the worst 

results. This finding can be attributed to the poor cell disruption of pre-treatment a since it 

consisted mainly of a washing step to isolate pollen granules. On the other hand, the pre-

treatments b and c succeeded in cell disruption, but ultrasound applied in pre-treatment b 

affected more severely the DNA integrity (Figure 3.1N) than the mechanical treatment with 

glass spheres of pre-treatment c (Figure 3.1O), justifying the highest DNA recoveries and 

integrity of the latter. The purities obtained with both Wizard and CTAB methods were generally 

high (1.8-2.1), regardless the pre-treatment, while DNeasy method revealed lower (1.6) and 

poor purities (1.3) with pre-treatments c and b, respectively (Table 3.2). The Nucleospin A and 

B methods did not show detectable DNA with pre-treatment a, attaining only negligible amounts 

with the other two pre-treatments (Table 3.2). Considering the poor results of all the extraction 

protocols with pre-treatment a, this prior sample preparation step was considered not adequate 

for DNA extraction of pollen and was excluded from further assessment. 
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Figure 3.1. Agarose gel electrophoresis of DNA extracted from honey samples using three different pre-

treatments (Pre-treatment a - A, D, G, J and M, Pre-treatment b - B, E, H, K and N, Pre-treatment c - C, 

F, I, L and O) combined with five different extraction methods: Nucleospin A (A, B and C); Nucleospin B 

(D, E and F); Dneasy (G, H and I); CTAB (J, K and L); Wizard (M, N and O). Legend: M, DNA ladder 

(Thermo Scientific, Carlsbad, CA, USA); lane 1-3, monofloral honey samples of heather, lavender and 

eucalyptus respectively; lane 4, multifloral honey sample.
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Table 3.2. Results of DNA yields and purity of four different honey samples extracted with 5 methods combined with three pre-treatments. 

.Extraction 

method 

Honey 1 (Heather) Honey 2 (Lavender) Honey 3 (Eucalyptus) Honey 4 (Multifloral) 

Mean ± SD* 

Concentration (ng/µL) Purity (A260/A280) Concentration (ng/µL) Purity (A260/A280) Concentration (ng/µL) Purity (A260/A280) Concentration (ng/µL) Purity (A260/A280) 

Pre-treatment a 

Nucleospin A nd - nd - nd - nd - 

Nucleospin B nd - nd - nd - nd - 

DNeasy nd - nd - nd - nd - 

CTAB nd - nd - nd - nd - 

Wizard 109.9 ± 9.4 2.0 ± 0.0 24.7 ± 7.4 1.8 ± 0.1 22.7 ± 0.11 1.9 ± 0.1 40.1 ± 2.31 1.8 ± 0.2 

Pre-treatment b 

Nucleospin A 2.86 ± 0.92 1.0 ± 0.1 nd - 4.19 ± 2.14 1.1 ± 0.3 3.47 ± 0.61 1.1 ± 0.3 

Nucleospin B 4.50 ± 2.69 1.6 ± 0.2 1.72 ± 0.55 1.7 ± 0.5 0.84 ± 0.36 1.1 ± 0.6 4.90 ± 1.57 1.5 ± 0.2 

DNeasy 14.3 ± 3.0 1.3 ± 0.1 9.43 ± 1.81 1.3 ± 0.0 10.0 ± 0.15 1.4 ± 0.2 20.5 ± 2.2 1.3 ± 0.1 

CTAB 83.8 ± 9.9 2.1 ± 0.1 22.5 ± 8.8 2.1 ± 0.1 26.7 ± 11.8 2.1 ± 0.0 24.8 ± 1.4 2.0 ± 0.1 

Wizard 382.7 ± 3.4 2.1 ± 0.0 193.2 ± 3.5 2.0 ± 0.0 244.6 ± 57.4 1.9 ± 0.0 275.4 ± 30.1 2.0 ± 0.0 

Pre-treatment c 

Nucleospin A 8.19 ± 2.42 1.5 ± 0.1 3.20 ± 1.03 1.1 ± 0.1 4.89 ± 2.52 1.2 ± 0.2 8.06 ± 1.31 1.3 ± 0.0 

Nucleospin B 12.6 ± 8.8 2.0 ± 0.1 5.16 ± 1.43 1.5 ± 0.1 1.59 ± 2.01 1.4 ± 0.2 8.38 ± 1.19 2.0 ± 0.1 

DNeasy 24.5 ± 0.6 1.7 ± 0.0 9.59 ± 0.39 1.5 ± 0.1 8.35 ± 1.01 1.5 ± 0.1 29.1 ± 3.6 1.5 ± 0.1 

CTAB 10.7 ± 2.3 1.9 ± 0.2 117.2 ± 11.9 2.1 ± 0.1 134.0 ± 5.6 2.1 ± 0.0 152.4 ± 26.6 2.1 ± 0.1 

Wizard 331.2 ± 18.5 2.0 ± 0.0 312.5 ± 8.9 2.1 ± 0.0 592.6 ± 24.5 2.1 ± 0.0 377.8 ± 12.5 2.1 ± 0.0 

*The results are presented as mean ± standard deviation calculated for each extraction protocol in triplicate assays. 
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Figure 3.2. Average DNA concentration of extracts from honey samples using different pretreatments 

and extraction methods. 

3.1.3.2 PCR amplification 

To further evaluate the combination of pre-treatments b and c with the five DNA extraction 

methods, all the extracts were amplified with primers targeting a universal nuclear 18S rRNA 

gene. The amplification results show strong PCR products with the expected size of 113 bp for 

the four honeys samples extracted with the 10 protocols (Figure 3.3), suggesting the 

acceptability of all DNA extracts for PCR amplification. To assess the suitability of extracted 

DNA as template for botanical origin identification, specific PCR primers were used to detect 

adh1 gene of heather (C. vulgaris), which is a plant species commonly present in Portuguese 

flora. As expected, the fragment of 81 bp was obtained from almost all sample 1 extracts since 

it is a monofloral honey containing pollen predominantly from heather (Figure 3.4). The samples 

3 and 4 also amplified positively for the adh1 gene of heather in most extraction protocols, 

although with faint bands. These findings are in good agreement with the melissopalynological 

analysis that confirmed the presence of heather pollen in samples 3 and 4. This was an 

expected result considering that monofloral honeys of other species such as eucalyptus 

(sample 3) might contain heather pollen, and even more, multifloral honeys such as sample 4. 

In what concerns the comparison of extraction protocols, the results confirm the superior 

efficacy of pre-treatment c (Figure 3.4), previously highlighted, especially when combined with 

Wizard method (Figure 3.4J), followed by the DNeasy and CTAB methods (Figure 3.4F, H). As 

referred, this is certainly related to the higher integrity of DNA extracted with pre-treatment c, 

in opposition to the sheared DNA obtained with pre-treatment b, which included a more 

aggressive step by the use of ultra-sounds. 
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Figure 3.3. Agarose gel electrophoresis of PCR products of eukaryotic gene amplified from honey 

samples prepared with two different pre-treatments (Pre-treatment b - A, C, E, G and I, Pre-treatment c 

- B, D, F, H and J) combined with five different DNA extraction methods: Nucleospin A (A); Nucleospin 

B (B); Dneasy (C); CTAB (D); Wizard (E). Legend: M, 100 bp DNA ladder (Bioron, Ludwigshafen, 

Germany); lane 1-3, monofloral honey samples of heather, lavender and eucalyptus, respectively; lane 

4, multifloral honey sample; N, negative control. 
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Figure 3.4. Agarose gel electrophoresis of PCR products of adh1 gene of heather amplified from honey 

samples prepared with two different pre-treatments (Pre-treatment b - A, C, E, G and I, Pre-treatment c 

- B, D, F, H and J) combined with five different DNA extraction methods: Nucleospin A (A); Nucleospin 

B (B); Dneasy (C); CTAB (D); Wizard (E). Legend: M, 100 bp DNA ladder (Bioron, Ludwigshafen, 

Germany); lane 1-3,monofloral honey samples of heather, lavender and eucalyptus, respectively; lane 

4, multifloral honey sample; N, negative control. 
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3.1.4 Conclusions 

In this work, different protocols were evaluated for its efficiency in extracting DNA from pollen 

present in honey samples. The results demonstrated the superior efficacy of Wizard method to 

extract DNA from honey pollen when combined with the pretreatment c that included a 

mechanical pollen disruption step to improve yield. General parameters of quality evaluation of 

DNA extracts in terms of integrity, yield and purity, as well as universal and species-specific 

PCR amplification, all agreed with the best performance of Wizard method combined with pre-

treatment c. Although with considerable lower DNA yields, the CTAB and DNeasy methods 

were also successful because in both cases the amplification of heather DNA from the 

monofloral heather honey was clearly achieved. Nucleospin A and Nucleospin B methods 

exhibited the worst performance since they produced the poorest or non-detectable DNA yields 

and the level of species-specific PCR amplification was low, in spite of the successful universal 

gene amplification. The obtained results indicate that molecular biology techniques, due to its 

fastness, sensitivity, specificity and lower margin for human subjectivity in the analysis of 

results, can be used as a suitable alternative to the traditional melissopalynology analysis. 
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3.2 Botanical authentication of lavender (Lavandula spp.) honey by a novel DNA-

barcoding approach coupled to high resolution melting analysis 

Abstract 

Monofloral honeys (such as, lavender honey) are highly appreciated by the consumers due to 

their flavour, taste and properties. However, since they are considered prime products, they 

are often targets of adulteration. This work exploits DNA barcoding combined with high 

resolution melting (HRM) analysis to establish the botanical origin of honey, using lavender 

honey as a case study. The plastidial matK gene was targeted as a candidate barcode for 

Lavandula species identification. The novel HRM method allowed differentiating the species in 

three clusters with confidence levels >99%, being the results well correlated with the 

sequencing analysis. The method was successfully applied to identify the botanical origin of 

several lavender honeys, which were grouped in the cluster of the species most common in 

Portugal (L. stoechas subsp., L. penduculata and L. viridis). The proposed method represents 

a simple, specific and cost-effective tool to authenticate the botanical origin of honey. 

 

Keywords: Lavender honey, authenticity, matK gene, HRM analysis, Lavandula species, 

species differentiation. 
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3.2.1 Introduction 

Nowadays, the traditional and biological foodstuffs, like honey, are highly appreciated and 

consumed products, which highlight the importance of controlling their quality, safety and 

authenticity. According to the Codex Alimentarius, honey is a natural product produced by 

honeybees that collect pollen from the nectar or the secretions of living plants (FAO, 2001). Its 

properties and chemical composition are affected by some factors, such as the geographical 

production area, climatic conditions, mode of storage, and even harvest conditions. 

Nonetheless, they especially depend on the nectar-providing plant species, making each honey 

a product of distinctive organoleptic and flavour characteristics. According to its botanical origin, 

honey can be classified as mono- or multifloral. The former arises predominantly from one 

single botanical origin, generally one plant species representing more than 45% of the total 

pollen content. Multifloral honeys are composed of pollen grains from several plant species, 

from which none is considered predominant. Nevertheless, this classification is highly 

dependent on the pollen source since honeys having under-represented pollen grains, such as 

lavender, citrus and rosmarinus, can also be classified as monofloral with a pollen proportion 

of 10-20%. In opposition, honeys containing over-represented pollen grains, such as 

eucalyptus or chestnut, are designated as monofloral if they have a pollen ratio of 70–90% of 

the referred plant species (Pires, Estevinho, Feás, Cantalapiedra, & Iglesias 2009). Several 

types of monofloral honeys can be found in Portugal due to the flora diversity. Chestnut 

(Castanea sativa), lavender (Lavandula spp.) and heather (Erica spp.) honeys are the most 

frequently found in Portugal (República Portuguesa, 2016). Lavender is an aromatic and very 

common Mediterranean flowering plant that belongs to the Lamiaceae family, having several 

species within the Lavandula genus. In Portugal, different species of Lavandula may be 

responsible for the origin of monofloral lavender honey, depending on their geographical 

production area, which are: Lavandula stoechas stoechas, L. stoechas luisieri, L. pedunculata 

(also known as L. stoechas pedunculata) and L. viridis (FNAP, 2017). However, lavender honey 

from other Lavandula species can be found in other countries, such as France, where this type 

of honey may be from L. angustifolia, L. latifolia or hybrids of these two species (Guyot-

Declerck, Renson, Bouseta, & Collin, 2002). 

Considering that monofloral honeys are highly appreciated by consumers due to their flavour, 

taste and properties, and generally attain higher prices than the multifloral, they are very prone 

to fraudulent practices. Accordingly, the botanical origin is determinant to establish the quality 
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and authenticity of honey (Castro-Vázquez, Leon-Ruiz, Alañon, Pérez-Coello, & González-

Porto, 2014; Soares, Amaral, Oliveira, & Mafra, 2017). Melissopalynology is still the method 

used for this purpose, though being time-consuming and strongly dependent on the 

qualification and judgment of the analysts. Particularly for lavender honeys that contain under-

represented pollen grains of Lavandula spp. (15%), the melissopalynological classification is a 

very difficult task. To overcome the referred drawbacks, attempts of using physicochemical 

parameters and/or chemical markers have been carried out to authenticate lavender honey 

(Castro-Vázquez et al., 2014; Estevinho, Chambó, Pereira, Carvalho, & Toledo, 2016). 

However, their assessment can be influenced by the environmental conditions and beekeeping 

techniques, which might lead recurrently to unreliable identification of the botanical origin. The 

recent use of DNA markers for pollen identification in honey has demonstrated their feasibility 

as alternative tools for its botanical determination (Soares et al., 2017). Species-specific real-

time PCR assays with TaqMan™ probes were successfully developed to detect relevant 

species in Corsican honey (acacia, broom, citrus, clover, heather, eucalyptus, lavender, linden, 

oak, olive, rape, rockrose, rosemary, sunflower, and sweet chestnut) (Laube et al., 2010). 

However, previous sample pre-treatments and the selection/optimisation of DNA extraction 

from honey are crucial steps for further amplification by polymerase chain reaction (PCR) (Jain, 

Jesus, Marchioro, & Araújo, 2013; Lalhmangaihi, Ghatak, Laha, Gurusubramanian, & Kumar, 

2014; Soares, Amaral, Oliveira, & Mafra, 2015).  

In the past years, DNA barcoding is an increasingly used approach for taxonomic identification, 

being suggested to determine the plant and animal species in honey (Bruni et al., 2015; Prosser 

& Hebert, 2017; Schnell, Fraser, Willerslev & Gilbert, 2010). In the case of plant differentiation, 

several DNA barcode regions, such as the plastidial genes matK, trnL and rbcL, and the internal 

transcriber spacers (ITS1 and ITS2) have already been described (Hollingsworth, Graham, & 

Little, 2011). Schnell et al. (2010) targeted the rbcL, adh1, ITS1 and ITS2 sequences using 

Sanger sequencing and real-time PCR to successefully identify several plant families, such as 

Brassicaceae and Fabaceae in honey. Bruni et al. (2015) generated an extensive reference 

database of local flora to determine the botanical origin of honeys from the northern of Italy 

based on the rbcL and trnH-psbA barcodes, which allowed them to identify 39 plant species in 

four honey samples. The combination of universal markers with high-throughput next-

generation sequencing (NGS) platforms resulted in the approach of DNA metabarcoding. 

Valentini, Miquel and Taberlet (2010) exploited this approach targeting a trnL sequence to study 

the pollen diversity and the geographical origin of honey, being further applied to two honey 
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samples. Hawkins et al. (2015) showed that DNA metabarcoding of a trnL sequence provided 

much better repeatability than melissopalynology, although with difficulties in detecting low-

represented pollen and without quantitative analysis. Prosser and Hebert (2017) identified the 

botanical origin of several honeys based on DNA metabarcoding of two regions (ITS2 and 

rbcL). Despite the high potentiality of DNA barcoding for the botanical identification of plant 

species in honey, all the reported methods depend on sequencing analysis, either using Sanger 

method or NGS. High resolution melting (HRM) analysis can be regarded as a reliable and 

cost-effective alternative to exploit DNA barcoding, with demonstrated successful applications 

in the identification of herbal medicines (Costa et al., 2016; Xanthopoulou et al., 2016), and 

several other plant and animal species in foods (Druml & Cichna-Markl, 2014; Madesis, 

Ganopoulos, Sakaridis, Argiriou, & Tsaftaris, 2014), without requiring further sequencing. Thus, 

the present work intends to exploit DNA barcoding combined with HRM analysis as an efficient 

and simple approach to identify the botanical origin of honey. For this purpose, lavender honey 

was chosen as a case study to differentiate the origin of pollen grains in honey. 

3.2.2 Materials and methods 

3.2.2.1 Sample preparation 

Plant material (leaves and seeds) of 9 different voucher species of Lavandula, namely L. 

stoechas stoechas (two specimens), and L. s. luisieri, L. s. pedundulata, L. pedunculata, L. 

angustifolia, L. latifolia, L. pinnata, L. multifida and L. viridis (one specimen each), were kindly 

granted by the Jardim Botânico da Madeira (Funchal, Portugal), Jardim da Fundação de 

Serralves (Porto, Portugal), Jardim Botânico da UTAD (Vila-Real, Portugal), Real Jardín 

Botánico Juan Carlos I (Madrid, Spain), Jardin Botanique Strasbourg (Strasbourg, France), 

Banco de Germoplasma Vegetal Andaluz (Villaviciosa, Córdoba, Spain) and Conservatoire 

Botanique National de Corse (Corte, Haute-Corse, France). Additionally, one sample of wild 

and unknown lavender species was collected in the region of Coimbra, centre of Portugal. A 

detailed description of the selected lavender species is presented in Table 3.3. A set of plant 

species (n=51), frequently identified in the pollen analysis of Portuguese honeys, were used in 

this work for specificity assays (see sample description in Table 3.4). 

After received, all plant leaves were dried, crushed and stored at room temperature (under 

desiccation), until DNA extraction. The seeds were crushed and stored at -20 ºC, until DNA 

extraction. 
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Commercial honey samples from distinct Portuguese regions (n=20) were acquired directly 

from national producers or at local retail markets. A description of each honey is presented in 

Table 3.5. Prior to DNA extraction, the honey samples were pre-treated to discard possible 

interferences for further analysis. Briefly, 50 g (4 tubes with 12.5 g each) of each honey sample 

were frozen (-80 ºC) overnight. After adding distilled water to each tube until a volume of 45 

mL, the mixture was vigorously homogenised in vortex and heated at 45 ºC for 5 min. The tubes 

were centrifuged at 5,500×g for 20 min (4 ºC) and the supernatant was discarded. The pellet 

was suspended in 1 mL of distilled water and further transferred to 2 mL reaction tubes. The 4 

reaction tubes were frozen (-20 ºC) overnight, heated at 45 °C for 5 min and centrifuged 

(17,000×g for 10 min, 4 ºC). Again, the pellets were suspended in distilled water and combined 

in one reaction tube (2 mL), which was centrifuged (17,000×g for 10 min, 4 ºC). The supernatant 

was discarded and the pellet was stored at -20 ºC until DNA extraction.
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Table 3.3. Description of Lavandula species used in the present work and respective results of end-point PCR (nuclear 18S rRNA, and matK 

sequences), real-time PCR and HRM analysis. 

Plant 
material 

Species Origin Accession number/ 
Reference a 

End-Point PCRb  Real-time PCR c HRM analysis 

18S 
rRNA 

matK Ct values Melting 
temperature (ºC) 

Cluster Level of 
confidence (%)c 

Leaves Lavandula spp. Wild, Coimbra, Portugal   NA + + 20.46 ± 0.02 76.2 ± 0.0 1 99.1 ± 0.0 

Seeds L. stoechas luisieri  Banco de Germoplasma 
Vegetal Andaluz, Villaviciosa, 
Córdoba, Spain 

14105 + + 18.25 ± 0.05 76.2 ± 0.0 1 99.7 ± 0.1 

Seeds L. stoechas stoechas  Conservatoire Botanique 
National de Corse, 
Canavaggia, Haute-Corse, 
France 

NP + + 18.51 ± 0.03 76.2 ± 0.0 1 99.9 ± 0.0 

Leaves L. stoechas stoechas  Conservatoire Botanique 
National de Corse, Corte, 
Haute-Corse, France 

NP + + 21.12 ± 0.04 76.2 ± 0.0 1 99.9 ± 0.0 

Seeds L. stoechas 
pedunculata  

Banco de Germoplasma 
Vegetal Andaluz, Trassierra, 
Córdoba, Spain 

15304 + + 18.55 ± 0.05 76.2 ± 0.0 1 100.0 ± 0.0 

Leaves L. penduculata Jardim Botânico da Madeira, 
Funchal, Portugal 

PT-O-MADJ-33-2014 + + 20.42 ± 0.80 76.1 ± 0.1 1 99.8 ± 0.0 

Seeds L. viridis Real Jardín Botánico Juan 
Carlos I, Madrid, Spain 

ALCA-BG-0404/02 + + 17.73 ± 0.62 76.2 ± 0.0 1 99.7 ± 0.0 

Seeds L. pinnata Jardim Botânico da Madeira, 
Funchal, Portugal 

PT-O-MADJ-24-2015 + + 17.67 ± 0.05 76.8 ± 0.0 2 99.7 ± 0.1 

Leaves L. multífida Jardim da Fundação de 
Serralves, Porto, Portugal 

NP + + 17.02 ± 0.48 76.6 ± 0.0 2 99.6 ± 0.1 

Leaves L. angustifolia Jardim Botânico da UTAD, 
Vila Real, Portugal 

NP + + 22.27 ± 0.09 76.6 ± 0.0 3 100.0 ± 0.0 

Seeds L. latifolia Jardin Botanique Strasbourg, 
Strasbourg, France 

1979/359 + + 24.57 ± 0.27 76.6 ± 0.0 3 99.9 ± 0.1 

a NA, not applicable; NP, not provided; b (+) positive amplification; (-) negative amplification; c mean values ± standard deviation of n = 4 replicates. 
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Table 3.4. PCR amplification targeting the matK gene and a universal eukaryotic DNA region of several 

relevant plant species. 

Plant material Species Origin 
End Point PCR* 

18S rRNA matK 

Seeds Calluna vulgaris  Tucson, USA + - 

Leaves Calluna vulgaris  
Vila Real, 
Portugal 

+ - 

Leaves Daboecia cantábrica 
Vila Real, 
Portugal 

+ - 

Leaves Erica spp.  Porto, Portugal + - 

Leaves Erica arbórea 
Vila Real, 
Portugal 

+ - 

Leaves Erica australis 
Vila Real, 
Portugal 

+ + 

Seeds Erica cinerea London, England + - 

Leaves Erica multiflora 
Vila Real, 
Portugal 

+ - 

Leaves Eucalyptus spp. Porto, Portugal + - 

Leaves Eucalyptus spp. Portugal + - 

Leaves Aesculus hippocastanum Viseu, Portugal + - 

Leaves Vitis spp. Viseu, Portugal + - 

Leaves Rosmarinus officinalis Viseu, Portugal + - 

Leaves Olea europaea Viseu, Portugal + - 

Leaves Ficus spp. Viseu, Portugal + - 

Leaves Juglans regia Viseu, Portugal + - 

Leaves Pinus pinea seed Commercial + - 

Leaves Prunus dulcis Commercial + - 

Leaves Corylus avellana Commercial + - 

Leaves Foeniculum vulgare Commercial + - 

Leaves Taraxacum officinale Commercial + - 

Leaves Equisetum arvense Commercial + - 

Leaves Melissa officinalis Commercial + - 

Leaves Matricaria recutita Commercial + - 

Leaves Salvia officinalis Commercial + + 

Leaves Mentha x piperita Commercial + + 

Leaves Genista tridentata Commercial + + 

Leaves Malva spp. Commercial + - 

Leaves Tilia tomentosa Commercial + - 

Leaves Arctostaphylos uva-ursi Commercial + - 

Leaves Geranium robertianum Commercial + - 

Leaves 
Cynara cardunculus subsp. 
scolymus 

Commercial + - 

Leaves Verbena spp. Commercial + - 

Leaves Crataegus laevigata Commercial + - 
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Leaves Silybum marianum Commercial + - 

Leaves Prunus avium Commercial + - 

Leaves Aloysia citrodora Commercial + + 

Leaves Citrus limon Commercial + - 

Leaves Citrus sinensis  Commercial + - 

Leaves Citrus clementina  Commercial + - 

Leaves Citrus reticulada Commercial + - 

Seeds Anarrhinum bellidifolium London, England + - 

Seeds Campanula barbata London, England + - 

Seeds Campanula alpestris London, England + - 

Seeds Anthemis hyalina London, England + - 

Seeds Senecio vulgaris London, England + - 

Seeds Crepis capillaris London, England + - 

Seeds Trifolium arvense London, England + - 

Seeds Cytisus scoparius London, England + - 

Seeds Crataegus monogyna London, England + - 

Seeds 
Raphanus raphanistrum subsp. 
maritimus 

London, England + - 

* (+) positive amplification; (-) negative amplification. 

3.2.2.2 DNA extraction 

DNA from plant species and honey samples was extracted by the commercial kit NucleoSpin® 

Plant II (Macherey-Nagel, Düren, Germany), according to the manufacture instructions with 

some minor modifications, as described by Soares et al. (2015). All the extracts were kept at -

20 ºC until further analysis. The extractions were done in duplicate assays for each sample. 

The concentration and purity of the extracts were assessed by UV spectrophotometry, using a 

Synergy HT multi-mode microplate reader with a Take3 micro-volume plate accessory (BioTek 

Instruments, Inc., Vermont, USA). DNA content was determined using the nucleic acid 

quantification protocol with sample type defined for double-strand DNA in the Gen5 data 

analysis software version 2.01 (BioTek Instruments, Inc., Vermont, USA).  

The quality of the extracted DNA was further evaluated by electrophoresis in a 1.0% agarose 

gel containing Gel Red 1x (Biotium, Hayward, CA, USA) for staining and carried out in SGTB 

1x (GRiSP, Research Solutions, Porto, Portugal) for 20 min at 200 V. The agarose gel was 

visualised under a UV light tray Gel Doc™ EZ System and a digital image was obtained with 

Image Lab software version 5.1 (Bio-Rad Laboratories, Hercules, CA, USA).
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Table 3.5. Description of analysed honey samples and respective results of end-point PCR (nuclear 18S rRNA, and matK sequences), real-time 

PCR and HRM analysis. 

Honey Botanical origin Geographical origin End-point PCR a Real-time PCR b HRM analysis 

18S rRNA matK Ct valuesa Melting 
temperature (ºC) 

Cluster Level of 
confidence (%)b 

1 Lavander  Vila Real, Portugal + + 31.62 ± 0.23 76.0 ± 0.0 1 99.8 ± 0.0 

2 Lavender + Linden Castelo Branco, Portugal + + 30.18 ± 0.12 75.9 ± 0.1 1 99.8 ± 0.2 

3 Lavander  Serra da Malcata, Portugal + + 32.74 ± 0.24 76.0 ± 0.0 1 99.8 ± 0.1 

4 Lavander  Portugal + + 31.57 ± 0.02 76.0 ± 0.0 1 99.8 ± 0.1 

5 Lavander  Alto Tâmega, Portugal + + 33.21 ± 0.19 76.0 ± 0.0 1 99.9 ± 0.1 

6 Lavander  Portugal + + 30.13 ± 0.10 75.9 ± 0.1 1 99.6 ± 0.2 

7 Lavander  Serra de Portel, Portugal + + 32.05 ± 0.23 76.2 ± 0.0 1 99.7 ± 0.2 

8 Lavander  Serra de Portel, Portugal + + 30.69 ± 0.14 76.0 ± 0.0 1 99.6 ± 0.1 

9 Lavander  Mértola, Portugal + + 29.26 ± 0.08 76.0 ± 0.0 1 99.8 ± 0.2 

10 Lavander  Mértola, Portugal + + 29.89 ± 0.21 75.9 ± 0.0 1 99.7 ± 0.1 

11 Lavender + Almond Douro, Portugal + ± -    

12 Lavander  Amarante, Portugal + + 31.32 ± 0.14 76.0 ± 0.0 1 99.9 ± 0.0 

13 Lavander  Batalha, Portugal + + 32.23 ± 0.12 76.3 ± 0.2 1 99.3 ± 0.2 

14 Lavander  Vila Real, Portugal + + 32.54 ± 0.10 76.0 ± 0.0 1 99.8 ± 0.1 

15 Lavander  Algarve, Portugal + + 32.15 ± 0.09 76.2 ± 0.0 1 99.7 ± 0.2 

16 Lavender Palmela, Portugal + ± -    

17 Multifloral Montesinho, Bragança + - NA    

18 Multifloral Trás-os-montes, Portugal + - NA    

19 Lavender Aljezur, Portugal + ± -    

20 Lavender Zavial, Algarve, Portugal + ± -    
a (+) positive amplification; (-) negative amplification; b mean values ± standard deviation of n = 4 replicates; NA – not applicable
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3.2.2.3 Selection of the target gene and oligonucleotide primers  

A DNA sequence of the gene encoding for the plastidial matK of L. stoechas luisieri was 

retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov/) (accession number 

KJ196360.1). Primers Lav1-F (AAA GCT TCT TCC GCT TTG CG) and Lav1-R (TCG TCT TTT 

TAC CTC TTC ATC CA) were designed to produce DNA fragments of 154 bp with Lavandula 

species, using the software Primer-BLAST designing tool 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/). The nucleotide sequences were submitted to 

a basic local alignment search tool BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify 

similar regions of homologue sequences of Lavandula spp. and calculate the statistical 

significance of the matches. Primer specificity was assessed using the Primer-BLAST tool, 

which allows revealing homologies in relation to all sequences available in the database 

(Genbank). Primer properties and the absence of hairpins and self-hybridisation were assessed 

using the software OligoCalc (http://www.basic.northwestern.edu./bio-tools/oligocalc.html). 

The designed primers were synthesised by STABVIDA (Lisbon, Portugal). 

3.2.2.4 End-Point PCR 

The PCR amplifications were carried out in a total reaction volume of 25 μL, containing 2 μL of 

DNA extract (<20 ng), 67 mM Tris-HCl (pH 8.8), 16 mM of (NH4)2SO4, 0.1% of Tween 20, 200 

µM of each dNTP, 1.0 U of SuperHot Taq DNA Polymerase (Genaxxon Bioscience GmbH, 

Ulm, Germany), 3.0 mM of MgCl2, and 200 nM of each primer LAV1-F and LAV1-R. The 

reactions were performed in a thermal cycler MJ Mini™ Gradient Thermal Cycler (Bio-Rad 

Laboratories, USA) using the following program: (i) initial denaturation at 95 ºC for 5 min; (ii) 40 

cycles at 95 ºC for 30 s, 55 ºC for 30 s and 72 ºC for 30 s; (iii) and a final extension at 72 ºC for 

5 min.  

The amplified fragments were analysed by electrophoresis in a 1.5% agarose gel containing 

Gel Red 1x (Biotium, Hayward, CA, USA) for staining and carried out in SGTB 1x (GRiSP, 

Research Solutions, Porto, Portugal. The agarose gel was visualised under a UV light tray Gel 

Doc™ EZ System (Bio-Rad Laboratories, Hercules, CA, USA) and a digital image was obtained 

with Image Lab software version 5.1 (Bio-Rad Laboratories, Hercules, CA, USA). 

Each extract was amplified at least in duplicate assays. 

3.2.2.5 Real-time PCR and HRM analysis 

The real-time PCR assays were performed in 20 μL of total reaction volume, containing 2 μL 

of DNA extract (<20 ng), 1× of SsoFast™ EvaGreen® Supermix (Bio-Rad Laboratories, USA), 
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400 nM of each primer LAV1-F/LAV1-R. All real-time PCR assays were carried out on a 

fluorometric thermal cycler CFX96 Real-time PCR Detection System (BioRad, Hercules, CA, 

USA). The amplifications were performed according to the following temperature programme: 

95 °C for 5 min, 50 cycles at 95 °C for 15 s, 55 °C for 15 s and 72 ºC for 25 s, with the collection 

of fluorescence signal at the end of each cycle. Data were collected and processed using the 

software Bio-Rad CFX Manager 3.1 (Bio-Rad, Hercules, CA, USA). Real-time PCR trials were 

repeated in two independent assays using four replicates in each one. 

For HRM analysis, PCR products were denatured at 95 ºC for 1 min and then annealed at 65ºC 

for 5 min in order to allow the correct annealing of the DNA duplexes. These two steps were 

followed by melting curve ranging from 60 to 90 ºC with temperature increments of 0.2 ºC every 

10 s. The fluorescence data were acquired at the end of each melting temperature. 

The collected fluorescence data were processed using the Precision Melt Analysis Software 

1.2 (Bio-Rad Laboratories, Hercules, CA, USA) to generate melting curves as a function of 

temperature and difference curves for easier visual identification of clusters. Cluster detection 

settings were defined targeting high sensitivity and threshold yields for more heterozygote 

clusters. Melting curve shape sensitivity parameter was adjusted to percentage value 50% and 

Tm difference threshold parameter was set as default value of 0.30. 

3.2.2.6 Sequencing of PCR products 

To corroborate the HRM analysis, the PCR products with Lav1-F/Lav1-R primers of the 11 

different specimens of Lavandula were sequenced. After the amplification according to the 

previously optimised conditions, the PCR products were purified with GRS PCR & Gel Band 

Purification Kit (GRISP, Porto, Portugal) to remove any possible interfering components and 

sent to a specialised research facility (GATC Biotech, Constance, Germany) for sequencing. 

Each target fragment was sequenced twice, performing the direct sequencing of both strands 

in opposite directions, which allowed the production of two complementary sequences with very 

good quality. The sequencing data were analysed using the available software BioEdit v7.2.5 

(Ibis Biosciences, Carlsbad, CA, USA) and FinchTV (Geospiza, Seattle, WA, USA). 
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3.2.3 Results and discussion 

3.2.3.1 Evaluation of extracted DNA  

In general, the lavender DNA extracts exhibited an adequate concentration (3.8-193.4 ng/µL), 

although low values were obtained for some plant materials (particularly the seeds). Similar 

values of DNA yield were achieved for honey samples, with concentrations ranging from 4.4 to 

275.9 ng/µL. The reported DNA concentrations are in good agreement with literature. Bruni et 

al. (2015) attained yields that ranged 10-25 ng/µL using a different extraction kit and an 

additional purification kit. Generally, DNA yields were also in good accordance with the 

electrophoretic analysis. For the 11 plant species tested, DNA extracts presented purities 

ranging from 1.5 to 2.1, while for honey samples the purities ranged from 1.9 to 2.3.  

3.2.3.2 End-point PCR 

To evaluate the amplification capacity of the DNA extracts, all samples were tested with primers 

EG-F/EG-R targeting a universal eukaryotic fragment (Tables 3.3 and 3.5), as described by 

Villa, Costa, Oliveira and Mafra (2017). All the extracts of the Lavandula voucher specimens 

and honey samples were successfully amplified, showing strong PCR products with the 

expected size of 109 bp (data not shown) and confirming the acceptability of all DNA extracts 

for further PCR amplification.  

The plastidial matK gene was the selected DNA region for the design of a new pair of primer 

to differentiate Lavandula species/subspecies. This choice was related to the fact that matK 

gene has been proposed as a universal DNA barcode for flowering plants (Lahaye et al., 2008; 

Selvaraj, Sarma, & Sathishkumar, 2008). Besides, the combined approach of matK, as a mini-

barcode candidate, with HRM analysis was already demonstrated for Crocus spp. 

differentiation (Villa, Costa, Meira, Oliveira, & Mafra, 2016). So, the new primers (Lav1-F/Lav1-

R) targeting the matK sequence were used to amplify DNA from the voucher specimens under 

study. As expected, all the tested specimens were amplified, obtaining PCR products of 154 

bp (Table 3.3). To experimentally confirm their specificity for Lavandula spp., previously 

demonstrated by the in silico analysis, other 51 plant species, including those most commonly 

found in Portuguese honeys, were tested to verify any possible reactivity. The results are 

presented in Table 3.4, showing that 5 plant species, namely Salvia officinalis, Mentha x 

piperita, Aloysia citrodora (belonging to the Lamiales order, such as the samples of Lavandula 

spp.), Genista tridentate and Erica australis, were also positive for the expected fragment of 
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154 bp, while the others did not produce any PCR product. From these species, E. australis 

can be considered a relevant cross-reactivity because Erica spp. are pollen sources for heather 

honey, very common in Portugal. 

The applicability of the Lav1-F/Lav1-R primers to detect different Lavandula spp. in honey was 

further demonstrated in the analysis of 18 lavender and two multifloral honey samples (Table 

3.5). The obtained results showed fragments of 154 bp for the 18 lavender honey samples, 

though four of them (#11, #16, #19, #20) presented weak amplification (faint bands), probably 

due to low target DNA since the amplification of a universal eukaryotic sequence was obtained 

with strong fragments (Fig. 3.5). The two multifloral honey samples (#17 and #18) did not show 

any PCR fragment, possibly due to the absence or very low proportion of lavender pollen. 

 

 

 

Figure 3.5. Agarose gel electrophoresis of PCR products amplified with primers Lav1-F/Lav1-R targeting 

the matk gene of Lavandula spp. Legend: Lanes 1-20, honey samples as described in Table 3.5; P, 

positive control (L. stoechas luisieri); N, negative control; M, 100 bp DNA molecular marker (Bioron, 

Ludwigshafen, Germany). 

3.2.3.3 Real-time PCR with HRM analysis 

Following the encouraging results of end-point PCR targeting the matK gene with Lav1-F/Lav1-

R primers, the amplification by real-time PCR with EvaGreen dye was then proceeded using 

the different Lavandula specimens under study. The real-time PCR results were in good 

agreement with those previously obtained by end-point PCR since all specimens were 
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amplified with cycle threshold values ranging from 17.02 to 24.57 (Table 3.3). Fig. 3.6A shows 

the melting curves obtained for the assayed species/subspecies, namely L. stoechas stoechas, 

L. stoechas luisieri, L. stoechas pedundulata, L. pedunculata, L. angustifolia, L. latifolia, L. 

pinnata, L. multifida, L. viridis and wild lavender. The melting curve analysis revealed peaks 

with very close melting temperatures (Tm), though three groups can be visualised: (i) at 76.2 

ºC for wild lavender, L. stoechas subsp., L. pedunculata and L. viridis; (ii) at 76.6 ºC for L. 

multifida, L. angustifolia and L. latifolia; (iii) at 76.8 ºC for L. pinnata (Fig. 3.6A and Table 3.3). 

However, based on the close melting temperatures and similarity of profiles it is not possible to 

clearly differentiate them by conventional melting curve analysis. 

As an attempt to distinguish all the Lavandula species/subspecies, HRM analysis was applied 

as a tool with high potentialities to discriminate closely related taxa. The results are displayed 

as normalised melt and difference curves in Fig. 3.6B and 3.6C, respectively. As it can be seen, 

the specimens were divided in three distinct clusters with high levels of confidence (≥99.1%). 

Cluster 1, nominated as the reference cluster, included the wild lavender, L. stoechas subsp., 

L. pedunculata and L. viridis, which is a group in good agreement with the results of 

conventional melting curve analysis, having all practically the same Tm. Cluster 2 comprised 

the species L. pinnata and L. multifida, while cluster 3 included the L. angustifolia and L. latifolia. 

These findings are in good agreement with the fact that the lavender species included in cluster 

1 are the most frequent in the Portuguese flora (FNAP, 2017). L. angustifolia and L. latifolia, 

included in cluster 3, are more common in the French flora (Guyot-Declerck et al., 2002). 

According to Chograni, Messaoud and Boussaid (2008), there is a high genetic divergence 

between L. stoechas and L. multifida populations based on isozymes, which corroborates their 

distinct taxonomic status and separate cluster classification. 
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Figure 3.6. Conventional melting curves (B), normalised melting curves (C) and difference curves (D) 

obtained by real-time PCR amplification with EvaGreen dye and HRM analysis targeting the matK gene 

of Lavandula spp. (n = 4). Legend: 1, wild lavender, L. stoechas luisieri, L. s. stoechas (Canavaggia), L. 

s. stoechas (Corte), L. s. pedunculata, L. pedunculata, L. viridis; 2, L. pinnata, L. multífida; 3, L. 

angustifolia, L. latifolia.  
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Considering the relevant reactivity of the proposed primers with E. australis, a real-time PCR 

assay with melting curve analysis and HRM analysis was further performed with this species 

together with Lavandula spp. representative of each cluster. The results confirmed the 

amplification of E. australis by real-time PCR targeting matk gene, displaying a Tm of 76.8 ºC, 

very close to the ones of L. angustifolia, L. pinnata, but exhibiting a slightly different profile 

owing to the presence of a “shoulder” before the melt peak (Fig. 3.7A). However, with the 

application of HRM analysis those melting profile differences were intensified and E. australis 

was completely discriminated, being separated in a distinct cluster from the other three 

Lavandula spp. (Fig. 3.7B and 3.7C). Accordingly, the HRM assay specificity was further 

confirmed as suitable to differentiate Lavandula spp. 
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Figure 3.7. Conventional melting curves (A), normalised melting curves (B) and difference curves (C) 

obtained by real-time PCR amplification with EvaGreen dye and HRM analysis targeting the matK gene 

of Lavandula spp. (n = 3) for specificity testing. Legend: 1, L. pedunculata; 2, Erica australis; 3, L. 

angustifolia; 4, L. pinnata. Clustering was obtained with levels of confidence ≥ 99.9%. 

 

Wild rosemary, Multifloral honey, 

Rosemary honey 

Lavandula penduculata 
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3.2.3.4 Sequencing Results 

To further confirm and validate the results of HRM analysis, the PCR products of the 11 

Lavandula specimens amplified with the Lav1-F/Lav1-R primers were sequenced in opposite 

directions, obtaining electropherograms with high resolution and a total coverage of the 154 bp 

fragments. The results were aligned with the GenBank retrieved sequence (accession number 

KJ196360.1) in which the primers were designed and are presented in Fig. 3.8. Firstly, it can 

be observed a consistent mismatch (C→A) in the position 128 in all the obtained sequences, 

which might suggest the misidentification of that base from the consensus sequence 

(accession number KJ196360.1). Comparing the sequences from the specimens of cluster 1, 

namely wild Lavandula, L. stoechas luisieri, L. stoechas stoechas (Canavaggia and Corte), L. 

stoechas pedundulata and L. pedunculata, it can be verified that they share the same 

sequence, except for two nucleotides of L. pedunculata not completely identified (S at positions 

23 and 39). However, since S can in fact be a C, these sequences might be in full agreement. 

This finding justifies the inclusion of all these specimens in the same cluster, which is also in 

good agreement with the fact that L. stoechas stoechas, L. stoechas luisieri, L. pedunculata 

(also known as L. stoechas pedunculata) and L. viridis are the most common Lavandula 

species in Portugal (FNAP, 2017), being all genetically close. The specimen of wild lavender is 

probably one of those species. L. pinnata sequence presented 4 mismatches, while L. multifida 

showed 2, being two of them in common, namely A→C and T→C at the positions 112 and 122, 

respectively. The other two mismatches of L. pinnata sequence are C→T and A→C at the 

positions 73 and 114, respectively. Therefore, the partial mismatch shared by these two species 

corroborates the HRM results, which include them in a distinct cluster. The sequences of L. 

angustifolia and L. latifolia share three mismatches in the same positions (78, 83 and 86). The 

first mismatch (A→C) was consistent in both species. The other two mismatches were clearly 

identified in L. latifolia (83, A→T and 86, A→G), but not in L. angustifolia (83, A→W (A or T) 

and 86, A→R (A or G)), though they might be also coincident. This agrees with the genetic 

proximity of both species, commonly designated as French lavenders (Guyot-Declerck et al., 

2002), and clearly justifies their inclusion in a distinct HRM cluster. 
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Figure 3.8. Alignment of sequencing products of matK gene of Lavandula spp. The arrows identify the 

region of primer annealing (Lav1-F/Lav1-R). Legend of undefined bases: S, represents C or G; W, A or 

T; and R, A or G. 

3.2.3.5 Application of the HRM analysis to honey samples  

After the development and validation of the HRM method, the honey samples that showed the 

expected PCR fragment with Lav1-R/Lav1-F were further amplified by real-time PCR with the 

same primers. As expected, honey samples #1 to #10 and #12 to #15 were confirmed as 

positive for Lavandula spp. by real-time PCR with Ct values ranging from 29.26 to 33.21 (Table 

3.5). The weak amplification results obtained by qualitative PCR in 4 samples (#11, #16, #19 

and #20) were not confirmed by real-time PCR, suggesting again the low DNA amount of the 

target DNA. It is important to highlight that despite the main efforts performed in the DNA 

extraction procedure from honey, including a previous sample pre-treatment, it was difficult to 

obtain high levels of amplification by real-time PCR. Even though, conventional melting curve 

and HRM analysis could be successfully applied to all the referred 14 honey samples (#1-#10, 

#12-#15). Fig. 3.9 shows an example assay of the melting curve and HRM analysis applied to 

4 of the analysed honey samples together with the Lavandula voucher specimens. The 

obtained Tm of the 14 honey samples ranged from 75.9 ºC to 76.3 ºC (Fig. 3.9, Table 3.5), 

being in the vicinity of the Tm of the Lavandula species frequently found in Portugal. As 

expected, the HRM analysis confirmed this assumption by placing all the honey samples in the 
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same cluster (cluster 1) of the Portuguese Lavandula species with high level of confidence (≥ 

99.3%) (Fig. 3.9B, 3.9C, Table 3.5). This demonstrates the feasibility of the proposed HRM 

method to authenticate the botanical origin of lavender honeys. 

Figure 3.9. Conventional melting curves (A), normalised melting curves (B) and difference curves (C) 

obtained by real-time PCR amplification with EvaGreen dye and HRM analysis targeting the matK gene 

of Lavandula spp. (n = 4). Legend: 1, wild lavender, L. stoechas luisieri, L. s. stoechas (Canavaggia), L. 

s. pedunculata, L. pedunculata, L. viridis, honey samples (#6, #8, #12, #13, see Table 3.5); 2, L. pinnata, 

L. multífida; 3, L. angustifolia, L. latifolia. 
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3.2.4 Conclusions 

In the present work, we propose a combination of the matK gene, as a DNA barcode suggested 

for plants, with HRM analysis as a highly specific approach to identify different Lavandula 

species. The method enabled the differentiation of lavender species in 3 distinct clusters with 

high level of confidence (≥99%): the lavender species commonly found in Portugal (L. stoechas 

subsp., L. pedunculata and L. viridis); the species L. multifida and L. pinnata; and the French 

lavender species (L. angustifolia and L. latifolia). The HRM results were well correlated with the 

sequencing data, proving the adequacy of the method to authenticate the botanical origin of 

honey. Hereby, we present a reliable and fast DNA-based methodology to assess the botanical 

origin of Portuguese monofloral lavender honey, which can be highlighted as a suitable 

alternative to the currently used melyssopalynological analysis. To our knowledge, this is the 

first study using DNA barcoding combined with HRM analysis for the simple, cost-effective and 

rapid discrimination/identification of plant species in honey. 
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4.1 Novel diagnostic tools for Asian (Apis cerana) and European (Apis mellifera) honey 

authentication 

Abstract 

Honey can be produced by different species of honey bees, with two being of economic 

importance due to their use in apiculture, namely Apis mellifera (known as Western honey bee) 

and A. cerana (known as Asian honey bee). This work aims at proposing new tools, based on 

the use of molecular markers, for the entomological authentication of honey. To this end, new 

species-specific primers were designed targeting the tRNAleu-cox2 intergenic region and 

allowing the detection of A. cerana DNA by qualitative PCR. Additionally, a novel real-time PCR 

method with HRM analysis was developed to target the 16S rRNA gene of both bee species, 

allowing their discrimination in different clusters. The proposed methodologies were further 

applied with success in the identification of honey bee species in honey samples, 

demonstrating the usefulness of these simple and cost-effective new approaches.  

 

Keywords: Honey; Authenticity; Honey bee DNA; HRM analysis; Apis cerana; Apis mellifera 
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4.1.1 Introduction 

According to the standards of the Codex Alimentarius (FAO, 2001), honey is the natural sweet 

substance produced by honey bees. While the European Union legislation stipulates that honey 

should be produced by Apis mellifera bees, in other parts of the world, honey is traditionally 

obtained from different honey bee species. Apis mellifera, also known as the Western honey 

bee, is the only species native to Europe, being also naturally present in Africa and in the Middle 

East (Ruttner, 1988). However, the genus Apis comprises eight more species, all indigenous 

to Asia, including two dwarf bees, two giant bees and four cavity-nesting bees (Radloff, 

Hepburn, & Engel, 2011). Behavioural limitations of the dwarf and giant honey bees, particularly 

their practice of open-air nesting and seasonal migrations, prevent them from being kept 

commercially by man (FAO, 1990; Robinson, 2012). In contrast, the honey bee species that 

naturally nest inside cavities can be kept in man-made hives, enabling the colonies to be 

manipulated for long periods and also being moved between places for foraging. Among the 

cavity-nesting species, only A. mellifera and A. cerana (also known as the Asian honey bee or 

the Eastern honey bee) are of economic importance due to their use in apiculture. Until recently, 

these two closely related species had an allopatric distribution, with A. cerana naturally 

occurring in the East, Southeast and South Asia (Ruttner, 1988; Radloff et al., 2011). However, 

more than one century ago, human action has introduced A. mellifera into much of the 

geographic range of A. cerana (Ruttner, 1988). Since A. mellifera is much more productive, it 

has been introduced and extensively propagated by beekeepers in some regions of Asia, such 

as in Japan, South Korea, Vietnam, and the Himalayas (Verma, 1990; Partap & Verma, 1998). 

In some countries where these species are currently sympatric, there is sufficient niche 

partitioning and both can co-occur successfully (Koetz, 2013). Nevertheless, in other countries, 

such as Japan and China, there are concerns about the extent of competition between the two 

species, resulting in the decline of the wild population of A. cerana (He et al., 2013).  

Due to the production decline of A. cerana honey and to a growing demand for local and 

traditional products, this honey attains higher market prices than that produced by A. mellifera, 

generally being three- to five-times more expensive (Won, Li, Kim, & Rhee, 2009). Although 

the hive products obtained from A. cerana have been, at some extent, commercially neglected 

for decades, currently, the native Asian honey bee is regarded as an important and valuable 

genetic resource to preserve and its honey is being increasingly valued. For this reason, A. 

cerana honey is very prone to adulteration either by the admixing with cheaper A. mellifera 

honey or by its total substitution. Therefore, there is a pressing need to develop analytical 
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methodologies for the specific and unequivocal identification of honey bee species, aiming at 

A. cerana honey authentication.  

While numerous works have focused on the botanical and/or geographical authenticity of 

honey, only a few have attempted its entomological authentication (Soares, Amaral, Oliveira, 

& Mafra, 2017). To differentiate honey produced by stingless bees of different genus of the 

Meliponini and Trigonini tribes, Vit et al. (1998) suggested the use of concentrations and ratios 

of three frequently occurring sugars (fructose, glucose and maltose), with particular emphasis 

on maltose because it is not directly originated from the nectar, but from transglycosylation from 

enzymatic bee action. Recently, Ramón-Sierra, Ruiz-Ruiz, and Ortiz-Vázquez (2015) 

suggested the use of the protein profile obtained by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) for determining the entomological origin of honeys produced by 

A. mellifera and by stingless bees (Trigona spp. and Melipona beecheii). Protein-based 

methods were also proposed by Won et al. (2009) to detect A. cerana honey adulterated with 

that produced by A. mellifera.  

DNA-based methods have been considered as the most suitable tools for unequivocal species 

identification in animal products and processed foods (Amaral, Meira, Oliveira, & Mafra, 2016). 

Compared to protein-based methods, they present several advantages such as the higher 

stability of nucleic acids and DNA ubiquity in every type of cells. Recently, Prosser and Hebert 

(2017) suggested the use of metabarcoding to examine three gene regions for identifying the 

botanical and entomological origins of honey. These authors screened 6 samples of honey 

produced by A. mellifera and 1 by Melipona beecheii. The identification of bee species DNA on 

honey samples was also achieved by Kek, Chin, Tan, Yusof, & Chua (2017) based on 

mitochondrial DNA (mtDNA) sequences and phylogenetic analysis by means of forensically 

informative nucleotide sequencing. However, both reports rely on extensive sequencing 

analysis, which is not a cost-effective and high-throughput approach. In contrast, the use of 

polymerase chain reaction (PCR) with species-specific primers is one of the most used 

approaches for authentication purposes due to its lower cost, simplicity, fastness, high 

specificity and sensitivity, enabling species identification even in complex and processed foods 

(Amaral et al., 2015; Amaral et al., 2016). Real-time PCR with high resolution melting (HRM) 

analysis can be regarded as a cost-effective alternative and reliable tool to exploit DNA 

barcoding because it does not require further sequencing analysis (Fernandes, Costa, Oliveira, 

& Mafra, 2017). Therefore, the aim of this work was to develop molecular-based approaches, 

namely species-specific PCR and real-time PCR with HRM analysis, for the entomological 

identification/authentication of honey. To that end, several honey bee specimens of the two 
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most representative species in apiculture (A. cerana and A. mellifera) were used for method 

development. 

4.1.2 Materials and methods 

4.1.2.1 Samples  

Voucher specimens of A. cerana individuals from three Asian countries, including China (n=7 

colonies), Thailand (n=3) and Vietnam (n=6), and honey bee individuals of five different A. 

mellifera subspecies representative of European honey production [A. m. iberiensis of African 

(A) mtDNA evolutionary lineage from Portugal (n=24) and Spain (n=5), A. m. iberiensis of 

western European (M) lineage from Spain (n=7), A. m. mellifera M lineage from France (n=5), 

A. m. carnica C lineage from Croatia (n=1) and Serbia (n=3), and A. m. ligustica C lineage from 

Italy (n=4)] were used in this work (see Chávez-Galarza et al. (2017) for further details on A. 

mellifera evolutionary lineages). All honey bee individuals were collected from distinct colonies 

and apiaries and their tissues stored in absolute ethanol at -20 ºC. 

Authentic honey samples were collected by beekeepers directly from the hives, namely honey 

produced by A. cerana from Vietnam, and honey produced by A. mellifera from Portugal and 

Vietnam. Additionally, commercial honeys acquired from different European countries were 

tested.  

4.1.2.2 DNA extraction 

Honey bee tissues were homogenised in reaction tubes, stored at -20ºC overnight and 

submitted to DNA extraction using the Wizard method, as described by Mafra et al. (2008). 

Additionally, for sequencing purposes, total DNA was extracted with the phenol/chloroform 

isoamyl alcohol (25:24:1) method (Sambrook, Fritsch, & Maniatis, 1989) from the thorax of 

honey bee individuals (namely for A. m. mellifera, A. m. carnica and A. m. ligustica).  

Regarding honey samples, prior to DNA extraction, a pre-treatment was initially performed to 

discard possible interferences. Briefly, a total of 20 g of each honey were frozen (-80ºC) and 

subsequently diluted in 45 mL of distilled water. The mixture was heated to 45 ºC for 5 min, 

homogenised and centrifuged at 18500×g for 25 min. Then, the supernatant was discarded, 

the pellet was suspended in 1 mL of distilled water and again centrifuged at 17000×g for 10 

min. The supernatant was discarded and the pellet stored at -20 ºC until DNA extraction. 

DNA from honey pellet was extracted using the commercial kit NucleoSpin® Plant II (Macherey-

Nagel, Düren, Germany), according to the manufacturer instructions with some minor 
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modifications, as described by Soares, Amaral, Oliveira, & Mafra (2015). All extractions were 

performed in duplicate assays for each sample. 

The yield and purity of the extracts were assessed by UV spectrophotometry using a 

SynergyHT multi-mode microplate reader (BioTek Instruments, Inc., Vermont, USA) with a 

Take 3 micro-volume plate accessory. The absorbance was measured at 260 and 280 nm to 

estimate DNA content and purity using the nucleic acid quantification protocol with sample type 

defined for double-stranded DNA in the Gen5 data analysis software version 2.01 (BioTek 

Instruments, Inc., Vermont, USA). 

The quality of the extracted DNA was further evaluated by electrophoresis in a 1.0% agarose 

gel containing Gel Red 1x (Biotium, Hayward, CA, USA) for staining and carried out in SGTB 

1x (GRiSP, Research Solutions, Porto, Portugal) for 20 min at 200 V. The agarose gel was 

visualised under a UV light tray Gel Doc™ EZ System (Bio-Rad Laboratories, Hercules, CA, 

USA) and a digital image was obtained with Image Lab software version 5.1 (Bio-Rad 

Laboratories, Hercules, CA, USA). 

4.1.2.3 Selection of the target regions and design of oligonucleotide primers  

Using DNA extracts obtained from the European honeybee subspecies A. m. mellifera, A. m. 

carnica and A. m. ligustica, the mtDNA region located between the tRNAleu and cytochrome c 

oxidase subunit II genes (commonly known as the tRNAleu-cox2 intergenic region) was PCR-

amplified using the primers and reaction conditions detailed by Garnery, Solignac, Celebrano 

& Cornuet (1993). The amplicons were sent to Macrogen (Seoul, Korea) for direct Sanger 

sequencing in both directions. The sequences were checked for base calling and aligned with 

sequences available in GenBank (http://www.ncbi.nlm.nih.gov/) using MEGA 6.06 (Tamura, 

Stecher, Peterson, Filipski, & Kumar, 2013). The haplotypes were identified and named 

following the nomenclature system revised by Chávez-Galarza et al. (2017). The sequences 

were deposited in GenBank with accession numbers MF428428 (Apis m. mellifera haplotype 

M8), MF428426 (A. m. ligustica haplotype C1), MF428427 (A. m. carnica haplotype C3a).  

Sequences from A. m. iberiensis of lineages A and M ancestry were obtained as part of a 

previous work (deposited in GenBank with accession numbers KX463813.1 and KX463907.1, 

respectively). Sequences from A. cerana for the tRNAleu-cox2 intergenic region were also 

retrieved from GenBank (accession numbers KP065103.1, AP017314.1). All sequences were 

aligned and compared to design species-specific primers, namely AC1-F (TCT GAA TTC AAA 

CTC AAA GTA AAA) and AC1-R (ATA ATA TGA GTT TGA TTC TTG AAA), to produce DNA 

fragments of 111 bp of A. cerana species (Fig. 4.1).  
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For HRM analysis, the primers AM1-F (AGC TAA TTA AAA CAA CAA TAC A) and AM1-R 

(AAG GTA GTA AAT GTT GAA TCA TT) were designed for the amplification of a 16S rRNA 

common fragment, based on the sequences retrieved from GenBank for A. cerana (accession 

numbers GQ162109.1 and AP017314.1) and A. mellifera (NC_001566.1, KJ396191.1, 

KM458618.1, KJ601784.1).  

Primers were designed using the software Primer-BLAST tool 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/). Primer specificity was assessed using this 

tool, which reveals the homologies in relation to all sequences available in Genbank. Primer 

properties and the absence of hairpins and self-hybridisation were assessed using the software 

OligoCalc (http://www.basic.northwestern.edu./biotools/oligocalc.html). The designed primers 

were synthesised by STABVIDA (Lisbon, Portugal). 

4.1.2.4 End-point PCR conditions  

PCR amplifications were carried out in a total reaction volume of 25 μL, containing 2 μL of DNA 

extract (10 ng), 67 mM Tris-HCl (pH 8.8), 16 mM of (NH4)2SO4, 0.1% of Tween 20, 200 µM of 

each dNTP, 1.0 U of SuperHot Taq DNA Polymerase (Genaxxon Bioscience GmbH, Ulm, 

Germany), 3.0 mM of MgCl2 and 300 nM of each primer. The reactions were performed in a 

thermal cycler MJ Mini™ Gradient Thermal Cycler (Bio-Rad Laboratories, USA) using the 

following programs: (i) initial denaturation at 95 ºC for 5 min; (ii) 35 cycles at 95 ºC for 30 s, 52 

ºC for 30 s and 72 ºC for 30 s, for primers AM1 and 40 cycles at 95 ºC for 30 s, 50 ºC for 30 s 

and 72 ºC for 30 s, for primers AC1; (iii) and a final extension at 72 ºC for 5 min. Each extract 

was amplified at least in duplicate assays. 

The amplified fragments were analysed by electrophoresis in a 1.5% agarose gel containing 

Gel Red 1x (Biotium, Hayward, CA, USA) for staining and carried out in SGTB 1x (GRiSP, 

Research Solutions, Porto, Portugal). The agarose gel was visualised under a UV light tray Gel 

Doc™ EZ System (Bio-Rad Laboratories, Hercules, CA, USA) and a digital image was obtained 

with Image Lab software version 5.1 (Bio-Rad Laboratories, Hercules, CA, USA). 
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Figure 4.1. Agarose gel electrophoresis of PCR products using (A) primers AC1-F/AC1-R applied to a 

serial dilution of a A. cerana DNA extract, (B) primers AC1-F/AC1-R applied to the amplification of DNA 

extracts from different Apis species and honey samples, and (C) primers AM1-F/AM1-R applied to 

different subspecies of A. mellifera (lanes 1 to 7 and 14) and A. cerana DNA extracts (lanes 8 to 13). 

Legend (A): lane 1, 100 ng; lane 2, 10 ng; lane 3, 1 ng; lane 4, 0.1 ng; lane 5, 0.01 ng; lane 6, 0.001 ng; 

lane 7, 0.0001 ng; NC, negative control; M, 100 bp DNA molecular marker (Bioron, Ludwigshafen, 

Germany). Legend (B): lane 1, A. cerana HB from Thailand; lane 2, A. cerana from China; lane 3, A. 

cerana from Vietnam; lane 4, A. m. mellifera; lane 5, A. m. iberiensis (lineage M); lane 6, A. m. iberiensis 

(lineage A) from Portugal; lane 7, honey of A. mellifera from Portugal; lane 8, honey of A. mellifera from 

Vietnam; lanes 9 and 10, honey of A. cerana from Vietnam. Legend (C): lane 1, A. m. iberiensis (lineage 

A) from Portugal; lanes 2 and 3, A. m. iberiensis (lineage A) from Spain; lane 4, A. m. iberiensis (lineage 

M); lane 5, A. m. mellifera; lane 6, A. m. carnica; lane 7, A. m. ligustica; lanes 8 and 9, A. cerana from 

Thailand; lanes 10 and 11, A. cerana from China; lanes 12 and 13, A. cerana from Vietnam; lane 14, A. 

m. iberiensis (lineage A) from Portugal; NC, negative control; M, 100 bp DNA molecular marker (Bioron, 

Ludwigshafen, Germany). 

4.1.2.5 Real-time PCR and HRM analysis 

To verify the specificity and sensitivity of the proposed primers AC1-F/AC1-R, a DNA extract 

from A. cerana was 10-fold serially diluted to cover 6 levels of concentrations from 10 to 0.0001 

ng of DNA. The real-time PCR assays were performed in 20 μL of total reaction volume, 
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containing 2 μL of DNA extract (10-0.0001 ng or 10 ng for primers AC1-F/AC1-R or AM1-

F/AM1-R, respectively), 1× of SsoFast™ Evagreen® Supermix (Bio-Rad Laboratories, USA) 

and 400 nM of each primer. All real-time PCR assays were carried out on a fluorometric thermal 

cycler CFX96 Real-time PCR Detection System (BioRad, Hercules, CA, USA). The following 

conditions were used for amplification with AM1-F/AM1-R primers: 95 °C for 5 min, 50 cycles 

at 95 °C for 20 s, 52 °C for 20 s and 72 ºC for 30 s The temperature conditions for AC1-F/AC1-

R primers were: 95 °C for 5 min, 50 cycles at 95 °C for 15 s and 60 °C for 45 s. For both cases, 

the fluorescence signal was collected at the end of each cycle and the data was processed 

using the software BioRad CFX Manager 3.0 (BioRad, Hercules, CA, USA).  

For HRM analysis, PCR products were denatured at 95 ºC for 1 min and then annealed at 57ºC 

for 5 min to allow the correct annealing of the DNA duplexes. These two steps were followed 

by melting curve ranging from 57 to 85 ºC with temperature increments of 0.2 ºC every 10 s. 

The fluorescence data were acquired at the end of each melting temperature. 

The collected fluorescence data were processed using the Precision Melt Analysis Software 

1.0 (Bio-Rad Laboratories, Hercules, CA, USA) to generate melting curves as a function of 

temperature and difference curves for easier visual identification of clusters. Cluster detection 

settings were defined targeting high sensitivity and threshold yields, with the melting curve 

shape sensitivity parameter being adjusted to a value >98% and Tm difference threshold 

parameter set as a default value of 0.15. DNA extracts were analysed in two independent 

assays using four replicates in each one. 

4.1.3 Results and discussion 

Considering that honey is a very complex matrix, in which the existing DNA is highly degraded 

and fragmented, in the present work, the amplification of small fragments from two regions of 

mtDNA was selected aiming at identifying the entomological origin of honeys produced by two 

different honey bee species (A. cerana and A. mellifera). Besides presenting the advantage of 

existing in several copies per cell and having a higher evolutionary rate compared to nuclear 

DNA, mtDNA is maternally inherited, being therefore transmitted intact by the queen to all her 

offspring (workers and drones). Based on the available information from honey bee genetic 

studies (Engel, & Schultz, 1997; Michel-Salzat, 2004; Meixner at al., 2013; Chávez-Galarza et 

al, 2017), the tRNAleu-cox2 intergenic region and the 16S rRNA gene were the two selected 

regions for primer design. The quality assessment of DNA extracts from honey bee tissues 

showed high yields (72 - 552 ng/µL) and adequate purity (1.8- 2.2). The DNA extraction from 
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honey samples was more difficult to accomplish due to the matrix complexity, with high levels 

of sugars and plant secondary compounds that frequently affect DNA recovery and promote 

PCR inhibition (Soares et al., 2015). Even so, the extracts from honey presented adequate 

concentrations (ranging from 2.3 to 303.9 ng/µL), although with variable purity (ranging from 

1.1 to 2.6). In order to assess amplification capacity, all DNA extracts were tested by PCR with 

the universal eukaryotic primers 18SEU-F/18SEU-R, as described by Fajardo et al. (2008). All 

extracts showed positive amplification, confirming the absence of false negative results that 

might occur due to PCR inhibition (Tables 4.1 and 4.2).  

4.1.3.1 Specific detection of A. cerana targeting the tRNAleu-cox2 intergenic region 

The PCR amplification of the non-coding tRNAleu-cox2 intergenic region followed by digestion 

with DraI restriction enzyme (commonly known as the DraI test) is the most popular assay for 

honey bee mtDNA identification, in particular for identifying haplotypes of different A. mellifera 

subspecies (Garnery et al., 1993; Meixner at al., 2013). This is mainly due to its relatively low 

cost and scoring simplicity, combined with the high information content of this region (Meixner 

at al., 2013). The high resolution power of the DraI test is explained by the existence of an 

important length polymorphism, based on a variable number of copies (1 to 5 in A. mellifera 

and absent in A. cerana) of a 192-196 bp sequence (Q element) and the complete or partial 

deletion of a 67 bp sequence (P element) (Garnery et al., 1993). Due to this polymorphism, 

while the tRNAleu-cox2 intergenic region has been reported to vary between 570-1414 bp in A. 

mellifera (Chávez-Galarza et al., 2017; Rortais et al., 2011), it is much shorter in A. cerana 

(around 86-93 bp), mainly because of the absence of the Q element (Lee et al., 2016). 

Considering the remarkably high variability reported for this region, which is able to distinguish 

the two Apis species and the four evolutionary lineages (A, C, M and O) within A. mellifera 

(Ruttner 1988), it was selected for primer design. For this purpose, several sequences of A. 

cerana and A. mellifera subspecies were aligned allowing the design of primers AC1-F/AC1-R 

targeting a 111 bp specific amplicon in A. cerana mitogenome (Figure 4.1A and Figure 4.2).
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Table 4.1. Results of qualitative and real-time PCR with HRM analysis applied to the analysis of different species and subspecies of honey bees. 

Samples Species  Origin  

End-point PCR   HRM analysis 

18SEUa AC1b AM1c   Cluster 
Level of 

confidence (%)* 

Asian honey bee A. cerana Thailand + + +   1 99.9 ± 0.1 

Asian honey bee A. cerana China + + +  1 99.5 ± 0.8 

Asian honey bee A. cerana Vietnam  + + +  1 99.4 ± 0.3 

Asian honey bee A. cerana Vietnam  + + +  1 99.8 ± 0.2 

Asian honey bee A. cerana Vietnam  + + +  1 99.9 ± 0.0 

Asian honey bee A. cerana Thailand  + + +  1 99.8 ± 0.1 

Asian honey bee A. cerana China + + +  1 99.3 ± 0.3 

Asian honey bee A. cerana China + + +  1 99.7 ± 0.1 

Asian honey bee A. cerana Thailand + + +  1 99.8 ± 0.2 

Western honey bee A. m. mellifera France + - +  2 99.7 ± 0.4 

Western honey bee A. m.  carnica Croatia + - +  2 99.9 ± 0.2 

Western honey bee A. m. iberiensis (lineage A) Spain + - +  2 99.8 ± 0.4 

Western honey bee A. m. iberiensis (lineage M) Spain + - +  2 99.9 ± 0.1 

Western honey bee A. m. iberiensis (lineage A) Portugal  + - +  2 99.9 ± 0.1 

Western honey bee A. m. ligustica Italy + - +   2 99.9 ± 0.1 

* mean values ± standard deviation of n = 3 replicates; + positive amplification; - negative amplification; amplification was performed using primers 

a 18SEU-F/18SEU-R targeting eukaryotes, b AC1-F/AC1-R targeting A. cerana, c AM1-F/AM1-R targeting Apis spp. 
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Table 4.2. Results obtained by qualitative and real-time PCR with HRM analysis applied to the analysis of voucher samples of honey bees, 

authentic and commercial honey samples. 

Samples  Species  Origin  

End-point PCR   HRM analysis  

18SEUa  AC1b AM1c 

  
Cluster Level of 

confidence (%)* 

Western honey bee A. m. carnica Croatia + - +  1 99.9 ± 0.2 

Western honey bee A. m. iberiensis (lineage M) Spain + - +  1 99.7 ± 0.2 

Western honey bee A. m. ligustica Italy + - +  1 99.8 ± 0.1 

Honey (apiary) A. mellifera Vietnam + - +  1 99.6 ± 0.1 

Honey (commercial) A. mellifera ** Italy + - +  1 99.7 ± 0.1 

Honey (commercial) A. mellifera ** France + - +  1 99.4 ± 0.8 

Honey (commercial) A. mellifera ** Portugal + - +  1 99.5 ± 0.3 

Asian honey bee A. cerana Vietnam  + + +  2 99.9 ± 0.4 

Honey (apiary) A. cerana  Vietnam  + + +  2 98.8 ± 0.2 

Honey (apiary) A. cerana Vietnam  + + +   2 99.2 ± 0.3 

* mean values ± standard deviation of n = 3 replicates; + positive amplification; - negative amplification; ** samples not labelled, but in compliance with 

legislation, EU honey should be produced by A. mellifera; amplification was performed using primers a 18SEU-F/18SEU-R targeting eukaryotes, b AC1-F/AC1-

R targeting A. cerana, c AM1-F/AM1-R targeting Apis spp. 
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The specificity of the new primers was firstly assayed in silico by the use of the primer-BLAST 

tool and subsequently tested experimentally using several DNA extracts obtained from A. 

cerana (n=16) originating from a wide geographical origin and from different subspecies of A. 

mellifera (n=49). As expected, only A. cerana samples were positively amplified (Table 4.1). 

The absence of the specific 111 bp fragment across all A. mellifera samples confirmed the 

specificity of these primers for A. cerana (Figure 4.1B and Table 4.1). Since plant DNA is also 

present in honey samples (Soares et al., 2015), a wide range of plant species (n=36), whose 

pollen is frequently present in monofloral and multifloral honeys, was also tested for cross-

reactivity purposes, with negative amplification being attained in all cases (data not shown). 
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Figure 4.2. Sequence analysis of tRNAleu-cox2 intergenic region, evidencing the differences in DNA 

alignments. The region inside the boxes refers to the newly proposed primers AC1-F/AC1-R. Genbank 

accession numbers: A. cerana japonica, AP017314.1; A. cerana, KP065103.1; A. m. iberiensis lineage 

A, KX463813.1; A. m. iberiensis lineage M, KX463907.1; A. m. mellifera, MF428428; A. m. carnica, 

MF428427; A. m. ligustica, MF428426. 
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To optimise the amplification conditions of the proposed species-specific qualitative PCR 

assay, a DNA extract obtained from A. cerana was used. The optimised PCR conditions using 

AC1-F/AC1-R primers allowed achieving a sensitivity of 0.01 ng (Figure 4.1A). Given the 

complexity of the honey matrix and that DNA from honey bees can be present at trace amounts, 

real-time PCR amplification using the fluorescent EvaGreen® dye was also attempted. The 

amplification by real-time PCR of the same serially diluted DNA extract from A. cerana showed 

high performance parameters, presenting an absolute limit of detection of 0.0001 ng, a high 

PCR efficiency (91.6%), an adequate correlation coefficient of the calibration curve (r2 = 0.981), 

and amplification products exhibiting the same melting temperature (68.60 ºC) (Figure 4.3). 

These results suggested that, as expected, real-time PCR exhibited better performance than 

species-specific PCR.  

The applicability of the novel AC1-F/AC1-R primers to detect A. cerana DNA was subsequently 

assayed with authentic honey samples, collected by beekeepers from A. cerana and A. 

mellifera apiaries. As expected, the developed methodology allowed the detection of A. cerana 

DNA in the corresponding honey samples, while negative amplifications were observed for 

honeys produced by A. mellifera (Figure 4.1B). The methodology was further applied in the 

analysis of honeys produced in the EU. As expected, negative results for the presence of A. 

cerana DNA were obtained since EU honeys should be produced by A. mellifera in accordance 

with the legislation. 
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Figure 4.3. Amplification curves (a), melting curve analysis (b) and calibration curve (c) obtained by real-

time PCR with EvaGreen® dye amplification using specific primers AC1-F/AC1-R applied to a A. cerana 

DNA extract serially diluted (10 ng, 1 ng, 0.1 ng, 0.01 ng, 0.001 ng and 0.0001 ng).  
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4.1.3.2 Differentiation of A. mellifera from A. cerana by HRM analysis of 16S rRNA gene 

In this work, a second approach to differentiate A. mellifera from A. cerana was attempted, 

based on the use of a coding region. To date, a variety of mitochondrial genes has been 

employed in phylogenetic studies of Hymenoptera, including 16S rRNA, 12S rRNA, ND (1-6), 

cytochrome b, COI and ATPase (Meixner et al., 2013; Mandal, Chhakchhuak, 

Gurusubramanian, & Kumar, 2014). Among those, the 16S rRNA has been the marker of 

choice for estimating phylogenies across a wide range of insect taxa, and is considered the 

most informative for studying closely related species (Whitfield & Cameron, 1998). More 

specifically for Apis species, data recovered from 16S rRNA sequences were found to be 

strongly congruent with those from morphological data (Engel & Schultz, 1997). Therefore, the 

available sequences of the 16S rRNA gene for A. mellifera and A. cerana were aligned to 

design new primers. Given that sequences for A. m. iberiensis of African ancestry were 

unavailable, sequences of the sub-Saharan A. m. scutellata and the North African A. m. 

intermissa, both belonging to the African lineage, were included in the analysis (Figure 4.4).  

 

 

Figure 4.4. Sequence analysis of 16S rRNA gene, evidencing the differences in DNA alignments. The 

region inside the boxes refers to the newly proposed primers AM1-F/AM1-R. Genbank accession 

numbers: A. m. ligustica, NC_001566.1; A. m. mellifera, KJ396191.1; A. m. intermissa, KM458618.1; A. 

m. scutellata, KJ601784.1; A. cerana, GQ162109.1; A. cerana japonica, AP017314.1. 
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As previously reported for many holometabolous insects (Whitfield & Cameron, 1998), the 16S 

rRNA gene of the selected species was also found to be highly AT-rich, causing an increased 

possibility of hairpins and self-annealing and, therefore, severely restricting the possibilities for 

primer design. For this reason, the new primers AM1-F/AM1-R were designed to amplify 

different species of the genus Apis and used in real-time PCR assays with HRM analysis. HRM 

is a technique that measures the rate of dissociation of double stranded to single stranded DNA 

through small increments of temperature (0.01–0.2 ºC/s), which allows the discrimination of two 

fragments of similar size with minor nucleotide differences (in theory, a single nucleotide 

substitution is sufficient for discrimination) (Druml & Cichna-Markl, 2014; Reed, Kent, & Wittwer, 

2007; Martín-Fernández et al., 2016). The results obtained by qualitative PCR using the primers 

AM1-F/AM1-R evidenced positive amplification for all tested DNA extracts of A. cerana and A. 

mellifera subspecies (Figure 4.1C). These primers were also tested for cross-reactivity against 

36 plant species, showing negative results in all cases. Subsequently, DNA extracts of honey 

bees, including A. cerana from distinct geographical origins and several A. mellifera subspecies 

(A. m. mellifera, A. m. carnica, A. m. ligustica and A. m. iberiensis), were analysed by real-time 

PCR, confirming the previously obtained results by qualitative PCR. After real-time PCR 

amplification and melting curve analysis (Figure 4.5A), all data were further analysed using the 

Precision Melt Analysis software, allowing discrimination of two clusters (Figure 4.5B and 4.5C, 

Table 4.1). Cluster 1 was defined as the reference cluster and included all the A. cerana 

specimens, with confidence levels above 99.3%. Cluster 2 comprised the different A. mellifera 

subspecies, also with a high confidence levels (99.7%) (Figure 4.5B and 4.5C and Table 4.1).  
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Figure 4.5. Conventional melting (A), normalised melting (B) and difference (C) curves obtained by real-

time PCR amplification with EvaGreen dye and HRM analysis targeting 16S rRNA gene (n=3 replicates). 

Legend: cluster 1, A. cerana from China, Thailand and Vietnam; cluster 2, A. m. mellifera; A. m. carnica; 

A. m. iberiensis (lineages A and M) and A. m. ligustica. 
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The developed HRM method was further applied to honey samples, enabling their 

entomological authentication (Figure 4.6 and Table 4.2). The amplicons exhibited a good 

resolution both by conventional melting curve analysis, with single melt peaks for each species 

(at 72.6 ºC for A. cerana and at 73.8 ºC for A. mellifera) (Figure 4.6A), and HRM analysis, with 

clear separation into two clusters in normalised and in difference curves (Figure 4.6B and 4.6C). 

The authentic honey samples produced by A. mellifera (from Portugal and Vietnam) were 

grouped in the cluster of A. mellifera (cluster 1), while honey samples produced by A. cerana 

(from Vietnam) were clustered with A. cerana (cluster 2), with confidence levels above 99.4% 

and 99.2% for cluster 1 and 2, respectively (Table 4.2). The commercial honey samples 

produced in Europe were grouped in the cluster of A. mellifera, suggesting the effectiveness of 

the technique for identifying the entomological origin of honey. 
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Figure 4.6. Conventional melting (A), normalised melting (B) and difference (C) curves obtained by real-

time PCR amplification with EvaGreen dye and HRM analysis targeting 16S rRNA gene (n=3 replicates). 

Legend: cluster 1, A. cerana from Vietnam and authentic honey samples produced by A. cerana from 

Vietnam; cluster 2, A. m. carnica; A. m. iberiensis (lineage M); A. m. ligustica, authentic honey samples 

produced by A. mellifera from Vietnam, and commercial honey samples from Italy, France and Portugal. 
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4.1.4 Conclusions 

In the present work, two mitochondrial DNA regions, the tRNAleu-cox2 intergenic region and the 

16S rRNA gene, were extensively evaluated for the discrimination of the two honey bee species 

used in apiculture, the European honey bee A. mellifera and the Asian honey bee A. cerana. 

Different approaches were followed for each mtDNA region, namely (i) the development of a 

species-specific PCR for the identification of A. cerana DNA, based in the length 

polymorphisms of the intergenic region; and (ii) a real-time PCR system targeting the 16S rRNA 

gene coupled with HRM analysis, based on sequence variation in this coding region. Although 

A. cerana and A. mellifera are closely related species, thereby showing only slight genetic 

differences, the obtained results proved the ability of the developed methods herein to 

distinguish these two important honey bee species. In particular, the species-specific PCR 

approach allows identification of A. cerana DNA, while the HRM analysis allows identification 

of both A. cerana and A. mellifera DNA. The developed methodologies were further applied to 

analyse honey samples of known origin, allowing their correct identification and proving the 

effectiveness of both techniques for entomological authentication of honey samples.   
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5.1 Final Remarks 

Authenticity is closely linked to quality, being the major consumers concerns in food products. 

The individual characteristics and biological properties of honey are responsible to confer its 

quality, being particularly dependent of botanical, geographical and entomological origin as well 

as environmental conditions. During this thesis, the botanical, geographical and entomological 

origin of honeys were achieved, complementing traditional with novel techniques and 

emphasizing the development of effective and accurate methodologies of DNA based-

methods. 

In the first part of this work the main goal was to evaluate different parameters of honeys quality 

and antioxidant profile in order to determine if geographical origin has some influence on honey 

composition. Different samples of commercial European honeys were evaluated and a possible 

relation between quality parameters/antioxidant profile and geographic origin was studied. All 

samples presented quality parameters in accordance with legislation. However, the results 

showed that, indeed is possible to observe differences between honeys of diverse geographical 

origins in terms of quality and antioxidant profile, it is not possible to establish a relation 

between country of origin and honey composition.  

Nevertheless, the storage effect could have some influence on these parameters as some 

chemical reactions may occur. Thus, Portuguese samples (among them three PDO honeys) 

were studied immediately after purchase and after 4 years of storage. The results of fresh 

sample proved that quality parameters were in accordance with legislation and the antioxidant 

profile demonstrated the honeys richness on these compounds. After 4 years of storage, it is 

possible to notice that in general the quality parameters are kept within the allowed legislation 

values (with a slight increase in HMF and a decrease in AD), while the TPC and TFC had a 

slight increase. 

Since DNA based-methods have been recently introduced and reported has effective and 

accurate techniques to determine the botanical origin of honeys, the second part of this thesis 

are focus on the development and application of these techniques in honey samples. A real-

time PCR followed by the novel HRM analysis was develop and applied, to attain the main 

thesis goal, and taking into account their extremely specificity to differentiate between plant as 

well as animal species. 
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The first step was the selection and improvement of an effective method of DNA extraction, 

regarding the honey matrix complexity. Three pretreatments available on literature were 

selected and a considerable number of combinations between the pretreatments and DNA 

extraction methodologies were tested. The wizard method presented the best results in terms 

of yield and conventional PCR analysis. 

It is well documented that monofloral honeys are more valuable since present specific 

characteristics, such as flavor and taste, as well as biological properties. Portugal has several 

monofloral honeys, being lavander honey one of the most commonly found. A DNA-barcoding 

aproach was developed for specific Lavandula spp. species identification, consisting in a real-

time PCR assay followed by HRM analysis. A set of primers were designed in the plastidial 

matK gene, a barcode gene suggested for plants, and was tested in different species of 

Lavandula spp. The method successfully allowed the differentiation of different Lavandula spp. 

species by real-time PCR coupled with HRM analysis, separating in distinct clusters the 

Lavandula spp.  species most common in Portugal from the others. The technique was further 

applied in different Portuguese lavender honeys, clustering all Portuguese honey samples with 

Lavandula spp. species of Portugal. 

As previously mentioned, different bee species are involved in honey production. Based on 

their distribution, which are related with the geographical origin, the honey has different 

properties and commercial values. Honeys produced by A. cerana are more valued, as this 

species is almost replaced in its original geographical area by A. mellifera, which is considered 

by beekeepers more productive. In addition, there is a great diversification of bee species and 

the native bees are no longer unique in its own geographical area. Thus, another possibility of 

honey adulteration are related with honey bees involved in its production (entomological origin). 

Taking into account this, and since only few studies with DNA based-methods cover the 

determination and differentiation of entomological honey origin, this work aims to apply the 

previously developed DNA based- methods in bee species differentiation, to further evaluate 

honeys authenticity. Two different set of primers were designed targeting 16S rRNA gene 

(AM1) and the tRNAleu-cox2 intergenic region (AC1). Firstly, samples of A. cerana from Vietnam 

and different subspecies of A. mellifera from Europe were evaluated. The primers AC1 allowed 

the distinction between the two species with conventional PCR, as they only amplified A. 

cerana. The primers AM1 amplify all species by conventional PCR, however allowed the 

differentiation between both species when used in real-time PCR coupled with HRM analysis, 

clustering A. cerana in a different cluster than the subspecies of A. mellifera. The methodology 

was then applied to bee species samples and honey samples produced by A. cerana and by 
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A. mellifera from Vietnam and produced by the different subspecies of A. mellifera from Europe. 

The application of HRM analysis allowed the separation of A. mellifera with the honey of A. 

mellifera (commercial and from Vietnam) in the same cluster and in another cluster samples of 

A. cerana with the honey of A. cerana. 

This work allowed to confirm the relation of honey quality and biological properties with several 

factors, but not directly with geographical origin. In this way, it is of huge importance to verify 

the honey authenticity to clarify consumer. DNA based-methods can be a suitable alternative 

to the currently used traditional methods in the study of honey authenticity, since they proved 

to be affordable, high specific and a sensitive tool in the differentiation of Lavandula spp. or 

bee species.  

 

As future perspectives a specific distinction of other plant species found in Portuguese honeys 

by the methodologies described in this thesis would be of interest. Similarly, a more specific 

bee species identification and differentiation could be performed with those methods and used 

in the entomological authenticity study of honey samples. An evaluation of the contribution of 

the entomologic origin of honey in the quality parameters and biological properties would be 

also of interest. 
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