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Abstract 

ABSTRACT 

The purpose of the present PhD Thesis has been to characterize honeys of different botanical 

origins from Castilla y León (North-Central Spain) on the basis of their mellisopalinology, 

sensory and physicochemical parameters, including sugars’ and phenolic compounds’ 

profiles, different antioxidant-related parameters and antimicrobial analysis. A thorough 

review of the literature, as well as a critical review and set up of total flavonoids, trolox 

equivalent antioxidant capacity (TEAC) and antibacterial activity against Staphylococcus 

aureus were also done.  

All honeys fulfilled the European regulations. The analysis of total flavonoids was done in 

neutral media on honeys’ methanolic extracts, with a sample’s colour correction. TEAC 

determination was simplified reading the absorbance at six minutes. Agar well diffusion 

procedure, followed by broth dilution assay, was proposed for honeys’ antibacterial activity 

determination. 

Dark honeys possessed higher TEAC, polyphenols, phenolic acids and ellagic acid mean 

values, and lower quercetin and kaempferol averages than light honeys. Chestnut and 

honeydew honeys were characterized by the highest electrical conductivity and pH, and the 

lowest fructose and glucose mean concentrations, as well as the lowest averages of quercetin 

and kaempferol. Honeydew samples had the highest mean values of optical rotation, proline, 

total di- and oligosaccharides, the main honeydew indicator sugars and ellagic acid. Chestnut 

samples possessed the highest mean concentration for the sum of all hydroxycinnamic-related 

compounds. Lavender and clover samples were characterized by the highest maltose, 

quercetin and kaempferol averages and the lowest electrical conductivity, pH, melezitose and 

ellagic acid mean values. Both honey types together with heather honeys possessed high 

monosaccharides averages. Clover samples had high moisture content, free and total acidity, 

and the lowest chlorogenic acid average, being the contrary to lavender honeys. Moreover 

clover honeys had the lowest pinocembrin, chrysin and galangin mean values, whereas 

lavender samples possessed the highest sucrose and the lowest isomaltose and raffinose 

averages. Finally, heather samples were characterized by the highest pinocembrin and chrysin 

mean values and the lowest specific rotation, disaccharides and trisaccharides mean contents. 

Some significant correlations were found among the studied parameters. Bioactive 

compounds and other antioxidant-related parameters were more useful to classify honeys by 

their botanical origins than sugars and other physicochemical characteristics. 

  



Resumen 

RESUMEN 

El propósito de la presente Tesis Doctoral ha sido la caracterización de mieles de diferentes 

orígenes botánicos producidas en Castilla y León (España), en función de su análisis 

melisopalinológico, sensorial y de sus parámetros fisicoquímicos, destacando el perfil de 

azúcares y compuestos fenólicos, diferentes parámetros relacionados con la capacidad 

antioxidante y la evaluación de la actividad antibacteriana. También se llevó a cabo una 

revisión exhaustiva de la bibliografía, así como una revisión crítica y una puesta a punto del 

método de análisis de flavonoides totales, de la capacidad antioxidante equivalente de trolox 

(TEAC) y de la actividad antibacteriana contra Staphylococcus aureus.  

Todas las mieles cumplieron con las regulaciones Europeas establecidas. El análisis de 

flavonoides totales se realizó en medio neutro en los extractos metanólicos de las mieles, 

corrigiendo el color de las muestras. La determinación TEAC se simplificó leyendo la 

absorbancia a seis minutos. Para la determinación de la actividad antibacteriana, se propuso el 

análisis de difusión en agar, seguido del ensayo de dilución en caldo. 

Las mieles oscuras poseyeron mayores valores medios de TEAC, polifenoles, ácidos 

fenólicos y ácido elágico, y menores de quercetina y canferol que las mieles claras. Las mieles 

de castaño y mielada se caracterizaron por una conductividad y un pH muy elevados, y 

concentraciones bajas de fructosa, glucosa, quercetina y canferol. Las muestras de mielada 

tuvieron los valores medios más elevados de rotación específica, prolina, di- y oligosacáridos 

totales, de los principales azúcares indicadores de mielada y de ácido elágico. Las mieles de 

castaño poseyeron el promedio más elevado de compuestos hidroxicinámicos. Las mieles de 

lavanda y trébol se caracterizaron por los valores medios más elevados de maltosa, quercetina 

y canferol, y los más bajos de conductividad, pH, melecitosa y ácido elágico. Ambos tipos de 

miel, junto con las muestras de brezo, tuvieron la concentración media de monosacáridos más 

alta. Las mieles de trébol poseyeron una elevada humedad, acidez libre y acidez total, y el 

promedio de ácido clorogénico más bajo, siendo lo contrario en las de lavanda. Además, las 

mieles de trébol presentaron los valores medios de pinocembrina, crisina y galangina más 

bajos, y las de lavanda los más elevados de sacarosa y los más bajos de isomaltosa y rafinosa. 

Las mieles de brezo se caracterizaron por los mayores promedios de pinocembrina y crisina, y 

los menores de rotación específica, di- y oligosacáridos totales. 

Se encontraron algunas correlaciones significativas entre los parámetros estudiados. Los 

resultados relacionados con la actividad antioxidante fueron más útiles que los otros análisis 

fisicoquímicos realizados a la hora de discriminar las mieles según su origen botánico. 
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PhD Thesis structure 

PHD THESIS STRUCTURE 

This PhD Thesis has been divided into the following paragraphs: introduction, objectives, 

experimental work (including materials and methods, and results and discussion), future 

prospects, conclusions and annexes. 

The introduction comprises three chapters. The first one is a brief general introduction in 

Spanish. The second chapter deals with physicochemical composition, nutritional and 

biological properties of honey. The third one tackles an extensive and thorough literature 

review about physicochemical analyses of honey. 

The purposes of the thesis have been written both in English and in Spanish. 

Chapters 4, 5, 6 and 7 refer to the paragraphs of the experimental part. These chapters have 

been structured with the format of scientific papers, because some of them were sent, 

accepted for publication and/or already published. The characterization of honeys from 

Castilla y León on the basis of their quality control parameters and sugars’ profiles in 

particular, has been described in chapter 4. Chapter 5 has dealt with the setting up and 

optimization of different procedures related with antioxidant capacity, assessing the results of 

honeys from Castilla y León in chapter 6, together with the analysis of other bioactive 

compounds. Eventually, in chapter 7 the most common methods to determine antibacterial 

activity of honeys against Staphylococcus aureus have been researched and compared.  

Finally, the conclusions of the research are summarized, both in English and in Spanish. 

In respect of the attached annexes, annex 1 shows different tables commented in the 

experimental part, whereas annex 2 compiles the scientific articles derived from this PhD 

Thesis so far.  

  



Estructura de la Tesis Doctoral 

ESTRUCTURA DE LA TESIS DOCTORAL 

Esta Tesis Doctoral se ha dividido en los siguientes apartados: introducción, objetivos, trabajo 

experimental (donde están incluidos materiales y métodos, y resultados y discusión), 

conclusiones, perspectivas futuras y anexos. 

La introducción está compuesta por tres capítulos. El primer capítulo es una breve 

introducción en español. El segundo trata sobre la composición fisicoquímica, propiedades 

biológicas y nutricionales de la miel. El tercero aborda una extensa y detallada revisión 

bibliográfica de la metodología empleada para el análisis fisicoquímico de la miel.  

Los objetivos de la tesis se han redactado en inglés y en español. 

Los capítulos 4, 5, 6 y 7 hacen referencia a la parte experimental. Dichos capítulos se han 

estructurado como artículos, ya que algunos de ellos han sido enviados, aceptados y/o 

publicados. La caracterización de las mieles de Castilla y León por sus parámetros de control 

de calidad y en particular, de su perfil de azúcares, queda recogida en el capítulo 4. En el 

capítulo 5 se describe la optimización de distintas metodologías analíticas relacionadas con la 

capacidad antioxidante, evaluando en el capítulo 6 estos parámetros junto con otros 

compuestos bioactivos en las mieles castellano-leonesas. Para finalizar este apartado, en el 

capítulo 7 se investigan y comparan los métodos más utilizados para determinar la actividad 

antibacteriana de las mieles frente Staphylococcous aureus. 

Por último, se exponen las conclusiones de la investigación realizada en inglés y en español. 

En lo que respecta a los anexos adjuntos, el primero recoge distintas tablas comentadas en la 

parte experimental, mientras que el segundo anexo recopila los artículos científicos derivados 

de la presente tesis doctoral hasta el momento. 
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INTRODUCCIÓN GENERAL  

1. Castilla y León y la apicultura 

Castilla y León es una Comunidad Autónoma española formada por nueve provincias, que 

está situada en el centro-norte de la Península Ibérica (Figura 1). Es la Comunidad Autónoma 

más grande de España, y la tercera mayor región de la Unión Europea, con una extensión de 

94.200 km2 y una población de 2.495.765 de habitantes (INE, 2014). 

 
Figura 1. Mapa de Europa que muestra la localización de España y dentro de ésta, Castilla y León. 

El clima de la región principalmente es mediterráneo continentalizado, caracterizado por 

inviernos fríos y largos, y veranos cortos y calurosos. La zona norte posee un clima oceánico, 

debido a la influencia del mar Cantábrico situado a unos 40 km de la región (García-

Fernández, 1986). 

En Castilla y León existe una gran diversidad forestal, destacando los bosques formados por 

encinas (Quercus ilex), robles (Quercus pyrenaica y Quercus robur), especies del género 

Pinus, hayas (Fagus sp.), fresnos (Fraxinus sp.), tilos (Tilia sp.) y castaños (Castanea sativa) 

(Guerra-Velasco, 2010). 

Castilla y León posee el mayor número de explotaciones apícolas de España con 4.546 (un 

16,5% del total), siendo la tercera en el número de colonias, con 399.961 (un 14,7% del total) 

y la cuarta en cuanto a producción de miel se refiere, con 3.983 toneladas (un 13,0% del total) 

(Subdirección General de Productos Ganaderos, 2015). 

La flora melífera utilizada por las abejas para producir miel en Castilla y León proviene de 

ericáceas (Erica sp., Calluna vulgaris), leguminosas (tipo Onobrychis sp., Trifolium sp., 

Genista sp., entre otras), rosáceas (Rubus sp. y otras), labiadas (Lavandula sp., Thymus sp., 

entre otras) y castaños (Castanea sativa). También destacan plantas melíferas cultivadas 
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como el girasol (Helianthus annuus). Las abejas melíferas tanto en Castilla y León como en el 

resto de España, producen miel de mielada principalmente de árboles del género Quercus sp., 

fundamentalmente de encinas (Quercus ilex) y robles (Quercus robur, Quercus pyrenaica).  

Las principales mieles monoflorales de Castilla y León son la miel de brezo (Erica sp., 

Calluna vulgaris), castaño (Castanea sativa), girasol (Helianthus annuus), lavanda 

(Lavandula sp.) y tomillo (Thymus sp.), así como miel de mielada (Quercus sp.).  

2. Definición de la miel 

La miel se encuentra definida en la Directiva 2001/110/CE (DOCE, 2002) y en el RD 

1049/2003 (BOE, 2003) como la sustancia natural dulce producida por la abeja Apis mellifera 

a partir del néctar de plantas o de secreciones de partes vivas de plantas o de excreciones de 

insectos chupadores presentes en las partes vivas de plantas, que las abejas recolectan, 

transforman combinándolas con sustancias específicas propias, depositan, deshidratan, 

almacenan y dejan en colmenas para que madure. 

Según su origen, la miel puede ser floral (miel de flores que a su vez puede ser monofloral o 

milflores) o de mielada (Figura 2). La mezcla de miel de flores y mielada se denomina miel 

de bosque. 

 

Figura 2. Los mielatos de las plantas son: (a) secreciones de partes vivas de las plantas o (b) excreciones de 
insectos. 

Esta definición sólo es válida para la miel producida por las abejas Apis mellifera (especie 

existente en Europa), pero existen otras especies de abejas que producen miel con 

características totalmente distintas, por lo que sus requerimientos de calidad serán diferentes. 

Un ejemplo de ello es la miel producida en las regiones tropicales y subtropicales por las 

abejas sin aguijón o Meliponini (que incluye más de 500 especies), conocida en inglés como 

“pot honey”, debido a que estas abejas, en lugar de almacenar la miel en panales de cera con 

celdillas hexagonales como la Apis mellifera, lo hacen en “potes o botijas” de cerumen y 

resina (Figura 3). Actualmente, no existe norma de calidad para esta miel, y los parámetros no 

cumplen con la legislación para Apis mellifera, ya que, mientras que en la miel de Apis 

mellifera la fermentación es un defecto grave que puede ser debido al deterioro de la miel, en 
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la miel de abejas sin aguijón, la fermentación se produce en el interior de la colmena. Esta 

miel, más húmeda y más ácida que la miel de Apis mellifera, es más valorada por su origen 

entomológico que por su origen botánico (muy difícil de evaluar debido a la gran diversidad 

de vegetación existente en estas regiones tropicales y subtropicales) y geográfico (Vit et al., 

2013). 

 
Figura 3. (a) Colmena de Apis mellifera y (b) colmena de Meliponini. 

3. Producción de la miel 

La colmena está constituida por la abeja reina, los zánganos y las abejas obreras (Figura 4). El 

único cometido de la reina es preservar la continuidad de la colmena, y el único cometido de 

los zánganos es fecundar a la reina. La reina casi no tiene cerebro con relación a la obrera, y 

esto ocurre en beneficio de sus órganos reproductivos; las obreras, en cambio, tienen sus 

órganos sexuales atrofiados, pero son más inteligentes, pudiendo cumplir diversas funciones, 

según su edad y tipo: abejas obreras limpiadoras, nodrizas (producen la jalea real), 

guardianas, y ventiladoras o evaporadoras, entre otras (Sainz-Laín y Gómez-Ferreras, 2000). 

 
Figura 4. Miembros de una colmena. 
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Las fases de la producción de miel por parte de las abejas son las siguientes (Sainz-Laín y 

Gómez-Ferreras, 2000; Sabatini, 2007): 

1) Succión de la solución azucarada que contiene más de un 90% de carbohidratos en 

sólidos totales (néctar o mielato) por parte de las abejas obreras pecoreadoras. 

2) Almacenamiento en el buche o bolsa de la miel, que se expande pudiendo albergar hasta 

70 mg de néctar o mielatos. 

3) Trofalaxis: Proceso en el cual la abeja pecoreadora transfiere la solución azucarada a una 

abeja almacenadora, que a su vez se lo transfiere a otras abejas almacenadoras (Figura 5). 

El proceso dura unos 15-20 minutos, y en él intervienen aproximadamente unas cuatro 

abejas. 

 
Figura 5. Trofalaxis. 

Aquí da comienzo la conversión de la solución azucarada en miel, siendo la fase activa de 

su maduración, donde se produce la primera fase de deshidratación de la solución 

azucarada (facilitando así la posterior conservación de la miel), y la adición de 

secreciones glandulares enzimáticas que determinan una serie de transformaciones 

químicas sobre todo en los azúcares (como por ejemplo la adición de invertasa, que va a 

llevar a cabo la rotura de azúcares complejos a simples, rompiendo la sacarosa en 

fructosa y glucosa). 

4) Almacenamiento: La abeja almacenadora deposita la miel en las celdillas del panal, 

siendo posteriormente el turno de la abeja ventiladora, que va a concentrar más el 

producto gracias a la evaporación indirecta originada por intensas corrientes de aire que 

provoca con su movimiento de alas. Esta es la fase pasiva de la maduración de la miel, 

donde tiene lugar la segunda fase de evaporación.  

5) Operculación: Las abejas selladoras o cereras se encargan de cerrar u opercular las 

celdillas herméticamente con cera con el fin de evitar que la miel reabsorba el agua del 

medio y fermente.  
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4. Procesado de la miel 

Las fases del procesado de la miel por parte del apicultor son las siguientes (Vangelisti, 

2007): 

1) Recogida: En los panales, se recogen los cuadros de las alzas melarias (que es donde se 

sitúa la miel) que se encuentren totalmente operculados, garantizando así la maduración 

de la miel. 

2) Extracción: En primer lugar se realiza una desoperculación de los cuadros melarios 

(Figura 6), seguida de una centrifugación. Si la miel es de brezo Calluna vulgaris 

(también denominada miel de biércol o brecina), ésta se va a extraer de los cuadros con 

mucha dificultad debido a su tixotropía (propiedad que tienen algunos fluidos de pasar de 

estado gel a líquido por medio de agitación), por lo que como etapa previa a la 

centrifugación hay que realizar varios pases de un rodillo con púas sobre el cuadro 

melario (para provocar una agitación de la miel dentro de las celdillas y que ésta pase del 

estado gel a líquido), o calentar la miel a una temperatura máxima de 35ºC (aunque este 

procedimiento es menos eficaz). 

 
Figura 6. Desoperculación. 

3) Eliminación de las impurezas: Se realiza una filtración seguida de una decantación. Con 

la decantación se eliminan partículas extrañas a la miel que hayan pasado en la filtración 

(las más grandes tienden a depositarse en el fondo del contenedor, mientras que las más 

pequeñas emergen a la superficie), y además se eliminan las burbujas de aire que se 

encuentran englobadas en la miel y que se producen durante la fase de centrifugación. 

4) Envasado. 

Como tratamientos tecnológicos opcionales en este proceso de elaboración, destacan: 

 Deshumidificación: Se realiza antes de la extracción en mieles con un contenido de agua 

excesivo, que no han terminado de madurar en los panales, previniendo con ello su 

fermentación.  



Introducción general 

 
 10 

 Cristalización inducida, preparación de miel de consistencia particular (líquida, cremosa, 

cristalizada), técnica de cristalización guiada o sembrado de la miel: Se realiza antes del 

envasado. Con ello se consigue dar homogeneidad y uniformidad al producto, 

garantizando que cuando la miel cristalice, los cristales formados sean más regulares y de 

dimensiones más finas. Es un tratamiento fundamental para la obtención de una miel de 

calidad. 

 Calentamiento (30-40ºC): Facilita determinadas operaciones, pero sólo se debe aplicar si 

es estrictamente necesario. 

 Pasteurización (72ºC, 6 minutos): Al disolver los cristales de glucosa, mantiene la miel en 

estado fluido durante más tiempo, además de eliminar las levaduras presentes que 

producen la fermentación.  

5. Evaluación de la calidad y autenticidad de la miel 

Los consumidores seleccionan la miel principalmente por sus propiedades sensoriales, siendo 

el sabor y el gusto los atributos más significativos (Castro-Vázquez et al., 2008). Estas 

características organolépticas dependen sobre todo del tipo de flora donde las abejas 

recolectan el néctar y los mielatos, junto con otros factores como las condiciones climáticas y 

el origen geográfico. Esta variabilidad contribuye a la existencia de diferentes tipos de mieles 

(monoflorales o milflores), con una gran diversidad de características sensoriales (Días et al., 

2008). 

Las mieles más demandadas son las monoflorales (que provienen predominantemente de una 

única fuente botánica), por lo que alcanzan precios más elevados en el mercado. Esto hace 

que a menudo se produzcan fraudes debido a un etiquetado incorrecto o a adulteraciones, por 

lo que, con el fin de prevenir dichos fraudes, es fundamental la aplicación de metodologías 

analíticas para la verificación del origen tanto botánico como geográfico (aunque este último 

es más difícil de evaluar), y para garantizar la calidad de la miel (Arvanitoyannis et al., 2005; 

Aliferis et al., 2010). 

El método tradicional y de referencia hoy en día para la evaluación del origen botánico de la 

miel es el análisis polínico (melisopalinología), pero tiene el inconveniente de que algunas 

plantas producen una mayor o menor cantidad de polen en relación con la producción de 

néctar (Louveaux et al., 1978) y, además, las flores femeninas no poseen polen. Por ello, esta 

técnica por sí sola no es suficiente para la autentificación de la miel, debiendo ser completada 

con la determinación de los parámetros fisicoquímicos y de las propiedades organolépticas del 

producto. 

Tanto el análisis melisopalinológico como el sensorial son análisis muy complejos y 

laboriosos. Además, el análisis melisopalinológico requiere de un experto palinólogo para una 
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correcta interpretación de los resultados (Anklam, 1998), mientras que el análisis sensorial es 

un análisis que requiere de un grupo de personas entrenadas en las características 

organolépticas del producto (panel), pudiendo ser influenciadas por diferentes factores 

(Ampuero et al., 2004). 

Por estas razones, hoy en día la investigación se centra en la búsqueda de métodos 

alternativos que permitan la identificación de marcadores químicos específicos de las mieles 

monoflorales o en la combinación de métodos estadísticos junto con el análisis del perfil de 

una serie de parámetros (“fingerprint”) que caractericen los diferentes tipos de mieles 

monoflorales (Ampuero et al., 2004). 

Por otro lado, la combinación de estos tres tipos de análisis es fundamental para evaluar la 

calidad de la miel: el análisis melisopalinológico no sólo nos proporciona el origen de la miel, 

sino que nos puede dar información muy importante acerca de la limpieza e impurezas que 

pueda poseer, la existencia de fermentación, y adulteraciones producidas por la adición de 

sustancias ajenas a la miel (Louveaux et al., 1978); los análisis fisicoquímicos nos permiten 

evaluar si los parámetros cumplen con la legislación vigente, importantes para evitar fraudes y 

adulteraciones, y la ausencia de residuos de antibióticos y plaguicidas; mientras que mediante 

un análisis sensorial podemos detectar tanto defectos visuales (presencia de impurezas, 

espumas) y táctiles (consistencia desagradable) que afecten a la calidad de la miel, como 

defectos olfato-gustativos que nos den una idea de posibles adulteraciones o degradaciones 

del producto. 

5.1. Análisis melisopalinológico 

La melisopalinología es la ciencia que estudia la identificación de los granos de polen y los 

elementos de mielada presentes en la miel mediante un examen microscópico de su 

sedimento, ya que todas las mieles naturales tienen en su composición los elementos 

procedentes del néctar o de la mielada que la originaron (Louveaux et al., 1978; Von der Ohe 

et al., 2004). 

La miel cuyo origen es el néctar, contiene los granos de polen (P) de las plantas visitadas por 

las abejas (Figura 7). Generalmente, para poder definir una miel como monofloral, el 

contenido de polen de la especie vegetal dominante debe ser al menos del 45% (polen 

predominante). Se establecen excepciones para especies en las que el polen puede estar infra o 

suprarrepresentado. El polen se definirá como secundario cuando su contenido se encuentre 

entre 16-45%. 



Introducción general 

 
 12 

            

Figura 7. Pólenes vistos al microscopio: (a) polen de brezo (Erica sp.) y (b) polen de girasol (Helianthus 
annuus). 

En el caso de las mieles cuyo origen es la mielada (Figura 8), en el sedimento existen 

elementos indicadores de mielada (HDE) como algas microscópicas, esporas, hifas o restos de 

micelios fúngicos, y polen tanto de las plantas que lo segregan como de otras especies 

anemófilas. En general, se requiere una relación HDE/P mayor de 3 para establecer que una 

miel es de mielada (Louveaux et al., 1978; Von der Ohe et al., 2004). 

          

Figura 8. Elementos de mielada vistos al microscopio.  

5.2. Análisis físico-químicos 

La composición química de la miel depende en gran medida de su origen botánico y 

geográfico.  

Los métodos oficiales de los análisis fisicoquímicos más importantes que se realizan en la 

miel son recogidos por la Legislación Española (BOE, 1986) y la “Association of Official 

Analytical Chemists” (AOAC, 2012), y han sido validados y normalizados por la Comisión 

Internacional de la Miel (Bogdanov, 2009). Algunos de estos parámetros, como el contenido 

en hidroximetilfurfural, agua, y residuos de antibióticos y pesticidas, sólo proporcionan 

información sobre la calidad de la miel, pero existen métodos basados en el análisis de 

componentes específicos que si pueden dar información sobre su origen. La combinación de 

métodos fisicoquímicos puede ser importante para autentificar una miel, especialmente si se 

aplican las nuevas técnicas de evaluación estadística. 
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Los parámetros más importantes a analizar en la miel son: 

 Análisis fisicoquímicos legislados (CAC, 2001; DOCE, 2002; BOE, 2003): 

- Contenido en hidroximetilfurfural (HMF): Método espectrofotométrico o 

cromatográfico (HPLC). Máximo legal general: 40 mg/kg. Importancia: Indicador de 

frescura y detección de fraudes. 

- Índice de diastasas: Análisis colorimétrico. Mínimo legal general: 8 unidades Schade. 

Importancia: Indicador de frescura y detección de fraudes. 

- Contenido en agua: Refractometría o desecación a vacío. Máximo legal general: 20%. 

Importancia: Indicador de madurez, influencia en la conservación y en las propiedades 

físicas. 

- Conductividad eléctrica: Conductivimetría. Por regla general, las mieles con menos de 

0,8 mS/cm van a ser mieles de flores (existen excepciones como la miel de brezo), y 

las mieles con más de 0,8 mS/cm, mieles de mielada y/o castaño. Importancia: 

Indicador del origen botánico y de posibles fraudes. 

- Sólidos insolubles: Gravimetría. Máximo legal general: 0,1 g/100 g. Importancia: 

Indicador de limpieza. 

- Azúcares (glucosa, fructosa, sacarosa). Métodos enzimáticos y cromatográficos. 

Los límites legales son: 

o Fructosa + glucosa: Miel de néctar mínimo 60 g/100 g; Miel de mielada o 

mezcla de mielada/néctar mínimo 45 g/100 g. 

o Sacarosa: En general, máximo 5 g/100 g. 

Importancia: Indicadores de madurez y de posibles fraudes. 

- Acidez libre: Potenciometría. Máximo legal 50 meq/kg. Importancia: Indicador de 

deterioro por fermentación. 

 Parámetros no legislados que pueden servir para la autentificación o el control de calidad 

de las mieles: 

- Color. 

- Actividad de agua. 

- Rotación específica. 

- pH, acidez lactónica e índice de formol (potenciometría). 

- Perfil de azúcares (cromatografía). 

- Ácidos orgánicos (test enzimáticos, cromatografía, electroforesis capilar). 

- Aminoácidos (espectrofotometría, cromatografía). 

- Vitaminas (cromatografía). 
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- Sales minerales (espectrofotometría de absorción atómica, cromatografía, 

electroforesis capilar, plasma con acoplamiento inductivo). 

- Compuestos volátiles (cromatografía). 

- Actividad antibacteriana. 

- Compuestos fenólicos y flavonoides (colorimetría, cromatografía, electroforesis). 

- Actividad antioxidante mediante distintos métodos como ORAC (Capacidad de 

absorción de radicales de oxígeno), DPPH (Depleción del 2,2-difenil-1-picrilhydrazil), 

FRAP (Poder antioxidante reductor del hierro), TEAC o ABTS (Capacidad 

antioxidante equivalente de trolox o depleción del 2,2’-Azinobis-3-etil-benzotiazolina-

6-ácido sulfónico), y actividad secuestrante de distintos radicales (hidroxilo, peroxilo, 

peroxinitrito, superóxido), entre otros. 

- Nariz electrónica y lengua electrónica (potenciometría, voltametría). 

- Residuos (BOE, 1998; DOUE, 2014): Métodos cromatográficos. 

5.3. Análisis sensorial 

El análisis sensorial en el caso de la miel se emplea fundamentalmente en tres aspectos: en 

primer lugar, la presentación del producto, donde, como se ha comentado anteriormente, es 

importante tanto el control de la calidad (limpieza, estado físico, ausencia de defectos), como 

el control del origen botánico y geográfico de dicha miel. En segundo lugar, la promoción del 

producto mediante la realización de degustaciones guiadas en ferias y mercados; y en tercer 

lugar, la valorización del producto, llevando a cabo diversos concursos (internacionales, 

nacionales, regionales, locales), y la obtención de distintas marcas de calidad, tales como las 

“Denominaciones de Origen Protegidas” (D.O.P.) y las “Indicaciones Geográficas 

Protegidas” (I.G.P.). El análisis sensorial se puede realizar con consumidores no adiestrados 

(pruebas de preferencia o aceptación mediante análisis hedónico-afectivos para establecer si el 

producto gusta o no), o sobre un grupo de catadores adiestrados o panel, en cuyo caso el 

análisis es útil para comparar muestras o para describir las propiedades organolépticas del 

producto (Giomo, 2007; Piana, 2007). 

Para la técnica de evaluación sensorial, existen normas UNE y UNE-ISO de referencia, que 

marcan la metodología a seguir para la realización de las distintas pruebas sensoriales, para la 

selección y entrenamiento del panel y para el personal de los laboratorios de análisis sensorial. 

Existen diversos factores que influyen en el análisis sensorial: factores genéticos (umbral de 

percepción, saturación), fisiológicos temporales (fatiga mental, física, saciedad o ayuno, el 

consumo de ciertos alimentos, el uso de perfumes y el embarazo, entre otros), psicológicos 

(como por ejemplo el orden de presentación, influencia del compañero, autoestima o falta de 

motivación), patológicos (enfermedades del aparato respiratorio como gripe, catarro o 
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enfermedades del aparato bucal), además de factores tales como el adiestramiento, la 

capacidad de expresión o la satisfacción personal (Giomo, 2007). 

5.3.1. Análisis sensorial descriptivo 

Es el análisis sensorial más importante y que aporta más información. El éxito de este tipo de 

caracterización organoléptica va a depender de la elección y entrenamiento de los jueces 

constituyentes del panel de cata (González y De Lorenzo, 2002a). Las fases de la percepción 

sensorial en el análisis descriptivo de la miel son (Persano-Oddo et al., 1996; Piana et al., 

2004; Piana, 2007): 

 Fase visual: Color y estado físico (es función del origen botánico y del envejecimiento 

del producto, influyendo en el color tanto el estado físico como el tipo de cristalización), 

limpieza, homogeneidad, deterioro, defectos (tanto en la elaboración como en la 

conservación). 

 Fase olfativa por vía directa o nasal: Intensidad, persistencia, descripción del olor, 

ausencia de defectos.  

 Fase olfato-gustativa: Sabor o gusto (con los sabores básicos dulce, ácido, salado y 

amargo), intensidad, persistencia, descripción del aroma por vía olfativa indirecta o 

retronasal, retrogusto y ausencia de defectos.  

 Tanto en la fase olfativa directa (olor) como en la indirecta (aroma), se utilizan unos 

descriptores olfato-gustativos y un vocabulario específico desarrollado para la miel 

(Bentabol-Manzanares, 2002; Galán-Soldevilla et al., 2005), basados en la “Rueda del 

olor y del aroma para la miel” (Figura 9), creada por Bruneau et al. (2000) y modificada 

por la Comisión Internacional de la Miel (Piana et al., 2004). 

 Otras percepciones bucales: Sensación táctil (textura de la miel como fluidez, viscosidad, 

granulación, consistencia y característica de los cristales formados), sensación química 

(como astringencia, picor o frescor) y sensación térmica. 
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Figura 9. Rueda del olor y del aroma para la miel adaptada por la Casa de la Miel de Tenerife (Bentabol-
Manzanares, 2002). 

5.3.2. Defectos de la miel 

Los defectos de la miel perceptibles a través de los órganos de los sentidos, son los siguientes 

(Sainz-Laín y Gómez-Ferreras, 2000; Colombo, 2007): 

 Defectos en la elaboración 

- Impurezas: Debido a una mala filtración. 

- Espumas: Debido a una decantación insuficiente. No modifican la calidad de la miel, 

pero hacen que disminuya su valoración por parte del consumidor. 

- Tratamiento térmico excesivo o prolongado: Es un defecto grave, ya que aumentan las 

reacciones bioquímicas que acompañan al envejecimiento del producto (tonalidades 

más oscuras y alteración de los olores y sabores). 

 Defectos en la conservación 

- Defectos de cristalización:  

o Gruesa no homogénea o lenta: Son mieles con baja tendencia a cristalizar (bajo 

contenido en glucosa, alto contenido en agua, y temperatura de conservación 

distinta de 14ºC). Se forman cristales de grandes dimensiones y angulosos, 

desagradables al paladar. 
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o Incompleta: Miel anterior que además ha sufrido un calentamiento excesivo o 

prolongado. 

o Homogénea compacta o en reposo: Mieles con bajo contenido en agua en las que 

se forma una estructura cristalina muy ordenada y compacta. Son mieles duras y 

difíciles de manejar.  

o Escarchado y jaspeado: Se produce en mieles como las anteriores. Consiste en la 

aparición de forma superficial (escarchado) o en el interior del tarro (jaspeado) de 

manchas blanquecinas, debido a la presencia de burbujas de aire en la miel que 

ascienden y entran en contacto con los cristales de glucosa, deshidratándolos. 

Defecto visual leve. 

o Separación de fases: En mieles que poseen una estructura cristalina frágil (mieles 

cremosas), y con una humedad excesiva, la estructura cristalina cede, quedando en 

la parte superior una capa de miel líquida y en la inferior miel cristalizada. Es el 

defecto más grave de la cristalización. Indica que es una miel vieja con tendencia 

a fermentar. 

o Fermentación: Es un defecto grave e irreversible que excluye al producto del 

consumo directo. Se produce debido a la presencia de levaduras osmófilas, en 

mieles con una humedad superior al 18% y/o conservadas a temperaturas mayores 

de 30ºC. Se desarrollan ácidos, gases y compuestos aromáticos nuevos que 

otorgan a las mieles fermentadas un olor alcohólico. Para prevenir la 

fermentación, se recomienda partir de una miel madura, un consumo rápido, una 

conservación en frio y/o la inactivación de las levaduras causantes de dicha 

fermentación (tratamiento térmico de pasteurización). 

- Envejecimiento: Proceso irreversible que se produce debido a una mala conservación 

(temperaturas elevadas, luz), a tratamientos térmicos excesivos o al paso de tiempo. Se 

caracteriza por un oscurecimiento de la miel, la desaparición de los aromas típicos del 

producto y aparición de nuevos (acaramelados), desvanecimiento de la estructura 

cristalina y fermentación. 

6. Las mieles españolas 

En España existen actualmente distintas marcas de calidad para alimentos, entre las que 

destacan las D.O.P. y las I.G.P. Entre otras, están reconocidas con una calidad diferenciada 

mediante D.O.P. las mieles españolas de Campoo-Los Valles, Granada, La Alcarria, Liébana, 

Tenerife y Villuercas-Ibores, y con una I.G.P. las mieles de Galicia. Cada marca de calidad 

posee su legislación, que indica los tipos de mieles que se pueden producir, las características 

que tienen que cumplir y la zona geográfica de producción. 
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A continuación se presentan las principales mieles monoflorales españolas, sus principales 

territorios de obtención y sus características organolépticas más importantes (Persano-Oddo et 

al., 1996; González y De Lorenzo, 2002b; Gómez-Pajuelo, 2004; Persano-Oddo y Piro, 2004; 

Colombo et al., 2007):  

 Acacia (Robinia pseudoacacia): Cantábrico. Color incoloro-amarillo muy claro, olor 

floral débil, aroma avainillado, delicado, sabor muy dulce. 

 Azahar (Citrus sp.): Costa mediterránea. Color incoloro-amarillo claro, olor y aroma 

floral de media intensidad.  

 Brezo (Ericaceae): Ampliamente distribuido por toda la península e Islas Canarias. Color 

ámbar oscuro con reflejos anaranjados cuando la miel es líquida, color marrón cuando 

está cristalizada. Olor y aroma de intensidad media-alta floral, acaramelado, a almendras 

amargas. Sabor a veces ligeramente amargo. 

 Castaño (Castanea sativa): Norte de la península e Islas Canarias. Color ámbar medio-

oscuro con tonalidades rojizas/verdosas. Olor y aroma intenso, pungente, animal, a 

madera seca, a jabón. Sabor más o menos amargo, a veces con notas saladas. 

 Espliego y Lavanda (Lavandula sp.): Franja central de la península e Islas Baleares. 

Color anaranjado con tonalidades amarillentas las mieles de espliego, y amarillo claro las 

mieles de lavanda. Olor y aroma intenso a plantas aromáticas, a paja húmeda, a flores de 

camomila y a lavanda.  

 Eucalipto (Eucalyptus sp.): Costa cantábrica y sur de la península. Color ámbar más o 

menos claro. Olor y aroma intenso, animal, acaramelado, ahumado, a regaliz, a 

champiñones secos. Sabor ligeramente ácido y salado. 

 Girasol (Helianthus annuus): Franja central de la península. Color ámbar claro con 

reflejos amarillos cuando la miel está líquida, color amarillo-dorado en mieles 

cristalizadas. Olor y aroma de media intensidad, vegetal, a paja húmeda, tomate verde, 

oleoso. 

 Mielada (Principalmente Quercus sp.): Franja central de la península e Islas Canarias. 

Color ámbar oscuro-muy oscuro. Olor y aroma intenso malteado, tostado, a madera, 

frutas desecadas. Sabor con ligeras notas saladas. 

 Romero (Rosmarinus officinalis): Franja central de la península e Islas Baleares. Color 

amarillo más o menos claro en miel líquida y blanco-amarillento muy claro en miel 

cristalizada. Olor y aroma poco intenso, ligeramente aromático, floral. 

 Tomillo (Thymus sp.): Franja central de la península. En miel líquida, color ámbar claro 

con tonalidades rojizas, y en miel cristalizada, color marrón claro. Olor intenso, fenólico, 

animal valeriánico. El aroma es algo más floral que el olor. Ligeramente picante. 
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En Tenerife, además de las mieles de brezo, castaño y mielada, debido a la exclusiva flora 

natural y cultivada de la isla, con gran número de endemismos y una dilatada temporada de 

floraciones que hace que prácticamente todo el año puedan estar trabajando las abejas, se 

recolectan gran variedad de mieles distintas y muchas de ellas únicas en el mundo (Bentabol-

Manzanares, 2013). Las más importantes, junto con las de mielada, son las mieles de brezo 

(Erica arborea), castaño (Castanea sativa), aguacate (Persea americana), barrilla 

(Mesembryanthemum crystallinum), hinojo (Foeniculum vulgare), malpica (Carlina 

xeranthemoides), pitera (Agave americana), poleo (Bystropogon origanifolius), relinchón 

(Hirschfeldia incana), retama del Teide (Spartocytisus supranubius), tajinaste rojo (Echium 

wildpretii) y tedera (Aspalthium bituminosum). 

En cuanto a las mieles milflores, éstas contienen infinitos matices que las hacen únicas. 

Ninguna va a ser igual a otra.  

¿Qué miel monofloral es mejor? ¿Son mejores las monoflorales que las milflores? 

¡¡¡Para gustos están los colores!!! 
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PHYSICOCHEMICAL COMPOSITION, NUTRITIONAL AND 

BIOLOGICAL PROPERTIES OF HONEY 

ABSTRACT 

Honey has been used as a food with potential functional properties for thousands of years. 

Their physicochemical and biological properties vary according to the botanical source, 

geographical origin and climatic conditions, but additionally, harvest and extraction 

techniques, as well as the processing and storage conditions, can influence the honey 

characteristics. Firstly, it is described the chemical composition: water content (and water 

activity), sugar content and minor compounds, including substances with nutritional value, 

biological activity or toxic potential. The physical properties, such as colour, density, 

hygroscopicity, viscosity and crystallization have been also discussed. The physical 

characteristics of honey are particularly suitable for some culinary arts and can be decisive for 

the consumers’ choice, so these points were mentioned. Then, the nutritional value and 

potentially functional properties have been widely discussed, focusing on antioxidant, 

antimicrobial, anti-parasite, antihypertensive and anti-inflammatory activity, as well as the 

probiotic and prebiotic properties of honey, and citing the most important constituents 

responsible for its biological potential. Finally, it is described the use of the honey as 

biomonitor for collecting information about the environment, identifying environmental 

contamination and characterizing the level of soil, water, plant and air pollution. 

1. Introduction 

Honey is an interesting nutritional sweetener composed mainly of carbohydrates (60-85%) 

and water (12-23%). It also contains low proportions of other compounds, such as organic 

acids, minerals, vitamins, enzymes, proteins, amino acids, Maillard reaction products, volatile 

compounds, and several bioactive substances (phenols and flavonoids, among others), as well 

as pollen grains (White, 1979a; Cano et al., 2001; Gomes et al., 2010; Almeida-Muradian et 

al., 2013). Honey is usually consumed in natura, used in food systems and in human and 

veterinary medicine (Joseph et al., 2007; Nigussi et al., 2012). Honey’s biological and 

nutritional properties are decisive for the consumers’ choice, as well as for the 

commercialization management of this food. 

2. Chemical composition  

2.1. Water content and Water activity (aw) 

Water content of honey is related to different factors such as the botanical and geographical 

origin of nectar, edaphic and climatic conditions, season of harvesting, intensity of nectar 
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flux, degree of maturation, manipulation by beekeepers during the harvest period, and 

extraction, processing and storage conditions (Estupiñán et al., 1998; Sáinz-Laín and Gómez-

Ferreras, 2000; González, 2002; Ojeda de Rodríguez, 2004; Sabatini, 2007; Pontara et al., 

2012).  

Honeys from different botanical origins can have different moisture contents. Thus, heather, 

clover and strawberry tree honeys have higher natural water content (Piana et al., 1989; 

Persano-Oddo et al., 1995). 

Moisture is a quality parameter related to honey shelf life. In general, honeys’ percentage of 

water is appropriate when the beehive cells are totally capped with beeswax (Ortiz-Valbuena 

et al., 1996). Normally, honey moisture ranges between 13% and 25% (Simal et al., 1983), 

being the optimal about 17% (Doner, 1977; White, 1978; Sabatini, 2007). Honeys with very 

low moisture contents are difficult to handle and process (Estupiñán et al., 1998). Conversely, 

honeys whose moisture is higher than 18% are prone to ferment, because sugars osmotic 

pressure is not powerful enough to avoid the osmophilic (sugar-tolerant) yeasts proliferation 

(Bogdanov and Martin, 2002). Depending on the initial number of yeast in honey, the water 

content from which honey ferments is different, so that the higher the honey moisture is, the 

lesser the amount of yeast is needed (White, 1975; Piana et al., 1989; Estupiñán et al., 1998).   

Besides, some properties of honey (colour, crystallization, viscosity, flavour and density) are 

also affected by water content. As honey is a very hygroscopic product, it is important to 

avoid environmental moisture uptake during honey processing and packing (White, 1975). 

For a given food, the water activity (aw) is the amount of water available to microorganisms. 

Sugar ties up part of the water and makes it unavailable for microorganisms’ growth, thus 

being aw the criterion that determines bacterial spoilage, instead of the water content. Water 

activity is defined as the relation of the water vapour pressure of the food (p) to the vapour 

pressure of pure water (p0) at the same temperature. The water activity of pure water is 1, and 

each addition of water-fixing substances causes that p<p0. For this reason, the water activity 

is always lower than 1 (Gleiter et al., 2006).  

In honey, water activity ranges from 0.49 to 0.65, even though for some honeys it can reach a 

value of 0.75 (Cavia et al., 2004; Costa et al., 2013). The water activity needed for 

microorganisms’ development is about 0.90 for bacteria, 0.80 for yeast and 0.70 for mould. 

Aw values below 0.60 are proper enough to inhibit the growth of osmophilic yeasts that cause 

honey fermentation (Sanz et al., 1995; Gleiter et al., 2006; Bogdanov, 2011b). Nevertheless, 

the aw influence on microorganisms growth depends on such factors as pH, temperature, 

oxygen and carbon dioxide concentration, as well as the presence of inhibitory substances 

(Cavia, 2002). 

Water activity depends on the sugar composition (mainly glucose content and 

glucose/fructose ratio), honey crystallization and environmental conditions (Gleiter et al., 
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2006). Water activity of honey is used to predict moisture exchange with the environment, 

since honey gains or losses moisture when is exposed to different ambient relative humidity 

values (Chirife et al., 2006; Roudaut and Debeaufort, 2011). Moreover, for a given honey, the 

water activity of the crystallised state is higher than for the liquid state (Martin, 1958; Gleiter 

et al., 2006). This is due to the fact that during the crystallization process, there is a release of 

the water linked to glucose. Gleiter et al. (2006) showed that in liquid state, blossom honeys 

had lower water activities than honeydew honeys having the same water content. However, 

they did not find significant difference between the water activities of different types of 

honeys in crystallised state. 

Some researchers found significant correlations between honeys’ moisture and honeys’ water 

activity (Cavia et al., 2004; Chirife et al., 2006; Abramovic et al., 2008; Pérez et al., 2009). 

Actually, water activity should be considered a better honey quality control criterion than 

moisture, because it indicates the free water content that eventually is used by 

microorganisms to cause fermentation (Bogdanov, 2011b). 

2.2. Sugar content  

Honey is a supersaturated sugar solution, where carbohydrates are the main constituents 

accounting for about 95% dry matter (Bogdanov et al., 2008). The most important 

physicochemical and nutritional properties of honey, such as sweetness, viscosity, 

granulation, hygroscopicity, specific rotation and energy value depend on sugars’ composition 

(Estupiñán et al., 1998; Cavia et al., 2002; Sabatini, 2007). Moreover, the osmotic pressure 

produced by high sugars concentration is an important honeys’ antimicrobial factor (Jeddar et 

al., 1985). As food, honey has been used for centuries as a sweetener and human energy 

source.  

Monosaccharides hexoses fructose (32-44%) and glucose (23-38%) are the main honey 

sugars. Very small amounts of other monosaccharides, such as galactose, were also identified 

in honeys (Val et al., 1998). In almost all honey types, fructose is the main sugar, but there 

are exceptions such as rape (Brassica napus), dandelion (Taraxacum officinale) and blue curls 

(Trichostema lanceolatumi) honeys, where glucose is present in higher amounts (White, 

1979a). They are produced by honeybees during the ripening process, by the transformation 

of nectar sucrose through the enzyme invertase from the bee's salivary glands. Furthermore, 

invertase has transglucosilation activity, producing more complex sugars from 

monosaccharides (White and Maher, 1953). Therefore, in honey the main disaccharides are α-

glucosyl derivatives of monosaccharides, being likely trisaccharides and tetrasaccharides α-

glucosyl derivatives of the main disaccharides and trisaccharides, respectively (Ruiz-Matute 

et al., 2010). Other di- and trisaccharides in honey could be formed by microbial activity and 

enzymatic reactions in the intestinal tract of the plant-sucking insects (Hemiptera, mostly 

aphids) that excrete honeydew (Kolayli et al., 2012). 
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More than 45 di-, tri- and other oligo- and polysaccharides have been detected in honey in 

small amounts (5-15%), like maltose, sucrose, turanose, trehalose, gentiobiose, isomaltose, 

lactose, kojibiose, raffinose, erlose, melezitose, maltotriose, panose, isomaltotriose and 

maltotetraose, among others (Val et al., 1998; Lazaridou et al., 2004; Ouchemoukh et al., 

2010; Ruiz-Matute et al., 2010). Maltose (7%) and sucrose (1%) are the most important 

honey disaccharides (Shin and Ustunol, 2005). The presence of high amounts of sucrose in 

honey could be due to the fact that not all the sucrose from nectar or honeydew is hydrolysed 

by invertase enzyme (Sabatini, 2007). High sucrose values in honeys are related to its 

botanical origin, honey immaturity, high nectar flux or artificial feeding of bees (Ortiz-

Valbuena et al., 1996; Estupiñán et al., 1998). For example, lavender (Lavandula sp.) and 

borage (Borago officinalis) honeys are allowed to contain higher sucrose amounts (OJEC, 

2002). Melezitose, the main trisaccharide, is synthesized by the plant sucking insect that 

produces honeydew, through the enzymatic addition from their intestine and salivary glands. 

Other sugars such as erlose come from enzymatic reactions by the secretions of the bees' 

hypopharyngeal glands (Sabatini, 2007). Several sugars, such as galactose, lactose and 

raffinose were described as toxic to honey bees because of their lack of proper enzymes for its 

digestion (Herbert, 1992). The amount and type of carbohydrates vary among samples from 

different vegetal sources, being useful for the classification of unifloral honeys. For example, 

the concentration range of some carbohydrates were used to distinguish between blossom and 

honeydew honeys, because the latter contain lower levels of monosaccharides and higher 

values of trissacharides (mainly melezitose, erlose, raffinose and maltotriose), as well as other 

higher oligosaccharides (Bogdanov et al., 2004; Diez et al., 2004; Sanz et al., 2004; 

Ouchemoukh et al., 2010; Kolayli et al., 2012). Heather honeys were characterized by the 

presence of erlose and nigerose, lavender honeys by the presence of sucrose and maltose, and 

forest honeys by the presence of trehalose and melezitose. Further, avocado honeys were 

characterized by the presence of perseitol, a sugar alcohol (Dvash et al., 2002; Cotte et al., 

2004; Nozal et al., 2005; Kaškonienė and Venskutonis, 2010). 

Apart from the sugars’ quantities, ratios between some of these compounds were proposed as 

suitable indicators to ascertain honey authenticity (Nozal et al., 2005). For example, blossom 

honeys show a fructose-glucose ratio about 1.0, while in honeydew honeys the ratio ranges 

between 1.5 and 2.0 (Gleiter et al., 2006). On the other hand, maltose/isomaltose ratio was 

particularly high in sunflower honeys, being conversely low in linden and honeydew honeys 

(Horváth and Molnár-Perl, 1997).  

Honey ripeness and storage conditions modify honey sugars’ composition (Sáinz-Laín and 

Gómez-Ferreras, 2000). During storage, the content of monosaccharides decreases, and the 

content of oligosaccharides increases (White et al., 1961; Piana et al., 1989; Sanz et al., 2002) 

because of enzymatic activity and acid reversion (White, 1979a). Sugars’ degradation, the 

acid-catalysed dehydration of hexoses or Maillard reactions, where sugars react with 
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aminoacids, darken honey colour (Sanz et al., 2002; De Oliveira Resende Ribeiro et al., 

2012). 

Honey quality criteria regulations establish minimum limits for the sum fructose and glucose 

as well as maximum limits for sucrose (Mercosur, 1999; Brasil, 2000; OJEC, 2002; 

Argentina, 2008; El Salvador, 2008), because the content of these sugars is related to the 

ripeness of honey and can reveal a possible adulteration (Lazaridou et al., 2004; Belay et al., 

2013). However, as mentioned earlier, it is important to consider that these parameters also 

can vary according to the botanical origin.  

2.3. Nitrogen compounds 

Normally, the nitrogen content of honey is low, being proteins, free amino acids and enzymes 

the most important nitrogenous compounds. About 40 to 80 percent of the total honey’s 

nitrogen comes from the protein fraction, and most of the remainder resides in the free amino 

acids (White, 1979a; Doner, 2003).  

2.3.1. Proteins 

Protein of honey comes from both bees (salivary glands), and plants (nectar, honeydew and 

mainly pollen). About 20 different nonenzymatic proteins have been identified in honey, 

many of which are common to all honeys, where albumins, globulins and nucleoproteins are 

included (White, 1979a; Sáinz-Laín and Gómez-Ferreras, 2000; Doner, 2003). 

The total honey protein can vary from 0.1-0.5 %, although some honeys such as ling heather 

(Calluna vulgaris) content higher protein amounts (1-2%) (Sáinz-Laín and Gómez-Ferreras, 

2000; Chua et al., 2013). Ling heather honeys show a thixotropic behaviour that confers a 

gelatinous consistency, hindering extraction and processing. From technological standpoint, 

the presence of proteins can be undesirable. The higher the protein level is, the lower the 

surface tension of honey is, which produces a tendency to foam and form scum and, 

consequently, results in incorporation of air bubbles, as happens in buckwheat (Fagopyrum 

esculentum) honey (Doner, 2003). 

Adulterated, overheated or long-time stored honeys show a reduction or absence of protein 

content (Almeida-Muradian et al., 2013).  

2.3.2. Aminoacids 

Free aminoacids are honey compounds responsible for some honey properties such as 

antioxidant activities. Most of amino acids in honey are in the bound form and free amino 

acid content may be as low as one fifth of the total (González-Paramás et al., 2006). The 

processing conditions that accelerate the occurrence of reactions, such as Maillard, lead to a 

loss of these compounds (Spano et al., 2008).  
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Around 26 amino acids have been detected in honey, such as proline, glutamic acid, alanine, 

phenylalanine, tyrosine, leucine, isoleucine, lysine, methionine, histidine, arginine, aspartic 

acid, tryptophan, serine, valine, methionine, trypsin and threonine, among others (Sáinz-Laín 

and Gómez-Ferreras, 2000; Hermosín et al., 2003).  

The origin of honey’s amino acids is attributable to both animal (bee secretions) and vegetal 

(nectar, honeydew and mainly pollen) origins. As the main source is pollen, the amino acid 

profile or some characteristics amino acids could be important for the botanical classification 

of honey, such as arginine in chestnut honey or tryptophan in acacia honey (Pirini et al., 1992; 

Hermosín et al., 2003). Nevertheless, free amino acids are also added by bees, which lead to a 

high variability of amino acid content for honeys from the same botanical source (Bogdanov 

and Martin, 2002). 

Proline is the most abundant free amino acid in honey, ranging from 50% and 85% of the total 

(White, 1978; Hermosín et al., 2003; Belitz et al., 2009). It mainly comes from honeybee 

salivate secretions during the conversion of nectar or honeydew into honey (Bergner and 

Hahn, 1972). For this reason, this amino acid could not be a good indicator of the botanical 

origin of honey. In spite of this, Biino (1971) reported that high values of proline were typical 

for honeydew honeys. Proline could be correlated with the enzymatic content, since it could 

play an important role as regulator of nectar enzymatic transfer, mainly in the invertase 

secretions during the nectar transformation in honey (Ortiz-Valbuena et al., 1996; Sabatini, 

2007). The desirable proline content in honeys should be higher than 200 mg/kg (Bogdanov, 

2011c). Some researchers analyse proline as quality criteria for honey ripeness estimation and 

as indicator of sugar adulteration, especially when the values of this aminoacid are 

significantly lower than 180 mg/kg, the minimum value that has been agreed for genuine 

honey (Bogdanov et al., 1999).   

2.3.3. Enzymes 

Natural honey contains small amounts of enzymes, being diastase, invertase and glucose-

oxidase the most important. Other enzymes that have been found in honey are acid 

phosphatase, catalase and β-glucosidase (White, 1979a). Enzymes such as invertase or 

glucose oxidase are mainly produced in the hypopharyngeal glands of the bees (animal 

origin). Honeybees add these enzymes in order to accomplish the nectar to honey ripening 

process (Doner, 2003). Some enzymes come from nectar, honeydew or pollen (vegetal 

origin), such as catalase and acid phosphatase. And finally, enzymes such as diastase have a 

double origin. Other possible origins could be honey microorganisms and in the case of 

honeydew honey, some enzymes could come from the plant sucking insects that produce 

honeydew (White, 1957; Cavia, 2002).  

Enzymes are thermolabile, being used as indicator of aging and/or overheating, since their 

activities decrease in these conditions. In general, honeys that come from fast and abundant 
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nectar fluxes to be processed contain fewer enzymes because bees have less time to process 

the nectar. Moreover, nectars with high sugar content require less manipulation to become 

honeys than diluted ones, containing fewer enzymes (mainly diastase and invertase) (White, 

1979a; Crane, 1985). The enzyme content also depends on temperature, honey botanical 

origin, nectar abundance flow and transformation degree, state and strength of the colony, 

seasonal activity of the bee hypopharyngeal glands, and specie, diet, age and physiological 

stage of the bee (Maurizio, 1962; White, 1979a; Persano Oddo et al., 1999; González, 2002). 

 Diastase 

Diastase (amylase) is the honey enzyme that best resists heat, so it is widely used as 

indicator of honey freshness, being its value regulated within several legislations. 

Diastase hydrolyses starch and dextrins, resulting in smaller carbohydrates. Its function in 

honey is not well known due to the fact that nectar does not possess starch, but probably 

takes part in the pollen digestion by bees (White, 1978; Crane, 1985; Doner, 2003). In 

addition to its animal origin (the hypopharyngeal glands secretions), it has a vegetal 

origin (nectar or honeydew) (Persano-Oddo et al., 1990). For this reason, the activity of 

diastase also depends on the honey botanical origin (Juan-Borrás et al., 2014), so that 

citrus and rosemary honeys, among others, are known to have low natural enzyme 

contents.  

 Invertase 

Invertase (α-glucosidase) is an important honey enzyme, since it converts nectar and 

honeydew into honey, hydrolysing sucrose into fructose and glucose. Furthermore, the 

transglycosilase activity of invertase produces some oligosaccharides in the intermediate 

steps (White and Maher, 1953). Invertase activity keeps after honey extraction and during 

storage. Invertase makes honey a high-energy foodstuff that takes up a minimum area in 

the honeycomb (White, 1978; Crane, 1985; Sánchez et al., 2001).  

Fructose has been described as a sugar that inhibits invertase, unlike glucose (Rinaudo et 

al., 1973; Rodríguez-Delgado, 2010). Its activity decreases with heat and during storage 

(Serra-Bonvehí et al., 2000; Sánchez et al., 2001). Invertase has been proposed as better 

indicator of honey quality than diastase because it seems to be more sensitive to thermal 

process (White et al., 1964; Persano-Oddo et al., 1999). Some nectars require less 

manipulation by the bees in the hive to attain that thick consistency, so invertase levels 

are lower (Serra-Bonvehí et al., 2000).  

Invertase values can be expressed in several units, such as invertase number (Hadorn 

number, IN) or as invertase per kg (Siegenthaler units, US). Values higher than 10 IN 

(73.5 US) have been proposed for fresh and not heated honeys, and higher than 4 IN 

(29.38 US) for honeys with low invertase activities (Bogdanov et al., 1999; Bogdanov, 

2011c). 
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 Glucose-oxidase 

Glucose-oxidase degrades glucose to gluconolactone, which yields in turn gluconic acid, 

increasing honey acidity, and releasing small quantities of hydrogen peroxide, compound 

responsible for honey’s microbial resistance. This reaction is faster in immature o diluted 

honey during the water loss inside the hive, being slower in dry honeys (White et al., 

1963). The hydrogen peroxide production protects honey from bacterial decomposition, 

until achieving enough sugar concentration to avoid microbial growth due to its osmotic 

pressure (White, 1978; Sabatini, 2007; Rodríguez-Delgado, 2010). When honey is not 

diluted, the gluconic acid content decreases the pH, thus inhibiting the enzymatic activity. 

This enzyme is sensitive to light, visible radiation (mainly from 425 and 525 nm) and 

thermal processes, being inactivated at 60ºC (White, 1979a; Ortiz-Valbuena et al., 1996; 

González, 2002).  

 Others enzymes 

Other important enzymes present in honey in less quantity are catalase and acid 

phosphatase, whose origins are mainly pollen, and also nectar and honeydew (White, 

1979a).  

Catalase converts the hydrogen peroxide produced by glucose-oxidase to water and 

oxygen (Huidobro et al., 2005). Acid phosphatase produces inorganic phosphate from 

organic phosphates. It could be indicator of honey fermentation (Alonso-Torre et al., 

2006).  

Acid phosphatase activity depends on honey pH. The higher the pH is, the greater the 

acid phosphatase activity is, being the optimum pH range between 4.5 and 6.5. Acid 

phosphatase activity also decreases during storage (Alonso-Torre et al., 2006). 

β-glucosidase is an enzyme added by bee secretions which hydrolyses glycosidic toxins 

ingested by honeybees and transforms β-glucans to oligosaccharides and glucose (Pontoh 

and Low, 2002; Labropoulos and Anestis, 2012).  

And finally, there are minority enzymes such as protease that hydrolyses proteins and 

polypeptides to yield peptides of lower molecular weight and esterase that breaks down 

esters (Labropoulos and Anestis, 2012).  

2.4. Organic acids 

Honey contains organic acids, in equilibrium with their corresponding lactones (White, 

1979a; Gomes et al., 2010). Honey acids represent less than 0.5% of total solids, but they are 

important for honey’s taste, aroma, colour and honey’s preservation, making it difficult for 

microorganisms to grow (Bogdanov, 2011c; Ananias et al., 2013). They contribute to honey 

acidity and electrical conductivity. Some honeys’ organic acids are likely to come directly 

from nectar or honeydew (citric, malic and oxalic), but the vast majority of them are produced 
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from nectar and honeydew sugars by the action of enzymes secreted by bees during ripeness 

and storage (formic acid and others) (White, 1979a; Ortiz-Valbuena et al., 1996; Sancho et 

al., 2013). Moreover, during storage, due to glucose oxidase action, the osmophilic yeasts 

produce alcohols and eventually organic acids from honey sugars, leading to the synthesis of 

such acids as acetic acid, whose levels are possible indicators of honey fermentation (Mato et 

al. 2003; Cavia et al., 2007).  

Gluconic acid is the main honey organic acid, representing the 70-90% of the total 

(Bogdanov, 2011c). It comes from glucose by the action of glucose oxidase. The metabolic 

activity of some Gluconobacter bacteria from bee intestine could produce gluconic acid 

(Ruiz-Argüeso and Rodríguez-Navarro, 1973). In honey, gluconic acid is in equilibrium with 

gluconolactone (Cavia et al., 2007; Sancho et al., 2013). Apart from gluconic acid, more than 

30 different non-aromatic organic acids were found in honey such as acetic, butyric, citric, 

formic, lactic, maleic, malic, oxalic, fumaric, pyroglutamic, succinic, pyruvic and tartaric 

acids, among others (Mato et al., 2003). Some organic acids are intermediates in the Krebs 

cycle of biological oxidation or other similar enzymatic pathways (Echigo and Takenaka 

1974; White, 1979a). Honey organic acids are characteristic of the botanical origin of this 

food (Cherchi et al., 1994; Anklam, 1998; Kaškonienė and Venskutonis, 2010). For example, 

Del Nozal et al. (1998) showed that Erica sp. honeys could be distinguished by their high 

content in quinic acid, Quercus sp. honeydew honeys by their low concentrations in pyruvic 

acid and high quantities of both malic and succinic acids, whereas high citric acid 

concentrations were described as a possible marker of Thymus sp. honeys. Suárez-Luque et al. 

(2006) found high levels of formic acid in Castanea sativa honeys, unlike the low levels of 

this acid in Eucalyptus sp. honeys. 

The term acidity is related to the source of nectar, the bee specie and the action of enzymes or 

bacteria. Free acidity is due to organic acids (which are in equilibrium with their lactones), 

internal esters and inorganic ions, such as phosphates, chlorides, sulphates and nitrates, which 

could produce their corresponding acids (White, 1979a; González, 2002; Belay et al., 2013). 

Honey’s free acidity determination is included in the honey quality control regulations 

(OJEC, 2002). Other important acidity type is the lactonic acidity. Lactones (mainly 

glucolactones), may be considered to be a reserve acidity when the honey becomes alkaline 

(Terrab et al., 2002).   

Honey pH is not directly related to the acidity, because some honey components have buffer 

capacity, among them salts and some minerals compounds (White, 1979a; Terrab et al., 2002; 

Ojeda de Rodríguez et al., 2004). Honey pH ranges from 3.4 to 6.4, so that it is usually low 

enough to inhibit microorganisms’ development (Cavia et al., 2002; Gomes et al., 2010). In 

general, pH values in nectar honeys vary from 3.3 to 4.6. An exception is chestnut honey, 

where pH values varying from 5 to 6. pH of honeydew honeys was described as higher than 
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that of blossom honeys, because of their higher mineral contents, ranging from 4.5 to 6.5 

(Bogdanov, 2011c; Eleazu et al., 2013).  

2.5. Minerals 

Mineral content in honey is generally low, ranging between 0.02% and 0.3% in blossom 

honeys, while in honeydew honeys can reach 1% of the total (Crane, 1985; Felsner et al., 

2004b). It is influenced by soil and climatic conditions, as well as the chemical composition 

of nectar that varies according to the different botanical sources involved in honey formation. 

Variations can also be related to harvesting, beekeeping techniques (such as extraction 

methods) and the material collected by the bees during foraging on flowers (White, 1975; 

Piana et al., 1989; Ortiz-Valbuena et al., 1996; Sabatini, 2007).  

Minerals are absorbed in their salts forms dissolved in water, moving from the roots to the 

plant sap and then being pumped to the nectar or honeydew and pollen (Estupiñán et al., 

1998; Sabatini, 2007). The most important minerals found in honeys are potassium, sodium, 

calcium and magnesium. Less abundant elements are iron, copper, manganese and chloro, and 

in minor quantities, trace elements such as boron, phosphorus, sulfur, silicon, barium and 

nickel, among others (Doner, 2003). Potassium is the main one, standing for 80% of the total, 

as a result of its quick secretion by nectaries (Ortiz-Valbuena et al., 1996). The amount of 

minerals present in honey does not significantly contribute to the dietary recommendations.  

Many researchers classified different unifloral honeys by their trace elements profile 

(Fernández-Torres et al., 2005; Alda-Garcilope et al., 2012; Chen et al., 2014). In general, 

dark honeys contain more minerals than the light ones, being higher in honeydew honeys 

(Anklam, 1998; Sáinz-Laín and Gómez-Ferreras, 2000; Fernández-Torres et al., 2005; Nozal-

Nalda et al., 2005). Chudzinska and Baralkiewicz (2010) distinguished honeydew honeys by 

the content of K, Al, Ni, Cd, and Zn, while Na, Ba, and Pb amounts were characteristics of 

rape honeys.  

Both ash percentage and the electrical conductivity are related to the honeys mineral content 

(Felsner et al., 2004a; Pires et al., 2009; Santos et al., 2014). In respect of botanical origins, 

generally nectar honeys have a lower ash content or electrical conductivity than honeydew 

honeys (Felsner et al., 2004b). 

Honey has been considered as a potential environment pollution indicator, as a result of a bio-

accumulative process in the outskirts of urban and industrial areas, as well as in extraurban 

crossroads, where traces of some mineral compounds and/or heavy metals were found (Popa 

et al., 2013). 
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2.6. Vitamins 

Honey contains vitamins that come mainly from the pollen of the flowers visited by bees, as 

well as from nectar or honeydew (Sáinz-Laín and Gómez-Ferreras, 2000). The amounts of 

vitamins in honey are so small that this food cannot be considered as a good source of these 

nutrients. The content of water-soluble vitamins is higher than the quantity of fat-soluble 

vitamins, because honey hardly contains lipidic substances (León-Ruiz et al., 2013b).The 

most important vitamin of honey is vitamin C, which has antioxidant effect. Vitamins of B 

group were also detected in different quantities (León-Ruiz et al., 2013b). Some fat-soluble 

vitamins such as vitamin A, D, E and K have been found in small quantities (Sáinz-Laín and 

Gómez-Ferreras, 2000). 

2.7. Polyphenols compounds 

Potential therapeutic properties of honey have been attributed to bioactive compounds, which 

provides this food with antioxidant, antibacterial, and anti-inflammatory activities, among 

others (White, 1979a; Chen et al., 2000; Gheldof and Engeseth 2002; Ferreira et al., 2009; 

Pichichero et al., 2009). Most of these substances are phenolic compounds. Other components 

with biological activity include enzymes (catalase, glucose oxidase), organic acids, Maillard 

reaction products (melanoidins), aminoacids, proteins, vitamins (such as ascorbic acid, alpha-

tocopherol), carotenoid derivatives (as β-carotene, precursor of vitamin A), and other 

compounds such as hydrogen peroxide, methylglyoxal, royalisin and acetil-coline (White, 

1979b; Gheldof et al., 2002; Baltrusaityte et al., 2007; Bertoncelj et al., 2007; Kwakman et 

al., 2010). Many of these components have been suggested as markers for botanical and/or 

geographical origins of honeys (Yao et al., 2004). 

Honey phenolic phytochemicals are important aromatic secondary metabolites derived from 

plants, whose nectars or honeydew is sipped by bees, as well as from pollen or propolis 

(Ferreres et al., 1992). Their range in honeys is about 5 to 1300 mg/kg (Al-Mamary et al., 

2002; Gheldof and Engeseth, 2002). 

Polyphenols are divided into several classes, according to the phenolic structural features 

(Grassi et al., 2010). In honey they are mainly phenolic acids, phenolic acid derivatives and 

flavonoids (Tomás-Barberán et al., 2001). 

Phenolic acids comprise molecules with one phenolic ring (Grassi et al., 2010). They are non-

flavonoid polyphenolic compounds derivatives of benzoic acid (such as gallic, ellagic and 

protocatechuic acids) and cinnamic acid (such as caffeic, sinapic, ferulic and coumaric acids) 

(Amiot et al., 1989). 

Flavonoids are a large family of plant phenolic pigments. They contain several phenolic 

hydroxyl functions attached to ring structures (Rice-Evans et al., 1997). Depending on the 

structural complexity of flavonoids, particularly on the oxidation state of the central ring, the 
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flavonoids are subdivided in flavonols (such as myricitin, galangin, quercetin, rutin and 

kaempferol), flavones (such as chrysin, tectochrysin, luteolin and apigenin), flavanols (such 

as catechin), flavanones (such as hesperetin, naringenin, pinocembrin and pinobanksin), 

isoflavones, anthocyanins and chalcones (Rice-Evans et al., 1997; Wollgast and Anklam, 

2002; Forester and Waterhouse, 2009; Chandrasekara and Shahidi, 2010; Grassi et al., 2010). 

The main flower-derived flavonoids in honey are aglycones (Soler et al., 1995). The 

conversion of natural glycosides present in nectar to the corresponding aglycones detected in 

honey is due to the hydrolysis by bee saliva enzymes (Ferreres et al., 1992; Tomás-Barberán 

et al., 1993b). At first, it was thought that only aglycones were present in honey, but in 2008, 

Truchado et al. detected flavonoid glycosides in honey for first time. The reason was the 

existence of flavonoid rhamnosides and rutinosides in the nectar of some plants that could not 

be hydrolysed by any bee enzyme (Truchado et al., 2009a). 

In general, more than 90% honey flavonoids come from propolis (such as pinobanskin, 

pinocembrin and chrysin) (Ferreres et al., 1992; Martos et al., 1997). Propolis-derived 

flavonoids are relatively lipophilic, and they are found in honey in variable quantities, 

depending on the degree of propolis contamination in the hive and beeswax, with no relation 

with its botanical origin (Ferreres et al., 1994d; Martos et al., 2000a). However, they were 

proposed as useful for the identification of its geographical origin (Ferreres et al., 1991; 

Ferreres et al., 1992; Gil et al., 1995). 

In temperate climate areas, flavonoids are originated from poplar bud exudates, diffusing to 

beeswax and honey in the hives (Tomás-Barberán et al. 1993b; Gil et al., 1995; Martos et al., 

2000a). In areas where Populus species are not native plants, as in the case of the Equatorial 

regions, tropics and very arid areas, bees seek different plan exudates. The honeys produced 

in these areas show flavonoid profiles characterized by the absence of propolis-derived 

flavonoids (Tomás-Barberán et al., 1993b). Finally, in countries where poplars have been 

introduced for gardening or agro-industrial purposes, propolis-derived flavonoids are present 

in different relative amounts, being the pollen-nectar-derived flavonoids the major 

constituents (Tomás-Barberán et al., 1993b; Martos et al., 1997). There are flavonoids which 

come from both origins (for example, kaempferol in rosemary honey could be originated from 

propolis and nectar, but mainly from nectar) (Gil et al., 1995).  

Nectar-pollen-derived flavonoids could be useful for honeys’ botanical characterization, being 

the contribution of nectar more important than the contribution of pollen (Ferreres et al., 

1992; Ferreres et al., 1993). 

Polyphenol content of dark coloured honeys (such as heather), is usually higher than that of 

light ones (such as citrus). Dark honeys have been reported to contain more phenolic acid 

derivatives but less flavonoids than light ones (Amiot et al., 1989).  
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The polyphenols profile and/or the identification of some individual components or a group of 

compounds are important tools for the characterization of both botanical and geographical 

origin of honeys. Some substances were described as chemical markers, among them 

quercetin for sunflower (Tomás-Barberán et al., 2001), kaempferol for rosemary (Gil et al., 

1995), hesperitin for citrus (Ferreres et al., 1993), naringenin and luteolin for lavender 

(Ferreres et al., 1994b; Andrade et al., 1997b), myricetin, tricetin, luteolin, gallic acid and 

abscisic acid for eucalyptus (Martos et al., 2000a, b; Yao et al., 2003, 2004), kaempferol-

rhamnosides and rhamnosyl-glucosides for acacia (Truchado et al., 2008), ellagic, benzoic, 

phenylacetic, mandelic and β-phenyllactic acids for heather (Ferreres et al., 1994a; Soler et 

al., 1995; Ferreres et al., 1996a, b; Andrade et al., 1997a; Dimitrova et al., 2007), 

homogenistic acid for Strawberry tree (Cabras et al., 1999), caffeic, p-coumaric and ferulic 

acids for chestnut (Tomás-Barberán et al., 2001; Dimitrova et al., 2007), protocatechuic acid 

for honeydew (Steeg and Montag, 1988; Anklam, 1998; Tomás-Barberán et al., 2001; Haroun 

et al., 2012;), phenyl-propanoic acid for rape, 4-hydroxybenzoic acid and no phenylacetic 

acid for buckwheat (Steeg and Montag, 1988) and rosmarinic acid for thyme (Andrade et al., 

1997b). 

2.8. Volatile and semivolatile compounds 

Honeys from different botanical sources have distinctive organoleptic characteristics that 

influence the acceptance and selection of the product by consumers. The honey aroma and 

taste are related to the volatile compounds (Piana et al., 2004; Montenegro et al., 2008), 

together with sugars, acids, aminoacids, tannins and phenolics (White, 1979a).  

More than 600 low molecular weight compounds have been identified in honeys at very small 

concentrations as complex mixtures of different chemical structures such as monoterpenes, 

terpenes, terpenoids, norisopreniods, phenolic compounds, benzene derivatives, alcohols, 

ketones, aldehydes, esters, fatty acids, acids, hydrocarbons and cyclic compounds 

(Alissandrakis et al., 2003; Castro-Vázquez et al., 2003; Soria et al., 2005; Castro-Vázquez et 

al., 2006; Jerković et al., 2009). Their impact on honey aroma depends on their 

concentrations in relation with their odour thresholds (Castro-Vázquez et al., 2007).  

Honeys aromatic substances derive from the botanical source, the physiology of the 

honeybee, and the climatic conditions (Serra-Bonvehí and Ventura-Coll, 2003; Soria et al., 

2003; Bianchi et al., 2005). Some alcohols and branched aldehydes are likely to be produced 

by microbial metabolism (Castro-Vázquez et al., 2009), while furan and pyran derivatives are 

artefacts of the Maillard reaction, generated during honey thermal processing and storage 

conditions (Guyot-Declerck et al., 2002; Jerković et al., 2006). Finally, other aroma 

compounds are honey off-flavour pollutants, originated in the surrounding environment 

(Tananaki et al., 2005). 
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Honey aromatic profile, as well as the identification of volatile chemical markers, proved to 

be effective to assess the honey botanical and geographical origins and to detect possible 

adulterations (D’Arcy et al., 1997; Cuevas-Glory et al., 2007; Escriche et al., 2009). Methyl 

anthranilate has been proposed as marker of citrus honey (Ferreres et al., 1994c), isophorone 

of strawberry tree honey (De la Fuente et al., 2007; Tuberoso et al., 2010), phenylacetic acid 

of ling heather honey (Guyot et al., 1999), and some acetophenone derivatives such as 3-

aminoacetophenone of chestnut honey (Alissandrakis et al., 2011). 

2.9. Pigments 

They are responsible for the honey colours, being the most important of which polyphenols, 

carotenoids, xanthopylls and anthocyanins, which can be grouped in water soluble and lipid 

soluble pigments. Other compounds that can contribute to honey colour are sugars, minerals 

and aminoacids (Ortiz-Valbuena et al., 1996; Sáinz-Laín and Gómez-Ferreras, 2000; Sabatini, 

2007). 

2.10. Lipids 

Small quantities of lipid compounds (about 0.04%) have been found in honey, among them 

glycerides, sterols, phospholipids and different acids such as palmitic, oleic, lauric, miristic, 

stearic and linoleic (White, 1979a; Sáinz-Laín and Gómez-Ferreras, 2000). They come mainly 

from rests of wax and also from plants (Sabatini, 2007). 

2.11. Hydroxymethylfurfural  

Hydroxymethylfurfural (HMF) is a furanic compound produced by sugar degradation, from 

dehydration of hexoses in acidic medium and to a lesser extent, as an intermediate in the 

Maillard reactions (Wunderlin et al., 1998; González, 2002; Sanz et al., 2002; Spano et al., 

2006; Cavia et al., 2008; Turhan et al., 2008; De Oliveira Resende Ribeiro et al., 2012; Islam 

et al., 2014). 

HMF is a parameter of honey freshness, since it is absent or present in trace amounts in fresh 

honeys. HMF concentration increases during honey processing by heat treatment, and also by 

adulteration with commercial sugars and throughout storage (Fallico et al., 2004; Fallico et 

al., 2006; Sodré et al., 2011; Belay et al., 2013; Kesic et al., 2014). HMF content is also 

affected by the use of metallic containers, pH, bee species and botanical source (Estupiñán et 

al., 1998; Wunderlin et al., 1998; Gokmen and Morales, 2014). High acidity, moisture 

content, sugars (mainly fructose), aminoacids (such as alanine) and minerals (such as 

magnesium, manganese, iron and zinc) speed up HMF production (Ortiz-Valbuena and Silva-

Losada, 1991; Anam and Dart, 1995; Estupiñán et al., 1998). Kesic et al. (2014) observed a 

negative correlation between the fructose/glucose ratio and HMF contents. 
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High values of HMF are naturally present in honeys from warm climate areas, such as tropical 

and subtropical countries (Sodré et al., 2011).  

2.12. Toxic compounds 

Some honeys possess toxic compounds. They are synthetized by some plants or insects in low 

quantities. The main toxic components are polyhydroxylated cyclic hydrocarbons 

(diterpenoids) or pyrrolizidine alkaloid (Vit and Barrera, 2002; Sabatini, 2007; Bogdanov, 

2011c; Islam et al., 2014).  

Environment pollutants, pesticides and antibiotics are other potentially toxic substances that 

honey can contain. 

3. Physical properties  

Honey has been often used as a food ingredient, because its physical characteristics are 

particularly suitable for some culinary arts.  

3.1. Colour 

Colour is a physical property immediately perceived by consumers. In honeys varies from 

colourless and light yellow to dark amber or nearly black, sometimes with green or reddish 

reflexes (White, 1975; Accorti et al., 1986; Bogdanov, 2011b; Eteraf-Oskouei and Najafi, 

2013) and it is related to the botanical origin, climate and soil conditions. Some authors have 

reported that pollen, sugars related products, carotenoids, xanthophylls, anthocyanins, 

minerals, aminoacids and phenolic compounds, mainly flavonoids, influence the colour 

(Ortiz-Valbuena et al., 1996; Sabatini, 2007; Almeida-Muradian et al., 2014).  

Dark honeys present higher minerals, dextrin and polyphenol contents, and higher acidity than 

light honeys (White, 1975; Ortiz-Valbuena et al., 1996; González, 2002). The colour of dark 

honeys is strongly correlated with concentrations of Cd, Fe and Pb, while the colour of pale 

honeys with concentrations of Al and Mg (González-Miret et al., 2005). In addition, this 

parameter is affected by storage, heat, enzymatic reactions and crystallization (Sodré et al., 

2011; Eteraf-Oskouei and Najafi, 2013). Granulated honey tends to set a lighter colour than 

when liquid, depending on the crystal size. The finest crystals always give a paler appearance 

(White, 1979b; Crane, 1985). 

In some countries, the honey colour influences the price of honey, varying according to the 

consumers’ preferences. Generally, the lightest ones achieve higher prices in the market, but 

there are some countries such as Germany, Switzerland, Greece and Turkey where dark 

honeydew honeys are preferably chosen (Bogdanov, 2011b; Tuberoso et al., 2014).  

The browning or darkening of the honey depends on the initial colour of the honey, chemical 

composition, storage and heating (Crane, 1985; Gonzales et al., 1999). Components that 
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could affect darkening are sugars, nitrogen content, free aminoacids and moisture (Gonzales 

et al., 1999). Factors that produce honey darkening are the reaction between amino acids and 

sugars in acid medium (Maillard reactions) that leads to the melanoidin formation, the 

caramelization process of sugars (instability of fructose in acid solution), high colloids 

content by macromolecules hydrolysis, and ascorbic acid, polyphenols and lipid oxidation 

reactions (Huidobro and Simal, 1984; Ortiz-Valbuena et al., 1996; Gonzales et al., 1999; 

Sáinz-Laín and Gomez-Ferreras, 2000; González, 2002; Almeida-Muradian et al., 2014). 

Some beekeepers' practices can also intensify honey colour, such as the use of old combs, the 

light exposure during honey storage or the use of inappropriate materials that could lead to 

reactions between tannic acids derivatives and oxidized polyphenols with iron salts (Huidobro 

and Simal, 1984; Crane, 1985; Gonzales et al., 1999; Gonzalez, 2002; Sabatini, 2007).  

3.2. Electrical conductivity 

Electrical conductivity (EC) refers to the ability of a material to conduct an electric current. It 

is directly related to the botanical origin, as well as to the mineral content and inorganic ions, 

and somehow to organic acids, proteins and other components such as sugars, polyols and 

pollen grains, that can act as electrolytes (White, 1979b). EC is correlated to honey ash 

content and alkalinity of ash (Sancho et al., 1991b; Sancho et al., 1992). According to the 

current European regulation (OJEC, 2002), electrical conductivity of blossom must be lower 

than 0.8 mS/cm of EC, while electrical conductivity of honeydew honey and chestnut honey 

must be higher than 0.8 mS/cm. Exceptions are honeys from Arbutus, Banksia, Erica, 

Leptospermum, Melaleuca, Eucalyptus, Tilia and blends.  

3.3. Density 

Another honey property strongly influenced by the high sugar content is density. Density is 

expressed as specific gravity (White, 1979b), and the values are related to the water content, 

temperature and solids concentration (Oroian, 2013). Density decreases linearly while 

temperature or water content increases, and increases linearly with an increase of the solids 

content (Sabatini, 2007; Oroian, 2013). Medium values of relative density in honeys at 20ºC 

vary from 1.40 to 1.44 g/l, depending on honey botanical origin (Crane, 1985; Sáinz-Laín and 

Gómez-Ferreras, 2000). Because of density variation of honeys stored in tanks, sometimes 

different honey stratification layers are observed, in which the upper layer has lower density 

and higher moisture, thus being more prone to ferment (White, 1975; Krell, 1996; Bogdanov, 

2011b).  

3.4. Viscosity and rheological properties 

Viscosity is an important property for handling, processing (affecting a number of 

technological operations), storage and sensory quality, so that it determines the acceptance of 

honey by consumers.  
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Honey viscosity depends on the botanical origin, moisture, temperature, fructose/glucose 

ratio, honey granulation and chemical composition. The more the temperature and water 

contents are, and the less the polysaccharide content is, the lower the honey viscosity is 

(Fattori, 2004). It has been possible to predict honey viscosity values at specific temperatures 

with an Arrhenius-type model (Bhandari et al., 1999; Mossel et al., 2000). 

Also, some honey compounds such as dextrins, proteins and other colloidal substances tend to 

increase honey viscosity (Rybak-Chmielewska, 2004; Ren et al., 2010; Sodré et al., 2011). 

Honey granulation results in a dramatic increase of viscosity of a factor of 10 (Bogdanov, 

2011b). Viscosity and surface tension are responsible for the foaming characteristics of honey 

(Olaitan et al., 2007; Manzoor et al., 2013). Viscosity also has a relationship with the fluidity 

of particles. The more viscous the fluid is, the lower its fluidity is (Kolayli et al., 2014), which 

may hinder its homogenization in preparations, limiting its use in the food industry. For this 

reason, the use of honey powder (dry honey), has become an attractive option for the industry, 

particularly for bread-baking industries (Tong et al., 2010). 

According to their viscosity, the vast majority of honeys can be described as Newtonian, but 

certain types exhibit non-Newtonian behaviour, due to the presence of high molecular 

compounds. Piptadenia moniliformis honey has a pseudoplastic fluid behaviour (Stelmakiené 

et al., 2012), several Eucalyptus honeys and Nigerian Opuntia engelmanni honey present 

dilatancy behaviour and Weissenberg effect mainly due to the presence of high-molecular 

weight dextrans (Sone, 1972; Fattori, 2004; Juszczak and Fortuna, 2006; Yanniotis et al., 

2006), and honeys from ling heather (Calluna vulgaris), Leptospermum sp. (such as New 

Zealand Manuka), buckwheat (Fagopyrum esculentum), white clover (Trifolium repens), and 

Indian Karvi (Carvia callosa) exhibit shear-thinning and thixotropic behaviour due to their 

high protein content (Mossel et al., 2000; Witczak et al., 2011; Stelmakiené et al., 2012). 

Thixotropy confers to honeys a gel-like structure that makes more difficult their extraction 

from the combs and their handling. This gelatinous consistency can be turned to liquid, by 

agitation or by mechanical energy application (Sabatini, 2007; Bogdanov, 2011b; Witczak et 

al., 2011). 

3.5. Optical rotation 

Honey has the property of rotating the plane of polarised light due to its carbohydrate 

composition. Each sugar has a specific angle of polarized light rotation (specific rotation). 

Some sugars rotate the polarized light angle to the left, presenting a negative optical rotation 

value (laevorotatory sugars such as fructose [α]D20=-92.4º), while others rotate it to the right, 

with positive optical activity (dextrorotatory, such as glucose [α]D20=+52.7º) (García-

Álvarez et al., 2002; Sanz et al., 2002; Dinkov, 2003). The overall value for the optical 

rotation depends on the concentration of the different honey sugars (Bogdanov et al., 1999). 

Nectar honeys, that usually present higher fructose content, are laevorotatory. On the other 
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hand, some honeydew and other honeys can be dextrorotatory due to its lower fructose 

content and its higher oligosaccharide mass fraction, mainly melezitose ([α]D20=+88.2°) and 

erlose ([α]D20=+121.8°) (White, 1979b; Dinkov, 2003; Primorac et al., 2011). Some 

adulterated honeys, also present low fructose values, being normally dextrorotatory (García-

Álvarez et al., 2002). Although some researchers determined optical rotation to botanical 

characterization of honeys (Persano-Oddo et al., 1995; Bogdanov et al., 2004; Bertoncelj et 

al., 2011), its measurement was not described as suitable for that purpose (Dimins et al., 

2008).  

3.6. Refractive index 

The refractive index is an optical property that varies between 1.504 and 1.4815, increasing 

when solid content is high (or water content is low), depending on the temperature (White, 

1979b; Sáinz-Laín and Gómez-Ferreras, 2000). 

3.7. Hygroscopicity 

Honey is a strongly hygroscopic product due to its high content of sugars (mainly fructose), 

absorbing or holding moisture from the environment depending upon the temperature and the 

relative humidity (White, 1979b; Sabatini, 2007; Bogdanov, 2011b; Eteraf-Oskouei and 

Najafi, 2013). This property must be taken into account when packing, storing and for 

industrial uses. If honey absorbs moisture, it becomes diluted, being more prone to ferment. 

The hygroscopicity is a desirable property in the management of some products in which 

honey is incorporated, mainly those subjected to heating, because it helps keep the softness or 

non-drying in baked goods (White, 1979b; Crane, 1985).  

3.8. Osmotic pressure 

The chemical composition of honey, mainly sugars, makes honey as a high osmotic pressure 

food. Together with the acid pH, the organic acid content, the hydrogen peroxide produced by 

glucose oxidase action and other non-peroxide factors, the high honey osmotic pressure 

avoids the microbial growth, increasing the stability and shelf life of the product (Manyi-Loh 

et al., 2011b; Alvarez-Suarez et al., 2014). 

3.9. Crystallization 

Honey crystallization or granulation is a natural and spontaneous complex physical process. 

The glucose, less soluble than fructose, separates from water and precipitates out of the 

supersaturated solution, becoming glucose monohydrate crystals by water losses (Gleiter et 

al., 2006). Honeys rich in fructose such as acacia and sage, may remain liquid for long period, 

while honeys rich in glucose such as rape or dandelion, often granulate immediately after 

harvesting or sometimes within the cells of the comb (Dyce, 1931; Maurizio, 1962). 
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This process can be undesirable by beekeepers, since some consumer think that if honey is 

crystallized, is because it has been somehow adulterated (Kabbani et al., 2011; Costa et al., 

2013). In contrast, creamy crystallized honey is desirably for some purposes such as the 

commercialization of spread honey. Crystallization only affects the honey colour and texture, 

preserving the flavour and quality characteristics of the liquid honey. In principle, crystallized 

honey is not a spoiled product, but if a non-homogeneous crystallization occurs, the sugar 

concentration of the upper part decreases, increasing the moisture content of the liquid phase 

(Dyce, 1979; Crane, 1985; Sancho et al., 1991a; Kolayli et al., 2012). 

Honey crystallization depends on such factors as temperature, viscosity, water content, sugars 

(mainly glucose and melezitose content), dextrin content, the glucose supersaturation 

coefficient and the presence of particles that could act as crystallization nuclei (proteins and 

other colloids, pollen grains, dust and other suspended particles, yeast, wax, propolis or air 

bubbles, among others) (Crane, 1985; Serra-Bonvehí, 1986; Sancho et al., 1991a; Estupiñán 

et al., 1998; Bhandhari et al., 1999). 

- Temperatures of 5-7ºC facilitate the creation of crystallization nuclei (Serra-Bonvehí, 

1986) and for honey crystal growing process the optimum temperature range lies between 

10 and 18ºC, being 14ºC the most suitable temperature. At low temperatures, 

crystallization is slowed down because despite decreasing sugar solubility (thereby, 

favouring granulation), there is an increase of honey viscosity that reduces the glucose 

diffusion, making it more difficult for crystals to move (Dyce, 1931; Serra-Bonvehí, 

1986; Jéanne, 1991; Lupano, 1997). Temperatures higher than 25ºC allow the dissolution 

of the glucose crystals (Serra-Bonvehí, 1989; Jéanne, 1991; Sancho et al., 1991a; 

Bogdanov, 2011a). Sudden temperature changes lead to the formation of glucose crystals 

that produce a mobility of air bubbles, acting as granulation catalysts. The same happens 

with agitation, because of the formation of air bubbles (Serra-Bonvehí, 1986, 1989).   

- Regarding water content, honeys between 15 and 18% of moisture crystallize optimally 

(Bogdanov, 2011a). Too high water content decreases crystallization speed, because 

sugar saturation also decreases. However, glucose can easily precipitate, remaining the 

fructose on the liquid surface. This sugar bounds water from the environment, which 

increases the risk of fermentation (Jéanne, 1991). 

- The higher the glucose (more than 28-30%) and melezitose (more than 10%) contents 

are, the faster the crystallization is (White, 1979b; Sabatini, 2007; Bogdanov, 2011a). 

Fructose and maltose act as granulation inhibitors because they increase the glucose 

solubility (Tabouret, 1979; Crane, 1985; Sancho et al., 1991a).  

- Samples with fructose/glucose (F/G) ratio higher than 1.3 (such as acacia and sage, 

among others) and glucose/water (G/W) ratio lower than 1.7 crystallize slowly while in 

samples with ratios fructose/glucose lower than 1.0 (such as dandelion, rape and 

sunflower, among others) and glucose/water higher than 2.0, crystallization is faster 
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(White et al., 1962; Cavia et al., 2002; Amir et al., 2010; Buba et al., 2013). These ratios 

together with other relations such as (G-W)/F, the supersaturation index (based on the 

ternary system water-fructose-glucose), the Codounis index ((100/G)-(W/G)-1) and the 

Tabouret index ((G/H)/(1-aw)n, being n=1-1.5 if water content is higher than 17% and 

n=2 if is lower) have been proposed to predict the honey granulation (Tabouret, 1979; 

Serra-Bonvehí, 1989; Sancho et al., 1991a). F/G and G/W are not the most suitable ratios 

to predict honey crystallization, because the former does not take into account water 

content, and the latter does not consider the inhibitory action of fructose. Moreover, G/W 

ratio has not been proved as satisfactory for honeys with low moisture contents 

(Tabouret, 1979). Conversely, (G-W)/F and Tabourent index have demonstrated to be 

better because fructose and water activity are included, respectively (Serra-Bonvehí, 

1989; Sancho et al., 1991a). 

- Decantation, filtration of centrifugation processes (where honey impurities, air bubbles 

and other particles are removed), storage at freezing temperatures and the removal of 

yeast and glucose nuclei by pasteurization, decrease the crystallization speed (Townsend, 

1979; Bhandari et al., 1999).  

The number of crystallization nuclei in honey determines the crystals size. At higher number 

of crystallization nuclei, higher will be the crystals number and less will be the size, being the 

crystallization faster. A fast crystallization leads to a fine granulation that produces a more or 

less compact structure, while a slow granulation produces non compact structures of fewer 

and thick crystals (White, 1978; Serra-Bonvehí, 1986; Ortiz-Valbuena et al., 1996; Bhandari 

et al., 1999). Some honey defects due to a bad crystallization are the formation of frosting, the 

rough granulation and the separation in two phases (Bogdanov, 2011a).  

When crystallized product is preferred, it is possible to make an induced granulation process 

of honey in order to avoid the building of frost or coarse crystallization (Bogdanov, 2011a). 

The objective of this process is to form an adequate creamy consistency with small crystals 

(Chen et al., 2009). The procedure is a mechanical cutting of the crystals up by agitating the 

honey, followed by the inoculation of 5-10% of the honey with a starter honey that presents 

the desired consistency (Bogdanov, 2011a). On the other hand, when honey needs to remain 

or become liquid, it is possible to slow the rate of crystallization or undo the crystals in 

products already crystallized by heating. However, heating under improper conditions can 

result in inactivation of enzymes, loss of flavour and aroma, darkening the honey colour and 

also favour the formation of hydroxymethylfurfural (HMF), with a consequent reduction in 

the honey quality. Although heating is not recommended, honey liquefaction process at low 

temperatures is often studied and the use of ultrasounds waves to accelerate the liquefaction 

process is an alternative to the heat treatment only (Assil et al., 1991). But one problem of this 

liquefaction is that honey recrystallization is usually not uniform (Rybak-Chmielewska, 

2004). 
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4. Nutritional value and potentially functional properties of honey  

In general, the vast majority of health benefits attributed to honeys have been related to both 

antioxidant and antimicrobial activities of this food (Boukraâ, 2014; Bogdanov, 2015). 

Furthermore, honey has shown other potential functional properties that are worth 

commenting, the most important of which are antihypertensive capacity, anti-inflammatory 

activity, as well as prebiotic and probiotic effects. 

4.1. Honey nutritional value 

In human nutrition, honey is an excellent source of energy. 100 g of honey supplies about 

1283 kJ of energy (306 kcal). 20 g honey is the usual quantity per serving or tablespoon that 

provides about 256.6 kJ (61.2 kcal), which represents more or less 3% of the energy necessary 

per day (Bogdanov et al., 2008). The main constituents of honey are the simple 

carbohydrates, fructose and glucose that are used for human body energy requirements after 

being rapidly absorbed into the blood without previous digestion (Ajibola et al., 2012). 

Blasa et al. (2006) claimed that honey is a good food for people of all ages. It helps improve 

elderly people’s health (Alvarez-Suarez et al., 2009), and sportspeople performance, 

increasing the rejuvenation of muscles with no further needs of other more expensive sporting 

activities enhancers. Thereby, honey has been described as a well-tolerated food and an 

effective carbohydrate source for athletes (Earnest et al., 2000; Kreider et al., 2002; Ajibola et 

al., 2012). 

The proteins, vitamins and minerals’ contents of honey are very low, so that their contribution 

to human needs regarding these nutrients is marginal (Bogdanov et al., 2008). However, if 

compared with sugar, honey has proved to be healthier as a sweetening agent. According to 

some researchers, several honey enzymes can enhance the digestion of sugars and starch 

(Ajibola et al., 2012). In contrast, other researchers claim that saliva already has those 

enzymes, so that their contribution to digestion is insignificant. Nevertheless, the hydrogen 

peroxide produced by honey’s glucose oxidase could have an antimicrobial effect within the 

mouth (Bogdanov, 2015). Unlike sugar, on the people’s digestive system honey intake gives 

rise to a laxative effect and improves calcium absorption that could help to reduce the risk of 

bone mass loss (Ariefdjohan et al., 2008; Ajibola et al., 2012). Honey contains small amounts 

of beneficial nutrients. Flavonoids and other honey’s phenolic compounds provide this food 

with functional properties such as antioxidant capacity. The amount of flavonoids depends on 

the honey type (Gheldof and Engeseth, 2002), and appears to be higher in honeys harvested 

during dry seasons with high temperatures (Kenjeric et al., 2007). Honey also contains 

healthy substances like choline and acetylcholine. Choline is crucial for cardiovascular and 

brain function, as well as for cellular membrane composition and repair. Acetylcholine 

functions as a neurotransmitter (Bogdanov, 2015). 
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With regard to glycemic index, honey has also been described as a healthier food choice 

compared to sucrose (Al-Khalidi et al., 1980; Jawad et al., 1981). The main honey 

monosaccharide, fructose, has a glycemic index of 19 and sucrose of 68 (Bogdanov, 2015). 

Arcot and Brand-Miller (2005) observed a negative correlation between honey glycemic 

index and fructose concentration, so that honeys rich in fructose could be beneficial in respect 

of some diseases (Jenkins et al., 2002).  

Honey intake can also lead to some problems, the most important of which are the potential 

allergenicity of some bees or plant proteins that could be present in honey (Simon et al., 

2009), as well as the possible presence of Clostridium botulinum spores in honey. In respect 

of the last issue, within the stomach of toddlers younger than one year, the spores of that 

microorganism can germinate, grow and excrete the toxin (Brown, 2000; Manyi-Loh et al., 

2011a). Therefore, honey must not be eaten by toddlers under the age of one year. However, 

there is no risk regarding honey ingestion by humans older than 12 months (Bogdanov, 2015). 

4.2. Antioxidant activity of honeys 

Unlike other sweeteners, honey has shown antioxidant activity, which provides this food with 

nutritional and technological advantages. Honey has proved to prevent or delay food spoilage 

due to oxidative reactions, protecting meats against lipid oxidation (Antony et al., 2000; 

McKibben and Engeseth, 2002), and vegetable products against enzymatic browning 

(Oszmianski and Lee, 1990; McLellan et al., 1995; Chen et al., 2000). Therefore, honey has a 

great potential to be used as a natural antioxidant for foods (Gheldof et al., 2002; Nagai et al., 

2006). In vitro studies have revealed that honey intakes inhibit oxidation of human serum 

lipoproteins (Gheldof and Engeseth, 2002; Al-Waili, 2003; Schramm et al., 2003). Buckwheat 

honey in particular was able to increase human’s serum antioxidant activity (Gheldof et al., 

2003). 

Phenolic compounds (flavonoids, phenolic acids), as well as melanoidins (Maillard reaction 

products), appear to be the most important constituents of honey responsible for its 

antioxidant activity (Bogdanov, 2015). These compounds, together with glucose-oxidase, 

catalase, carotenoids, organic acids, ascorbic acid, aminoacids and proteins have been 

described as honey antioxidants (Frankel et al., 1998; Al-Mamary et al., 2002; Fahey and 

Stephenson, 2002; Gheldof et al., 2002; Aljadi and Kamaruddin, 2004; Beretta et al., 2005; 

D’Arcy, 2005; Inoue et al., 2005; Blasa et al., 2006; Nagai et al., 2006; Pérez et al., 2007; 

Brudzynski and Miotto, 2011; Boukraâ, 2014). Dark honeys have more phenolic compounds 

and consequently, they are supposed to show a higher antioxidant activity (Gheldof et al., 

2002; Beretta et al., 2005; Bertoncelj et al., 2007; Vela et al., 2007; Mărghitaş et al., 2009; 

Piljac-Zegarac et al., 2009; Pyrzynska and Biesaga, 2009; Escuredo et al., 2013; D'Oliveira-

Sant’Ana et al., 2014). 
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Antioxidant substances have different mechanisms of action, among them decrease of the 

adverse consequences of reactive oxygen and nitrogen species, inhibit the enzymes 

responsible for producing superoxide anions, metal chelation, radical chain reactions 

breaking, and eventually, they can play a preventive role inhibiting the reactive oxidants from 

being formed (Ou et al., 2005; Pyrzynska and Biesaga, 2009). 

Antioxidant activity of honey depends on its botanical source, and moreover such factors as 

environmental and seasonal changes have a strong influence on this property (Frankel et al., 

1998; Al-Mamary et al., 2002; Gheldof et al., 2002; Baltrusaityte et al., 2007; Küçük et al., 

2007; Vela et al., 2007; Ulsoy et al., 2010), as well as the packaging material, processing 

ways and storage conditions (Gheldof et al., 2002; Wang et al., 2004; Díaz-Moreno, 2009). 

Several researchers have studied the evolution of antioxidant activity of honeys with time, 

leading to contradictory results. After six months of storage, some papers describe that 

antioxidant activity of honey decreased with time and/or after heating (Nagai et al., 2001; 

Wang et al., 2004; Díaz-Moreno, 2009), whereas in other study it increased with temperature 

and storage time (Turkmen et al., 2006). Honey’s antioxidant capacity was significantly lower 

after being stored at room temperature throughout one year (Saric et al., 2012). With regard to 

raw and processed honeys, antioxidant activity of both of them after storage was described as 

analogous (Wang et al., 2004). 

The advantages of honey as a protective agent against liver damage, radiation, inflammation, 

emotional tension, and other pathologies related to oxidative stress, have been recently 

reviewed (Boukraâ, 2014; Bogdanov, 2015). Up-to-date research has highlighted that, 

because of its antioxidant activity, honey could play an interesting role in the management of 

oxidative stress-associated chronic diseases (Erejuwa et al., 2011; Erejuwa et al., 2012a; 

Boukraâ, 2014).  

4.3. Antimicrobial and anti-parasite activity of honeys 

Since 1892 honey has been described as a food with antibacterial activity (Paulus et al., 

2012). Nowadays, due to the fact that there are many microbial strains resistant to antibiotics, 

the possible uses of honey as antibacterial agent are increasing (Cooper et al., 2002 a, b), both 

to preserve other foods (Taormina et al., 2001; Mundo et al., 2004; Nagai et al., 2006; Krusna 

et al., 2007), and in medicine applications (Efem, 1988; Molan, 1999; Molan, 2001; The 

National Honey Board, 2002; Oelschlaegel et al., 2012b). For clinical uses, honey is 

previously sterilized, generally by gamma irradiation (Postmes et al., 1995), so that 

potentially present spores are destroyed (Paulus et al., 2012). 

There are many bacteria sensitive to honey (Staphylococcus aureus, Escherichia coli, Bacillus 

subtilis, Pseudomonas aeruginosa, Paenibacillus larvae, as well as some Streptococcus sp., 

Salmonella sp., Shigella sp., and Proteus sp., among others), most of them Gram-positive, and 

many of them pathogenic (Molan, 1992a,b; Bogdanov, 1997; Kwakman et al., 2010). As an 
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antibacterial agent, honey has been reported to possess bacteriostatic and bactericidal effects, 

both optimum in fresh and unheated honeys. The former mainly depends on honey 

concentration, whereas bactericidal action depends both on honey concentration and time of 

action (Bogdanov, 2015). 

In addition to its natural antibacterial activity, Maddocks and Jenkins (2013) demonstrated 

that honey showed anitivirulent effects against microorganisms, reducing their ability to 

obtain iron from their host, thus helping minimize progression of infections. 

Apart from antibacterial activity, antimicrobial activity of honey against fungi, yeasts, some 

viruses and parasites has also been researched.  

With regard to the activities of honeys against fungi and yeasts, there are studies that show 

that, according to their composition, several honeys possess antifungal capacity (Al-Waili et 

al., 2013). More specifically, some honeys were reported to have activity against 

dermatophytes (Molan, 2001; Bogdanov, 2015). In the research carried out by Abdelmonem 

et al. (2012), vulvovaginal candidiasis of pregnant women was successfully controlled with a 

mixture of honey and yogurt. Furthermore, as food, honey showed immunomodulator effect 

against invasive aspergillosis suffered by mice (Nikaein et al., 2014). Taking into account 

geographical and botanical origins of honeys, the activity of different Turkish samples was 

assessed against several Candida and Trichosporon strains of yeasts (Koc et al., 2009). Other 

studies revealed that some Chilean Quillaja saponaria honeys had both antibacterial and 

antifungic activities (Montenegro et al., 2009). At concentrations higher than 10% several 

unifloral honeys from Slovakia were active against Penicillium species (Kacaniová et al., 

2011). Some Iranian samples also demonstrated capacity against Candida, Aspergillus and 

Trichophyton rubrum (Katiraee et al., 2014).  

In respect of the possible antiviral activity of honey, different investigations reported that this 

food could be efficient against Rubella virus (Zeina et al., 1996) and Herpes virus (Al-Waili, 

2004; Hashemipour et al., 2014).  

Honey has also exhibited activity against several parasites, such as Leishmania (Zeina et al., 

1997) and the nematode Caenorhabditis elegans (Sajid and Azim, 2012), being the major 

nematicidal component a glycoconjugate with the molecular mass of 5511.  

Honeys’ antimicrobial activity depends on botanical sources, honeybees’ metabolism, and 

environmental, seasonal and climatic conditions, which have a strong influence on physical 

and chemical properties of this food (Basualdo et al., 2007). Antimicrobial components of 

honeys and their effectiveness have been described and summarized by several researchers 

(Molan, 1992 a, b; Molan, 1997; Taormina et al., 2001; Sherlock et al., 2010; Al Waili et al., 

2011; Paulus et al., 2012; Boukraâ, 2014; Bogdanov, 2015). 
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In general, honeys’ antibacterial compounds can be divided into those with peroxide action 

and those with non-peroxide action. 

Hydrogen peroxide is the component responsible for honey’s antibacterial peroxide activity 

and was the first antibacterial compound studied in this food (Adcock, 1962; White et al., 

1963; Molan, 1992b; Taormina et al., 2001; Brudzynski, 2006). It is produced under aerobic 

conditions from glucose by the action of glucose oxidase (White and Subers, 1963), and its 

possible function is preventing unripe honey spoilage (Paulus et al., 2012). Antibacterial 

activity of honeys’ hydrogen peroxide accumulation was, at first, expressed as inhibine 

(White et al., 1963; Dustmann, 1979). According to Paulus et al. (2012), a possible 

explanation for the different hydrogen peroxide accumulation in honeys could be due to 

differences in activity of glucose oxidase. The peroxide antibacterial activity of honey is 

sensitive to heat, light and storage (White and Subers, 1964 a, b; Dustmann, 1972; Bogdanov, 

1997), so that Bogdanov (2015) has recommended honey’s storage in cool and dark places, 

and honey’s consumption when fresh. 

Studies carried out by Allen et al. (1991) and Mundo et al. (2004) showed that after 

neutralizing hydrogen peroxide, some honeys still had antibacterial activity, demonstrating 

that there were other honey compounds with antimicrobial properties, as it had been 

previously suggested by Lavie and Grassé (1963). Non-peroxide antimicrobial activity of 

honey is less sensitive to heat and light (Bogdanov, 1984; Bogdanov and Blumer, 2001). 

Methylglyoxal and royalisin (bee defensin-1) have been reported as the main compounds 

responsible for the non-peroxide honey’s antibacterial activity. Manuka honeys from 

Leptospermum scoparium bushes (native to New Zealand and Australia), are known to 

contain very high levels of methylglyoxal (Mavrick et al., 2008), which is formed 

nonenzymatically from manuka nectar’s dihydroxyacetone (Adams et al., 2009) during honey 

storage (Paulus et al., 2012). Methylglyoxal has also been found in honeys from different 

botanical sources, but its concentrations have been considerably lower as those of manuka 

honeys (Paulus et al., 2012). Antibacterial activity of manuka honeys varies among different 

batches (Allen et al., 1991; Oelschlaegel et al., 2012a), so that each manuka honey batch must 

be analysed for antibacterial activity, which is usually expressed as “unique manuka factor” 

(UMF). UMF represents the concentration of a phenol solution that yields a similar zone of 

Staphylococcus aureus growth inhibition as the honey tested, by using a radial diffusion assay 

(Allen et al., 1991). Manuka honeys were also reported to exhibit inhibitory effects against 

the influenza virus (Watanabe et al., 2014) and methylglyoxal, in particular, showed effects 

against HIV1 virus (Behbahani, 2014). 

Royalisin is a peptide secreted by the honeybee hypopharingeal gland that has demonstrated a 

strong activity against Gram-positive bacteria (Kwakman et al., 2011; Paulus et al., 2012). In 

honeys in which methylglyoxal had been neutralized, royalisin was reported to show additive 

antibacterial activity with other antibacterial components such as hydrogen peroxide, sugars 
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and/or low pH (Paulus et al., 2012). Other proteinaceous substances with antibacterial activity 

were found in some honeys (Mundo et al., 2004; Gallardo-Chacón et al., 2008). Qualitative 

and quantitative analysis of royalisin and antibacterial proteinaceous compounds in different 

unifloral and multifloral honeys is interesting for future research about antibacterial activity of 

this food. 

Low honey pH and acidic substances such as aromatic acids and royal jelly acids, have been 

reported to play an important role on antibacterial activity of honeys (Bogdanov, 1997; 

Kwakman et al., 2010; Isidorov et al., 2011; Paulus et al., 2012). Furthermore, the low water 

activity of honeys and the osmolality due to the high sugar amount also contribute to 

antimicrobial activity of this food (White, 1979b; Münstedt et al., 2011; Boukraâ, 2014; 

Bogdanov, 2015). Maillard reaction products (Brudzynski and Kim, 2011; Brudzynski and 

Miotto, 2011) have shown antibacterial activities, as well as lysozyme (León-Ruiz et al., 

2013a) and the combination of honey phenolic compounds (Molan, 1992a; Aljadi and Yusoff, 

2003; Truchado et al., 2009b; Bogdanov, 2015). Honey flavonoids have also been reported to 

have antifungal activity against Candida albicans (Candiracci et al., 2011). 

When cultured in vitro, some bacteria present in honey (Lee et al., 2008 a, b), produce such 

antimicrobial agents as bacillomycin F, or antifungal peptides (Zhao et al., 2013). 

Antimicrobial activity of honey can also be indirect, because this food has been reported to 

show immune-activating, anti-inflammatory and prebiotic effects (Bogdanov, 2015). 

4.4. Antihypertensive activity of honeys 

Hypertension is one of the most important cardiovascular risk factors (Poulter, 2003), because 

continuous elevation of blood pressure produces changes in the myocardial structure and 

coronary vasculature, leading to left ventricular hypertrophy with such heart dysfunctions as 

arrhythmias and congestive heart failure, among others (Standridge, 2005). Cardiovascular 

diseases are the main cause of death globally (Erejuwa et al., 2012a). Therefore, hypertension 

has become a relevant health problem, because blood pressure increases with aging and 

nowadays life expectancy is longer. 

Recent research has shown that honey and honey-derivative intakes can help reduce 

hypertension risk. Hiwatashi et al. (2010) carried out a study with spontaneously hypertensive 

rats, feeding them with a honey-based beverage containing γ-aminobutyric acid(GABA)-

fermented rice bran. They observed beneficial effects against hypertension after 7 weeks, 

attributing those effects to GABA. 

Erejuwa et al. (2011, 2012b) researched the potential antihypertensive effects of honey 

intakes on spontaneously hypertensive rats. They observed that honey supplementation 

significantly reduced renal malondialdehyde levels, as well as systolic blood pressure via 
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amelioration of oxidative stress in the kidney of the rats. More specifically, Malaysian tualang 

honey were able to reduce systolic blood pressure in diabetic spontaneously hypertensive rats. 

Inhibition of angiotensin-I-converting enzyme (ACE) is one of the most well-known 

antihypertensive mechanisms. ACE catalyses the conversion of angiotensin I to the strong 

vasoconstrictor angiotensin II. Echium vulgare honeys showed potent ACE inhibition by 

spectrophotometric analysis at 228 nm (Nagai et al., 2012). Another study carried out with 20 

Spanish honeys from the autonomous community of Castilla-La Mancha, whose ACE 

inhibitory capacity had been determined by HPLC with ultraviolet detection, revealed that 

rosemary (Rosmarinus officinalis L.), lavender (Lavandula latifolia Medik.), thyme (Thymus 

vulgaris L.) and chestnut (Castanea sativa Mill.) honeys evidenced great ACE inhibitory 

activity variations, generally ranging from about 13% to 71%, being chestnut honeys the ones 

which showed the highest antihypertensive capacity (León-Ruiz et al., 2013a). These 

researchers (León-Ruiz et al., 2013b), did not find relationships between ACE inhibitory 

capacity and antioxidant activities of the honeys studied, but they suggested that the 

biological activities of honey melanoidins should be studied in relation with their potential 

antihypertensive activity. 

4.5. Anti-inflammatory activity of honeys 

As well as hypertension, inflammation is considered one of the main causes of cardiovascular 

risk and other illnesses (Willerson and Ridker, 2004). Reactive oxygen species are important 

factors responsible for the injuries during inflammation (Singer and Clark, 1999), because 

they help release free oxygen radicals, which, in turn, induce proinflammatory cytokines 

(Feldmann and Steinman, 2005; Tracey et al., 2008). 

Honey has shown that can reduce inflammation in several experiments carried out with 

laboratory animals (Owoyele et al., 2014; Bogdanov, 2015). In wounds with no bacterial 

infection, honey proved to exhibit anti-inflammatory activity (Postmes, 2001). Honey intake 

by rats with bowel disease was an efficient treatment for inflammatory colitis, possibly due to 

the prevention of free radicals production that, according to the researchers, could be also 

indirectly related to the antibacterial activity of this food (Bilsel et al., 2002). Kassim et al. 

(2010a, b) showed that in rats both honey and its extracts could inhibit edema, producing 

inhibitory activities against inflammatory mediators. In rabbits, artificial inflammation was 

reduced by honey, probably because of a drop of both neutrophils infiltration and 

myeloperoxidase activity (Kassim et al., 2012). Gelam honey from Malaysia attenuated 

carrageenan-induced rat paw inflammation (Hussein et al., 2013). 

In humans, honey ingestion demonstrated to be able to reduce such inflammatory mediators 

as thromboxane and prostaglandins (Al-Waili and Boni, 2003). In vitro synthesis of human 

neutrophil superoxide was decreased by New Zealand rewarewa, manuka and kanuka honeys 

(Leong et al., 2012). 
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Anti-inflammatory activity of honeys has been attributed to flavonoids (Candiracci et al., 

2012), which could inhibit the delivery of proinflammatory cytokines, as well as the 

expressions of the inducible nitric oxide synthase and the production of reactive oxygen 

species. Woo et al. (2005) and Kao et al. (2010) demonstrated that such flavonoids as chrysin 

and quercetin had similar anti-inflammatory activities but with different mechanisms. 

However, according to Farooqui and Farooqui (2014), the molecular mechanisms of 

flavonoids’ anti-inflammatory activity have not been clarified yet. Further research is needed 

to study the potentially interesting anti-inflammatory activity of honey. 

4.6. Probiotic and prebiotic properties of honey 

Fresh honey has been reported to have probiotic Bifidus and Lactobacilus bacteria (Olofsson 

and Vasquez, 2008) that are beneficial for human health. 

Prebiotics are food ingredients that potentially stimulate the activity of the gut flora, altering 

its composition and providing energy to selected microbial species (Abdellah and 

Abderrahim, 2014). Possible prebiotics effects of honeys have been attributed to 

oligosaccharides, whose actions have been proved to be similar to that of 

fructooligosaccharides (Yun, 1996; Sanz et al., 2005). Panose has been described as the most 

active oligosaccharide. The mechanism of action of honey oligosaccharides appears to be 

synergistic, leading to an increase of lactobacilli and bifidobacteria (Ustunol, 2000; Ustunol 

and Gandhi, 2001). Nevertheless, the study carried out by Popa and Ustunol (2011), 

questioned the probiotic effects of honey oligosaccharides, because other sweeteners, apart 

from several unifloral honeys containing different oligosaccharide amounts, supported the 

growth, activity and viability of lactic acid bacteria and bifidobacteria.  

Conversely to sucrose, honey proved to increase in vitro and in vivo the population of 

Lactobacillus acidophilus and Lactobacillus plantarum of rats (Shamala et al., 2000). An in 

vitro research using five bifidobacteria strains, showed that honey provided with a growth-

promoting effect comparable to that of fructose and glucose oligosaccharides (Kajiwara et al., 

2002). In addition, the lactobacilli in the small intestine could well be affected advantageously 

by honey components, such as sugars (Haddadin et al. 2007). 

Honey exhibited prebiotic action towards three Lactobacillus species isolated from human 

faeces (Tejpal and Goyal, 2009). Furthermore, the growth, activity and viability of lactobacilli 

could be enhanced by adding honey to dairy products (Altman, 2010). 

In respect of botanical origins, sour-wood, alfalfa, sage and clover honey showed prebiotic 

capacity (Kajiwara et al., 2002), the three first of them stimulating the growth of five human 

intestinal bifidobacteria, as well (Shin and Ustunol, 2005). Honeydew honeys were also 

described to contain prebiotic oligosaccharides (Sanz et al., 2005). Lucan et al. (2009) 

observed that, comparing to acacia honeys, chestnut samples better enhanced the growth and 
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acidity of Bifidobacterium lactis, finding, as well, inhibitory potential effects of honey-

sweetened fermented goat and cow milk against a strain of Listeria monocytogenes. Abdellah 

and Abderrahim (2014), claimed that several honey compounds might also inhibit the 

development of pathogens such as Helicobacter pylori or Staphylococcus aureus. The possible 

mechanism of action would be the attachment of oligosaccharides to the cell walls of the 

bacteria, preventing adhesion to human tissues. 

However, it is still unclear if all honeys have prebiotic effects and, if so, whether some honeys 

have a stronger prebiotic activity (Bogdanov, 2015), so future research is needed. 

5. Honey as environmental bioindicator 

Honey, as a result of a bio-accumulative process, has been used as biomonitor for collecting 

information about the environment, identifying environmental contamination (Jones, 1987; 

Kacaniová et al., 2009) and characterizing the level of soil, water, plant and air pollution 

(Fodor and Molnar, 1993).  

5.1. Honey as indicator of radioactive contamination  

Despite the fact that honey has been used as an indicator of radioactive contamination near 

nuclear power plants or in different places after radioactive accidents, Gilber and Lisk (1978) 

did not detect beta or gamma emission in any of the sample collected in the vicinity of a 

nuclear reprocessing plant. Tonelly et al. (1990) claimed that, among bee products, honey was 

the worst indicator of radioactive environmental contamination, being bee pollen the best one. 

5.2. Honey as indicator of minerals and heavy metals contamination 

Honey has been studied as a mineral content environmental indicator, having been considered 

as a potential pollution indicator of the concentration of heavy metal in different zones such 

as rural, urban and industrial areas, as well as extraurban crossroads (Enrich et al., 2007; Popa 

et al., 2013). Jones (1987) found low and variable concentrations of heavy metals in honey, 

attributing the variability to factors such as the floral source, season, time of year, and rainfall, 

among others. For this reason, he concluded that honey could not be used as a reliable and 

sensitive indicator. Fakhimzadeh and Lodenius (2000) agreed, also claiming that bees 

themselves were better bioindicators of industrial and urban heavy metal pollution. 

Conversely, other researchers reported higher concentrations of heavy metals in honeys from 

urban and industrial polluted areas, than in honeys from unpolluted rural zones (Fodor and 

Molnar, 1993; Rodríguez-García et al., 2006; Rashed et al., 2009; Lambert et al., 2012). 

Furthermore, Leita et al. (1996) found a linear relationship between Cd and honey. 
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5.3. Honey as indicator of pesticides contamination 

Rissato et al. (2007) and Malhat et al. (2015) performed a multiresidue analysis in honey for 

monitoring pesticides’ residues in several regions. Balayiannis and Balayiannis (2008) 

investigated the pollution of different agricultural areas of Greece by insecticides, using 

honey from those areas as bioindicator. Panseri et al. (2014) found residues in samples 

harvested in industrial areas. On the contrary, these authors did not find residues in honeys 

coming from organic production zones. They concluded that honey’s pesticide contamination 

was closely related to the contamination source, being able to reveal the precise 

environmental pollutant. 

5.4. Honey as indicator of other environmental pollutants 

Ponikvar et al. (2005) showed that the amounts of sulphate in honey depended on the 

emissions of SO2. Fermo et al. (2013) found higher concentrations of some cations and anions 

in the Western Balkans than in Italian regions, attributing this fact to local industrial and 

agricultural activities.  
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METHODS OF ANALYSIS FOR HONEY 

ABSTRACT 

In this chapter, a thorough updated review for both standardized and most used and novel 

analytical methods for the analysis of honey has been made. The methodologies applied to 

honey in the analysis of the physical parameters (electrical conductivity, rheological 

properties, specific rotation, colour and water activity), the analysis of the properties and the 

most important components of honey (moisture, sugars, enzymes, HMF, types of acidity and 

pH, formol index, insoluble solids, organic acids, proteins, amino acids, vitamins, minerals, 

volatile and semi-volatile compounds and polyphenols), and the antioxidant and antimicrobial 

activities have been described. Finally, the most applied methods for multicomponent analysis 

and/or for honey authenticity verification (both the botanical and/or geographical origin 

honey classification and the detection of honey adulteration) have been described. 

1. Introduction 

Honey analysis is carried out to verify the quality of this food, its authenticity, as well as to 

establish, if possible, its botanical and geographical origins. For these purposes, the most 

common determinations are melissopalinology, sensory, biological and physicochemical. The 

use of state-of-the art procedures and non-destructive on-line methodologies is nowadays 

getting increasingly important in food industries, so that currently many laboratories related to 

bee products are already using modern technology to study honeys. 

Several analytical procedures for a variety of quality control parameters and properties of 

honey have been thoroughly tested, discussed, and published (Anklam, 1998; Bogdanov, 

2009; AOAC, 2012; Aissat and Benbarek, 2014; Sarker and Nahar, 2014). 

This chapter will focus on summarizing the principles, advantages and disadvantages of the 

common methods of analysis applied to the most important natural honey characteristics, 

components and properties. A description of the specific procedures is detailed in the cited 

references. Melissopalinology, sensory analysis, as well as determination of residues, possible 

contaminants and honey’s adulterations are topics of other chapters. 

2. Physical features and properties of honeys 

2.1. Electrical conductivity 

It represents the capacity of honey to carry the flow of an electric current and mostly depends 

on its mineral content (Crane, 1975), being different according to the botanical origin of 

honeys (Codex Alimentarius, 2001; OJEC, 2002). Electrical conductivity of honey is usually 
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assessed on honey solutions at 20% dry matter, by measuring the electrical resistance with a 

conductimeter calibrated at a given temperature, currently established at 20ºC (Vorwohl, 

1964a, 1964b; Szczesna and Rybak-Chmielewska, 2004; Bogdanov, 2009). However, 

Bogdanov et al. (2004) recommended carrying out electrical conductivity measurements at 

the international reference temperature of 25ºC. Sancho et al. (1991a) found a significant 

linear relationship between the results of honeys’ electrical conductivity measured in humid 

and in dry matter, so that the method of analysis could be simplified. Relationships were also 

found between electrical conductivity values, and total, sulphated ash, soluble ash, insoluble 

ash, and alkalinity of ash (Accorti et al., 1987; Sancho et al., 1991c; Sancho et al., 1992). 

Electrical conductivity has also been measured by infrared spectroscopy methods such as NIR 

(near infrared spectroscopy) (Cozzolino and Corbella, 2003), FT-NIR (Fourier transform near 

infrared spectroscopy) (Ruoff et al., 2007) and FT-MIR (Fourier transform mid-infrared 

spectroscopy) (Lichtenberg-Kraag et al., 2002; Ruoff et al., 2006a; Almeida-Muradian et al., 

2014a). Major et al. (2011) determined this parameter by potentiometry. 

2.2. Rheological properties 

Its measurement in honey is of capital importance for the design of pumping and transport 

equipment (Trávníček et al., 2012). Several methods have been used to measure rheological 

properties of honey, among which cone-and-plates, controlled strained and stress methods, 

double-gap cylinder, dynamic tests, as well as frequency weep assays are commonly 

employed (Kolayli et al., 2014). Viscosity is the most important rheological property of honey 

(Kayacier and Karaman, 2008), which depends on water content and temperature (Abu-Jdayl 

et al., 2002; Yanniotis et al., 2006), and can help classify honey samples by their botanical 

origins (Wei et al., 2010). Honey viscosity is a key factor for extraction, pumping, setting, 

filtration, mixing, bottling, and technological applications of this food (Kolayli et al., 2014). 

The variation in honey viscosity with temperature was expressed by the consistence index 

(Mossel et al., 2000; Sengul et al., 2005). Even although most honeys were described as 

Newtonian fluids (Bhandari et al., 1999), ling heather honeys (Calluna vulgaris) in particular 

exhibit thixotropic behaviour and were classified as non-Newtonian fluids, apparently 

because of containing high molecular weight compounds (Witczak et al., 2011). To measure 

honeys’ rheological properties, dependence of dynamic viscosity on temperature (using the 

Arrhenius mathematical model), as well as dependence of shear stress on shear rate have been 

assessed (Trávníček et al., 2012).  

2.3. Polarization and specific rotation 

It is related to honeys’ sugars composition that makes this food rotate the plane of polarized 

light (Bogdanov et al., 2004). According to Persano-Oddo and Piro (2004), specific rotation 

could help differentiate blossom and honeydew honeys. The polarimetric method approved 

for the International Honey Commission (Bogdanov, 2009), measures the angular rotation of 
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a clear and filtered aqueous honey solution. The procedure was optimized by Serrano et al. 

(2012), using a Plackett-Burman experimental design. 

Polarization 920.182 method has been adopted by AOAC (2012). 

García-Álvarez et al., 2002 measured polarimetric parameters such as direct polarization, 

polarization after inversion, polarization due to non-monosaccharides and specific rotation by 

NIR. 

2.4. Colour 

It is one of the honey features that influence the consumers’ choice. Honeys’ colour intensity 

is usually measured using optical comparators (Fell, 1978; Aubert and Gonnet, 1983), which 

generally provide with Pfund index grading. Optical comparisons have been established as 

985.25 and 960.44 official methods (AOAC, 2012). Honeys’ colours according to Pfund scale 

can also be described by absorbance measurement at different wavelengths such as 560 nm 

(Kolayli et al., 2014) or 635 nm (Pontis et al., 2014), directly on honeys or in diluted samples. 

Other researchers measure honey colour by tristimulative methodology, mainly using the 

C.I.E. (International Lighting Commission) Y, x, y coordinates (Huidobro and Simal, 1984; 

Mateo-Castro et al., 1992), or L*, a*, b* coordinates (Persano-Oddo et al., 1995; Anupama et 

al., 2002, among many other authors). For honey characterization several scientists set up 

reflectance spectroscopy procedures (Negueruela and Pérez-Arquillué, 2000), NIR (Cozzolino 

and Corbella, 2003), as well as spectroradiometry measurements, that determine colour in the 

same way as the human eye does (Terrab et al., 2004). The methods based on optical 

comparison are more subjective than the most recently used instrumental techniques. Terrab 

et al. (2004) claimed that a combination of spectroradiometry and multivariate statistics was 

particularly suitable to differentiate similar coloured honeys of different botanical origin 

(thyme and avocado). 

2.5. Water activity 

It is the amount of water that is available to microorganisms, defined as the ratio of the vapour 

pressure of water in a material to the vapour pressure of pure water at the same temperature. 

Between 4ºC and 37ºC, water activity of honey varies between 0.562 and 0.620 (McCarthy, 

1995). Honey’s water activity is usually determined by the chilled-mirror dewpoint technique. 

Correlations have been found between honey’s moisture and its water activity (Beckh et al., 

2004; Cavia et al., 2004). 
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3. Analysis of the most important constituents 

3.1. Moisture 

The water content is an important factor that contributes to honey stability against granulation 

and fermentation during storage (Nanda et al., 2003). 

3.1.1. Refractometric method 

This is the method proposed by IHC and one of the methods proposed by the AOAC (969.38 

method). It is the most used method due to its simplicity and reproducibility. Sugar crystals of 

honey have to be dissolved previously in a heating bath at 50ºC. Refractive index of the honey 

is measured at 20ºC with an Abbe or digital refractometer, evaluating moisture percentage by 

using an empirical formula or a relative conversion table (Bogdanov, 2009; AOAC, 2012). 

3.1.2. Direct drying 

It is another method proposed by the AOAC (969.38 AOAC method). This method is a 

gravimetric determination after oven drying at <70ºC under pressure ≤ 50 mm Hg (AOAC, 

2012). 

3.1.3. Other methods 

Infrared spectrometric methods have been used for moisture determination, such as NIR (Ha 

et al., 1998; Qiu et al., 1999; García-Álvarez et al., 2000; Cho and Ha, 2002; Cozzolino and 

Corbella, 2003), FT-NIR (Ruoff et al., 2007; Tu et al., 2009) and Fourier transform mid-

infrared spectrometry with attenuated total reflectance (FT-MIR-ATR) (Lichtenberg-Kraag et 

al., 2002; Ruoff et al., 2006a; Pataca et al., 2007; Almeida-Muradian et al., 2014a), in 

conjunction with multivariate calibration. 

Karl Fischer Titration (KFT) technique has been employed by Isengard et al. (2001), Isengard 

and Schultheiß (2003) and Gallina et al. (2010). Arida et al. (2012) determined moisture by 

Karl Fisher coulometric method using an automatic potentiometric titrator. Generally, 

moisture values determined by the refractometry method are lower than those determined by 

KFT (Isengard et al., 2011; Isengard and Schultheiß, 2003; Bogdanov, 2009; Gallina et al., 

2010). Advantages over refractometry method are that pre-treatment liquefaction is not 

necessary and the empirical formula or relative conversion table, that is not likewise correct 

for every type of honeys, is not used (Gallina et al., 2010). 

Major et al. (2011) also measured electrical conductivity by a potentiometric technique. 

The ultrasonic shear reflectivity method has been investigated since it is a non-destructive 

technique, which also gives information on the microstructure of honey (Cereser-Camara and 

Laux, 2010).  
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Termogravimetry also can be used as an alternative method for simultaneous determination of 

moisture and ash in honey samples (Felsner et al., 2004 a,b). 

3.2. Sugar analysis 

Honey is a supersaturated sugar solution. Sugars are the main constituents of honey 

accounting for about 95 g/100 g dry matter. 

The methods used for the determination of the sugar composition validated by the 

International Honey Commission (Bogdanov, 2009) are apparent reducing sugars, apparent 

sucrose, HPLC-IR, HPLC-PAD and GC-FID; and the methods adopted by AOAC (2012) are 

apparent reducing sugars (920.183 method), apparent sucrose (920.184 method), HPLC-IR 

(977.20 AOAC method), column chromatography (954.11 and 954.12 methods) and thin 

layer chromatography for glucose determination (959.12 method). Other methods such as 

spectroscopy, enzymatic and capillary electrophoresis methods have been also developed. 

3.2.1. Determination of total sugars, apparent reducing sugars and apparent sucrose  

The method used for quantification of reducing sugars (mainly fructose and glucose) and 

apparent sucrose in honey is by reducing Soxhlet’s modification of Fehling’s method (a 

modification of the Lane and Eynon procedure) (Bogdanov, 2009; AOAC, 2012). 

3.2.2. High performance liquid chromatography (HPLC)  

HPLC procedure is more welcome than GC, since sample derivatization is normally avoided. 

For the detection of low molecular weight carbohydrate, several detectors have been used. 

 HPLC with refractive index detector (IR)  

It is the most popular method used for sugars identification (Oroian et al., 2014; Silvano et 

al., 2014). IR detector has several disadvantages such as the lack of sensitivity and 

selectivity, signal dependence with temperature and with mobile phase flow rate, and the 

incompatibility with gradient elution (Terol et al., 2012). It requires a simple sample 

preparation. Silica-based columns of polar aminopropylsilane (-NH2) are the most used, 

being the main eluent a solution acetonitrile/water (proportion about 80:20 v/v) (Almeida-

Muradian et al., 2014b; Bentabol-Manzanares et al., 2014). Identification is carried out by 

comparing the retention times of the peaks obtained from authentic commercial standards 

and quantification is normally achieved according to the external calibration method. 

 HPLC over a strong anion exchange resin coupled to pulsed amperometric detector 

(HPAEC-PAD) 

Nowadays, it is the method of choice for carbohydrate analysis (Escuredo et al., 2014; 

Juan-Borrás et al., 2014), due to its detection limits, much lower than those achieved with 

IR detector (Nozal-Nalda et al., 2005). HPAEC-PAD takes advantage of the affinity 
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between the ionized groups of sugars at alkaline pH, being possible a high resolution and 

highly selective separation of non-derivatized sugars (Bogdanov, 2009). Despite the 

advantages of HPAEC-PAD, the main problem of this technique is related to the lack of 

commercial standards for hydrocarbons’ chains with high degree of polymerization. 

Therefore the peak identification could be difficult to be performed (Corradini et al., 

2012). HPAEC-PAD columns have to be high pH-resistant polymeric-based strong anion-

exchange columns with fast mass transfer and diffusion properties, and good mechanical 

stability (Bogdanov, 2009). The most common are CarboPac columns manufactured by 

Dionex (Thermo Fisher Scientific Inc., USA) (Ouchemoukh et al., 2010; Rodríguez-Flores 

et al., 2014). Sugars are usually eluted under isocratic mode using sodium hydroxide 

solutions at different concentrations (Juan-Borrás et al., 2014) but also a gradient elution of 

different mobile phases (water/NaOH or water/NaOH/NaOAc) could be used (Escuredo et 

al., 2014). Carbohydrates are identified on the basis of their retention times and 

quantification is made using the external calibration method. 

 Other HPLC methods 

Ultra-performance liquid chromatography with an evaporative light scattering detector 

(UPLC-ELSD) has been also employed for sugars quantification (Zhou et al., 2014a). 

3.2.3. Gas chromatography (GC)  

GC provides better resolution and sensitivity than HPLC for many important minor 

carbohydrates in relative short retention times, but it involves a previous derivatization 

reaction to make sugars volatile compounds (Kaškonienė et al., 2010). Pierce-Pourtallier 

derivatization is the most common method (Ruiz-Matute et al., 2010), although I.N.A. 

method has been also used (Pasini et al., 2013). After derivatization process, sugars are 

determined as their trimethylsilyl (TMS) derivatives (Bogdanov, 2009). 

Gas chromatography with flame ionization detector (GC-FID) is the most used GC method. 

Identification is carried out by comparing their retention times with those of standard 

compounds and quantification is made with the internal standard method (using sugars not 

present in honey such as mannitol or phenyl-β-D-glucoside as internal standards, among 

others) (Sanz et al., 2004; Bogdanov, 2009).   

GC mass spectrometry is used, in most cases, to confirm peak identities (De la Fuente et al., 

2011), but also for quantitative analysis (Ruiz-Matute et al., 2010). It is a useful technique to 

characterize complex mixtures of carbohydrates with high degree of polymerisation. The 

study of the different m/z fragments provides important information about the chemical 

structure of the molecule (Ruiz-Matute et al., 2010). The most important drawbacks of MS 

detection are the co-elution of compounds, the similar MS fragmentation pattern obtained for 

carbohydrates with the same molecular weight (as isomers) and the interferences of other 

matrix compounds (Sanz et al., 2004). Identification is made by comparison of their mass 
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spectra data and IT (linear retention index calculated from retention times of the compounds) 

with those of standard compounds or taking into account data published in the literature (De 

la Fuente et al., 2011). They are quantified by the internal standard procedure after 

determination of the total ion current response factors of the individual sugars relative to an 

internal standard (such as xylose) (Terrab et al., 2002).  

3.2.4. Spectroscopy methods  

Spectroscopy methods such as NIR (Cho and Hong, 1998; Ha et al., 1998; Qiu et al., 1999; 

García-Álvarez et al., 2000; Cho and Ha, 2002; Mouazen and Al-Walaan, 2014), FT-NIR-

ATR (Fourier transform near infrared spectroscopy method with attenuated total reflectance) 

(Ruoff et al., 2007; Tu et al., 2009), FT-MIR-ATR (Lichtenberg-Kraag et al., 2002; Tewari 

and Irudayaraj, 2004; Ruoff et al., 2006a; Pataca et al., 2007; Almeida-Muradian et al., 

2014a; Anjos et al., 2015), 1H and 13C NMR (nuclear magnetic resonance spectroscopy) 

(Jamróz et al., 2014) and Raman Spectroscopy (Özbalzi et al., 2013) in combination with 

chemometrics, have been applied for sugars analysis in honey. They are quick methods that 

need minimal sample amount and handling. 

3.2.5. Enzymatic determination 

Enzymatic methods for determining sugar contents are rapid, sensitive to low sugar 

concentration and highly specific. They rely on the ability of an enzyme to catalyse a specific 

reaction (Brummer and Cui, 2005). Through enzymatic commercial kits, UV 

spectrophotometric determination of glucose, fructose, sucrose and maltose based on the high 

specificity of the enzymes has been carried out (Gómez-Díaz et al., 2012).  

3.2.6. Capillary electrophoresis (CE) 

CE technique involves high efficiency, short analysis time, low cost separation with minimum 

consumption of solvents and minimal sample preparation. Fructose, glucose and sucrose 

contents have been determined by CE, coupling an amperometric detector (Cheng et al., 

2008) and coupling a diode array detector (Biluca et al., 2014). 

3.2.7. Electrochemical determination 

Potentiometric determination have been used to measured reducing sugars, different sugars 

(such as glucose, fructose and sucrose) and total sugars by some authors (Papastathopoulos et 

al., 1977; Gitzapis et al., 1989; Nanos et al., 1991; Basa et al., 2007; Major et al., 2011). 

3.2.8. Other non-specific methods 

Refractometry can be used to measure ºBrix, directly related with sugar content (Habib et al., 

2014b). 
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Approximate total carbohydrate content (%) can be obtained by difference of the 100% less 

the addition of ashes, proteins and lipids contents (Almeida-Muradian et al., 2013). 

3.2.9. Other methods to detect sugar adulteration 

Sugar adulteration of honey with cane or corn can be screened microscopically (Kerkvliet and 

Meijer, 2000) and verified by determining the δ13C (a measure of the stable 13C/12C isotopic 

ratio); due to values originating from C-4 plants (cane plants) are different that from C-3 

plants (nectar source plants). The AOAC official methods 998.12, 978.17 and 991.41 have 

been established for corn and cane sugar adulteration (AOAC, 2012). SCIRA (stable carbon 

isotope ratio analysis) using an EA-IRMS (Eurovector elemental analyser coupled to an 

isoprime mass spectrometer) is used as well (Rogers et al., 2014). Guler et al. (2014) 

observed that the indirect adulteration of honey by feeding the bees with C3 plant syrup could 

not be efficiently detected using the AOAC official methods. 

High fructose starch syrup adulteration can be detected by thin layer chromatography, 

following the AOAC method 979.22 (AOAC, 2012). 

3.3. Enzymes 

Enzymes are related to the botanical origin of honeys (Persano-Oddo et al., 1990; Anklam, 

1998; Persano-Oddo et al., 1999, Persano-Oddo and Piro, 2004), honeys’ aging, processing 

and storage conditions (White et al., 1964; White, 1979a). The main honey enzymes are 

diastase (amylase), invertase, glucose oxidase (animal origin), as well as catalase and 

phosphatase (vegetal origin). Minimum honeys’ diastase values are included within honeys’ 

standards (Codex Alimentarius, 2001; OJEC, 2002).  

3.3.1. Diastase 

Several methods for diastase activity determination have been proposed. The first of them was 

set up by Schade et al. (1958), and is based on the measurement, at intervals, of the blue 

colour developed by iodine and a standard solution of starch hydrolysed by honeys’ diastase. 

This procedure, with further modifications (White and Pairent, 1959; Hadorn and Zürcher, 

1972) has been included in the official and harmonized methods of honey analysis, such as 

Codex Alimentarius (2001), Bogdanov (2009) and the procedure number 958.09 of the 

AOAC (2012). Siegenthaler (1975), proposed the “Phadebas method” photometric procedure, 

in which an insoluble blue dyed cross-linked type of starch is used as the substrate. This assay 

proved to be considerably simpler and faster than the “Schade method”. Bogdanov (1984) 

modified the “Phadebas method”, and Persano-Oddo and Pulcini (1999) proposed formula for 

the diastase assay by “Phadebas” in honeys with low enzyme content. “Phadebas procedure” 

was included within the harmonized methods of the International Honey Commission 

(Bogdanov, 2009).  
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Sakač and Sak-Bosnar (2012) and Sak-Bosnar and Sakač (2012) set up a fast, cheap and 

simple potentiometric analysis for honey’s diastase activity, whose results correlated with 

those by classic “Schade method” and commercial “Phadebas method”. The analysis is based 

on a direct potentiometric measurement of triiodide ion, which is proportional to the diastase 

activity of the honey sample.  

3.3.2. Invertase 

Hadorn and Zürcher (1966) proposed a polarimetric method for the analysis of this honey 

enzyme. Invertase activity is usually determined by Siegenthaler procedure (Siegenthaler, 

1977), based on the spectrophotometric measurement of 4-nitrophenol formed after the 

reaction of honey invertase with 4-nitrophenyl-α-D-glucopyranoside, used as substrate. The 

harmonized methods of the International Honey Commission include this method (Bogdanov, 

2009). Lichtenberg-Kraag et al. (2002) predicted invertase by FT-MIR-ATR. Von der Ohe et 

al. (1999), proposed the international units (U/kg) for expressing the results of invertase. 

3.3.3. β-glucosidase 

The method of analysis of this enzyme in honey was proposed by Low et al. (1986), and 

consists of a modification of Siegenthaler’s technique (Siegenthaler, 1977), using 4-

nitrophenyl-β-D-glucopyranoside as substrate. 

3.3.4. Glucose-oxidase 

Dold and Witzenhausen (1955) proposed a microbiologic method to analyse glucose-oxidase 

in honey that consisted of checking the effect of honey on the growth of Staphylococcus 

aureus strains. Hydrogen peroxide production was estimated after adding o-dianisidine and 

peroxidase. Salashinski and Bazhenova (1979) determined glucose-oxidase by a titrimetric 

assay, in which honey was previously buffered to pH 5.7, and the production of hydrogen 

peroxide was determined by iodine titration. White and Subers (1963) developed a 

colorimetric assay to determine the hydrogen peroxide released from diluted honey. Schepartz 

and Subers (1964) proposed a similar and sensitive colorimetric procedure, but with a 

previous dialysis of the honey samples, because these researchers verified that such honey 

aminoacids as proline interfered. The method consisted of the measurement of the 

absorbance, at 402 nm, of a coloured compound formed after the reaction of hydrogen 

peroxide with o-dianisidine and peroxidase. Wenhan and Luqing (1993) proposed another 

colorimetric procedure, in which hydrogen peroxide oxidized potassium iodide.  

3.3.5. Catalase 

Most published methods for the determination of honey catalase are based on the analysis of 

the concentration of hydrogen peroxide, before and after a period of incubation (Huidobro et 

al., 2005). However, all methods previous to the proposal of Schepartz and Subers (1966) 
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were not appropriate for honey, due to the fact that reagents reacted with other constituents of 

this foodstuff. The assay of Schepartz and Subers (1966) consisted on the determination of 

hydrogen peroxide in a previously dialyzed honey solution within a test system containing o-

dianisidine and peroxidase. The method was modified by Huidobro et al. (2005), dramatically 

improving the dialysis experimental conditions, reagents preparation and precision. Recently, 

Franchini et al. (2011) set up a method for catalase amperometric detection consisting of a 

sensor in association with flow injection analysis and a tubular reactor containing Amberlite 

IRA-743 resin. 

3.3.6. Acid phosphatase 

Giri (1938) developed a method of analysis for honey’s acid phosphatase, determining 

inorganic phosphorous from β-glycerol phosphate after samples incubation. The incubation 

time was reduced and the pH of the assay was modified (Günther and Burckhart, 1967), as 

well as the concentration of substrate, buffer composition, and catalyst agent (Ivanov, 1978). 

Sánchez et al. (2005) and Alonso-Torre et al. (2006) verified that the 50% honey solutions 

employed by Günther and Burckhart (1967) were too concentrated for dark samples and the 

absorbances too high for a reliable determination, so that Sánchez et al. (2005) and Alonso-

Torre et al. (2006), modified the method of Günther and Burckhart (1967) using 20% (w/v) 

honey solutions, thus improving the precision. 

3.4. Hydroxymethylfurfural 

HMF content is an indicator of honey freshness, which is an important criterion for the 

evaluation of heat damage and/or aging of the product (Bogdanov et al., 2004). There are 

several methods validated for the determination of HMF in honey. Bogdanov (2009) found 

small differences between them at very low levels, being repeatability and reproducibility 

better applying White (1979b) and high performance liquid chromatography methods than 

applying Winkler (1955) assay. Truzzi et al. (2012) found that HPLC method seemed to be 

more appropriate for the determination of low levels of HMF. HMF results are expressed in 

mg/kg. 

3.4.1. Determination of HMF after Winkler 

The absorbance of a filtered honey solution, after clarification with carrez solutions and 

addition of p-toluidine and barbituric acid solutions, is measured at 550 nm against a blank in 

the maximum colour intensity (3-4 minutes after the barbituric acid addition) (Winkler, 1955; 

Bogdanov, 2009). As the Winkler method uses p-toluidine that could be carcinogenic, it 

should be used only if one of the other methods are not available. 

Salinas et al., 1991, proposed a semiautomatic photometric flow injection method for HMF 

determination on the basis of the Winkler’s determination with a good sensibility, 

reproducibility and precision. 
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3.4.2. Determination of HMF after White 

The absorbance of a filtered honey solution, after clarification with carrez solutions, is 

measured at 284 and 336 nm against the reference solution (the same solution after addition 

of sodium bisulphite) (White, 1979b). Apart from having been validated by the IHC 

(Bogdanov, 2009), this procedure is official as 980.23 in AOAC (2012).  

3.4.3. Determination of HMF by HPLC with ultraviolet detector 

HMF is determined in a filtered aqueous honey solution. The signal obtained using a reverse 

phase HPLC with UV detection (UV or DAD detector) at 285 nm is compared with the signal 

of a standard. A water-methanol mixture is used as mobile phase (Jeuring and Kuppers, 1980; 

Kahoun et al., 2008; Bogdanov, 2009; Spano et al., 2009). 

3.4.4. Determination of HMF by capillary electrophoresis 

Capillary electrophoresis with diode array detector is a fast, low cost and simple method that 

has showed good results for linearity, precision and accuracy (Teixidó et al., 2011; Rizelio et 

al., 2012b; Wong et al., 2012; Biluca et al., 2014). Micellar electrokinetic chromatography 

(MEKC) is the most used method. Teixidó et al. (2011) and Rizelio et al. (2012b) did not 

observed significant differences when compared the results with LC-MS/MS method. 

3.4.5. Other methods 

NIR and FT-NIR methods have been investigated by different authors (Cho and Hong, 1998; 

Ha et al., 1998; Qiu et al., 1999; Cozzolino and Corvella, 2003; Ruoff et al., 2006a; Ruoff et 

al., 2007; Almeida-Muradian et al., 2012), but the prediction accuracies were low and 

unreliable. Lichtenberg-Kraag et al. (2002) predicted HMF with an acceptable calibration by 

FT-MIR-ATR.  

Teixidó et al. (2006) proposed a simple and selective method by gas chromatography coupled 

to mass spectrometry (GC-MS) after a SPME-derivatization step. 

3.5. pH, free acidity, lactonic acidity, total acidity and formol number 

Both the methods proposed by the IHC (Bogdanov, 2009) and the method 962.19 defined by 

the AOAC (AOAC, 2012) are based in titrimetric methods. 

3.5.1. Determination of pH 

The low pH of honey inhibits the growth of microorganisms (Gomes et al., 2011). pH is 

measured directly on a water solution of the honey sample using a pH-meter. Usually, this 

honey solution is 10 g honey in 100 ml water or 10 g honey in 75 ml water (Bogdanov, 2009; 

AOAC, 2012). Cozzolino and Corbella (2003) measured pH by NIR, Ruoff et al. (2007) by 

FT-NIR and Lichtenberg-Kraag et al. (2002), Ruoff et al. (2006a) and Almeida-Muradian et 

al. (2014a) by FT-MIR-ATR. 
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3.5.2. Determination of acidity 

The honey acidity is due to the presence of organic acids in balance with their lactones and 

some inorganic ions (Nanda et al., 2003). Acidity content is expressed in milliequivalents/kg 

honey. Total acidity is the sum of both free and lactone acidities. 

 Determination of free acidity by endpoint titration to pH 8.3 (IHC method) 

A honey solution is titrated with 0.1M NaOH to pH 8.30 in less than 2 minutes, through a 

burette or an automatic titrator (Bogdanov, 2009). 

 Determination of free acidity and lactones by equivalence point titration (IHC method) 

Equivalence point titration is a more correct method than endpoint titration for honey 

acidity determination, where the equivalence point is fixed for each honey (Bogdanov, 

2009). 

The free acidity is measured by titration of a honey solution with 0.05M NaOH up to the 

equivalence point determined by plotting the neutralization curve.  

The lactone acidity is measured after addition of an excess of NaOH and back titration 

with 0.025M sulphuric acid up to the second equivalence point. 

 Determination of free acidity and lactones by endpoint titration to pH 8.5 and pH 8.3 

respectively (AOAC method) 

Free acidity is measured by titration of a honey solution with 0.05 M NaOH to pH 8.50 at 

rate of 5.0 ml/min. 

Lactone acidity is measured after back titration with 0.05 M HCl to pH 8.30 after addition 

of 10 ml NaOH.  

 Other methods 

Klofutar et al. (1990) and Major et al. (2011) measured acidity by a potentiometric titration 

technique. 

Qiu et al. (1999) predicted free acidity and lactone by NIR, being the prediction accuracy 

poor and unreliable, while Cho and Ha (2002) determined acidity, being considered the 

results sufficient for practical use. Ruoff et al. (2007) measured free acidity by FT-NIR and 

Lichtenberg-Kraag et al. (2002) and Ruoff et al. (2006a) by FT-MIR. Acidity was also 

determined by this last method (Pataca et al., 2007; Almeida-Muradian et al., 2014a). 

Almeida-Muradian et al. (2012) also predicted pH using FT-IR-ATR. 

3.5.3. Determination of formol number 

Formol number gives a measure of total amino acids. It is a parameter important to honey 

authentication and to detect adulterations (Sancho et al., 1991b). Zürcher (1963) carried out a 

simultaneous determination of the formol number, pH, free acids and lactone content. In the 
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Manuel Suisse des Denrées Alimentaires (1974), formol number is measured by titration to 

pH 8.00. Simal and Huidobro (1984) determined formol number by titration with NaOH 

0.05M to pH 8.30 after lactonic acid titration, adding 15 ml of neutralized formaldehyde to 

the honey solution. 

3.6. Insoluble matter 

Insoluble matter is an important parameter to detect honey impurities such as bee wax, other 

honeycomb debris, and bee and filthy particles. The harmonized gravimetric method has a 

very low reproducibility. A solution of honey in water is collected on a crucible and dried in 

the oven at 135ºC. The residue is weighed after being washed free of soluble material 

(Bogdanov, 2009). 

3.7. Organic acids 

Non-aromatic organic acids have been widely analysed to characterize honey samples from 

different botanical and geographical origins (Mato et al., 2003; Oelschlägel et al., 2011). In 

general, the most applied methods have been enzymatic assays, chromatography, and 

electrophoresis (Mato et al., 2006b; Sancho et al., 2013). 

3.7.1. Enzymatic assays 

Enzymatic assays are usually the most precise, specific and accurate methods, which require 

simple equipment, so that many scientists have used them to analyse non-aromatic organic 

acids of honeys (Tourn et al., 1980; Stoya et al., 1986; Stoya et al., 1987; Hansen and 

Guldborg, 1988; Talpay, 1988; Talpay, 1989; Sabatini et al., 1994; Mato et al., 1997; 

Mutinelli et al., 1997; Mato et al., 1998a, 1998b; Cossu and Alamanni, 1999; Alamanni et al., 

2000; Bogdanov et al., 2002; Gheldof et al., 2002; Pulcini et al., 2004; Persano-Oddo et al., 

2008; Vit et al., 2009). These methods are based on spectrophotometric measurements of 

specific compounds, after reacting organic acids and specific enzymes. Nevertheless, 

enzymatic assays allow the analysis of only one organic acid each time, they are usually time-

consuming and the enzymatic reagents do not last very long. 

3.7.2. Chromatography 

Chromatography is also a very useful technique to analyse honeys’ nonaromatic organic 

acids. This technique allows the simultaneous determination of several organic acids. 

Stinson et al. (1960) employed paper and on-column ion exchange chromatography. 

Gas Chromatography with flame ionization or mass spectrometry detectors was also used to 

separate, identify and quantify honey nonaromatic organic acids. Most procedures required a 

previous derivatization (Echigo and Takenaka, 1974; Wilkins et al., 1995; Horváth and 

Molnár-Perl, 1998; Pilz-Güther and Speer, 2004; Sanz et al., 2005), but Jurado-Sánchez et al. 
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(2011) set up a method based on continuous solid-phase extraction without prior 

derivatization. 

High performance liquid chromatography has proved to be one of the best methods to analyse 

honey non-aromatic organic acids. The most used detectors have been ultraviolet (Cherchi et 

al., 1994; Cherchi et al., 1995; Del Nozal et al., 1998; Alamanni et al., 2000; Suárez-Luque et 

al., 2002a, 2002b; Nozal et al., 2003a; Nozal et al., 2003b; Serra-Bonvehí et al., 2004; 

Hrobonová et al., 2007; Zhu et al., 2010; Beretta et al., 2012), conductivity (Pérez-Cerrada et 

al., 1989; Defilippi et al., 1995; Del Nozal et al., 2000), and electrochemical detectors 

(Casella and Gatta, 2001; Daniele et al., 2012). High performance liquid chromatography has 

good reproducibility and sensitivity, but interferences must be removed. 

3.7.3. Capillary electrophoresis 

Capillary electrophoresis has been more recently employed to analyse honeys’ nonaromatic 

organic acids in honeys (Boden et al., 2000; Navarrete et al., 2005; Mato et al., 2006a; 

Suárez-Luque et al., 2006; Tezcan et al., 2011), being less sensitive and precise than other 

methods, but with the important advantages being low cost, very fast, and allowing the 

simultaneous determination of several non-aromatic organic acids with a simple sample 

preparation. 

3.8. Protein and protein-related compounds 

Protein and protein-related compounds have been analysed in honeys mainly to botanically 

and/or geographically characterize them, to research the freshness, authenticity and maturity 

of honeys, as well as to determine possible honeys adulterations. In general, most research has 

been focused on the separation and quantification of amino acids, in particular, proline, and 

on the determination of enzymatic activities. 

3.8.1. Proteins 

Bergner and Diemair (1975) analysed honey proteins by ionic exchange chromatography. 

Different immunoassays were also used to characterize honeys’ proteins (Baroni et al., 2002; 

Hayashi et al., 2011). Nisbet et al. (2009) separated honey proteins by sodium dodecyl 

sulphate polyacrylamide gel electrophoresis, concluding that protein profile can be used in 

differentiation between pure and adulterated honeys. Although Kjeldahl method is used for 

total nitrogen quantification, being related with proteins, this method should only be 

employed in foods where proteins are the main nitrogen compounds (Iglesias et al., 2002). 

Nevertheless, a Micro-Kjeldahl procedure was set up and proposed for honey (Bera and 

Almeida-Muradian, 2005). 
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3.8.2. Amino acids 

Their analysis has been proposed as a potentially useful tool to mainly discriminate the 

geographical origin of honeys (Bogdanov et al., 2004), because amino acid composition is 

very variable and depends more on the bees than on the plants (Bergner and Hahn, 1972; 

Gilbert et al., 1981; Davies and Harris, 1982). Cotte et al. (2004) pointed out that the amino 

acid composition of honey could be a suitable indicator of honey adulteration, as well as 

Meda et al. (2005), who also claimed that the amino acid composition could be a useful 

criterion to estimate the maturity of honey. Studies about honeys’ amino acid composition 

have researched the amounts of individual amino acids, and, in most papers, multivariate 

statistical techniques have been used, as well (Kanematsu et al., 1982; Speer and Montag, 

1986; Pérez and Herrera, 1987; Cometto et al., 2003; Cotte et al., 2004; Seif-Eldin and 

Elfadil, 2010; among others). 

 Proline 

It is the main honey amino acid, representing 50-80% of the total honeys’ amino acids 

(Kolayli et al., 2014), its quantity being considered as a criterion of honey ripeness (Von 

der Ohe et al., 1991). Analysis of proline is usually carried out colorimetrically, measuring 

the coloured complex of proline and ninhydrin following the official procedures 

(Bogdanov, 2009; AOAC, 2012). Truzzi et al. (2014) compared the official methods for 

the analysis of proline in honey, concluding that the AOAC 979.20 method is better in 

terms of accuracy and time saving. 

FT-NIR (Ruoff et al., 2007) and FT-MIR (Lichtenberg-Kraag et al., 2002; Ruoff et al., 

2006a) have also been used for proline determination. 

 Amino acid composition 

Apart from specific colorimetric methods for some amino acids in particular, honey’s 

amino acid profile was studied by several chromatographic procedures. Petrov (1974) and 

Davies (1975) analysed the amino acid profiles of honeys from several countries using an 

automatic amino acid analyser. Ionic exchange chromatography was the technique used by 

Bergner and Hahn (1972) and Bergner and Diemair (1975). Gas-chromatography after 

extraction, purification and derivatization, usually employing a flame ionization detector, 

was a method used by Bosi and Battaglini (1978), Gilbert et al. (1981), Pirini et al. (1992) 

and Conte et al. (1998). High-performance liquid chromatography, commonly with 

fluorescence detection, was a procedure used by Pawlowska and Armstrong (1994), 

Hermosín et al. (2003), Cotte et al. (2004), Iglesias et al. (2004), González-Paramás et al. 

(2006), Senyuva et al. (2009) and Carratù et al. (2011), among others.  
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3.9. Vitamins 

As honey is a supersaturated sugar solution with very low lipid content, vitamins in honey are 

mainly water soluble.  

3.9.1. Vitamin C or Ascorbic acid 

Ascorbic acid is very important by its antioxidant character (Castro et al., 2001; Gheldof et 

al., 2002; León-Ruiz et al., 2011; León-Ruiz et al., 2013a). For this reason a large number of 

methods to measure antioxidant capacity express their results in acid equivalent antioxidant 

content (AEAC). 

 Volumetric method 

The 2,6-dichloroindophenol titrimetric method 967.21 proposed for juices by AOAC 

(2012) has sometimes been applied to honey (Guler et al., 2007; Escuredo et al., 2013b). A 

solution of honey in acetic acid and metaphosphoric acid is titrated with 2,6-

dichloroindophenol. Some modifications are developed by some authors, such as the use of 

oxalic acid instead of acetic acid-metaphosphoric acid solution (León-Ruiz et al., 2011). 

Results are expressed in milligrams of vitamin C per 100 g honey. 

 Spectrophotometric method 

Ascorbic acid is extracted with metaphosphoric acid and filtered. The filtrate is mixed with 

2,6-dichlorophenolindophenol and the absorbance is measured within 30 min at 515 nm 

against a blank. Ascorbic acid content is calculated on the basis of a standard calibration 

curve. Results are expressed in mg of vitamin C per kg of honey (Ferreira et al., 2009; 

Islam et al., 2012; Khalil et al., 2012; Moniruzzaman et al., 2013). 

 HPLC method 

Reverse phase HPLC method (RP-HPLC) with UV detector for determination of vitamin C 

provides low detection, quantification limits and good precision and reproducibility (Ciulu 

et al., 2011). It has been a method widely used because is faster and simpler than 

volumetric method (Castro et al., 2001; Gheldof et al., 2002; Álvarez-Suárez et al., 2010a; 

Álvarez-Suárez et al., 2010b; Aazza et al., 2013; León-Ruiz et al., 2013a). León-Ruiz et al. 

(2011) compared volumetric and RP-HPLC methods concluding there were not statistically 

significant differences between them.  

 Other methods 

Da Silva et al. (2012), developed an amperometric method for the specific determination 

of ascorbic acid in honey using a flow injection analysis (FIA) system and a tubular reactor 

containing the enzyme ascorbate oxidase. This method is more sensitive, economical, 

practical and less time consuming and there is a high correlation of the results obtained 

with this method and the volumetric ones. Escuredo et al. (2013b) predicted vitamin C by 

NIR. 
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3.9.2. Other vitamins 

Colorimetric, spectrophotometric, spectrofluorimetric and microbiological methods were 

employed in the past (Haydak et al., 1942; Kitzes et al., 1943). In recent years, the most used 

method is reversed-phase HPLC with or without previous extraction step and coupled with 

different detectors. Viñas et al. (2012) quantified thiamine (vitamin B1) by dispersive liquid-

liquid microextraction (DLLME) procedure coupled to LC with fluorimetric detection. A 

derivatization step was needed. Daneshva-Tarigh and Shemirani (2014) developed a similar 

method with some modifications, using ultrasound-assisted dispersive magnetic solid phase 

extraction spectrofluorimetry (USA-DMSPE-FL), increasing the extraction efficiency and 

doing an in situ derivatization in a short period of time. 

Tuberoso et al. (2012) performed riboflavin (vitamin B2) quantification by LC-DAD without 

sample purification. They found low limits of detection and quantification and good precision. 

3.9.3. Vitamin profile 

Different water-soluble B group vitamins (B1, B2, B3, B5, B6, B9, B12), vitamin B-related 

compounds (such as vitamin B2, B3 and B6 vitamers) and vitamin C have been quantified at 

the same time using RP-HPLC coupled to UV/VIS detector (Ciulu et al., 2011; Aazza et al., 

2013; León-Ruiz et al., 2013b), to PDA detector (Chua et al., 2013) or to fluorescence 

detector (Viñas et al., 2004a, 2004b). 

3.10. Mineral composition 

Honey mineral composition is related to the botanical and geographical origin of this food 

(Tuzen et al., 2007; Kolayli et al., 2008, 2014; Pasquini et al., 2014), to the procedures 

employing during its processing (Pisani et al., 2008), as well as to the environmental 

conditions surrounding the hives (Anklam, 1998; Przybylowski and Wilczyńska, 2001). 

As a whole, mineral content of honey can be assessed by the gravimetric method of ash 

quantification proposed by the International Honey Commission (IHC) and by the AOAC 

(method 920.181), in which honey is ashed at temperatures close to 600ºC (Sancho et al., 

1991c; Sancho et al., 1992; Bogdanov, 2009; AOAC, 2012). However, nowadays the tedious 

determinations of honey ash content has been replaced by electrical conductivity 

measurement, which is considerably simpler and faster (Bogdanov et al., 2004), since the 

higher the mineral content is, the higher the electrical conductivity is. Although ash 

determination takes into account water soluble and insoluble material, while electrical 

conductivity only allows soluble material determination (Ortiz et al., 1996), high statistically 

significant linear correlations (r values up to 0.99) have been reported between the electrical 

conductivity and ash content of honey by several authors (Pires et al., 2009; Silva et al., 2009; 

Feás et al., 2010a; Feás et al., 2010b). In fact, some authors calculated ash content depending 

on the electrical conductivity (Gomes et al., 2010; Alqarni et al., 2012; Ferrauto and Pavone, 
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2013), according to different formulas reported by other authors (Piazza et al., 1991; Sancho 

et al., 1992).  

Mineral elements are minority honey compounds, and their specific determination is very 

time consuming, being necessary to remove such interference components as sugars (Pohl et 

al., 2012). A number of procedures have been developed to identify and quantify honey 

mineral compounds. 

3.10.1. Gravimetric, titrimetric, colorimetric and turbidimetric procedures  

Ehrhardt and Liebig (1965) used a combination of gravimetry and complexometry to quantify 

chloride and phosphate in dried honey samples. For specific anions, titrimetric and 

colorimetric methods with such different reagents as molybdate vanadate or barium sulphate 

(Rodríguez-Otero et al., 1992; González-Paramás et al., 2000) were used. Azeredo et al. 

(1998) determined potassium by precipitation with sodium tetraphenylborate, followed by 

ionic exchange column separation, and eventual titrimetry. Other cations (Ca, Mg, Fe, Mn), 

were quantified by titrimetric and colorimetric assays (Rodríguez-Otero et al., 1992; 

González-Paramás et al., 2000). 

Spectroscopic procedures are the most employed methods for the analysis of mineral 

compounds in honey. The main drawback of these assays is that they take very long time, due 

to the fact that samples must be previously ashed to release the mineral elements that will be 

later dissolved and analysed by other procedures (Terrab and Heredia, 2004; Ioannidou et al., 

2005; Nozal-Nalda et al., 2005; Mendes et al., 2006; Osman et al., 2007; Pohl, 2009; Özcan 

et al., 2012). 

3.10.2. Atomic absorption spectroscopy  

The method is based on the radiation absorption from a light source by free atoms in the 

gaseous state. According to the atomization procedure, atomic absorption spectroscopy could 

be divided into flame atomic absorption spectroscopy and electrothermal absorption 

spectroscopy (Miller and Rutzke, 2003). Flame atomic absorption spectrometry is routinely 

used for honey analysis, and is mostly focused on the content of alkali and alkaline earth 

metals (Pohl et al., 2012), being relatively laborious but low cost. Electrothermal atomic 

absorption spectrometry can be used without sample pre-treatment stage and has been 

recently employed by Ajtony et al. (2007), Tuzen et al. (2007), Bilandžić et al. (2014) and De 

Andrade et al. (2014). among others. 

3.10.3. Atomic emission spectroscopy  

This method is based on the measurement of the intensity of the emitted light (usually from a 

flame or plasma), that is proportional to the number of excited atoms or ions of a particular 

element. Pohl et al. (2012) compared flame atomic absorption and emission spectrometry 

procedures applied to honey, concluding that prior mineralization of samples is tedious and 
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there is a risk of sample contamination and elements losses because of volatilization, so that 

further research of non-destructive analyses of honeys by these procedures is necessary. 

3.10.4. Inductively coupled plasma-mass spectrometry (ICP-MS) 

It is a reliable technique to determine mineral elements at very low concentrations (about 

parts per trillion). It consists of sample ionization, followed by separation and quantification 

of ions with a mass spectrometer. This method is fast, precise and sensitive (Sarker and 

Nahar, 2014). Inductively coupled plasma-mass spectrometry was first used for honey 

analysis by Caroli et al. (1999). Recently, this method was used combined with chemometrics 

(Chudzinska and Baralkiewicz, 2011; Chen et al., 2014) for honey characterization. Döker et 

al. (2014) claimed that microwave-assisted digestion procedures using diluted reagents were 

the most promising ones for their application to honey samples. 

3.10.5. X- Ray fluorescence spectroscopy 

In respect of honey analysis, this method is fast, simple and enough precise, but its main 

drawback is its lack of sensitivity for mineral elements whose concentrations are lower than 

0.1 ppm (Kump et al., 1996). Total reflection X-ray spectrometry in combination with 

chemometrics was used by Necemer et al. (2009) and Kropf et al. (2010), among others, to 

characterize several honey samples.  

3.10.6. Chromatographic methods 

The most employed method to determine mineral content of honey is ionic chromatography 

with conductivity or electrochemical detectors (Pérez-Cerrada et al., 1989; Poiana et al., 

1996). Radovic et al. (2001b) determined honey anions and cations using two ionic 

chromatographic methods combined with statistical procedures, concluding that those 

procedures could be potentially useful for floral honey characterization. However, 

chromatographic methods usually need a previous solid-phase extraction procedure and are 

very time consuming (Suárez-Luque et al., 2006). 

3.10.7. Capillary zone electrophoresis 

It is a very fast, precise, sensitive and reliable procedure to determine honey cations, anions 

and formic acid without any preparation of sample apart from dilution and filtration (Suárez-

Luque et al., 2005, 2006), so it has been recommended as a suitable method for routine 

analysis. Rizelio et al. (2012a) and Shi et al. (2012) also applied capillary zone 

electrophoresis to determine mineral content of honeys. 

3.10.8. Other methods 

Other procedures to quantify honey mineral elements with advantages in relation with 

simplicity regarding samples pre-treatment have been mid-infrared, near-infrared, 

instrumental neutron activation analysis, voltammetry, potentiometry and Raman 
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spectroscopy (Li et al., 1995; Sanna et al., 2000; Buldini et al., 2001; Muñoz and Palmero, 

2006; Pellerano et al., 2012; Aissat and Benbarek, 2014; Honório et al., 2014; Meng et al., 

2014; Escuredo et al., 2015). 

3.11. Analysis of volatile and semivolatile compounds 

The analysis of volatile and semi volatile compounds in honey has demonstrated being a 

powerful tool for honey characterization by using general profiles as fingerprints or some 

individual components as floral markers. 

Aroma compounds are present in honey at very low concentrations as complex mixtures of 

volatile components of different functionality and relatively low molecular weight (Cuevas-

Glory et al., 2007). One matter of paramount importance is to obtain representative extracts. 

This is very complicated since the range of the extracted compounds highly depends on the 

isolation technique employed to remove water, sugars and other interferents and on the 

detection modes. 

The most frequently used technique applied to final analysis of aroma-related compounds in 

honey is Gas Chromatography with Mass Spectrometry (GC-MS) that combines high 

separation efficiency and sensitivity, also providing the compounds MS-spectra what is a 

useful tool for identification. Some advances in GC applied to honey’s volatiles include the 

use of comprehensive gas chromatography (GCxGC) and the time-on flight MS and MS-MS 

detectors. Some specific aroma-related compounds such as some acids or phenolic 

compounds have been analysed by UV-VIS Spectroscopy, Infrared Spectroscopy, 

Fluorescence Spectroscopy, GC, or HPLC. Nuclear Magnetic Resonance (NRM) and Sniffing 

Olfactometry, a technique that requires trained experts to sniff components usually eluted 

from a gas chromatograph, can greatly contribute to the identification of compounds and has 

been applied in recent years in the characterization of aromatic constituents of honey being 

powerful tools for identification of individual components. Eventually, different kinds of 

electronic noses (MSE-Nose; zNoseTM and i-PENMOD AIRSENSE Analytics GmbH), that 

analyse the volatile fraction as a whole providing aroma fingerprints of the products, can be 

used for honeys characterization (Ampuero et al., 2004; Benedetti et al., 2004; Kenjerić et al., 

2009; Dymerski et al., 2014). 

The most applied isolation techniques can be classified as: Solvent extraction methods, 

Distillation methods, Headspace methods and Sorption methods. Some comparative studies 

on different extraction techniques have been developed (Ampuero et al., 2004; Alissandrakis 

et al., 2005; Moreira and De Maria, 2005; Jerković et al., 2007; Jerković and Marijanovic, 

2009; Prosen et al., 2010; Jerković et al., 2011), detecting their pros and cons and concluding 

that none of this methods can be considered as an ideal and absolutely representative; all of 

them possess advantages and disadvantages which may have bigger or smaller impact on the 

identification and interpretation of the compositional peculiarities of volatile compounds 
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(Kaškonienė and Venskutonis, 2010). Extraction techniques can be subdivided according to 

the use of solvents since solvent free techniques avoid both the use of expensive and toxic 

organic solvents and the need of solvent disposal. 

3.11.1. Extraction techniques that employ Solvents 

 Solvent Extraction and column extraction 

Solvent Extraction has been widely used for honey characterization (Rowland et al., 1995; 

D’Arcy et al., 1997; Serra-Bonvehí and Ventura-Coll, 2003), extracting a wide range of 

volatile and some semi-volatile compounds that can also be useful for honey’s 

characterization. Other additional advantages are that the formation of thermally produced 

artifacts is minimized since most methods avoid heating and the use of non-expensive 

equipment. One important disadvantage is that some analytes can be masked by the solvent 

front. Another problem is the loss of volatiles and formation of new compounds during the 

solvent evaporation step (Kaškonienė et al., 2008). Other cons are the large volumes of 

solvents employed and the long extraction time. One last problem associated with Solvent 

Extraction is that some extracted compounds can contaminate the injection port of the 

chromatograph.  

One related technique is Column Extraction. The use of polymers can be helpful to isolate 

major groups of volatiles but as it uses solvents to recover the analytes but it has the same 

limitations of the solvent extraction techniques (Cuevas-Glory et al., 2007). 

In the last decade Ultrasound-Assisted Solvent Extraction (USE) was proposed as a good 

method to isolate aroma-related compounds in honey (Alissandrakis et al., 2009; Jerković 

et al., 2009). This extraction technique uses low amounts of organic solvents and reduces 

extraction times by extracting the sample in a water bath with ultrasound assistance, what 

greatly improves the extraction efficiency. Ultrasound mechanical effect provides a greater 

penetration of solvent into matrix via cavitation effects (Jerković et al., 2009). 

 Simultaneous Steam Distillation Extraction (Likens-Nickerson) 

Likens-Nickerson has been successfully applied to honey aroma-related compounds 

analysis (Bouseta and Collin, 1995; Guyot et al., 1998; Castro-Vázquez et al., 2008) but is 

time-consuming, requires rather high quantity of the sample and provides results that are 

not easily compared (Verzera and Condurso, 2012). Isolation of low molecular weight and 

higher boiling temperature compounds is limited. The use of high temperatures leads the 

formation of thermally-produced artifacts. This problem can be minimized by working 

under vacuum conditions. Most methods applied to honey combine acetone extraction or, 

most recently, dichloromethane extraction under an inert atmosphere followed by 

Simultaneous Steam Distillation and Solvent Extraction. In the last years micro scale 

methods have been developed, that minimizes the quantity of sample and solvents required 

for extraction. 
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3.11.2. Solvent-free extraction techniques 

 Static and Dynamic Headspace 

The main advantage of head space is that the profiles of headspace are more closely 

associated with sensory perception (Kaškonienė et al., 2008). Static Headspace has rarely 

been applied to the analysis of the volatile fraction of honey due to low concentrations of 

volatiles in this foodstuff and the low recoveries of semi-volatile components (Rowland et 

al., 1995; Cuevas-Glory et al., 2007), but Dynamic Headspace Purge and Trap (Tananaki 

et al., 2007; Soria et al., 2008; Escriche et al., 2011; Juan-Borrás et al., 2014) allows 

analysing a wide range of both volatile and semi-volatile organic compounds. 

 Solid-Phase Micro Extraction (SPME) and Head Solid Phase Micro Extraction (HD-

SPME) 

The SPME, and the most used nowadays HD-SPME, are fast and inexpensive methods and 

have been widely applied in recent years for analysis of aroma components of many 

honeys due to its simplicity, high sensitivity and low cost (Piasenzotto et al., 2003; Baroni 

et al., 2006; Alissandrakis et al., 2007; Kaškonienė et al., 2008; Senyuva et al., 2009; 

Stanimirova et al., 2010; Cuevas-Glory et al., 2012; Pasini et al., 2013; Karabagias et al., 

2014a; Moniruzzaman et al., 2014). Volatiles are concentrated in a fiber, being the most 

employed ones: PDMS (polydimethylsiloxane), PDMS/DVB (polydimethylsiloxane/ 

divinylbenzene), CAR/PDMS (carboxene/ polydimethylsiloxane), DVB/CAR/PDMS 

(divinylbenzene/ carboxene/ polydimethylsiloxane), CW/DVB (carbowax/ divinylbenzene) 

and PA (polyacrilate). Each one extracts a different range of compounds. There are many 

factors implied in the extraction efficiency including the polarity of fiber coatings and the 

fiber coating film thickness and many operating conditions such as vial size, sample 

volume, salt addition, pH, temperature, magnetic stirring, equilibrium and extraction time, 

and GC- split/splitless desorption time (Verzera and Condurso, 2012). To date, it has not 

been specified which of the commercial fibers are best suited for honey volatile analyses. 

3.12. Polyphenols analysis 

Polyphenols or phenolic compounds are phytochemicals with important antioxidant activity in 

honey. They are natural products of secondary plant metabolism, being phenolic acids and 

flavonoids the most important classes (Gómez-Caravaca et al., 2006). 

3.12.1. Flavonoids profile 

The profile of flavonoids and phenolic acids and/or the identification of these compounds as 

chemical markers, represent an important tool for the characterization of the botanical and/or 

geographical origin of honeys. The main steps of the analytical procedure for the 

determination of phenolic compounds are extraction, separation, identification and 

quantification. 
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 Isolation of phenolic compounds 

The isolation of phenolic compounds from the complex honey matrix is a critical step, 

where interfering components, such as sugars, need to be removed (Pyrzynska and 

Biesaga, 2009). Some authors omitted the isolation step, time-consuming and with loss of 

some trace analytes (Biesaga and Pyrzynska, 2009) or carried out a minimum sample 

preparation using ultrasonic extraction (Gambacorta et al., 2014). Other authors combined 

two extraction techniques (Silici et al., 2013). The most important extraction techniques 

are liquid-liquid extraction (LLE) and solid phase extraction (SPE) using non polar resins 

or commercial cartridges.  

a) Liquid-liquid extraction (LLE) 

LLE using mainly ethyl acetate as solvent has been widely used (Trautvetter et al., 

2009; Karabagias et al., 2014b). The inconvenients of this extraction technique are the 

interphase formation, which avoids the complete recovery of phenolic compounds 

(Ferreres et al., 1994), and the high volume of solvents used. IDLLME (inverse 

dispersive liquid liquid microextraction) and DLLME are simpler, cheaper, faster and 

more environmental friendly than the classical method (Campone et al., 2014; Campillo 

et al., 2015).  

b) Solid-Phase Extraction (SPE) 

- Filtration through the non-ionic polymeric resin Amberlite XAD-2, carried out for 

the first time in honey by Ferreres et al. (1991), has been the most used method for 

polyphenols extraction (Cavazza et al., 2013; Escriche et al., 2014). Phenolic 

compounds are adsorbed by the resin, remaining in the column, while polar 

compounds as sugars are eluted with the aqueous solvent (acidified water followed 

by distilled water), being the phenolic fraction eluted with methanol (Tomás-

Barberán et al., 2001). Sometimes, a clean-up step through a Sephadex LH-20 

column (Silva et al., 2013b) or using LLE with diethyl ether is made (Escriche et 

al., 2014). The disadvantages are the low affinity of some phenolic compounds and 

polar glycosides flavonoids with the resin and the high amounts of honey sample 

and organic solvent used, with the important environmental impact implied, being 

as well a time-consuming method (Michalkiewicz et al., 2008). 

- Reversed-phase SPE procedures with commercial cartridges packed with different 

sorbents seem to be the simplest and the most effective way to phenolic compounds 

extraction. They are faster and less expensive methods compared to Amberlite 

XAD-2 resin (Bertoncelj et al., 2011), needing small quantities of sample and low 

consumption of organic solvents, being more appropriate for flavonoids glycosides 

extraction. The main SPE cartridges used are hydrophobic reverse silica-based 

bonded phase cartridges (C18 cartridges) (Gašić et al., 2014; Silici et al., 2014), 

styrene-divinylbenzene copolymers cartridges (such as Strata-X cartridge) 
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(Bertoncelj et al., 2011; Sergiel et al., 2014) and divinylbenzene and N-

vinylpyrrolidone copolymers (such as Oasis HLB cartridge) (Zhou et al., 2014b). 

 Instrumental analysis 

Liquid chromatography (LC) is considered to be the most useful separation technique for 

the analysis of polyphenols, although gas chromatography (GC) or capillary 

electrophoresis (CE) have been also used. 

a) High performance liquid chromatography (HPLC) 

HPLC using a reversed-phase C18 column is the most used method (Perna et al., 2013; 

Zhou et al., 2014b). Gradient elution is used, being phase A formic acid or acetic acid 

and phase B methanol or acetonitrile (Habib et al., 2014a; Silici et al., 2014). 

- HPLC coupled with UV detectors, such as photodiode array detector (DAD), is the 

most common method used to analyse phenolic compounds in honey (Tuberoso et 

al., 2013; Habib et al., 2014a). However, the UV detection is not sensitive enough to 

compounds presents in low quantities, the detection limit of substances with low UV-

sensitivity is very poor, and identification can be difficult due to some components 

showing similar UV spectra or co-eluting at the same time (Liang et al., 2009; 

Bertoncelj et al., 2011). For these reasons, electrospray ionisation mass spectrometry 

(ESI-MS) detector (Pasini et al., 2013) and/or NMR (Silva et al., 2013b) are 

connected in series as a complementary technique for identification purposes. 

Phenolic compounds exhibit the maximum absorbance between 260 nm and 370 nm 

in the UV region, being identified by comparison with standards, the UV spectra and 

the retention times. Polyphenols quantification through external standard calibration 

method is used. 

- HPLC-ESI-MS has been also employed for quantification purposes (Gašić et al., 

2014). This method enables high selectivity and sensitivity in the analysis of honey 

polyphenols, providing precise structural information of the compounds. MS system 

can be used alone (Campillo et al., 2015) or in tandem (MSn) (Zhou et al., 2014b) 

increasing the sensitivity and selectivity of the method and obtaining additional 

structural information. Phenolic compounds are identified according to the 

corresponding spectral characteristics: mass spectra, accurate mass, characteristic 

fragmentation, and retention time. The quantification is done using calibration curves 

of standard compounds.  

- Other HPLC methods coupling electrochemical detectors such as coulometric 

electrode array detector (CEAD) (Petrus et al., 2011) or coupling a fluorescence 

detector (FD) (Michalkiewicz et al., 2008) have been employed. 

b) Other methods 

- Capillary electrophoresis with UV or MS detection has the advantage of high 

separation efficiency and shorter analysis time in comparison to HPLC (Delgado et 
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al., 1994). Nevertheless, it is difficult to separate all flavonoids in one run, being 

necessary to wash the capillary after each analysis in order to obtain a better 

reproducibility (Petrus et al., 2011). Micellar electrokinetic capillary chromatography 

(MECC) (Delgado et al., 1994) and capillary zone electrophoresis (CZE) (Arráez-

Román et al., 2006) have been used. 

- A reduced number of GC methods have been developed for flavonoids determination 

in honey, due to their low volatility makes necessary a derivatization step. Volatile 

and semivolatile phenolic compounds can be determined by GC-MS without 

derivatization (Verzera and Condurso, 2012). 

3.12.2. Polyphenol content 

Modifications of the Folin-Ciocalteu method (Singleton et al., 1999) are the most used 

methods to determine total phenolic content. The aqueous honey solution is mix with Folin-

Ciocalteu reagent and sodium carbonate. After an incubation period, absorbance of the sample 

is measured between 725-765 nm, using gallic acid as standard (Wilczyńska, 2014; 

Rodríguez-Flores et al., 2015). Escuredo et al. (2013b) predicted total phenol content by NIR. 

3.12.3. Flavonoid content 

The most commonly method applied is the Dowd method adapted by Arvouet-Grand et al. 

(1994), based on the formation of aluminium-flavonoid complexes in neutral media. It is used 

to determine flavonols and luteolin content (Pekal and Pyrzynska, 2014). The measurements 

are done between 415-425 nm, with quercetin as standard compound for quantitative analysis 

(Meda et al., 2005; Sant'ana et al., 2014). Sancho et al. (2016) showed that this procedure 

must be carried out on honey extracts after sugars removal, because honey sugars interfere. In 

addition, a sample colour correction is compulsory, because at these wavelengths (415-425), 

there is also an interference of the colour of the honey extract that must be subtracted. 

The second most used method is based on aluminium complex formation but in alkaline 

medium (in the presence of NaNO2), specific for rutin, luteolin and catechin analysis (Pekal 

and Pyrzynska, 2014). The measurements are done normally at 510 nm, using catechin as 

reference compound (Khalil et al., 2012). 

4. Honey properties 

4.1. Antioxidant activity 

Honey antioxidant activity has been determined by several procedures (Álvarez-Suárez et al., 

2009) that can be grouped by the mechanism of action into hydrogen atom transfer based 

reactions methods, and single electron transfer based reactions methods (Huang et al., 2005; 

Prior et al., 2005). The most applied assays to measure antioxidant activity of honey are 

mentioned below. 
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4.1.1. 2,2-Diphenyl-1-picrylhydrazyl “DPPH” 

The method is based on the determination of the reducing capacity of antioxidants toward 2,2-

diphenyl-1-picrylhydrazyl radical. Despite being a simple, fast and low cost procedure, the 

assay is one of the less reliable methods to assess antioxidant activity, due to the interference 

of such compounds as carotenoids (Noruma et al., 1997), the steric inaccessibility of some 

antioxidant substances, and the high possibility of inaccurate interpretations of antioxidant 

activity, among other important drawbacks (Prior et al., 2005). Nevertheless, due to its 

simplicity, DPPH assay has been the most used method to measure honey’s antioxidant 

activity (Aljadi and Kamaruddin, 2004; Beretta et al., 2005; Ferreira et al., 2009; Socha et al., 

2009; Jerković and Marijanovic, 2010; Saxena et al., 2010; Silici et al., 2010; Isla et al., 

2011; Serem and Bester, 2012; Escuredo et al., 2013a; Liu et al., 2013; Silva et al., 2013b; 

Noor et al., 2014; Kuś et al., 2014a, 2014b; Gašic et al., 2014; Rodríguez-Flores et al., 2015). 

Escuredo et al. (2013b) predicted DPPH by NIR. 

4.1.2. Oxygen radical absorbance capacity “ORAC” 

It determines, by fluorescence, the antioxidant inhibition of peroxyl radical induced 

oxidations, usually expressing the results as Trolox equivalents (Prior et al., 2005). After a 

comprehensive review of the methodology applied to antioxidant activity determination, with 

all the pros and cons thoroughly reviewed (Huang et al., 2005; Prior et al., 2005; Tabart et al., 

2009), the ORAC procedure was proposed as one of the most interesting procedures of 

antioxidant activity determination for further study and validation. This method has been 

applied to assess antioxidant activity of honeys by Gheldof and Engeseth (2002), Gheldof et 

al. (2002), Wang et al. (2004), Álvarez-Suárez et al. (2010a), Serem and Bester (2012), Aazza 

et al. (2013), Gorjanović et al. (2013) and Spilioti et al. (2014). 

4.1.3. Trolox equivalent antioxidant capacity “TEAC” 

Antioxidant activity is measured as the ability of a given antioxidant to decrease the colour of 

2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical cation produced by oxidants 

(Prior et al., 2005). In honey, this procedure has been applied by Baltrušaityté et al. (2007), 

Socha et al. (2009), Vit et al. (2009), Álvarez-Suárez et al. (2010a, 2010b), Lachman et al. 

(2010), Sant’Ana et al. (2012), Serem and Bester (2012), Silva et al. (2013a), Gorjanović et 

al. (2013), Kowalski (2013), Tuberoso et al. (2013), Escriche et al. (2014), Habib et al. 

(2014a), Wilczyńska (2014) and Sancho et al. (2016). As well as “ORAC”, “TEAC” 

procedure was proposed as one of the methods that should be standardized for antioxidant 

activity determination (Prior et al., 2005). After researching TEAC method applied to honeys 

and honeys’ extracts Sancho et al. (2016) found significant relationships between TEAC 

values of honeys and honeys’ extracts and between TEAC results measuring the absorbance 

at different times, so that it was possible to reliably calculate TEAC at end-point from the 

value of absorbance at 6 minutes. 
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4.1.4. Ferric reducing antioxidant power “FRAP” and copper reduction assay “CUPRAC” 

FRAP measures the reduction of ferric 2,4,6-tripyridyl-s-triazine to a coloured product (Prior 

et al., 2005). This method has been employed to determine antioxidant activity of honeys by 

Aljadi and Kamaruddin (2004), Beretta et al. (2005), Blasa et al. (2006), Bertoncelj et al. 

(2007), Blasa et al. (2007), Kücük et al. (2007), Estevinho et al. (2008), Jerković and 

Marijanovic (2010), Saxena et al. (2010), Rosa et al. (2011), Rodríguez et al. (2012), 

Ciappini and Stoppani (2014), Kuś et al. (2014a, 2014b), Noor et al. (2014) and Bolanos de la 

Torre et al. (2015). CUPRAC is a variant of the FRAP assay, employing Cu instead of Fe 

(Prior et al., 2005). For honeys, it has been used by Ulusoy et al. (2010). However, according 

to Prior et al. (2005), with such a complex mixture of antioxidants as honey, selecting an 

appropriate reaction time is of paramount importance, both for “FRAP” and for “CUPRAC” 

procedures. 

4.1.5. Chemiluminescence “CL” 

The method is based on the reaction of oxidants with marker compounds to produce species 

that emit chemiluminescence, measuring the time of depressed light emission after adding the 

antioxidant (Prior et al., 2005). In honey, it has been applied by Schramm et al. (2003) and 

Nasuti et al. (2006). 

4.1.6. The croton or β-carotene bleaching 

The assay is based on the inhibition by antioxidants, of the croton or β-carotene bleaching by 

oxidation (Prior et al., 2005). It has been applied to honey by Ferreira et al. (2009) and 

Guerrini et al. (2009).  

4.1.7. Thiobarbituric Acid Reactive Substances (TBARS) 

The method is based on the inhibition of lipid peroxidation by measurement of thiobarbituric 

reactive substances, and has been applied to honey by Ferreira et al. (2009), Idris et al. (2011) 

and Štajner et al. (2014). 

4.1.8. Folin-Ciocalteu to determine total phenolics and measurement of reducing power 

Folin-Ciocalteu method (shown in 3.12.2) is based on a redox reaction and therefore it can be 

considered as another reliable procedure to measure antioxidant activity (Huang et al., 2005; 

Prior et al., 2005). This colorimetric assay was used by practically all the researchers who 

investigated honeys’ antioxidant activity with the previously described methods, and in all the 

studies a positive correlation was obtained between total phenolics and the antioxidant 

activity measured by other procedures. Ferreira et al. (2009) also measured Portuguese 

honeys’ reducing power, whose values were correlated to total phenolics’ results.  
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4.1.9. Other methods to measure honeys’ antioxidant activity 

Apart from the procedures mentioned above, different researchers measured antioxidant 

activity of honeys using a linoleic acid system (Nagai et al., 2001), or determining linoleic 

acid oxidation (Silva et al., 2013b). 

Honey has shown to be able to scavenge particular free radicals such as hydroxyl (Henriques 

et al., 2006; Pérez et al., 2006; Álvarez-Suárez et al., 2010a; Dong et al., 2013; Liu et al., 

2013; Čanadanović-Brunet et al., 2014; Ciappini and Stoppani, 2014; Štajner et al., 2014), 

superoxide (Nagai et al., 2001; Kücük et al., 2007; Kishore et al., 2011; Dong et al., 2013; 

Liu et al., 2013; Čanadanović-Brunet et al., 2014), nitric oxide (Aazza et al., 2013; Habib et 

al., 2014a), peroxynitrite (Kücük et al., 2007; Kishore et al., 2011) and peroxide (Noor et al., 

2014). 

4.2. Antimicrobial activity 

Different authors have described the antimicrobial activity of honey. All the authors that study 

honey’s antimicrobial activity use in vitro endpoint methods (those in which a microorganism 

is challenged for an arbitrary period and the results reflect the inhibitory power of a 

compound only for the time specified) such as agar diffusion, agar and broth dilution or 

gradient plates (López-Malo Vigil et al., 2005). There are several methods to assess the 

antimicrobial activity of honey; method selection depends on the aim of analysis, but also on 

time equipment and economical reasons. 

4.2.1. Agar diffusion method 

Agar diffusion (wells or discs) method is probably the most widely used test for determination 

of antimicrobial activity. This assay is used as a preliminary screening of susceptibility of 

bacteria to honey (Al Somal et al., 1994; Estrada et al., 2005; Pérez-Martin et al., 2008; 

Sgariglia et al., 2010; Fidaleo et al., 2011; Voidarou et al., 2011). In this method, honey is 

added to an agar plate on a paper disk or in a well. The compound diffuses through the agar, 

resulting in a concentration gradient that is inversely proportional to the distance from the 

disk or well. To run the test, petri dishes are prepared to contain a nonselective medium, 

which is surface or depth inoculated with a suspension containing approximately 5-6 logs 

CFU/ml of the test microorganism (Piddock, 1990). Allen et al. (1991) and Irish et al. (2008) 

included a phenol standard curve, where the mean diameter of the clear zone around each 

phenol standard was calculated and squared. A standard graph was then plotted of % phenol 

against the square of the mean diameter of the clear zone. A best-fit straight line was plotted 

and the equation of this line was used to calculate the activity of each honey sample. The 

antimicrobial activity is expressed as the equivalent phenol concentration. 
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4.2.2. Dilution assay 

Dilution assay (broth and agar) is the next more used method. This method is used when 

quantitative data are required. With this test, minimum inhibition concentration (MIC) is 

obtained. MIC is defined as the lowest concentration of honey preventing visible growth 

(Melliou and Chinou, 2011) or the lowest concentration of test honey which results in 100% 

inhibition of growth of the test organism (Sherlock et al., 2010).  

Both methods, broth and agar dilution assays, are highly appreciated because they are used to 

determine the minimal inhibitory concentration, can be used for anaerobic and 

microaerophilic microorganisms, large number of strains may be tested at once, and 

contamination is easily detected. Among them the microassay is the preferred by researchers 

because it is quick, reliable, large numbers of honey samples and large range of 

concentrations can be assayed simultaneously. 

 Broth dilution assay 

Broth dilution assay can be performed in 96-wells microtiter plates (Lin et al., 2009; 

Sherlock et al., 2010; Melliou and Chinou, 2011; Isidorov et al., 2015) or in tubes 

(Bogdanov, 1997; Hegazi, 2011). In both, honey is serially diluted and a single 

concentration is added to nonselective broth medium. Later on, tubes or wells are 

inoculated with the test microorganism (5-6 logs CFU/ml). A negative control (without 

honey and culture) and positive control (without honey) should be prepared. Plates or tubes 

are incubated at the optimum temperature for the test microorganism during 24 hours. 

Results are expressed as absence of visible growth (Lin et al., 2009; Melliou and Chinou, 

2011) or absence of turbidity, measuring the optical density (OD) before (T0) and after 

(T24) the incubation period (Sherlock et al., 2010). The OD for each replicate at T0 was 

subtracted from the OD for each replicate at T24. The adjusted OD for each control well 

was then assigned a value of 100% growth. The percent inhibition of growth was thus 

determined using the formula: Percent Inhibition=1-(OD test well/OD of corresponding 

control well)x100. 

Broth dilution assay may be used to determine the lethality of the test microorganism. To 

establish lethality or minimum bactericidal concentration (MBC) after incubation, 10-100 

µL medium from the last tubes or wells in which the microorganism exhibits growth as 

well as all tubes or wells showing no growth (no turbidity) are plated on a nonselective 

agar. The lowest concentration of antimicrobial that produces killing of the test 

microorganism is termed the minimum bactericidal concentration or minimum lethal 

concentration (NCCLS, 2002; Lin et al., 2009). 

 Agar dilution assay 

Agar dilution method or agar incorporation technique has been used by Al Somal et al. 

(1994), French et al. (2005), Fidaleo et al. (2011) and Carnwath et al. (2014). To perform 
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this method, double-strength nutrient agar solution is prepared, sterilized and held at 50ºC 

in a water bath. Honey solutions at different concentrations are prepared in sterile distilled 

water using aseptic techniques and mixed with an equal volume of double-strength nutrient 

agar. A final volume (i.e. 20 ml) is poured into each labelled petri dishes, which are then 

left to dry. Samples (10 µl) of each culture are inoculated into the agar plates. Finally, the 

inoculated plates are incubated and then the growth is recorded. 

4.2.3. Standard plate method 

Other method less used to assess the antimicrobial activity of honey is standard plate count 

method (Elbanna et al., 2014). For this method, an inoculum of the test microorganism, 

containing a known initial count, is mixed with honey at different concentrations or different 

conditions. These tubes are incubated and the percentage of survived viable counts of tested 

microorganism is determined by applying 1 mL of each tube onto sterile Petri dish (with agar 

media). The plates were incubated at the optimum temperature for each bacterial strain. The 

inhibition is expressed as decreasing percentage of initial counts. 

4.2.4. Other methods 

Rapid methods for measuring the antimicrobial activity of honey are under evaluation. Black 

(2011) published that a promising NIR calibration can be developed for total antimicrobial 

and for non-peroxide antimicrobial activity of honey, and Sultanbawa et al. (2015) described 

the MIR as a rapid tool to detect methylglyoxal (2-oxopropanal), reported as one of the key 

compounds that contribute to the non-peroxide antimicrobial activity in New Zealand manuka 

honey and antibacterial activity in Australian honeys. 

5. Multicomponent analysis or/and honey authenticity 

5.1. Infrared spectroscopy (IR) 

Spectroscopic techniques in the infrared (IR) region of the electromagnetic spectrum are 

reliable, accurate, rapid, non-destructive and low cost. In addition, they require little or no 

sample preparation (Cozzolino et al., 2011; Cozzolino et al., 2012). IR in combination with 

multivariate analysis, has been applied for the simultaneous quantitative analysis of the most 

important honey physicochemical parameters, honey authentication and detection of 

adulteration with sugar. 

5.1.1. Near infrared spectroscopy (NIR) 

NIR, or its modification FT-NIR (Fourier transform near infrared spectroscopy), can be 

carried out by reflectance (Dvash et al., 2002; Cozzolino and Corbella, 2003; Chen et al., 

2011, Chen et al., 2012), transmittance (Qiu et al., 1999) and transflectance (García-Álvarez 

et al., 2000; García-Álvarez et al., 2002; Downey et al., 2003; Kelly et al., 2006b). 
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Transmittance spectra have sharper peaks, better resolution and calibration tests are better 

than those of reflectance (Qiu et al., 1999). Transflectance is a combination of reflectance and 

transmission measurements that provides a more reliable determination of absorbance than 

transmission techniques (García-Álvarez et al., 2000). 

The calibration obtained from the samples of the honey was successfully applied to the 

simultaneous prediction of components, being a procedure with high predictive ability and 

accuracy. Ha et al. (1998), García-Álvarez et al. (2000) and Tu et al. (2009) measured 

moisture and different sugars at the same time. Qiu et al. (1999) and Cho and Ha (2002) 

simultaneously determined moisture, sugars, acidity and HMF, being the prediction accuracy 

unsatisfactory for the last two parameters. Ruoff et al. (2007) found satisfying accuracies for 

the determination of moisture, fructose, glucose and sucrose, but the prediction accuracy for 

HMF, proline, pH, electrical conductivity, free acidity and some minor sugars was poor and 

unreliable. Cozzolino and Corbella (2003) analysed moisture, pH, electrical conductivity, 

colour and HMF, but the prediction accuracy was not good enough for the last parameter. 

García-Álvarez et al. (2002) determined different polarimetric parameters in honey and 

Escuredo et al. (2013b) determined phenols, flavonoids, vitamin C, DPPH, oxidation index 

and copper.  

NIR has been applied for botanical and geographical discrimination classification of honey, 

being NIR signal a fingerprint for honey characterization (Davies et al., 2002; Ruoff et al., 

2006b; Woodcock et al., 2007; Chen et al., 2008; Woodcock et al., 2009; Hennessy et al., 

2010; Chen et al., 2012; Herrero-Latorre et al., 2013). 

Also NIR has been used to detect sugar adulteration, such as addition of fructose and glucose 

(Downey et al., 2003), beet invert syrup and high fructose corn syrup (Kelly et al., 2006b; 

Chen et al., 2011; Tu et al., 2011). 

5.1.2. Visible and Near infrared spectroscopy (Vis-NIR) 

The Vis-NIR combination has been applied for the discrimination of honey origins (Corbella 

and Cozzolino, 2005; Shao et al., 2008; Zhao et al., 2011) or for the detection of honey 

adulteration with sugar (Mouazen and Al-Walaan, 2014). 

5.1.3. Mid-infrared spectroscopy (MIR)  

Mid-infrared spectroscopy using the attenuated total reflectance accessory of a Fourier 

transform infrared spectrometer (FT-MIR-ATR) has been widely employed. Modifications of 

the methods are FT-MIR with microattenuated total reflectance (mATR) (Tewari and 

Irudayaraj, 2004, 2005), diffuse reflectance (DR) (Bertelli et al., 2007) or horizontal 

attenuated reflectance (HATR) (Wang et al., 2010). 

Lichtenberg-Kraag et al. (2002) determined at the same time different sugars, moisture, HMF, 

electrical conductivity, pH, free acidity, proline and invertase, with good calibration models. 
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Ruoff et al. (2006a) validated a procedure for the simultaneous determination of several 

parameters. Satisfactory accuracies were found for different sugars, moisture, electrical 

conductivity, pH and free acidity. On the contrary, accuracy for HMF, proline and other 

minor sugars was rather poor. Pataca et al. (2007) determined reducing sugars, moisture and 

acidity with satisfactory results of the calibration models. Almeida-Muradian et al. (2012, 

2014a) measured different sugars, moisture, electrical conductivity, pH and acidity. 

FT-MIR-ATR has been also used for honey botanical and geographical discrimination 

(Tewari and Irudayaraj, 2005; Ruoff et al., 2006c; Bertelli et al., 2007; Etzold and 

Lichtenberg-Kraag, 2008). Anscombe (2006) compared FT-NIR-ATR and FT-MIR-ATR and 

found that ATR-MIR spectroscopy was the most promising method. 

Finally, different authors used this technique to detect sugar adulteration with corn, cane 

sugar, sugar mixtures and invert sugars mixtures (Irudayaraj and Sivakesava, 2001; 

Sivakesava and Irudayaraj; 2001a, 2001b; Sivakesava and Irudayaraj; 2002; Irudayaraj et al., 

2003; Kelly et al., 2004; Kelly et al., 2006a; Gallardo et al., 2009). 

5.2. Nuclear magnetic resonance (NMR) 

A modern and non-destructive promising method for honey analysis is nuclear magnetic 

resonance (Sarker and Nahar, 2014). This technique was used to rapidly analyse 

methylglyoxal in manuka honey samples (Donarski et al., 2010). Nuclear magnetic 

resonance, coupled with chemometrics and combined with HPLC-DAD-ESI-MS was 

successfully used for the determination of honeys’ quinoline alkaloids (Beretta et al., 2009). 

1D nuclear magnetic resonance spectra and multivariate analysis proved to be a simple and 

rapid procedure for detecting adulterations of honey with sugar (Bertelli et al., 2010). 

Nowadays, another field in which nuclear magnetic resonance is having an important impact, 

is honeys’ characterization. Diffusion Ordered Spectroscopy nuclear magnetic resonance was 

applied for the analysis of key components of manuka honey, concluding that nuclear 

magnetic resonance was a suitable technique for ppm level quantification of proton-bearing 

organic compounds (Gresley et al., 2012). Different honeydew honeys and blossom honeys 

were distinguished by analysing quercitol quantities by nuclear magnetic resonance (Simova 

et al., 2012). Low field nuclear magnetic resonance was successfully employed to classify 

Brasilian honeys by their botanical origins (Ribeiro et al., 2014). Nuclear magnetic resonance 

combined with multivariate data processing methods provides with a fingerprint for each 

honey botanical source (Beretta et al., 2008; Lolli et al., 2008; Schievano et al., 2010; Boffo 

et al., 2012; Consonni et al., 2012; Schievano et al., 2012; Jamróz et al., 2014). Nevertheless, 

nuclear magnetic resonance is still an expensive technique to be used in routine laboratories. 
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5.3. Electrochemical methods 

Electrochemical tongues composed by different sensors (chemical of metallic working 

electrodes), based on potentiometric or voltammetric determinations, have been used with 

many purposes: multicomponent determination, origin discrimination and adulteration 

detection.  

Potentiometric tongue has been used for the simultaneous determination of different sugars, 

moisture, electrical conductivity and acidity (Major et al., 2011) and botanical and 

geographical honey classification (Dias et al., 2008; Wei et al., 2009; Major et al., 2011; 

Zakaria et al., 2011; Escriche et al., 2012; Sousa et al., 2014; Wei and Wang, 2014). 

Different authors used voltammetric tongue for honey authentication (Wei and Wang, 2011; 

Tiwari et al., 2013; Wei and Wang, 2014) and adulteration detection (Cai et al., 2013). 

5.4. Pyrolysis-mass spectroscopy 

Radovic et al. (2001a) discriminated honeys according their botanical origin by pyrolysis-

mass spectroscopy (Py-MS) in combination with chemometrics. However, this method proved 

not to be useful for geographical origin separation of honeys. By this method, the sample is 

heated, being the organic material quickly decomposed. The resulting low molecular weight 

products provide a characteristic profile of the sample according to its chemical composition. 

Although it is a very fast and sensitive fingerprint technique, the instrumentation is very 

expensive, so it is not commonly used for honey discrimination (Bogdanov et al., 2004). 
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OBJECTIVES 

The main purpose of this work has been to characterize the honeys harvested in Castilla y 

León (Spain), on the basis of their quality control parameters, as well as on their 

melissopalynology, sensory, antioxidant, and antimicrobial data. 

The specific aims have been: 

‐ To thoroughly review the literature references about composition and analysis of honeys. 

‐ To determine the botanical origins of honeys from Castilla y León. 

‐ To check how honeys from Castilla y León fulfil the current European legal regulations. 

‐ To compare sugars’ and phenolic compounds’ profiles of the analyzed honeys according 

to their botanical origins. 

‐ To deeply study the assay for honeys’ total flavonoids carried out in neutral media.  

‐ To set up a reliable honey’s antioxidant activity assessment by trolox equivalent 

antioxidant capacity (TEAC) method.  

‐ To study antioxidant-related features of honeys from different botanical origins. 

‐ To propose a suitable procedure for the determination of honeys’ antibacterial activity 

against Staphylococcus aureus. 

‐ To research possible differences among the antibacterial activities against Staphylococcus 

aureus of honeys from different botanical origins. 
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OBJETIVOS 

El principal objetivo de este trabajo ha sido la caracterización de mieles producidas en 

Castilla y León (España) en función de sus parámetros de control de calidad, así como de sus 

análisis melisopalinológicos, sensoriales, antioxidantes y antimicrobianos. 

Los objetivos específicos han sido: 

‐ Realizar una revisión bibliográfica en profundidad sobre la composición de la miel y sus 

métodos de análisis más importantes. 

‐ Determinar los orígenes botánicos de las mieles de Castilla y León. 

‐ Comprobar que las mieles de Castilla y León cumplan con las actuales regulaciones 

legales Europeas. 

‐ Comparar los perfiles de azúcares y de compuestos fenólicos de las mieles analizadas 

según sus orígenes botánicos. 

‐ Estudiar en profundidad el ensayo de flavonoides totales llevado a cabo en medio neutro. 

‐ Poner a punto el método de la capacidad antioxidante equivalente de trolox (TEAC) para 

analizar la actividad antioxidante en mieles. 

‐ Estudiar los parámetros relacionados con la actividad antioxidante de mieles de diferentes 

orígenes botánicos. 

‐ Proponer un procedimiento adecuado para la determinación de la actividad antibacteriana 

de las mieles frente Staphylococcus aureus. 

‐ Buscar posibles diferencias entre las actividades antibacterianas frente Staphylococcus 

aureus de mieles de diferentes orígenes botánicos. 
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CHARACTERIZATION OF HONEYS FROM CASTILLA Y LEÓN 

(SPAIN) ON THE BASIS OF THEIR SUGAR PROFILE AND 

OTHER PHYSICOCHEMICAL PARAMETERS 

ABSTRACT 

As honey characterization may increase the commercial value of artisanal honeys, the purpose 

of this study was to characterize fifty-four representative artisanal honeys from Castilla y 

León region (North-Central Spain), on the basis of melissopalynology, sensory and 

physicochemical analyses. Hydroxymethylfurfural (HMF), diastase, moisture, conductivity, 

pH, free acidity, lactones, proline, specific rotation, sugar profile, crystallization indexes and 

other carbohydrate ratios were researched. All honeys fulfilled the European legal 

requirements. Fourteen carbohydrates were quantified: two monosaccharides, five 

disaccharides, six trisaccharides and one tetrasaccharide. Several carbohydrates were found to 

be characteristic of the most important honey types, although their concentrations in honey do 

not allow the classification of the main unifloral sources. Significant correlations were 

stablished among the studied parameters. Principal Component Analysis showed that sugars’ 

profiles and other physicochemical parameters analysed proved not to be useful for botanical 

characterization. 

1. Introduction 

According to the Codex Alimentarius Standard for Honey (2001), this food is the natural 

sweet substance produced by honeybees from the nectar of flowers (blossom honeys), and 

from plants or trees exudates or excretions of plant-sucking insects (honeydew honeys). 

Honey is mainly composed by water (15-20%) and carbohydrates (70-80%), being the most 

important of which fructose (38%) and glucose (31%). It also contains a complex mixture of 

other di-, tri-, oligo- and polysaccharides (Bogdanov et al., 2008). Moreover, about 200 minor 

but important constituents such as amino acids, proteins, organic acids, vitamins, minerals, 

Maillard reaction products, volatile compounds, enzymes and other phytochemical bioactive 

compounds (such as phenolic acids and flavonoids) have been found in small quantities in 

honey (Gheldof and Engeseth, 2002; Blasa et al., 2006; Alvarez-Suarez et al., 2010). 

Castilla y León (Castile and Leon) is a region formed by nine provinces, located in the middle 

of the northern half of the Iberian Peninsula. It is the largest region of Spain and the third of 

the European Union, with an extension of 94,200 km2. Almost the whole area has a 

continental-Mediterranean climate, being the main trees Quercus sp. The northern zone has an 

oceanic climate, with abundant vegetation and always green. It is constituted by meadows, 

deciduous forest (Fagus sp., Quercus sp. and Castanea sativa trees) and moors. The most 
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representative nectar-producing plants are Compositae, Cruciferae, Ericaceae, Fagaceae, 

Labiatae, Leguminosae and Rosaceae. 

Climatic and floral diversity of Castilla y León give the bees (Apis mellifera) the opportunity 

to produce a wide variety of both floral and honeydew honeys. The main Castilla y León 

unifloral honeys are heather (Erica sp., Calluna vulgaris), honeydew (Quercus sp.) and 

chestnut (Castanea sativa). Other important honeys are rubus (Rubus sp.), lavender 

(Lavandula sp.), sunflower (Compositae type Helianthus annuus), clover (Leguminosae Type 

Trifolium sp.) and thyme (Thymus sp.). Such is the importance of beekeeping in Castilla y 

León that in 2014 it was the area with the largest number of the bee farms in Spain (16.5% of 

the total), being in 2013 the forth regarding annual honey production, with 3,983 tonnes 

(13%) (Subdirección General de Productos Ganaderos, 2015). 

Floral source and geographical origin, as well as climatic conditions, bee species and 

postharvest beekeeping practices, influence the chemical composition, physical properties, 

sensory characteristics and biological activities of honeys (Anklam, 1998; Khalil et al., 2011). 

Therefore, the complex botanical and geographical characterization and quality control of 

honeys, include the results of melissopalynology, physicochemical and sensory analysis, all of 

them linked to chemometric techniques, because these combined procedures have proved to 

be useful to guarantee honey authenticity (Lachman et al., 2007; Kropf et al., 2010). 

The traditional approach for honey characterization is melissopalinology, based on the 

identification of pollen by microscopic examination (Louveaux et al., 1978). However, this 

technique is tedious and depends on the qualification of the analyst (Anklam, 1998), and it 

does not always enable reliable identification. In general, a honey is considered unifloral 

(Maurizio, 1975), if it is produced mainly from one plant, being the pollen frequency of the 

plant higher than 45% of the total pollen (P) content (as Erica sp.). Unfortunately, this 

percentage is not valid in all cases, because of the great variability in nectar contribution of 

particular flowers compared to the amount of their pollen content (Tan et al., 1989). This is 

the case of some unifloral honeys from Castilla y León, produced from under-represented 

(Calluna vulgaris, Lavandula sp.) or over-represented (Castanea sativa) pollen plants (Von 

der Ohe et al., 2004). Moreover, although a ratio of HDE (honeydew elements)/P higher than 

3 is generally required to establish a honey sample as honeydew honey (Louveaux et al., 

1978), many authors observed that honeydew honeys from Quercus sp. failed to fulfil this 

requirement (Serra-Bonvehí et al., 1987; Escuredo et al., 2012), so many researchers 

proposed alternative methods to complement the pollen analysis for the evaluation of honey’s 

botanical origin.  

Sensory analysis provides information about honey quality (Piana et al., 2004). Some 

researchers showed that descriptive sensory analysis together with physicochemical data may 

help differentiate floral origins (Anupama et al., 2003; Silvano et al., 2014). Descriptive 



Chapter 4 

 
  155 

sensory analysis is a useful technique that provides quantitative descriptions of products 

taking into account all sensations that are perceived. 

The physicochemical quality criteria specified by the Directive 2001/110/EC (OJEC, 2002), 

are based on the analysis of fructose, glucose, sucrose, moisture, water insoluble content, 

electrical conductivity, free acid, diastase activity and hydroxymethylfurfural. Nevertheless, 

there are other parameters not included in the legislations that contribute to honey 

authenticity, among them colour, viscosity, specific rotation, water activity, minor 

compounds, and biological activities.  

Honey composition has been widely used for its characterization, mainly by means of two 

different tools. On the one hand, the identification and quantification of potential chemical 

markers, such as the flavonoid hesperetin (Ferreres et al., 1993) or the volatile compound 

methyl anthranilate (Serra-Bonvehí, 1988) in citrus honey. On the other hand, the description 

of chemical compounds’ profiles that represent a “fingerprint” of a specific honey origin, as 

for example the profile of carbohydrates (Bentabol-Manzanares et al., 2011; De la Fuente et 

al., 2011; Consonni et al., 2013), flavonoids and phenolic acids (Tomás-Barberán et al., 2001; 

Escriche et al., 2014), minerals (Chua et al., 2012; Yücel and Sultanoğlu, 2013; Zhou et al., 

2013; Chen et al., 2014; Rodríguez-Flores et al., 2014), aminoacids (Hermosín et al., 2003; 

Silici and Karaman, 2014), organic acids (Cherchi et al., 1994; Suárez-Luque et al., 2002; 

Mato et al., 2006), vitamins (Viñas et al., 2004; Ciulu et al., 2011; León-Ruiz et al., 2013) 

and volatile compounds (Escriche et al., 2011; Yang et al., 2012; Seisonen et al., 2015).  

Several researchers characterized honeys from different Spanish regions by physicochemical 

analysis. Illustrative examples are studies on honeys from Andalusia (Serrano et al., 2004), 

Galicia (Seijo et al., 1997; Escuredo et al., 2013), Madrid (Soria et al., 2004), Castilla la 

Mancha (León-Ruiz et al., 2011, 2013), La Rioja and Basque Country (Sancho et al., 1991c; 

Sanz et al., 1995), Aragón (Perez-Arquillué et al., 1994) and Tenerife (Canary Islands) 

(Bentabol-Manzanares et al., 2014). Also chemical composition and physical analysis of 

honeys from some of the provinces of Castilla y León have been investigated: Burgos (Cavia 

et al., 2002), Soria (Nozal et al., 2005; Nozal-Nalda et al., 2005), Salamanca and Zamora 

(Gómez-Bárez et al., 2000; González-Paramás et al., 2007).  

Characterization of unifloral commercial honeys is a hard task that was initiated in response 

to consumer demands (Mateo and Bosch-Reig, 1998). Consumers show an increasing interest 

in quality foods and appreciate honeys from specific botanical/geographical origins. Thus, it 

is important to protect them from mislabelling, adulterations and frauds (Karabagias et al., 

2014). High quality honeys achieve high prices on the market. However, in big stores and 

supermarkets, those honeys are being replaced by run-of-the-mill imported honeys with lower 

prices. For this reason, to guarantee product quality, assessing the authenticity of local honeys 
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carrying out extensive honey compositional analyses, is a growing necessity for revaluing the 

products of each region (Estevinho et al., 2012). 

Within a research project aimed to characterize artisanal honeys produced in Castilla y León, 

in this study melissopalinology, sensory assessment, sugar profile and other interesting 

physicochemical parameters were determined. 

2. Material and methods 

2.1. Honey samples 

This study was carried out on 54 artisanal honey samples declared as unifloral by the 

beekeepers. Samples were collected at apiaries located in Castilla y León region in 2011 

(Figure 1). They were stored at 4ºC until analysis.  

  
Figure 1. Map of Spain and Castilla y León region, showing the distribution of the raw honey samples 

studied (n = 54) harvested in 2011.  

2.2. Melissopalynology 

Botanical origin of the samples was monitored by pollen analysis. Honeys’ sediments were 

treated and dyed according to the procedure described by Terradillos et al. (1994), and then 

subjected to qualitative melissopalinological analysis. Determination of frequency classes was 

performed at 1000X (Louveaux et al., 1978), and calculation, reporting and interpretation of 

the results were accomplished following the recommendations of the current harmonized 

methods (Von der Ohe et al., 2004), and those of several researchers regarding particular 

honeys: chestnut honeys (Seijo et al., 1997; OJEU, 2007; Escuredo et al., 2012) and oak 

honeydew honeys (Mateo and Bosch-Reig, 1998; Rodríguez-Flores et al., 2015). Pollen 

grains (P) and such honeydew elements (HDE) as fungal spores, hyphae and microscopic 
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algae were counted. Then, the ratio HDE/P was calculated. According to the literature 

(Louveaux et al., 1978; Von der Ohe et al., 2004), a given honey is considered to be 

predominately honeydew if HDE/P exceeds 3 (Von der Ohe et al., 2004). For unifloral 

honeys from under-represented or over-represented pollen plants, as well as honeydew honeys 

from Quercus sp. that did not meet the proposed requirement HDE/P>3, some 

physicochemical parameters and sensory assessment were necessary for proper botanical 

classification. 

2.3. Sensory analysis 

Descriptive sensory analysis was carried out by a panel of trained assessors, in order to help 

classify the samples by their botanical origins and establish the most important terms used for 

the distinction of monofloral honeys. 

The evaluation form based on the odour and aroma wheel for honey of the International 

Honey Commision (Piana et al., 2004) was used. 

2.4. Physicochemical parameters 

Most physicochemical properties were analysed according to the Official Methods of 

Analysis of the Association of Official Analytical Chemists (AOAC, 2012), the Harmonised 

Methods of the International Honey Commision (Bogdanov, 2009) and the Spanish legislation 

(BOE, 1986), with some modifications. The determined parameters were: 

Hydroxymethylfurfural (mg/kg), diastase activity (Schade degrees), moisture (%), electrical 

conductivity (mS/cm), pH, free, lactone and total acidity (meq/kg), proline (%), optical 

rotation (º), sugar profile (%), crystallization indexes and other sugars’ ratios.  

2.4.1. Hydroxymethylfurfural 

HMF was determined according to White (1979a) method. Five grams of honey was 

dissolved and made up to 50 ml with distilled water after clarification with Carrez reagents (I 

and II). The solution was filtered and then, the HMF content (mg/kg) was calculated by 

subtracting the background absorbance of the filtered honey solution measured at 336 nm 

from the absorbance at 284 nm (test solution) against an aliquot of the same solution treated 

with sodium bisulphite, using a Varian/Agilent Cary 400 UV/VIS Bio double-beam Lab 

Spectrophotometer. 

HMF was determined following the equation (Eq. (1)), where D is the dilution factor and W 

the sample weight (g).  

(1) HMF (mg/kg) = (Abs284-Abs336) x 149.7 x 5 x D/W 
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2.4.2. Diastase activity 

Diastase activity was measured spectrophotometrically using a buffered solution of honey and 

soluble starch, incubated in a thermostatic bath at 40ºC. One millilitre of this solution was 

removed at periodic intervals and added rapidly to an iodine solution (developing a blue 

colour that decreases with the time), reading the absorbance at 660 nm of less than 0.235 

(endpoint of the reaction). Diastase number was calculated using the time taken for the 

absorbance to reach de endpoint, and the results were expressed in Schade (or Goethe) units. 

2.4.3. Moisture 

Water content of a previous liquefied honey was determined by measuring the refractive 

index at 20ºC (Abbe refractometer Officine Galileo). Chataway conversion table revised by 

Wedmore was used to calculate the moisture content (%). 

2.4.4. Electrical conductivity 

Electrical conductivity of a 20% (w/v dry matter basis) honey solution in CO2-free deionized 

water was measured at 20ºC (Conductivity meter Crison-Micro CM 2202). The results were 

expressed as mS/cm. 

2.4.5. pH, free acidity, lactone acidity and total acidity 

These parameters were determined using the potentiometric titrator 751 GPD Titrino 

METROHM. pH was measured in a honey solution prepared with 10.00 g of honey and 75 

mL CO2-free distilled water. Thereafter, this solution was titrated with 0.05 M NaOH at a rate 

of 5.0 ml/min up to pH 8.50 for free acidity determination (meq/kg). Immediately, 10 mL 

0.05 M NaOH was added, and without delay, the solution was titrated with 0.05 M HCl up to 

pH 8.30 for lactone acidity determination (meq/kg). Total acidity is the sum of both free acid 

and lactones.  

2.4.6. Proline 

Proline content (mg/100 g) was determined spectrophotometrically. Test solution contained 

the honey solution and ninhydrin in acidic medium (with formic acid) was placed in a boiling 

water bath for 15 min. After cooling and adding isopropanol solution, absorbance was 

measured at 520 nm against a blank containing distilled water instead of honey solution. 

Colour correction was made substituting ninhydrin in acidic medium for distilled water 

against a blank of water and calibration curve was made using proline standard solution, both 

subjected to the same treatment as test solution. The absorbance value of colour correction 

was subtracted from the test solution value before calculating, and calibration curve was used 

for proline determination.  
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2.4.7. Specific rotation 

Angular rotation was determined in a solution of 12.00 g of honey diluted to 100 ml with 

distilled water, after clarification with Carrez reagents (I and II). Specific optical rotation 

α D
20 was read at 20ºC the following day after filtration, using a digital polarimeter 

Cecchinato MOD D-400, equipped with a sodium lamp. Results were read in angular degrees 

on a 200 mm basis polarimeter tube. 

 2.4.8. Sugar profile 

Sugars were determined by using a GC-FID method according to Pourtallier´s derivatisation 

procedure. A solution of 3.00 g of honey was filled up to 500 ml with distiller water after 

addition of mannitol used as internal standard. A volume of 100 μl of the solution was 

transferred to a conical bottomed vial and dried under nitrogen at 50ºC. Thereafter, sugars 

were derivatized to their oximes by adding 200 μl of oxime reagent (12 mg/ml hydroxylamine 

hydrochloride in pyridine). After heating at 75ºC during 30 min and cooling at room 

temperature, the sugars’ oximes were silylated by adding 100 μl of hexamethyldisilazane and 

10 μl of trifluoroacetic acid. After centrifugation, the trimethylsilyl derivatives were separated 

and quantified by gas chromatography in a Carlo Erba 4160 Chromatograph equipped with a 

cold on-column injector, a Flame Ionization Detector and a Mega 5 (25 m×0.25 mm×0.15 

µm) capillary column. 0.6 μl of each sample was analysed under the following GC conditions: 

injector temperature 70°C, oven temperature programmed at 49°C/min from 70 to 140°C and 

then from 140 to 300°C at 6°C/min and carrier gas helium. Data acquisition and analysis of 

the chromatographic peak areas were carried out using Borwin Integrator Software. For 

qualitative analysis, relative retention times to mannitol both for standards and sample peaks 

were used. Sugars’ concentrations were calculated by the internal standard method on the 

basis of the response factors for sugars’ standards eluted under the same conditions as 

samples. For compounds with two anomeric forms, total area was calculated as the sum of 

areas for both anomers. Results were expressed in g of sugars per 100 g of honey. 

2.4.9. Statistical analysis  

One way analysis of the variance (ANOVA) was applied when the assumptions of normality 

of data, homogeneity of variances and independence of variables were met. Sometimes 

different transformations were carried out for data normalization, such as x2, 1/x, (x+1)/2, 

log x and x0.5, among others. The Student-Newman-Keels test was used to perform a multiple 

comparison of means, where group differences were considered statistically significant at the 

95.0% confidence level. When homoscedasticity was met but normality of the data was not 

possible, the nonparametric procedure Kruskal-Wallis ANOVA to compare the medians 

instead of the means was done. To determine which medians were significantly different, the 

median notch in the Box-and-Whisker Plot was used. The ANOVA analysis was not 

determined when data did not meet homoscedasticity condition. The unequal sample sizes 
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lead to the heterogeneity of variances. Correlations among variables were reached and 

multivariate statistical Principal Component Analysis (PCA) was also carried out. The 

statistical package software Statgraphics Centurion XVI.II (2010) was employed.  

3. Results and discussion 

3.1. Botanical origin identification 

Although samples were considered monofloral honeys by beekeepers, pollen analysis was 

carried out to confirm the identity of the honey source. The results are summarised in Table 1. 

Seventy-one different pollen types, belonging to thirty-six botanical families were identified. 

The number of pollen types identified in each honey sample range from 8 to 27, with an 

average of 18 per sample. The average number of pollen was similar from those reported by 

other authors (Thrasyvoulou and Manikis, 1995). They constitute the common palynological 

spectra of Castilla y León honeys (Serra-Bonvehí and Ventura-Coll, 1993; Valencia-Barrera 

et al., 2000; Herrero et al., 2002). All samples contained the pollen types Trifolium sp., 

Genista sp. and Rubus sp., and 80% of the samples contained Castanea sativa and Ericaceae 

pollens (Calluna vulgaris and Erica vagans types). Twenty seven pollen types were common 

to more than a quarter of samples. Melissopalinology showed that not all samples were 

monofloral, being 15 out of the 54 honey samples multifloral honeys rich in broom, clover, 

chestnut and/or sunflower. Honeydew honey was the most important botanical origin of the 

studied samples (33.3%), followed by monofloral honeys from heather (18.5%), chestnut 

(7.4%), lavender (7.4%) and clover (5.6%).  

Table 1. Botanical origins of the samples studied. Predominant pollen (P), Secondary pollen (S), 
Important minor pollen (I). 

Sample 
Geographycal 

origin 
Botanical 

denomination 
P S I 

1 León Chesnut Castanea sativa - 
Erica sp.; Leguminosae Type Genista sp.; 

Leguminosae Type Trifolium sp. 

2 León Chesnut Castanea sativa - 
Leguminosae Type Genista sp.; Leguminosae 

Type Trifolium sp.; Calluna vulgaris; Erica sp. 

3 León Chesnut Castanea sativa - 
Leguminosae Type Trifolium sp.; Leguminosae 
Type Genista sp.; Erica sp.; Calluna vulgaris 

4 Salamanca Chesnut Castanea sativa - 
Rubus sp.; Leguminosae Type Genista sp.; 

Erica sp.  

5 Ávila Clover 
Leguminosae Type 

Trifolium sp. 
Leguminosae Type 

Genista sp. 
Thymus sp.; Rubus sp. 

6 Ávila Clover 
Leguminosae Type 

Trifolium sp. 
Leguminosae Type 

Genista sp. 
Rubus sp.; Thymus sp. 

7 Ávila Clover 
Leguminosae Type 

Trifolium sp. 
Leguminosae Type 

Genista sp. 
Rubus sp.; Castanea sativa; Labiatae Type 

Mentha sp. 

8 Burgos Heather 
Ericaceae (Erica 

sp., Calluna 
vulgaris) 

Leguminosae Type 
Genista sp. 

Rubus sp.; Leguminosae Type Trifolium sp. 

9 Burgos Heather 
Ericaceae  
(Erica sp.,  

Calluna vulgaris) 

Leguminosae Type 
Trifolium sp. 

Rubus sp.; Leguminosae Type Genista sp.; 
Compostiae Type Centaurea jacea 

10 Burgos 
Heather 

(Erica sp.) 
Erica sp. - 

Leguminosae Type Genista sp.; Leguminosae 
Type Trifolium sp.; Calluna vulgaris; Rubus sp. 
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Sample 
Geographycal 

origin 
Botanical 

denomination 
P S I 

11 Burgos 
Heather 

(Erica sp. and 
Calluna vulgaris) 

Erica sp.  - 
Leguminosae Type Genista sp.; Calluna 

vulgaris; Leguminosae Type Trifolium sp.; 
Rubus sp.  

12 Burgos 
Heather 

(Erica sp. and 
Calluna vulgaris) 

Erica sp.  - 
Rubus sp.; Calluna vulgaris; Leguminosae Type 

Trifolium sp.;  
Leguminosae Type Genista sp.  

13 Burgos 
Heather 

(Erica sp. and 
Calluna vulgaris) 

Erica sp.  Calluna vulgaris 
Leguminosae Type Genista sp.; Rubus sp.; 

Leguminosae Type Trifolium sp.  

14 Soria Heather (Ling) - 

Calluna vulgaris, 
Leguminosae Type 

Trifolium sp. 

Leguminosae Type Genista sp.; Erica sp.; 
Rubus sp. 

15 Soria Heather (Ling) - 

Calluna vulgaris; 
Leguminosae Type 

Genista sp.; 
Leguminosae Type 

Trifolium sp. 

Rubus sp.; Erica sp.; Thymus sp.  

16 León Heather (Ling) - Castanea sativa 
Erica sp.; Leguminosae Type Genista sp.; 

Calluna vulgaris; Leguminosae Type  
Trifolium sp. 

17 Soria Heather (Ling) - Erica sp.  

Calluna vulgaris; Leguminosae Type Trifolium 
sp.; Leguminosae Type Genista sp.; 

 Rubus sp.; Leguminosae Type Onobrychis sp; 
Cruciferae Type Diplotaxis sp.  

18 Valladolid Honeydew - - 

Umbelliferae Type Daucus carota; 
Leguminosae Type Trifolium sp.; Castanea 
sativa; Compostiae Type Centaurea jacea; 
Leguminosae Type Genista sp.; Rubus sp.; 

Leguminosae Type Onobrychis sp; 
Scrophulariaceae Type Scrophularia sp.; 

Compositae Type Helianthus annuus 

19 Salamanca Honeydew - - 

Leguminosae Type Trifolium sp.; Leguminosae 
Type Genista sp.; Erica sp.; Echium sp.; 

Scrophulariaceae Type Veronica sp.;  
Castanea sativa; Rubus sp.; Thymus sp.; 

Leguminosae Type Lotus sp 

20 Zamora Honeydew - - 
Leguminosae Type Genista sp.; Castanea 

sativa; Erica sp.; Leguminosae Type Trifolium 
sp.; Calluna vulgaris; Rubus sp.  

21 Segovia Honeydew - - 
Leguminosae Type Trifolium sp.; Rubus sp.; 

Erica sp.; Echium sp.; Leguminosae Type 
Genista sp.; Calluna vulgaris 

22 Palencia Honeydew -  
Erica sp.; Leguminosae Type Genista sp.; 

Leguminosae Type Trifolium sp.; Leguminosae 
Type Onobrychis sp.; Rubus sp.  

23 Palencia Honeydew - - 

Erica sp.; Leguminosae Type Genista sp.; 
Leguminosae Type Onobrychis sp.;  

Calluna vulgaris; Leguminosae Type 
Trifolium sp.; Compositae Type Helianthus 

annuus; Rubus sp. 

24 Palencia Honeydew - - 
Compositae Type Helianthus annuus; Rubus 

sp.; Erica sp.; Leguminosae Type Onobrychis 
sp.; Leguminosae Type Genista sp. 

25 León Honeydew - Castanea sativa 
Leguminosae Type Trifolium sp.; Rubus sp.; 

Leguminosae Type Genista sp.;  
Calluna vulgaris; Erica sp. 

26 Zamora Honeydew - Castanea sativa 
Calluna vulgaris; Leguminosae Type  

Genista sp.; Erica sp. 

27 Zamora Honeydew - Castanea sativa 

Erica sp.; Leguminosae Type Trifolium sp.; 
Leguminosae Type Genista sp.; Rubus sp.; 

Rosaceae Type Crataegus monogyna;  
Calluna vulgaris 

28 Zamora Honeydew - Castanea sativa 
Leguminosae Type Genista sp.; Leguminosae 

Type Trifolium sp.; Rubus sp.; Erica sp. 

29 Zamora Honeydew - 
Castanea sativa; 

Leguminosae Type 
Genista sp. 

Leguminosae Type Trifolium sp.; Rubus sp.; 
Thymus sp. 

30 Zamora Honeydew - 
Castanea sativa; 

Leguminosae Type 
Genista sp. 

Leguminosae Type Trifolium sp.; Rubus sp. 
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Sample 
Geographycal 

origin 
Botanical 

denomination 
P S I 

31 Burgos Honeydew - Erica sp.  
Leguminosae Type Trifolium sp.; Rubus sp.; 

Leguminosae Type Genista sp.;  
Calluna vulgaris 

32 León Honeydew - 
Leguminosae Type 

Genista sp. 
Castanea sativa; Rubus sp.; Leguminosae Type 

Trifolium sp.; Erica sp.; Calluna vulgaris 

33 Zamora Honeydew Castanea sativa - 
Leguminosae Type Genista sp.; Rubus sp.; 

Leguminosae Type Trifolium sp.;  
Calluna vulgaris; Erica sp.  

34 Zamora Honeydew Castanea sativa - 
Leguminosae Type Genista sp.; Leguminosae 

Type Trifolium sp.; Erica sp.; Rubus sp., 
Calluna vulgaris  

35 Salamanca Honeydew Castanea sativa - 
Leguminosae Type Genista sp.; Erica sp.; 

Rubus sp.; Leguminosae Type Trifolium sp. 

36 Valladolid Lavender - 
Compositae Type 
Helianthus annuus 

Leguminosae Type Trifolium sp.; Cruciferae 
Type Diplotaxis sp.; Leguminosae Type Genista 

sp.; Rubus sp.; Lavandula sp. 

37 Valladolid Lavender - 
Leguminosae Type 

Genista sp. 

Echium sp.; Leguminosae Type Lotus sp.; 
Rubus sp.; Leguminosae Type Onobrychis sp.; 
Leguminosae Type Trifolium sp.; Compostiae 

Type Centaurea jacea; Lavandula sp. 

38 Soria Lavender - 

Leguminosae Type 
Genista sp.; 

Castanea sativa; 
Leguminosae Type 

Trifolium sp. 

Rubus sp.; Lavandula sp.; Cruciferae Type 
Diplotaxis sp 

39 Segovia Lavender - 
Reseda sp.; 

Leguminosae Type 
Genista sp. 

Lavandula sp.; Leguminosae Type Trifolium 
sp.; Rubus sp.; Compositae Type Helianthus 

annuus; Castanea sativa 

40 Palencia Multifloral - - 

Erica sp.; Leguminosae Type Onobrychis sp.; 
Castanea sativa; Scrophulariaceae Type 

Veronica sp.; Cruciferae Type Diplotaxis sp.; 
Compositae type C; Leguminosae Type 

Trifolium sp.; Leguminosae Type Genista sp.; 
Calluna vulgaris; Rubus sp. 

41 León Multifloral - 
Castanea sativa; 

Leguminosae Type 
Genista sp. 

Leguminosae Type Trifolium sp.; Rubus sp. 

42 Zamora Multifloral - 

Castanea sativa; 
Leguminosae Type 

Genista sp.; 
Leguminosae Type 

Trifolium sp. 

Rubus sp.; Thymus sp.; Scrophulariaceae Type 
Veronica sp.  

43 Burgos Multifloral - 
Compositae Type 
Helianthus annuus 

Leguminosae Type Genista sp.; Reseda sp.; 
Rubus sp.; Leguminosae Type Vicia sp.; 

Compostiae Type Centaurea jacea;  
Trifolium sp.; Salix sp. 

44 Valladolid Multifloral - 
Compositae Type 
Helianthus annuus 

Umbelliferae Type Daucus carota; 
Leguminosae Type Trifolium sp.; Leguminosae 
Type Genista sp.; Compostiae Type Centaurea 

jacea; Rubus sp.; Onobrychis sp. 

45 Burgos Multifloral - 
Compositae Type 
Helianthus annuus 

Leguminosae Type Trifolium sp.; Rubus sp.; 
Castanea sativa; Cruciferae Type Raphanus 

raphanistrum; Leguminosae Type Genista sp.; 
Leguminosae Type Onobrychis sp. 

46 Burgos Multifloral - 
Leguminosae Type 

Genista sp. 

Rubus sp.; Compostiae Type Helianthus 
annuus; Leguminosae Type Trifolium sp.; 

Leguminosae Type Onobrychis sp.; Reseda sp.; 
Umbelliferae Type Daucus carota 

47 Burgos Multifloral - 

Leguminosae Type 
Genista sp.;  

Compositae Type 
Helianthus annuus 

Leguminosae Type Trifolium sp.; Rubus sp.; 
Leguminosae Type Onobrychis sp.; 
Scrophulariaceae Type Veronica sp.;  

Lavandula sp. 

48 Burgos Multifloral - 

Leguminosae Type 
Genista sp.; 

Leguminosae Type 
Trifolium sp. 

Rubus sp.; Reseda sp.; Compostiae Type 
Helianthus annuus; Sedum sp.; Hypecoum sp. 

49 Zamora Multifloral - 

Leguminosae Type 
Genista sp.; 

Leguminosae Type 
Trifolium sp. 

Rubus sp.; Scrophulariaceae Type Veronica sp.; 
Thymus sp. 
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Sample 
Geographycal 

origin 
Botanical 

denomination 
P S I 

50 Zamora Multifloral - 

Leguminosae Type 
Trifolium sp.; 

Castanea sativa; 
Leguminosae Type 

Genista sp. 

Echium sp.; Rubus sp.; Leguminosae Type 
Lotus sp. 

51 Salamanca Multifloral - 

Leguminosae Type 
Trifolium sp.; 

Leguminosae Type 
Genista sp. 

Rubus sp.; Thymus sp. 

52 Burgos Multifloral - 
Reseda sp.; 

Leguminosae Type 
Genista sp. 

Cruciferae Type Raphanus raphanistrum; 
Rubus sp.; Scrophulariaceae Type Veronica sp.; 
Leguminosae Type Trifolium sp.; Leguminosae 

Type Lotus sp.; Labiatae Type Mentha sp. 

53 León Multifloral Castanea sativa 
Leguminosae Type 

Genista sp. 
Leguminosae Type Trifolium sp.; Rubus sp. 

54 León Multifloral Castanea sativa 
Leguminosae Type 

Genista sp. 
Leguminosae Type Trifolium sp.; Rubus sp.; 

Erica sp.  

3.1.1. Honeydew honeys 

In this work, the samples classified as honeydew honeys from Quercus sp. (mainly Quercus 

ilex, Quercus robur and Quercus pyrenaica) showed a HDE/PG ratio between 0.34 and 3.4, 

being 0.83 the medium ratio. The majority of the samples did not meet the proposed 

requirement of HDE/PG higher than 3 (“honeydew index”), since the number of microscopic 

honeydew elements was extremely low (Louveaux et al., 1978). Other researchers also 

reported low HDE/pollen ratios in honeydew honeys from Spain. Bentabol-Manzanares et al. 

(2011) classified samples from Tenerife (Canary Islands) as suspected honeydew honeys of 

unknown botanical origin with a medium ratio lower than 0.3. Serra-Bonvehí et al. (1987) 

described an average index of 0.06 for oak honeydew honeys from the Iberian Peninsula 

(denominating this kind of honey “forest honey” instead of honeydew honeys because of its 

low index), Mateo and Bosch-Reig (1998) reported values between 0.07 and 1.70, Escriche et 

al. (2012) values between 1.90 and 2.50, and in the north of Spain, Escuredo et al. (2012) and 

Rodríguez-Flores et al. (2015) classified samples as honeydew honeys with mean values for 

HDE/P of 0.16 and 0.03 respectively. These values are considered low or very-low according 

to the classification of Louveaux et al. (1978). Low content of honeydew elements could be 

due to residual contamination of the beehives by previous blooms (Serra-Bonvehí et al., 

1987), and the fact that Quercus sp. is a tree extremely poor in honeydew elements 

(Ricciardelli D’Albore, 1998). Maurizio (1975) reported that the appearance of honeydew 

elements in honey sediment could depend on climatic factors and it could be absent in 

honeydew honeys from dry areas. Honeydew honeys from Quercus species are collected 

mainly in summer, being it a very hot and dry season in Castilla y León region (Mateo and 

Bosch-Reig, 1998). Since honeydew index was not found as very useful to classify Spanish 

oak honeydew honeys, Mateo and Bosch-Reig (1997, 1998) suggested the use of sensory 

analysis and physicochemical criteria such as electrical conductivity and pH to complement 

the microscopic determination. Descriptive sensory analysis, conductivity values higher than 

0.800 mS/cm and pH values higher than 4.3 were considered (Mateo and Bosch-Reig, 1997). 

Other physicochemical characteristics such as specific rotation index (in general nectar 
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honeys are laevorotatory and honeydew honeys dextrorotatory) (Bogdanov et al., 2004; 

Bertoncelj et al., 2011), darker colours, higher antioxidant capacity, polyphenol content and 

di- and trisaccharide sugar content than blossom honeys (specially melezitose trisaccharide), 

and lower content of reducing sugars (glucose and fructose), could be considered for 

honeydew honey classification (Mateo and Bosch-Reig, 1997; Bogdanov et al., 2004; Iglesias 

et al., 2004; Rodríguez-Flores et al., 2015). Some authors quantified also Quercus sp. pollen 

grains as an additional indicator of the presence of honeydew honey (Iglesias et al., 2004; 

Soria et al., 2004), but Rodríguez-Flores et al. (2015) indicated that Quercus pollen is present 

at very low levels, because oaks flower in early spring. As other authors reported, high 

presence of pollens from anemophylous and nectarless plants is typical of honeydew honeys 

(Bentabol-Manzanares et al., 2011).  

Soria et al. (2005) developed the expression HD%=104.5EC-1.353*(F+G)%+65.47, based on 

the percentage of fructose (F) plus glucose (G) and on the electrical conductivity (EC) for the 

estimation of the percentage of honeydew. Honeys with values higher than 70% could be 

classified as honeydew honeys, those with values lower than 45% as nectar honeys and those 

with values from 45% to 75% as honey blends or forest honeys (Soria et al., 2004). 

According to this expression, only 1 out of the 18 samples classified as honeydew honeys 

could be honeydew blends. But the 100% of honeys classified as chestnut honeys and ling 

honeys and the 75% of the samples classified as multifloral honeys rich in Castanea sativa 

pollen, had values of HD% higher than 70%, so, although this expression could be useful, it is 

necessary to be careful with its application. The sensory characteristics used for honeydew 

discrimination were very dark colour, medium sweetness and warm odour and aroma like 

caramel, toast, wood, dried fruit and cooked fruit (prunes, raisins).  

3.1.2. Chestnut honeys 

Chestnut is an over-represented pollen plant, so, according to the harmonized methods of the 

IHC, to be considered monofloral, its pollen frequency has to be higher than 86% (Von der 

Ohe et al., 2004). Nevertheless, in Spain, such chestnut honeys as those with the 

Geographical Protected Indication “Mel de Galicia” (OJEU, 2007) are considered monofloral 

with pollen percentages above 70% (Seijo et al., 1997; Escuredo et al., 2012). Escuredo et al. 

(2014) classified as chestnut honeys those samples with chestnut pollen percentage above 

64.1% and Anjos et al. (2015) with percentages between 60-65%. In our study, honeys 

classified as “chestnut samples” contained more than 68% chestnut pollen grains and their 

most important sensory descriptors were a very dark colour, light bitter taste, and animal and 

warm odour and aroma. 

In the West area of Castilla y León (Zamora, Salamanca and León provinces), both oak and 

chestnut trees are common. Chestnut honeydew honeys could be produced (Iglesias et al., 

2004) since the weather conditions stimulate secretions of the living parts of Castanea sativa 
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trees that are picked up by bees. González-Paramás et al. (2007) claimed that sweet chestnut 

honeys from the mentioned three provinces could be naturally made with a mixture of nectar 

and honeydew. With regard to the samples analysed in this study, 3 out of the 18 suspected 

Quercus sp. honeydew honeys had high content in Castanea sativa pollen (above 45%), while 

two out of the four chestnut honeys had an important content in honeydew elements (average 

of 0.64). Botanical classification of our samples was carried out on the basis of both 

melissopalinology and sensory characteristics. Thus, in this case, chestnut samples were not 

considered honeydew honeys.  

3.1.3. Heather honeys 

Heather honeys from Castilla y León region include mainly Ericaceae species that flowering 

in summer such as Erica cinerea (bell heather), Erica vagans (Cornish heather) and Calluna 

vulgaris (ling heather). For monofloral heather honeys from Erica sp., the pollen frequency 

have to be more than 45% of the total pollen, but heather Calluna vulgaris honeys (Ling 

honeys) can be under-represented in some cases, so they are considered monofloral with a 

pollen percentage above 10% and typical sensory attributes for this kind of honey (Von der 

Ohe et al., 2004). In this study, dark colour, medium bitter taste, and floral, warm-

caramelized and woody odour and aroma descriptors were considered for ling identification. 

Four out of the ten heather samples were from Calluna vulgaris, three from Erica sp. and the 

other three were heather samples with melissopalinology and sensory characteristics of both 

Erica sp. and Calluna vulgaris.  

3.1.4. Lavender honeys 

Our lavender honeys came mainly from such Lavandula species as Lavandula latifolia (spike 

lavender) and Lavandula stoechas (French lavender). Two samples came from “Lavandin” 

(Lavandula x intermedia or Lavandula angustifolia x latifolia). Lavender pollen is under-

represented in honey. Lavandin has been widely cultivated in recent years due to its 

flavouring properties (Castro-Vázquez et al., 2014). As hybrid, lavandin is sterile, and the 

number of pollen grains is particularly low, being almost impossible to properly classify a 

Lavandin honey by melissopalinology (Guyot-Declerck et al., 2002). In this study, 

identification of lavender honeys was carried out by both melissopalinology and sensory 

analysis. The most important sensory characteristics of our lavender honeys were light colour, 

medium-high sweetness, floral/fruity and vegetal odour and aroma (that was more aromatic 

and balsamic in honeys from spike lavender). For the classification of lavandin honeys, the 

beehives location within extensive lavandin cropping areas was also taken into account.  

3.1.5. Clover honeys 

In Castilla y Leon, clover honeys come from Leguminosae Type Trifolium species. All clover 

honeys of this study were from Ávila province. 
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3.2. Physicochemical parameters 

Table 2 shows the averages, standard deviations, maximum and minimum values of HMF, 

diastase activity, moisture content, electrical conductivity, pH, free acidity, lactones, total 

acidity, proline content and specific optical rotation.  

Table 2. Mean, standard deviation (SD), minimum and maximum values of the physicochemical 
parameters of honeys from Castilla y León. 

 
Chesnut  

(n=4)  
Clover  
(n=3) 

Heather  
(n=10)  

Honeydew  
(n=18) 

Lavender  
(n=4) 

Multifloral 
(n=15) 

 
 Mean±SD  
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

HMF 
(mg/kg) 

0.58±0.59A 

(ND; 1.40) 
7.02±3.91A,B 

(4.33; 11.50) 
3.84±5.81A,B 

(ND; 16.60) 
2.61±4.00A,B 

(ND; 12.40) 
6.10±7.56A,B 

(ND; 17.14) 
5.52±6.69B 

(0.05; 25.15) 

Diastase  
(º Schade) 

24.19±4.11 
(20.98; 30.18) 

24.33±5.73 
(18.99; 30.39) 

20.33±14.29 
(8.58; 47.98) 

24.02±5.79 
(15.46; 37.40) 

19.80±7.84 
(10.98; 28.88) 

23.73±8.32 
(12.25; 43.06) 

Moisture 
(%) 

16.5±0.4
a 

(16.0; 16.9) 
16.7±1.7

a 

(15.2; 18.6) 
16.2±1.1

a,b 

(14.5; 17.4) 
15.6±0.6

a,b 

(14.4; 16.7) 
15.2±0.5

b 

(14.7; 15.8) 
15.5±0.6

a,b 

(14.6; 16.7) 

Conductivity 
(mS/cm) 

1.092±0.108 
(0.999; 1.247) 

0.493±0.191 
(0.337; 0.706) 

0.838±0.154 
(0.625; 1.126) 

0.998±0.112 
(0.801; 1.213) 

0.372±0.235 
(0.177; 0.701) 

0.718±0.376 
(0.326; 1.494) 

pH 
4.66±0.12 

(4.57; 4.81) 
3.98±0.33 

(3.64; 4.29) 
4.36±0.41 

(4.00; 5.25) 
4.65±0.22 

(4.35; 4.97) 
3.97±0.26 

(3.75; 4.35) 
4.39±0.35 

(3.91; 4.98) 

Free acidity 
(meq/kg) 

37.4±3.6
a 

(33.7; 41.5) 
42.4±6.4

a
 

(38.3; 49.7) 
37.3±7.5

a
 

(24.5; 47.2) 
39.1±5.2

a
 

(30.3; 48.2) 
25.3±4.1

b 

(20.5; 29.7) 
27.6±4.9

b 

(20.2; 38.9) 

Lactones 
(meq/kg) 

1.8±1.3 
(1.0; 3.8) 

4.8±1.0 
(4.1; 6.0) 

5.6±2.5 
(2.3; 8.3) 

2.1±1.1 
(0.6; 4.3) 

2.3±1.9 
(0.0; 4.6) 

2.1±0.8 
(0.7; 3.3) 

Total acidity 
(meq/kg) 

39.3±4.8
b,c 

(34.8; 45.3) 
47.2±5.7

c 

(43.5; 53.8) 
42.9±8.8

b,c 

(27.0; 54.8) 
41.1±5.9

b,c 

(31.3; 52.5) 
27.7±5.7

a 

(20.5; 32.3) 
29.7±5.1

a,b 

(21.7; 41.8) 

Lactones/free 
acidity 

0.05±0.03 
(0.03; 0.09) 

0.12±0.04 
(0.08; 0.16) 

0.15±0.06 
(0.05; 0.26) 

0.05±0.20 
(0.02; 0.09) 

0.09±0.07 
(0.00; 0.17) 

0.08±0.03 
(0.03; 0.15) 

Proline  
(mg/100 g) 

71.58±10.37B,C 

(58.83; 81.00) 
73.61±2.96C 

(70.28; 75.95) 
66.69±19.85A,B 

(52.29; 116.89) 
74.97±13.68B,C 

(55.34; 112.92) 
59.56±24.27A,B,C 

(29.89; 89.02) 
53.93±10.29A 

(39.46; 77.36) 

Specific 
rotation (º) 

-5.41±4.57
a,b 

(-11.38; -0.25) 
-9.96±2.00

b,c 

(-11.63; -7.75) 
-13.45±6.60

c 

(-21.00; -2.50) 
-1.81±3.72

a 

(-8.63; 4.38) 
-7.69±4.59

a,b 

(-11.75; -1.50) 
-7.37±4.03

a,b 

(-13.50; -1.38) 

Mean values within the same row having different lower-case letter are significantly different by Student-Newman-Kreus 
multiple range test (p<0.05). Medians values within the same row having different capital letter are significantly different 
by the median nocht in the Box-and-Whisker Plot (p<0.05). No letters mean that ANOVA could not be determined. ND: 
Not Detected. 

3.2.1. Hydroxymethylfurfural 

HMF is one of the most important quality factors. It is an indicator of honey freshness, 

because in fresh honeys HMF is absent or only present in small amounts, increasing during its 

processing or aging (Bogdanov et al., 1999; Ruoff and Bogdanov, 2004). As expected, HMF 

of all the analysed honeys was lower than the maximum value of 40 mg/kg established by the 

regulations (OJEC, 2002), because our samples were fresh raw honeys that did not suffer 
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overheat or storage before being analysed. Only 13% samples had HMF values higher than 

10 mg/kg. Chestnut honeys showed the lowest HMF average (0.58 mg/kg) and clover the 

highest one (7.02 mg/kg). The maximum HMF content was found in a multifloral honey from 

Burgos province (25.15 mg/kg).  

3.2.2. Diastase activity 

Together with HMF, the activity of diastase (the most heat-resistant enzyme in honey), is an 

indicator of honey freshness. Diastase activity is not only susceptible to aging and 

overheating, but also varies in relation with the source of honey (Persano-Oddo et al., 1990; 

Juan-Borrás et al., 2014). According to Bogdanov et al. (2004), this parameter could only be 

used for the floral discrimination of fresh honeys. However, despite being fresh honeys, our 

samples showed similar diastase values, so that this parameter was not useful for its botanical 

characterization. Diastase averages ranged between 19.80º Schade (lavender) and 

24.33º Schade (clover). Two Calluna vulgaris honeys showed the minimum (8.58º Schade) 

and maximum (47.98º Schade) values for diastase index. All samples complied with the 

minimum value of 8 Schade units (OJEC, 2002). In the literature, diastase index vary greatly 

among honeys (Annex 1/Table 1). Similar values of diastase activity were found by Marini et 

al. (2004) for Italian chestnut honeys (24.47º Schade), Kamboj et al. (2013) for Indian clover 

honeys (26.08º Schade), Andrade et al. (1999) for Portuguese heather honeys 

(23.61º Schade), Rodríguez-Flores et al. (2015) for Spanish honeydew honeys 

(23.90º Schade) and Serra-Bonvehí and Ventura-Coll (1993) for Spanish lavender honeys 

(20.90º Schade). Thrasyvoulou and Manikis (1995) reported a higher diastase index for 

honeydew, chestnut and heather Greek honeys, while Golob and Plestenjak (1999) reported a 

lower diastase number in honeydew honeys and chestnut honeys from Slovenia. 

3.2.3. Moisture 

Water content of honey is related to different factors such as botanical origin of nectar, 

climatic factors, harvesting season and degree of maturity, among others (Finola et al., 2007). 

The moisture in honey is of great importance. Moisture contributes to honey’s stability and 

tendency to granulation during storage (Singh and Bath, 1997). High water content leads to 

undesirable honey fermentation, flavour loss and spoilage, decreasing the shelf-life and the 

quality of the product (Costa et al., 1999; Terrab et al., 2003a). Current regulations (OJEC, 

2002) establish a maximum moisture value of 20%, being 23% the maximum value for ling 

heather (Calluna vulgaris) honey as an exception. After ling heather, clover honey is a type of 

honey with high moisture content (Bogdanov et al., 1999). In the first revision of the Codex 

Alimentarius Standard for Honey (1987), the maximum moisture content established for 

clover honey was the same as for ling honey, but in the last revision (Codex Alimentarius 

Standard for Honey, 2001), a maximum of 20% was considered appropriate for clover honey. 

In this study, the moisture percentage for samples varied from 14.4% found in a honeydew 
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honey and 18.6% found in a clover honey. Average moisture values ranged from 15.17% for 

lavender honeys and 16.73% for clover honeys, indicating optimum harvesting practices and a 

good degree of maturity (Downey et al., 2005) of all the analysed honeys of this study. Clover 

and chestnut possessed significantly higher values than lavender samples. In the literature 

(Annex 1/Table 1), higher mean values were reported for heather honeys from different 

geographical origins and different Ericaceae species (Alves et al., 2013; Moise et al., 2013). 

Our research showed lower moisture averages for clover and lavender samples than those 

reported by other authors for these honeys (Malacalza et al., 2005; Estevinho et al., 2013). 

Nanda et al. (2003) reported the highest moisture percentages for Trifolium sp. in comparison 

with other honey types. With regard to chestnut and honeydew honeys, variable moisture 

values were reported in the literature (Mateo and Bosch-Reig, 1998; Golob and Plestenjak, 

1999; Terrab et al., 2003b; Küçük et al., 2007). 

3.2.4. Electrical conductivity 

In respect of electrical conductivity (EC), this parameter depends on the mineral content, 

inorganic ions, organic acids, proteins and other components such as sugars and polyols, 

which can act as electrolytes (White, 1979b). In the current regulations, electrical conductivity 

has replaced the tedious determination of honey ash content in routine honey control (Codex 

Alimentarius Standard for Honey, 2001), because many researchers found high statistically 

significant linear correlations between both parameters (Sancho et al., 1991a; Pires et al., 

2009; Silva et al., 2009; Feás et al., 2010a). EC is directly related to the floral origin, being 

important for botanical discrimination and characterisation. For this reason, according to the 

legislation, honey samples with values lower than 0.8 mS/cm are classified as floral honeys, 

having honeydew and chestnut honeys values higher than 0.8 mS/cm. There are some 

exceptions such as bell (Erica cinerea) and ling (Calluna vulgaris) heather honeys that can 

exceed this value, due to their high mineral content. In our samples, as expected, chestnut and 

honeydew honeys showed the highest electrical conductivity averages (1.092 mS/cm and 

0.998 mS/cm respectively), with minimum values higher than 0.8 mS/cm, while lavender and 

clover showed the lowest averages (0.372 mS/cm and 0.493 mS/cm respectively). Heather 

honey showed an average of 0.838 mS/cm, being the average of 0.979 mS/cm for ling heather 

honeys and 0.745 mS/cm for the rest of heather samples (blends of E. cinerea and E. vagans 

or blends of both with Calluna vulgaris). The range of conductivity varied between 

0.177 mS/cm from a lavender honey and 1.494 mS/cm from a multifloral honey rich in 

Castanea sativa pollen. Four multifloral honeys with high content in Castanea sativa pollen 

showed an electrical conductivity average of 1.159 mS/cm, higher than honeydew and 

chestnut averages. In general, lower mean values for clover (Vanhanen et al., 2011), heather 

(Marini et al., 2004) and lavender (Persano-Oddo et al., 2004) honeys, higher values for 

chestnut honeys (Devillers et al., 2004) and similar values for honeydew honeys from 

Quercus sp. (González-Lorente et al., 2008) were found in the literature references (Annex 
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1/Table 1). Other honeydew honeys such as metcalfa (Persano-Oddo et al., 1995) or fir 

(Karabagias et al., 2014) showed higher conductivity averages than oak honeydew honeys. 

3.2.5. pH 

Due to the presence of organic acids, the honey pH generally varies from 3.5 to 5.5 

(Bogdanov et al., 2004). Blossom honeys have values between 3.5 and 4.5, being higher than 

4.5 the pH for honeydew honeys because of its higher mineral content. Nectar chestnut honey 

is an exception, presenting honeydew-like pH (Bogdanov, 2011; Pasini et al., 2013). Honeys 

with pH lower than 3.5 are considered as fragile for an adequate preservation because they are 

prone to ferment (Chefrour et al., 2009). pH is important during honey extraction and storage, 

because it affects the texture and shelf life of honey, and can help increase its stability against 

microbial spoilage (Terrab et al., 2002; Bogdanov et al., 2004; Gomes et al., 2010). Honey 

pH is not directly related to free acidity because the mineral salts act as a buffer (Abu-

Tarboush et al., 1993). In this study, lavender and clover honeys showed the lowest pH 

average, followed by heather and multifloral honeys, all of them with pH mean values lower 

than 4.5, as it was reported by other researchers for blossom honeys (Annex 1/Table 1). On 

the other hand, chestnut and honeydew honeys showed pH averages above 4.5. In general, 

higher values of pH were described in the literature for European chestnut honeys (mean 

values between 4.90 and 5.90). Our results for chestnut samples were in agreement with those 

found by León-Ruiz et al. (2011) for the same unifloral honeys from Castilla la Mancha 

(Central Spain). Similar pH values were reported for Trifolium sp. honeys (Kamboj et al., 

2013; Özcan and Ölmez, 2014), heather honeys (Thrasyvoulou and Manikis, 1995; Mateo and 

Bosch-Reig, 1998; Terrab et al., 2003a), oak honeydew honeys (Vela et al., 2007; González-

Lorente et al., 2008; Pérez-Martín et al., 2008; León-Ruiz et al., 2011) and lavender honeys 

(Persano-Oddo et al.,2004; Chakir et al., 2011; Castro-Vázquez et al., 2014). Within the 

group of heather honeys, ling samples showed higher pH values (mean of 4.73) than the other 

heather samples (Erica sp. honeys and Erica-Calluna honeys) (mean of 4.11), which could be 

attributed to their floral or geographical origins, since ling honeys came from the Sub-

Mediterranean phytosociological area of Soria and León provinces, while the other heather 

honeys came from the Atlantic-European and the Interior Peninsular phytosociological areas 

in Burgos (Figure 2). Multifloral honeys rich in chestnut from León province showed the 

highest pH values (average of 4.92), being the pH of these samples even higher than the one 

of chestnut honeys from the same province (mean value of 4.65). 
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Figure 2. Heather honeys distribution in the phytosociological map of Castilla y León. 

3.2.6. Free, lactone and total acidity 

Acidity contributes to the honey flavour and aroma (Isla et al., 2011). It is divided into free, 

lactone and total acidity. Organic acids are responsible for free acidity, being gluconic acid 

the most important. Free acids are in equilibrium with their corresponding lactones (or 

internal esters), and some inorganic ions such as phosphate, chloride or sulphate (Terrab et 

al., 2004; Gomes et al., 2010). 

In this study, all samples showed free acidity values within the allowed European limits 

(below 50 meq/kg of honey) (Codex Alimentarius Standard for Honey, 2001; OJEC, 2002). 

High acidity values in honey can be indicative of sugars fermentation, being the resulting 

alcohol converted into organic acids by microbial action (Mato et al., 2003; Cavia et al., 

2007). Lavender honeys, followed by multifloral samples, showed statistically significantly 

lower free acidity averages than the rest of the samples. Clover honeys presented the highest 

mean value. In general, both the Spanish and/or Portuguese chestnut honeys analysed by 

León-Ruiz et al. (2011), Anjos et al. (2015) and the chestnut honeys of this research, showed 

higher free acidity values than those reported by other authors for honeys from the rest of 

Europe (Devillers et al., 2004; Fallico et al., 2004; Kropf et al., 2010). The literature 

references also described lower values of free acidity for clover honeys from other 

geographical origins than those obtained in our study (Nanda et al., 2003; Malacalza et al., 

2005). In respect of the rest of unifloral honeys, our results agreed with the data reported for 

heather honeys harvested in Spain and Portugal (Nozal-Nalda et al., 2005; Alves et al., 2013), 

oak honeydew (Iglesias et al., 2004; Pérez et al., 2007) and lavender honeys (Pérez-Arquillué, 

1995; Nozal-Nalda et al., 2005; Anjos et al., 2015), although other researchers described a 

great variability of data (Annex 1/Table 1). The main factors that have been described as 

responsible for the differences in honeys’ free acidity values are related to their botanical and 

geographical origins, harvest season and storage conditions (Pérez-Arquillué et al., 1995; 

Acquarone et al., 2007; Kahraman et al., 2010; Alves et al., 2013). 
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Lactones are considered as a sort of acidity reserve when honey is exposed to alkaline 

conditions (Terrab et al., 2002). Lactones vary irregularly, not providing useful information 

for honey floral discrimination (Bogdanov et al., 2004). However, its determination is 

interesting because their hydrolysis increases free acid (Cavia et al., 2007). In this study, the 

highest lactone acidity average was found in heather honeys followed by clover honeys, being 

lactones low in the rest of unifloral samples. In the literature, variable data for lactones were 

found in chestnut, heather, honeydew and lavender honeys, with averages lower than 

13 meq/kg (Annex 1/Table 1). Lactones’ values higher than 15 meq/kg were reported for 

clover honeys (Nanda et al., 2003; Malacalza et al., 2005). 

Total acidity is the sum of free acidity and lactones. In our study, lavender honeys showed the 

lowest average and clover honeys the highest. Total acidity values ranged from 20.5 meq/kg 

in a lavender sample to 54.8 meq/kg in a heather sample. 

Lactones/Free acidity (L/FA) might be related to honeys’ origin. White et al. (1962) 

suggested a possible inverse relation between the L/FA ratio and pH, based on the equilibrium 

between organic acids and their corresponding lactones, depending on the pH of the medium. 

The lower the pH value is, the highest the lactone quantity and L/FA ratio will be. As 

expected, our unifloral honeys with the highest pH averages (chestnut and honeydew), 

showed the lowest lactones and L/FA ratio. But lavender samples with the lowest pH, had low 

lactones and medium L/FA ratio.  

3.2.7. Proline 

Proline is the most abundant free amino acid in honey (White, 1978). It mainly comes from 

honeybee salivate secretions, so that it would not be a suitable parameter for honey’s 

botanical origin characterization (Von der Ohe et al., 1991). Other authors claim that proline 

also comes from the pollen that bees consume in early life (González-Paramás et al., 2006), 

and some researchers reported that honey’s proline quantity depends on the time spent by the 

bee in processing the nectar. According to some literature references, proline is characteristic 

of the type of honey that in turn depends on the extent and duration of the flowering (Cotte et 

al., 2004; Kečkeš et al., 2013). Some researchers found the highest proline values in 

honeydew honeys (Dinkov, 2001; Terrab et al., 2002; Baroni et al., 2009), whereas other 

researchers reported the highest concentrations in chestnut honeys (Šarić et al., 2008; 

Bertoncelj et al., 2011), concluding that the main source of proline in honey would be the 

pollen, because chestnut honeys possess high pollen content (Hermosín et al., 2003). The 

desirable proline content in honeys should be higher than 200 mg/kg (Bogdanov, 2011), being 

values lower than 180 mg/kg possible indicators of sugar adulteration or an insufficient honey 

ripeness (Bogdanov et al., 1999).  

In our study, all samples showed levels of proline above 180 mg/kg, indicating that honeys 

were ripened and not adulterated. Values ranged between 298.9 mg/kg corresponding to a 
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lavender honey to 1168.9 mg/kg corresponding to a heather honey. Multifloral and lavender 

honeys had the lowest proline averages and honeydew, clover and chestnut honeys the highest 

ones. Nevertheless, the high variability of proline content found in this research, which agrees 

with the literature (Annex 1/Table 1), seems to indicate that proline concentration is not very 

useful for honey botanical characterization (Sancho et al., 1991b; Sánchez et al., 2001; 

Serrano et al., 2004; Iglesias et al., 2006; Kivrak, 2015).  

3.2.8. Specific rotation 

Honey has the property of rotate the plane of polarized light. Some sugars rotate the polarized 

light angle to the left, presenting a negative optical rotation value (laevorotatory sugars such 

as fructose [α]D
20=-92.4º), while others rotate to the right, with positive optical activity 

(dextrorotatory, such as glucose [α]D
20=+52.7º). The overall value for the optical rotation 

depends on the concentration of the different honey sugars (Bogdanov et al., 1999; Dinkov, 

2003). Nectar honeys are laevorotatory, due to the normal preponderance of fructose over 

glucose, in contrast to honeydew honeys, which are usually dextrorotatory due to its lower 

fructose content and its higher oligosaccharide mass fraction, mainly melezitose 

([α]D
20=+88.2°) and erlose ([α]D

20=+121.8°) (Persano-Oddo et al., 1995; Bogdanov and 

Martin, 2002). Some countries such as Greece, Italy and UK have applied this parameter to 

distinguish between blossom and honeydew honeys, but this procedure has not been 

harmonized yet (Bogdanov et al., 1999). Many authors have separated blossom honeys from 

honeydew honeys measuring optical rotation, finding all blossom honeys laevorotatory and 

honeydew honeys dextrorotatory (Persano-Oddo et al., 1995; Bogdanov et al., 2004; 

Bertoncelj et al., 2011). In our case, all the samples had a negative optical rotation average, 

even honeydew honeys (although these samples owned the lowest fructose average content, 

and the highest melezitose and erlose average contents, as shown in section 3.2.9). In the case 

of honeydew honeys, this negative value were the lowest (-1.81º), having 6 out of the 18 

honeydew honeys positive optical rotation values. Both the highest negative optical rotation 

average (-13.45º) and the highest negative value (-21.00º) corresponded to heather honeys. 

The minimum value of -2.50º in heather honeys was found in a ling heather sample, with a 

low percentage of Calluna vulgaris pollen and a few honeydew elements. For chestnut 

honeys, variable data were described in literature, but all of them were negative values 

(Annex 1/Table 1). Regarding clover and heather honeys, our values were similar than those 

reported by Nanda et al. (2003) for Indian Trifolium alexandrinum honeys and by Marini et 

al. (2004) and Persano-Oddo et al. (2004) for Italian Erica sp. honeys. In the literature 

positive optical rotation averages were reported for honeydew honeys. Can et al. (2015) 

reported very low positive optical rotation for oak honeys (0.74º), while higher positive 

specific rotation values were found in metcalfa (17.00º) or fir (12.60º) honeydew samples 

(Persano-Oddo et al., 1995; Bertoncelj et al., 2011). With regard to lavender honeys, Persano-

Oddo et al. (2004) reported mean values similar to ours for European lavender samples. 
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Conversely, lower negative values for spike lavender (Lavandula latifolia) and French 

lavender (Lavandula stoechas) from Spain were found by Pérez-Arquillué et al. (1995). 

3.2.9. Sugar profile 

In this study, 14 sugars were identified and quantified, including two monosaccharides 

(fructose and glucose), five disaccharides (sucrose, trehalose, maltose, gentiobiose and 

isomaltose), six trisaccharides (raffinose, erlose, melezitose, maltotriose, panose and 

isomaltotriose) and one tetrasaccharide (maltotetrose). Figure 3 displays a typical GC sugar 

profile. Table 3 shows the mean values, standard deviations and concentrations ranges for 

each sugar.  

 

Figure 3. GC sugar profile of a honey sample from Castilla y León. 
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Table 3. Mean, standard deviation (SD), minimum and maximum values of the sugar profiles of 
honeys from Castilla y León. 

Mean values within the same row having different lower-case letter are significantly different by Student-Newman-Kreus 
multiple range test (p<0.05). Medians values within the same row having different capital letter are significantly different 
by the median nocht in the Box-and-Whisker Plot (p<0.05).* There is not statistically significant differences between the 
means or medians at the 95.0% confidence level (p-value greater than or equal to 0.05). No letters or * mean that ANOVA 
could not be determined. ND: Not Detected. 

 

 
Chesnut  

(n=4)  
Clover  
(n=3) 

Heather  
(n=10)  

Honeydew  
(n=18) 

Lavender  
(n=4) 

Multifloral 
(n=15) 

 
 Mean±SD  
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

Fructose  
(%) 

37.53±4.40 
(32.69; 43.38) 

38.08±1.03 
(37.12; 39.17) 

39.93±2.27 
(35.55; 42.45) 

36.24±1.24 
(34.56; 38.93) 

38.52±0.68 
(37.59; 39.05) 

39.07±1.76 
(35.81; 42.60) 

Glucose  
(%) 

27.30±2.84
b 

(24.74; 31.35) 
30.24±1.89

a,b
 

(28.87; 32.40) 
31.03±3.02

a
 

(26.26; 35.10) 
26.86±1.17

b
 

(24.75; 28.83) 
31.38±1.38

a
 

(29.39; 32.54) 
30.07±3.35

a,b
 

(24.14; 35.31) 

Sucrose  
(%) 

0.10±0.07 
(0.02; 0.18) 

0.23±0.05 
(0.18; 0.27) 

0.26±0.24 
(0.01; 0.73) 

0.37±0.28 
(0.07; 0.85) 

1.50±2.47 
(0.05; 5.18) 

0.37±0.33 
(0.05; 1.22) 

Trehalose  
(%) 

0.06±0.05* 
(0.03; 0.13) 

0.07±0.01* 
(0.06; 0.07) 

0.11±0.09* 
(0.04; 0.3) 

0.08±0.04* 
(0.03; 0.16) 

0.08±0.01* 
(0.07; 0.1) 

0.11±0.06* 
(0.05; 0.27) 

Maltose  
(%) 

4.26±1.15
a,b 

(2.54; 4.90) 
5.14±1.14

a
 

(3.89; 6.11) 
3.34±1.03

b
 

(2.32; 5.96) 
4.32±1.17

a,b
 

(2.91; 6.56) 
4.04±0.89

a,b
 

(3.19; 5.27) 
4.23±0.73

a,b
 

(2.93; 5.54) 

Gentiobiose  
(%) 

0.19±0.02 
(0.16; 0.20) 

0.11±0.03 
(0.08; 0.13) 

0.17±0.11 
(0.04; 0.35) 

0.19±0.05 
(0.10; 0.26) 

0.11±0.04 
(0.08; 0.17) 

0.16±0.06 
(0.09; 0.27) 

Isomaltose  
(%) 

1.61±0.19 
(1.34; 1.74) 

1.06±0.41 
(0.6; 1.38) 

1.06±0.85 
(0.29; 3.12) 

1.75±0.33 
(1.17; 2.49) 

0.88±0.29 
(0.6; 1.16) 

1.26±0.42 
(0.65; 1.97) 

Raffinose  
(%) 

0.07±0.09* 
(0.01; 0.2) 

0.06±0.04* 
(0.03; 0.10) 

0.05±0.05* 
(ND; 0.12) 

0.08±0.06* 
(0.03; 0.24) 

0.03±0.02* 
(0.01; 0.05) 

0.08±0.06* 
(0.01; 0.17) 

Erlose  
(%) 

0.41±0.29A,B 

(0.08; 0.72) 
0.76±0.08A 
(0.67; 0.8) 

0.24±0.26B 
(0.02; 0.93) 

0.84±0.34A 
(0.29; 1.42) 

0.81±0.54A,B 
(0.32; 1.4) 

0.69±0.41A,B 
(0.28; 1.71) 

Melezitose  
(%) 

0.15±0.14A,B 
(0.05; 0.36) 

0.08±0.02B 
(0.06; 0.10) 

0.16±0.23B 
(ND; 0.68) 

0.50±0.49A 

(0.10; 1.73) 
0.07±0.03B 
(0.04; 0.10) 

0.25±0.29A,B 
(0.05; 1.22) 

Maltotriose  
(%) 

0.05±0.02 
(0.02; 0.07) 

0.09±0.01 
(0.09; 0.10) 

0.07±0.08 
(ND; 0.28) 

0.09±0.02 
(0.06; 0.16) 

0.11±0.05 
(0.05; 0.15) 

0.09±0.05 
(0.03; 0.20) 

Panose  
(%) 

0.20±0.06A,B 

(0.11; 0.24) 
0.25±0.12A,B,C,D 

(0.16; 0.38) 
0.13±0.12D 

(ND; 0.41) 
0.25±0.05A 
(0.14; 0.33) 

0.15±0.02C,D 

(0.13; 0.18) 
0.17±0.06B,C 
(0.04; 0.25) 

Isomaltotriose 
(%) 

0.04±0.02 
(0.01; 0.05) 

0.01±0.00 
(0.01; 0.01) 

0.04±0.07 
(ND; 0.22) 

0.04±0.02 
(ND; 0.08) 

0.01±0.01 
(ND; 0.02) 

0.02±0.02 
(ND; 0.06) 

Maltotetraose 
(%) 

0.00±0.01 
(ND; 0.01) 

ND 
0.03±0.09 
(ND; 0.28) 

0.01±0.01 
(ND; 0.03) 

0.00±0.01 
(ND; 0.01) 

0.03±0.05 
(ND; 0.14) 

Total sugars  
(%) 

71.95±6.67
a 

(65.80; 81.40) 
76.20±1.31

a
 

(74.80; 77.40) 
76.59±4.69

a
 

(69.30; 82.50) 
71.62±2.63

a
 

(67.10; 780) 
77.68±1.99

a
 

(76.00; 80.10) 
76.59±4.14

a
 

(69.80; 84.50) 

Fructose+glucose 
(%) 

64.83±7.22 
(57.43; 74.73) 

68.32±2.90 
(65.99; 71.57) 

70.96±5.00 
(61.81; 77.55) 

63.10±2.22 
(59.59; 67.76) 

69.89±2.04 
(66.98; 71.59) 

69.14±4.72 
(62.60; 77.24) 

Total 
disaccharides 

(DS) (%) 

6.22 ±1.12A  
(4.59; 6.95) 

6.62±1.57A,B   
(4.82; 7.75) 

4.93±1.32B  
(3.63; 7.41) 

6.71±1.22A   
(5.05; 9.29) 

6.60±3.12A,B 
(4.58; 11.25) 

6.13±0.82A 
(4.66; 7.69) 

Total tri- and 
tetrasaccharides 

(TS) (%) 

0.92±0.53
a,b

  
(0.28; 1.47) 

1.25±0.24
a,b

   
(1.02; 1.49) 

0.69±0.56
a
   

(0.13; 1.65) 
1.81±0.67b  
(0.74; 3.45) 

1.17±0.56
a,b

 
(0.58; 1.83) 

1.35±0.58
a,b

 
(0.56; 2.51) 

Total DS + TS 
(%) 

7.14±1.14 
(5.79; 8.40) 

7.87±1.76 
(5.84; 8.99) 

5.63±1.74 
(3.90; 9.06) 

8.52±1.29 
(6.29; 11.34) 

7.77±3.61 
(5.16; 13.08) 

7.46±1.06 
(5.88; 9.72) 
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Honey shows a great variability both in carbohydrate composition and carbohydrate content, 

which is strongly related to the floral origin, and to a lesser extent to the seasonal climatic 

conditions and the geographical origin (Anklam, 1998; Mateo and Bosch-Reig, 1998).  

As expected, fructose followed by glucose, were the main carbohydrates in the studied 

honeys. The fructose content varied between 32.69% and 43.38%, both obtained in chestnut 

honeys. Heather honeys possessed the maximum mean value (39.93%) and honeydew honeys 

the lowest one (36.24%), followed by chestnut honeys (37.53%), agreeing with the research 

of Escuredo et al. (2013). In terms of glucose content, the minimum value was 24.14% 

corresponding to a multifloral honey rich in chestnut, and the maximum of 35.31% to other 

multifloral honey, in this case rich in leguminosae type Trifolium sp. Lavender honeys, with 

the highest average (31.38%) together with heather samples, presented significantly higher 

values than honeydew (average of 26.86%) and chestnut (average of 27.30%) honeys. 

Compared to the other multifloral honeys (mean glucose value of 31.34%), all multifloral 

samples rich in chestnut from León province had very low glucose values (mean value of 

24.90%), similar to those found in chestnut samples. Heather honeys from Calluna vulgaris 

had lower glucose average (28.00%) than the other heather honeys (33.05%). These results 

were in agreement with those reported in the quoted bibliography, where low glucose and 

fructose values for chestnut and honeydew samples and high for heather and lavender ones 

were found (Annex 1/Table 1). These values did not differ much among those reported by 

Mateo and Bosch-Reig (1997) for Spanish heather and lavender honeys, Ouchemoukh et al. 

(2010) for Algerian clover honeys and Escuredo et al. (2013) for Spanish chestnut and 

honeydew honeys.  

In respect of disaccharides content, all samples contained all disaccharides determined in this 

study. In general, maltose was the major disaccharide in honey, agreeing with literature 

(Serra-Bonvehí and Ventura-Coll, 1993; Bentabol-Manzanares et al., 2014), and the third 

main sugar in abundance. Maltose represented 67% of the total disaccharides, within a range 

from 2.32% (a heather honey) to 6.56% (a honeydew honey), with the clover samples 

showing the highest average (5.24%), significantly different than the lowest one showed in 

heather honeys (3.34%). Lower values of maltose were reported for European chestnut 

honeys by Primorac et al. (2011) and Escuredo et al. (2013). Shin and Ustunol (2005) showed 

higher values for clover honeys (10.20%), in contrast to the lower values (1.45% and 1.65% 

in Melilotus sp. and Trifolium sp. respectively) obtained by Ouchemoukh et al. (2010). Other 

researchers reported similar averages than ours for Spanish heather (Bentabol-Manzanares et 

al., 2014), honeydew (Mateo and Bosch-Reig, 1998; Bentabol-Manzanares et al., 2011) and 

lavender honeys (Serra-Bonvehí and Ventura-Coll, 1993; Mateo and Bosch-Reig, 1997). High 

amount of maltose could indicate adulteration by sugar syrup or starch hydrolysate (Horvath 

and Molnar-Perl, 1997; Cotte et al., 2003). Higher averages for sucrose than for maltose were 

reported for Citrus (Mateo and Bosch-Reig, 1997) and lavender (Cotte et al., 2003) honeys. 
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Martins et al. (2008) showed higher mean values for isomaltose than for maltose in “Serra da 

Lousa” (Portugal) heather honeys in 1992 and 1993. But in samples harvested in 1991, 

maltose mean value was higher. Differences among the samples from different harvests 

demonstrate a strong influence of harvest year on the sugar composition. In our study, only a 

ling heather sample showed isomaltose as the major disaccharide, followed by maltose. For 

most samples it was the second disaccharide in abundance. A heather honey possessed the 

maximum isomaltose content (3.12%), although the maximum average was for honeydew 

honeys (1.75%), followed by chestnut honeys, and the minimum for lavender ones (0.88%). 

Values of isomaltose were in agreement with the results found in the literature for European 

chestnut (Persano-Oddo et al., 1995; Cotte et al., 2003), Spanish oak honeydew (Mateo and 

Bosch-Reig, 1998; De la Fuente et al., 2007) and lavender (Serra-Bonvehí and Ventura-Coll, 

1993; Mateo and Bosch-Reig, 1997) honeys. Some researchers reported higher isomaltose 

concentration in honeydew honeys than in blossom ones (Mateo and Bosch-Reig, 1997; 

Bentabol-Manzanares et al., 2011). In the literature, the averages for Spanish heather honeys 

widely ranged, varying from 0.38% (Terrab et al., 2003a) to 3.60% (Serra-Bonvehí and 

Granados-Tarrés, 1993).  

Sucrose is an important sugar from a legislative point of view, with a general maximum of 

5% (OJEC, 2002). As exceptions, some honeys can have a maximum of 10% (such as clover 

honeys belonging to Medicago sativa genus) or 15% (such as lavender honeys). None of our 

honeys reached these limits, showing low concentrations for this sugar. The maximum value 

was found in one lavender sample (5.18%). Chestnut honeys had the lowest sucrose average 

(0.10%) and lavender the highest (1.50%), in accordance with those reported by Cotte et al. 

(2003). Ling heather honeys had lower average than the rest of heather samples (0.04% versus 

0.40%). These low sucrose values suggest an advanced stage of honeys’ ripening, by the 

conversion of sucrose into glucose and fructose (Terrab et al., 2001; Pasini et al., 2013), as 

well as the absence of artificial feeding of bees with sucrose syrups (Escuredo et al., 2013). 

With regard to sucrose content, in the literature higher mean values than those found in our 

study were reported for chestnut (Golob and Plestenjak, 1999; Šarić et al., 2008) and clover 

honeys (Shin and Ustunol, 2005; Ouchemoukh et al., 2010). Meanwhile, the distribution for 

oak honeydew, heather and lavender honeys was broad, ranging between ND (Not Detected)-

3.36%, 0.02-4.12% and 0.24-8.01%, respectively (Terrab et al., 2003a; Nozal et al., 2005; 

Nozal-Nalda et al., 2005; Moise et al., 2013). 

Gentiobiose and trehalose were the minor disaccharides found in our samples. Their 

quantities were lower than 0.35%, with mean values lower than 0.19% for gentiobiose and 

0.11% for trehalose. The literature references showed very low concentrations for these 

sugars (Terrab et al., 2003a; Nozal et al., 2005; Martins et al., 2008; De la Fuente et al., 2011; 

Escuredo et al., 2014; Can et al., 2015), being the quantities of trehalose higher than those of 

gentiobiose with a maximum mean value of 2.70% versus 0.22%, respectively (Cotte et al., 
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2003; Nozal et al., 2005; Rybak-Chmielewska et al., 2013). Bentabol-Manzanares et al. 

(2011) observed higher concentration of trehalose in honeydew honeys (average of 1.89%) 

than in blossom honeys (average of 1.67%), although in a latter study the same authors 

reported a similar mean concentration (1.81%) in heather honeys from Erica arborea 

(Bentabol-Manzanares et al., 2014). 

Among the oligosaccharides, erlose was the most abundant and the only trisaccharide 

detected in every sample analysed in this study. Melezitose, raffinose, maltotriose and panose 

were detected in all the samples except in one heather honey; and isomaltotriose was absent in 

five multifloral honeys, two honeys from heather, one from honeydew and another one from 

lavender.  

Melezitose was also proposed to differentiate honeydew and blossom honeys (Persano-Oddo 

and Piro, 2004), being considered an indicator of the presence of honeydew (Ouchemoukh et 

al., 2010), together with other trisaccharides such as erlose or raffinose (Weston and 

Brocklebank, 1999; Bogdanov, 2011). In our research, the maximum averages for melezitose, 

erlose and raffinose were found in honeydew honeys (0.50%, 0.84% and 0.08%, 

respectively). These sugars were also detected in samples from all the botanical origins. On 

the one hand, no statistically significantly differences were found for raffinose among the 

botanical origins. On the other hand, clover and honeydew possessed significantly higher 

values of erlose than heather honeys, and honeydew had significantly higher values of 

melezitiose than clover, heather and lavender samples. Erlose is an intermediate trisaccharide 

in the metabolism of nectar sugars by honeybees (White and Maher, 1953; Kolayli et al., 

2012). In general, the presence of melezitose in blossom honeys is considered to be a result of 

their mixture with honeydew (Da Costa Leite et al., 2000), meanwhile the origin of raffinose 

in blossom honey is not clear, being suggested that it could be in the nectar composition or it 

could also come from honeydew contaminations (White et al., 1986; Kaškonienė et al., 2010). 

Our data were in agreement with the values reported by other researchers, where these three 

sugars were found in similar concentration as those in our study (Mateo and Bosch-Reig, 

1997; Cotte et al., 2003; Nozal et al., 2005; De la Fuente et al., 2007; De la Fuente et al., 

2011). Maximum averages in the literature ranged from 0.52% (lavender honeys) to 2.47% 

(oak honeydew honeys) for melezitose (Nozal et al., 2005; Can et al., 2015); 0.24% (chestnut 

honeys) to 1.96% (heather honeys) for erlose (Cotte et al., 2003; Nozal et al., 2005); and 

0.22% (chestnut honeys) to 2.03% (heather honeys) for raffinose (Devillers et al., 2004; 

Martins et al., 2008). The melezitose average reported in Spanish oak honeydew honeys by 

Escuredo et al. (2014) was lower than the mean value found in our research (0.21%). Other 

authors found higher melezitose concentrations in Spanish (Mateo and Bosch-Reig, 1997; 

Terrab et al., 2003b; Nozal et al., 2005) and European (Can et al., 2015) oak honeydew 

honeys, and proposed melezitose content as a marker of the floral origin. In European fir 

honeydew honeys melezitose averages were higher than in oak honeydew samples, so that 
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melezitose could be a marker of honeydew honeys from different botanical origins (Golob 

and Plestenjak, 1999; Devillers et al., 2004; Rybak-Chmielewska et al., 2013). Bentabol-

Manzanares et al. (2011) reported lower melezitose average in suspected honeydew honeys 

than in blossom ones.  

The rest of trisaccharides (maltotriose, panose and isomaltotriose) were found in very low 

concentrations (always below 0.41%), in agreement with the averages reported in the 

literature (less than 0.66%) by different authors (Cotte et al., 2003; De la Fuente et al., 2007; 

De la Fuente et al., 2011). High concentration of trisaccharides such as maltotriose could 

indicate an adulteration with different syrups (Cotte et al., 2003).  

Finally, maltotetraose, the only tetrasaccharide analysed, was present at very low 

concentrations in 14 out of the 54 samples: six honeydew honeys, five multifloral samples, 

two heather honeys and one lavender sample. Both maximum value (0.28%) and maximum 

average (0.03%) belonged to heather honeys. No data were found in the literature for 

maltotetraose for unifloral honeys of the same botanical origins as those of our research. 

In respect of current regulations (OJEC, 2002), all samples fulfilled the legal requirements for 

the sum of fructose and glucose (more than 45% for honeydew and honeydew blend honeys 

and over 60% for blossom honeys). One Castanea sativa sample had 57.43% of 

monosaccharides, being under the limit stablished for blossom honeys. Sensory characteristics 

and pollen analysis of this honey revealed that it was a mixture of chestnut and honeydew 

honey, thus fulfilling the legal limit of 45% for honeydew-blend (mixture of blossom and 

honeydew honeys). 

As expected, honeydew honeys showed the minimum average of the sum of fructose and 

glucose, and the highest mean value for total disaccharides and oligosaccharides, being the 

opposite situation for heather honeys. Chestnut honeys had quite low average value for the 

sum of fructose and glucose, and also quite low mean values for total disaccharides and 

oligosaccharides. Heather honeys presented significantly higher disaccharide content than 

chestnut, honeydew and multifloral samples, and significantly higher oligosaccharide content 

than honeydew ones. De la Fuente et al. (2011), also found for Spanish heather honeys the 

lowest average for disaccharides and low concentrations of trisaccharides, although the values 

of these researchers were higher than those found in our study (10.38% and 1.23% versus 

4.93% and 0.69%, respectively). The total sugars averages varied between 71.62% (honeydew 

samples) and 77.78% (lavender samples). These data agree with the research of Escuredo et 

al. (2013), who reported lower mean contents for oak honeydew and chestnut honeys than for 

heather samples from the North of Spain. Our data of total monosaccharides and total 

carbohydrates were within the wide intervals reported in the literature references for honeys 

from the same botanical origins than our samples (Annex 1/Table 1), where in general, 

heather honeys showed the highest values for both parameters (Persano-Oddo and Piro, 2004; 
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Feás et al., 2010b; De la Fuente et al., 2011; Waś et al., 2011) and honeydew honeys the 

lowest values of total monosaccharides (Persano-Oddo et al., 1995; Pérez et al., 2007). 

Sugar profiles were proposed to help differentiate floral and honeydew honeys. According to 

Bogdanov et al. (2008), blossom honeys contain more oligosaccharides such as sucrose, 

maltose, trehalose or panose, among others. In our research, honeydew honeys were 

characterized by lower values of monosaccharides and higher data of di- and 

oligosaccharides, mainly melezitose, erlose and raffinose, but differences with blossom 

honeys in relation to carbohydrates’ profile were no significant. Our carbohydrate data for 

honeydew samples agreed with literature (Mateo and Bosch-Reig, 1998; Weston and 

Brocklebank, 1999; Bogdanov et al., 2008). The numerous di- and trisaccharides in honeydew 

honeys could be produced by microbial activity and enzymatic reactions in the intestinal tract 

of the aphids and during honey ripening (Kolayli et al., 2012). Furthermore, Serra-Bonvehí et 

al. (1987) and Mateo and Bosch-Reig (1997) reported that honeydew honeys had more 

maltose and isomaltose than blossom ones. Our honeydew honeys presented the highest 

isomaltose concentration, but even though the maltose average was high in honeydew honeys, 

it was not the highest one. Cotte et al. (2003) characterised chestnut honeys by low 

trisaccharides quantity. In our study, chestnut samples were also poor in oligosaccharides.  

3.2.10. Crystallization indexes and other carbohydrate ratios 

Honeys’ granulation is a natural process of paramount importance because an improper 

crystallisation could lead to problems in handling and processing (Özbalci et al., 2013). It also 

affects honeys’ textural properties, making this foodstuff less appealing to the consumer 

(Cavia et al., 2002). 

Table 4. Mean, standard deviation (SD), minimum and maximum values of the sugars ratios of artisanal 
honeys from Castilla y León. 

 

 

 

 

 

 

 

 

 
 
 

No letters mean that ANOVA could not be determined. 

The honey granulation tendency was predicted on the basis of different crystallization indexes 

(Table 4). This foodstuff generally crystallizes quicker with fructose/glucose ratio (F/G) lower 

than 1.11; and glucose content, glucose/water ratio (G/W), (glucose-moisture)/fructose ratio 

((G-W)/F) and melezitose values higher than 35%, 2.16, 0.49 and 10% respectively. On the 

 
Chesnut  

(n=4)  
Clover  
(n=3) 

Heather  
(n=10)  

Honeydew  
(n=18) 

Lavender  
(n=4) 

Multifloral 
(n=15) 

 
 Mean±SD  
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

 Mean±SD 
(min; max) 

fructose/glucose 
ratio 

1.37±0.04 
(1.32; 1.40) 

1.26±0.05 
(1.21; 1.29) 

1.29±0.08 
(1.19; 1.40) 

1.34±0.05 
(1.25; 1.43) 

1.23±0.03 
(1.20; 1.28) 

1.31±0.13 
(1.18; 1.59) 

glucose/moisture 
ratio 

1.66±0.15 
(1.50; 1.86) 

1.81±0.08 
(1.74; 1.90) 

1.92±0.17 
(1.65; 2.14) 

1.74±0.11 
(1.56; 1.98) 

2.07±0.09 
(2.00; 2.18) 

1.94±0.26 
(1.52; 2.37) 

(glucose-moisture) 
/fructose ratio 

0.29±0.04 
(0.25; 0.33)  

0.35±0.01 
(0.34; 0.37) 

0.37±0.05 
(0.28; 0.43) 

0.31±0.03 
(0.26; 0.36) 

0.42±0.03 
(0.39; 0.45) 

0.37±0.08 
(0.21; 0.49) 

maltose/isomaltose 
ratio 

2.68±0.86 
(1.55; 3.63) 

5.16±1.28 
(3.93; 6.48) 

5.17±3.67 
(0.92; 11.45) 

2.77±1.22 
(1.42; 6.20) 

5.23±2.57 
(2.93; 8.11) 

3.80±1.73 
(2.14; 7.89) 
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contrary, honeys with F/G higher than 1.33, and glucose content, G/W and (G-W)/F lower 

than 28%, 1.70 and 0.30 respectively, generally remains liquid for longer periods (Serra-

Bonvehí, 1989; Sancho et al., 1991d; Lupano, 1997; Manikis and Thrasyvoulou, 2001; Cavia 

et al., 2002; Smanalieva and Senge, 2009). Rapid granulation occurs in honeys in one month, 

medium in 1-12 months and slow crystallization in longer than a year.  

Manikis and Thrasyvoulou (2001) observed that glucose was not very useful granulation 

index in samples that had medium crystallisation tendency. They also observed that 

melezitose was a poor index because Greek fir honeys had more than 10% of melezitose and 

possessed a slow crystallisation tendency. F/G and G/W ratios were also unsuitable to predict 

honey crystallization, because the former did not take into account water content, and the 

latter did not consider the inhibitory action of fructose (Sancho et al., 1991d). Moreover, G/W 

was not satisfactory for honeys with low moisture content (Tabouret, 1979), although some 

researchers indicated that it was more reliable than F/G index for the prediction of honey 

crystallization (Manikis and Thrasyvoulou, 2001). (G-W)/F demonstrated to be a better 

crystallization index because fructose was included (Serra-Bonvehí, 1989; Sancho et al., 

1991d).  

In the honeys studied, F/G values varied between 1.18 (multifloral honey rich in legumes) and 

1.59 (multifloral honey rich in Castanea sativa pollen). G/W values varied between 1.50 

(chestnut honey) and 2.37 (multifloral honey rich in sunflower). In the literature, F/G ratios 

considerably varied in honeys from the same botanical origins (Annex 1/Table 1). These 

broad ranges depended on the accompanying flora, being indicative of the wide variety of 

vegetation sources, from which the honey samples came from.  

Depending on the crystallization index employed, the granulation tendency of each of the five 

unifloral groups of this study was different. Lavender was always the honey that possessed 

the fastest granulation tendency, while honeydew and chestnut honeys presented the slowest 

one. Honeydew and chestnut samples showed glucose averages lower than 28% and F/G 

mean values higher than 1.33. Moreover, chestnut samples had a G/W average lower than 

1.70 and a (G-W)/F mean value lower than 0.30. According to the more reliable granulation 

index ((G-W)/F)), crystallization speed increased in the following order: chestnut < honeydew 

< clover < heather < lavender. Using F/G index, granulation in chestnut honeys was also the 

slowest; being the slowest in honeydew samples if glucose and melezitose contents were 

considered, as well. 

The vast majority of the researchers reported that both chestnut and honeydew were the 

honeys that remained liquid for longer times (Mateo and Bosch-Reig, 1997; Smanalieva and 

Senge, 2009; Primorac et al., 2011). Escuredo et al. (2014) reported higher F/G (more than 

1.40) and lower G/W (less than 1.50) ratios for chestnut and honeydew samples than the 

values described in our study for these honeys. Moderate crystallization tendency rates were 
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found for heather honeys in comparison with other honey types (Smanalieva and Senge, 2009; 

Escuredo et al., 2014), agreeing with our data. In comparison with data of the literature 

references, higher F/G values for chestnut samples and lower G/W results for chestnut and 

lavender honeys were found (Persano-Oddo et al., 1995; Mateo and Bosch-Reig, 1998; Cotte 

et al., 2003; Persano-Oddo and Piro, 2004; Can et al., 2015), whereas for the rest of 

monofloral honeys, our averages were within the intervals proposed by other researchers 

(Annex 1/Table 1). 

It is interesting to highlight that in addition to the lowest glucose average, multifloral honeys 

from León province rich in chestnut pollen had the highest F/G average (1.54), the lowest 

G/W (1.53) and the lowest (G-W)/F (0.22), being this values considerably different than the 

averages found for the rest of multifloral honeys (1.25, 2.5 and 0.41 respectively). 

Maltose/isomaltose ratio (M/I) was proposed as a possible marker of honey adulteration with 

such cheap sweet products as invert syrup, corn syrup and high fructose corn syrup (Horvath 

and Molnar-Perl, 1997). These syrups possess high amounts of glucose or high quantities of 

different di- and oligosaccharides such as maltose, maltotriose or sucrose (Anklam, 1998). 

Horvath and Molnar-Perl (1997) suggested that high M/I values might indicate the 

adulteration with starch hydrolysate, and low ratios the use of high fructose syrup. These 

researchers described the ranges of M/I for authentic honeys between 0.50 and 21.80. 

However, further studies demonstrated that this ratio should only be used for guidance, 

because some genuine honeys with natural M/I high index could be erroneously rejected 

(Nozal et al., 2005). In our research, the M/I ratios ranged between 0.92 and 11.45 (both 

values belonged to heather honeys), being all values within the interval proposed for authentic 

honeys (Horvath and Molnar-Perl, 1997). Chestnut honeys, followed by honeydew samples, 

showed the lowest averages (2.68 and 2.77 respectively), and lavender the highest (5.23). 

Bentabol-Manzanares et al. (2011), whose data also fulfilled the proposed interval (Horvath 

and Molnar-Perl, 1997), showed a higher M/I average for honeydew honeys (7.04) than for 

blossom ones (5.53). On the other hand, Nozal et al. (2005) reported averages considerably 

lower than ours for heather, lavender and forest honeys from our same region. 

3.3. Statistical analysis 

Correlations between all considered parameters by Pearson test were studied in order to 

define which of them were significant (Annex 1/Table 2). One hundred ninety-nine 

significant correlations (p<0.05) were found between the physicochemical parameters studied, 

the most important of which are cited below. 

Electrical conductivity showed a significant correlation with pH (r=0.8484). This correlation 

could be explained by the fact that conductivity depends on the mineral content of honey, 

related with the buffering capacity (Bertoncelj et al., 2011). Conductivity and pH were also 

correlated with glucose (r=-0.7374 and r=-0.7235, respectively) and different parameters 
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related with glucose, such as total sugars and the different sugar ratios. Moderate correlations 

were found among conductivity and pH with other sugars such as isomaltose and gentiobiose 

(r>0.6). Honeydew and chestnut honeys had the highest conductivity, gentiobiose and 

isomaltose content and lowest glucose concentration. pH was neither correlated with free 

acidity nor with total acidity, probably because of the buffer capacity of such honey 

components as mineral compounds (White, 1979a; Terrab et al., 2002; Ojeda de Rodríguez et 

al., 2004). 

As expected, the rotatory power was correlated with total sugars (r=-0.6661), especially 

fructose (r=-0.7628), glucose (r=-0.7468) and isomaltose (r=0.7275). Lower but also 

significant correlations were found with panose (r=0.6777) and total oligosaccharide content 

(r=0.6023).  

Fructose and glucose were strongly correlated (r=0.7971). Other correlations between sugars 

were found, being the most important of which, glucose and isomaltose (r=-0.8197), fructose 

and panose (r=-0.7200), gentiobiose and isomaltose (r=0.8154), panose and isomaltose 

(r=0.8357), and isomaltose and isomaltotriose (r=0.7386). 

In addition to fructose (r=0.8730) and glucose (r=0.8973), the most important sugars 

correlated with the total sugars content were isomaltose (r=-0.7260), panose (r=-0.6384) and 

gentiobiose (r=-0.6153).  

Principal Component Analysis was applied to data structure study in a reduced dimension 

while retaining the maximum amount of variability present in data. Four components were 

extracted, since they had eigenvalues greater than or equal to 1.0. Together they account for 

82.07% of the variability in the original data. In this case the combination of the variables was 

not informative enough for honey discrimination according to their floral origin.  
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CRITICAL ASSESSMENT OF ANTIOXIDANT-RELATED 

PARAMETERS OF HONEY 

ABSTRACT 

This chapter corresponds to the part of the setting up and optimization of trolox equivalent 

antioxidant capacity (TEAC) and total flavonoid content (TFC) analyses, research that is 

included within the paper accepted in the International Journal of Food Science and 

Technology (Sancho et al., in press; Annex 2/Article 1). In this study, several antioxidant-

related parameters were researched on 56 Spanish honeys. Solid phase extraction (SPE) was 

used to obtain honeys’ phenolic extracts. Total phenolics, total flavonoids and trolox 

equivalent antioxidant capacity (TEAC) were determined in both honeys and extracts. It was 

verified that total flavonoids determination in neutral media must be carried out on extracts 

instead of on honeys, because of sugars’ interferences; likewise, extracts’ colours must be 

corrected in this assay. The end-point for honeys’ trolox equivalent antioxidant capacity was 

researched. Significant linear relationships were found between TEAC values of honeys and 

honeys’ phenolic extracts, as well as between the results of TEAC measured at different 

times. Therefore, it would be possible to reliably calculate TEAC at 60 minutes (end-point), 

measuring the absorbance at 6 minutes, thus saving analysis time and reducing costs. 

1. Introduction 

Honey has a wide range of phenolic compounds and therefore, it has been reported to possess 

an antioxidant ability, which greatly depends on its composition that is, in turn, conditioned 

by the botanical source of this foodstuff. Studies about the antioxidant potential of various 

unifloral, multifloral and honeydew honeys are interesting in order to later check if some 

honeys have actually antioxidant effects when they are ingredients of other food products, 

and/or within the body after consumption (in vivo assays). The latter research is of particular 

interest since the European Food Safety Authority denied the health claims with regard to 

antioxidant-related properties of honey because this food “…has not been sufficiently 

characterized in relation to the claimed effects” (European Food Safety Authority, 2010, 

2011). Flavonoids and other phenolics are the main compounds responsible for honey 

antioxidant activity (Malenica-Staver et al., 2014). Honey flavonoids, as a whole, are usually 

determined by aluminum chloride chelation methods that must be carried out after sugars’ 

removal, because these substances hamper proper chelation (Denni and Mammen, 2012). 

However, in most published papers, authors determine total flavonoids in neutral media 

directly on honeys, and sometimes, with no sample’s colour correction. Trolox equivalent 

antioxidant capacity (TEAC) is a simple and widely used procedure to determine antioxidant 

activity of foods. Nevertheless, before using it to measure the antioxidant capacity of a 
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particular food, the endpoint of the assay should be previously researched (Van den Berg et 

al., 1999; Prior et al., 2005). 

The aims of this work were: First, to study antioxidant-related features of honeys analyzing 

such parameters as total phenolics, total flavonoids, and TEAC. Second, to go in depth in the 

method for honeys’ total flavonoids analysis carried out in neutral media. Finally, to research 

the endpoint for honey’s TEAC determination, in order to set up a reliable honey’s 

antioxidant activity analysis by TEAC method.  

2. Material and methods 

2.1. Honey samples 

This work was carried out on 56 representative artisanal and unpasteurized Spanish honeys, 

whose botanical origins had been determined by melissopalinology (Von der Ohe et al., 

2004), with the result of 21 multifloral, 16 honeydew, 10 heather (Erica sp. and Calluna 

vulgaris), 5 lavender (Lavandula sp.), 3 clover (Leguminosae Type Trifolium sp.), and 1 

sainfoin (Leguminosae Type Onobrychis sp.) honeys. Sensory analysis and other 

physicochemical parameters were taken into account for this classification. Sampling was 

carried out within the Castilla y León region, covering an area larger than 94,200 square 

kilometers. Samples were stored at 4ºC until analysis in dark conditions. 

2.2. Phenolic extracts 

Phenolic extracts were obtained by solid phase extraction (SPE). 10 g honey was mixed with 

15 ml acidified water and loaded onto Strata-X SPE cartridge (Phenomenex®, Torrance, CA, 

USA) previously conditioned with methanol and water. Sugars and other polar honey’s 

constituents were completely removed with acidified and ultrapure water. After vacuum 

drying, phenolic fractions were eluted from the cartridge with 3 ml 2:1 (v/v) 

methanol:acetonitrile (Bertoncelj et al., 2011). 

2.3. Total phenolic content 

Total phenolic content in both honeys (TPCh) and extracts (TPCe) were determined by Folin-

Ciocalteu method (Meda et al., 2005). 0.5 ml of a filtered honey solution (100 mg/ml), or 0.5 

ml of a diluted extract (40 µl/ml) were mixed with 2.5 ml of 0.2 N Folin Ciocalteu reagent. 

After 5 min, 2 ml of saturated sodium carbonate solution was added, and the mixtures were 

kept in the dark for 120 min. Then, the absorbance was read at 760 nm. Gallic acid was used 

to adjust the standard curve. Results were expressed in mg gallic acid (GAE)/100 g. 
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2.4. Total flavonoid content 

Total flavonoid content was determined in the extracts (TFCe) by the Dowd aluminum 

chloride colorimetric assay in neutral media (Dowd, 1959; Meda et al., 2005; Isla et al., 

2011), and adapted for the analysed samples. 1 ml of a diluted honey extract (60 µl/ml) was 

mixed with the same volume of 2% aluminium trichloride in methanol. After 10 minutes, 

absorbance (A1) was read at 415 nm against a blank constituted by 1 ml of 2% AlCl3 in 

methanol and 1 ml of methanol instead of the diluted honey extract. Colour of extracts was 

corrected by determining the absorbance (A2) of a solution containing 1 ml of a diluted honey 

extract mixed with the same volume of methanol against a blank of methanol. A2 was 

substracted from A1 before calculating. Quercetin was used to adjust the standard curve that 

was read against a blank of methanol. The same procedure was also applied to 0.01 mg/ml 

honey solutions (TFCh). Results were expressed in mg quercetin (QE)/100 g. 

2.5. TEAC antioxidant activity 

TEAC antioxidant activity was determined by measuring the scavenging ability of 

antioxidants to the radical ABTS•+ (Re et al., 1999). TEAC was analyzed in both honeys 

(TEACh) and extracts (TEACe), measuring the absorbance at 734 nm after 6, 30 and 60 

minutes. The radical cation ABTS•+ was produced by the reaction of 7 mM ABTS stock 

solution with 2.45 mM potassium persulfate in the dark for 16 h. Then, the ABTS•+ solution 

was diluted to obtain an absorbance between 0.70 and 0.80 at 734 nm. For honey solutions 

(100 mg/ml), 10 µl of each honey solution was mixed with 990 µl of the diluted ABTS•+ 

solution. For honey extracts, first, 300 µl extract was diluted to 5 ml with methanol, and 

finally, 10 µl of each diluted extract was mixed with 990 µl of the diluted ABTS•+ solution. 

Blank was distilled water for honeys and methanol for honey extracts. Trolox (6-hydroxy-

2,5,7,8-tetrametylchroman-2-carboxylic acid) was used to adjust the standard curve. Results 

were expressed in µmol trolox equivalent (TE)/g. 

2.6. Statistical determinations 

Statistical determinations were carried out with Statgraphics Centurion XVI (2010). 

All analytical procedures were carried out in triplicate. 

3. Results and discusion 

The results of total phenolics, total flavonoids and TEAC antioxidant activity (measuring the 

absorbance at different times) are summarized in Table 1. Total flavonoids results are those 

corresponding to honey extracts, after verifying the unfeasibility of the method when diluted 

honeys were used instead of their extracts, because for more than 95% honeys the absorbance 

of the colour correction (1 ml of honey solution plus 1 ml of methanol), was higher than the 

absorbance of the sample (1 ml of honey solution plus 1 ml of 2% AlCl3 in methanol). 
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Table 1. Mean, median, standard deviation, minimum and maximum values of total phenolics of honeys 
and extracts, total flavonoids of extracts and TEAC antioxidant activity of honeys and extracts. 

TEACh  
(μmol TE/g) 

TEACe  
(μmol TE/g) 

 TPCh 
 (mg GAE/100 g) 

TPCe  
(mg GAE/100 g) 

TFCe 
(mg QE/100 g) 

6 min 30 min 60 min 6 min 30 min 60 min 

Mean 119.24 26.29 3.44 4.35 5.90 6.92 1.92 2.34 2.58 

Median 130.05 27.51 3.41 4.55 6.23 7.52 1.99 2.45 2.68 

Standard 
deviation 

39.42 8.95 1.15 1.88 2.35 2.57 0.68 0.79 0.85 

Minimum 29.10 7.98 0.93 0.97 1.39 1.64 0.49 0.62 0.76 

Maximum 183.35 60.30 6.98 7.46 9.49 10.65 3.16 3.85 4.43 

3.1. Total phenolics 

As expected, honeys’ total phenolics were higher than extracts’ total phenolics because the 

method of analysis (Meda et al., 2005) actually determines total reducing capacity and, apart 

from phenolic compounds, honeys possess different reducing substances such as ascorbic 

acid, and reducing sugars, among others (Ferreira et al., 2009).  

3.2. Total flavonoids 

With regard to flavonoids’ contents, the values of this work were in general lower than those 

described for different honeys by other authors. After a thorough literature revision, it must be 

explained that in most published papers, the spectrophotometric assay based on aluminum 

complex formation conducted in neutral media was carried out directly on a honey solution 

with no sugars’ removal and, in some cases, with no sample’s colour correction. The reason is 

likely due to the fact that those papers followed previous references that were, in turn, based 

on procedures published for propolis extracts (Arvouet-Grand et al., 1994; Popova et al., 

2005) in which there were no sugars’ interferences. Thus, if the assay is carried out on a 

honey solution, the results depend on the specific flavonoid composition of the sample 

because, on the one hand, flavonoids do not react uniformly and, on the other hand, 

glycosylation prevent chelation of Al(III) with some flavonoids, but not with all of them 

(Pekal and Pyrzynska, 2014).  

In addition, in the literature there is no agreement about the blank when total flavonoids are 

analyzed directly on a honey solution in neutral media. As it has been commented above, the 

assays of all manuscripts were based on others, being the common principle for all of them 

the initial spectrophotometric Dowd’s procedure with some modifications. The original 

method (Dowd, 1959), used an aluminum chloride reagent blank. Nevertheless, for honey 

solutions, in some articles the blank employed was methanol, thereby neither the reagents nor 

the samples colour were corrected, so that the final flavonoids’ values could be overestimated. 

Despite the fact that a blank of reagents (as in Dowd, 1959), is usual in spectrophotometric 
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measurements, very few authors employed such blank for the analysis of honeys’ flavonoids 

in neutral media, and their manuscripts cited Isla et al. (2011) as a reference, which was in 

turn based on Popova et al. (2005) procedure that had been set up and applied to six poplar 

Turkish propolis, in which the colour of the extracts could have not interfered. Values of 

TFCh of those papers (based on the Popova et al., 2005 manuscript), might also be 

overestimated because matrix interferences were not substracted. When a honey solution is 

used, a sample’s colour correction is compulsory, since the results are based on the 

absorbance measurement at 415 nm (or 425 nm), and at this(these) wavelength(s), there is a 

colour interference of the honey itself, which is particularly important for dark samples. In 

most published papers about total flavonoids analysis on honey solutions, authors claimed 

that they followed Meda et al. (2005) procedure, based in turn on Arvouet-Grand et al. (1994) 

assay for propolis extracts, which used as blank a solution of the sample and the solvent, thus 

only correcting the colour of the samples, but not the interference in the absorbance recording 

due to the aluminum chloride. Therefore, data of TFCh of those manuscripts (based on 

Arvouet-Grand et al. 1994 paper), could be overestimated, as well. 

Both for honeys’ extracts and for honeys’ solutions, we followed the procedure described in 

this manuscript, in which a blank of reagents was used, and then absorbance of the colour of 

the samples was substracted, in a similar way to that described in the official method of 

AOAC (2005) for the analysis of proline in honey. 

We verified that, when using honey solutions (instead of honey extracts), for the vast majority 

of samples, the absorbance values at 415 nm (and also at 425 nm), were considerably higher 

for colour correction than for the sample with flavonoid-aluminium complex, showing the 

unreliability of the procedure if sugars and other interferences were not removed. Therefore, 

spectrophotometric analysis of honeys’ flavonoids in neutral media must be always carried 

out after getting rid of sugars; otherwise the results could be specious. 

3.3. TEAC 

TEAC antioxidant activity (µmol trolox equivalent/g) of both honeys and extracts 

progressively increased with time up to 60 minutes. Significant linear relationships (90% 

confidence level), were found among all TEAC results (Table 2). Linear relationships were 

obtained between TEACh and TEACe, as well as between TEAC of honeys and extracts 

measuring absorbance at different times (Figure 1). 
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Table 2. Linear relationships among TEAC results of honeys and honeys’ phenolic extracts. 

 Relationships 
Correlation 

coefficient (r) 

TEAC-Extracts = 0.59+0.30* TEAC-Honeys 0.9043 

TEAC-Extracts-60 = 0.22 + 1.23*TEAC-Extracts-6 0.9879 

TEAC-Extracts-60 = 0.08 + 1.07*TEAC-Extracts-30 0.9978 

TEAC-Extracts-30 = 0.12 + 1.16*TEAC-Extracts-6 0.9937 

TEAC-Honeys-60 = 1.00 + 1.35*TEAC-Honeys-6 0.9818 

TEAC-Honeys-60 = 0.50 + 1.09*TEAC-Honeys-30 0.9959 

TEAC-Honeys-30 = 0.49 + 1.24*TEAC-Honeys-6 0.9945 

TEAC-HoneysandExtracts-60 = -0.03 + 1.52*TEAC-HoneysandExtracts-6 0.9817 

TEAC-HoneysandExtracts-60 = 0.50 + 1.09*TEAC-HoneysandExtracts-30 0.9959 

TEAC-HoneysandExtracts-30 = 0.49 + 1.24*TEAC-HoneysandExtracts-6 0.9945 

 

 
Figure 1. Relationships between TEAC values (µmol TE/g) of honeys at 6 and 60 minutes. “TEACh-60” is 

TEAC antioxidant activity measuring the absorbance at 60 minutes; “TEACh-6” is TEAC antioxidant 
activity measuring the absorbance at 6 minutes). Equation: TEACh-60 = 1.00 + 1.35*TEACh-6. 

Correlation coefficient = 0.9818. 

With the results of honeys’ TEAC at 6 minutes and the equations of Table 2, TEAC values at 

60 minutes were calculated. Then, actual and calculated values of TEAC at 60 minutes were 

compared with t-test and One-way ANOVA (90% confidence level). Both procedures showed 

that there were no differences between actual TEAC values (µmol TE/g) of both honeys 

(Table 3) and extracts, measuring the absorbance at 60 minutes, and calculated TEAC values 

(µmol trolox equivalent/g) at 60 minutes, by measuring absorbance at 6 minutes. 
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Table 3. Summary of the results of t-test (90% confidence level) and variance check of one-way ANOVA 
(90% confidence level) applied to the results of honeys’ TEAC actual values (µmol TE/g) measuring the 
absorbance at 60 minutes (TEACh-60), and the results of honeys’ TEAC calculated values at 60 minutes 

(µmol TE/g), measuring the absorbance at 6 minutes (TEACh-6). t = 0.113464. P-value = 0.90987. 

 Actual 
TEACh-60 

Calculated 
TEACh-60

      

Sample size 56 56       

Average 6.91875 6.86411       

Standard deviation 2.56686 2.52967  Variance Check     

Coefficient of variation 37.10% 36.85%   Test P-Value   

Minimum 1.64 2.31  Levene's 0.010297 0.91936  
 

 
 Maximum 10.65 11.06     

Range 9.01 8.75  Comparison Sigma1 Sigma2 F-Ratio P-Value 

Stnd. Skewness -1.44897 -0.543526  
Actual TEACh-60 / 

Calculated TEACh-60 
2.56686 2.52967 1.02961 0.9142 Stnd. Kurtosis -1.36357 -1.59705  

Variance 6.58875 6.39924  

Degrees of freedom 55 55     

Our TEAC results were similar to the values described in the literature for Brazilian honeys 

(Sant’Ana et al., 2012), and slightly lower than the antioxidant activities described for South 

African samples (Serem and Bester, 2012). Our TEAC data were also similar to those 

described in the literature for other honeys from different botanical and geographical origins 

that were analyzed by another method combined to a flow injection analysis (Álvarez-Suárez 

et al., 2010a,b; Gorjanovic et al., 2013). 

In respect of TEAC antioxidant activity, in the literature no agreement was found regarding 

the proper end-point for the absorbance measurement. Some researchers determined the 

absorbance at 1, 4, 6 and 10 minutes (Baltrusaityté et al., 2007; Escriche et al., 2014), 

whereas other scientists considered the end-point at 1 minute (Tuberoso et al., 2013), at 6 

minutes (Vit et al., 2009; Sant’Ana et al., 2012), at 7 minutes (Habib et al., 2014), at 10 

minutes (Silva et al., 2013), at 15 minutes (Socha et al., 2009; Kowalski, 2013; Wilczynska, 

2014), at 20 minutes (Lachman et al., 2010), and at 30 minutes (Serem and Bester, 2012). Our 

work shows that absorbance values at different times change proportionally for both honeys 

from different botanical origins and their corresponding extracts, so that it would be possible 

to calculate the TEAC antioxidant activity at 60 minutes, measuring the absorbance at 6 

minutes, thus saving analysis time and reducing costs. However, it would be necessary to 

study if similar relationships occur in other honeys from different origins and harvested in 

different years, in order to propose an appropriate analytical procedure for the determination 

of honey’s TEAC antioxidant activity. 
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ANTIOXIDANT CAPACITY AND BIOACTIVE COMPOUNDS OF 

HONEYS FROM CASTILLA Y LEÓN (SPAIN) 

ABSTRACT 

This research was focused on analysing by HPLC the polyphenol profiles of honeys from 

Castilla y León (Spain). Fourteen compounds were quantified: six phenolic acids and eight 

flavonoids. The main phenolic compounds quantified in these honeys were ellagic acid and 

pinocembrin. The results were discussed together with the data of colour, total phenolic 

content (TPC), total flavonoid content (TFC) and trolox equivalent antioxidant capacity 

(TEAC). Total phenolic contents and TEAC results were compared in honeys and their 

methanolic extracts. Dark honeys showed higher ellagic acid, phenolic acid content (PA), 

TPC and TEAC, and lower L*, quercetin and kaempferol contents than light ones. Significant 

correlations were found among some antioxidant-related parameters. However, there were no 

significant correlations between TFC and TPC, as well as between TFC and TEAC. Bioactive 

compounds and other antioxidant-related parameters proved to be useful for the 

discrimination of honeys from some botanical origins.  

1. Introduction 

Honey is a natural sweet substance produced by honeybees, and consumed since ancient times 

for its nutritive value and health-promoting effects. This food is a complex mixture of at least 

200 substances, where carbohydrates (mainly fructose and glucose) and water are the main 

constituents. It also contains small amounts of other minor but interesting compounds (White, 

1978; Küçük et al., 2007). Honey composition is related to its botanical source, the 

geographical area of origin (environmental conditions and weather), the physiology of the bee 

and the post-harvest processing and storage conditions (Anklam, 1998; Gheldof and Engeseth 

2002).  

Honey has shown antioxidant activity. It contains bioactive compounds that play an 

interesting role in food preservation and human health (Chen et al., 2000), avoiding the 

oxidative damage by acting as free radical scavengers (Ferreres et al., 1993; Nagai et al., 

2001; Gheldof et al., 2002; The National Honey Board, 2003). Most honey’s bioactive 

compounds come from plants that are used by bees to collect nectar or honeydew. Those 

phytochemicals are then transferred into the honey (Baltrušaite et al., 2007; Alvarez-Suarez et 

al., 2010; Bertoncelj et al., 2011b). Antioxidant compounds present in honey include 

enzymatic substances, organic acids, Maillard reaction products, amino acids, proteins, 

vitamins, carotenoid derivatives and polyphenolic compounds, such as flavonoids and 

phenolic acids (Gheldof et al., 2002; Baltrušaite et al., 2007). Many of these components have 
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been suggested as markers for botanical and/or geographical origin of honeys (Yao et al., 

2004).  

Variations of honey’s antioxidant activity depend on the quantitative and qualitative nature of 

phenolic constituents, because they have various chemical structures (Meda et al., 2005; 

Michalak et al., 2006) with different antioxidant power and, in addition some of them might 

not be antioxidant agents (Aljadi and Kamaruddin, 2004). 

Because of sugars interferences, in the analysis of honey’s phenolics, their isolation from the 

honey matrix is compulsory to get a proper identification and quantification (Ferreres et al., 

1991). For this purpose, several techniques have been employed. The first one was the liquid-

liquid extraction (Amiot et al., 1989), but lacks of uncompleted phenolics recoveries as well 

as significant interferences in the chromatographic determination were important drawbacks 

(Ferreres et al., 1994c; Hennion, 1999; Rodríguez et al., 2000).  

Solid Phase Extraction (SPE) by using the non-ionic polymeric resin Amberlite XAD-2 was a 

widely employed method, followed by a purification step that includes filtration with 

Sephadex LH20 or liquid-liquid extraction with ethyl ether to guarantee polar compounds 

removal (Ferreres et al., 1991; Tomás-Barberán et al., 1993a; Ferreres et al., 1994a,c). As the 

Amberlite method is time-consuming, needing high quantities of honey sample and toxic 

solvents, in the recent years a simple and selective SPE method using cartridges has been 

developed to overcome these disadvantages (Dimitrova et al., 2007). 

After phenolic compounds extraction and purification, reversed-phase HPLC with Diode 

Array Detector (DAD) has been the most used technique for phenolics’ separation and 

quantification (Tuberoso et al., 2013; Habib et al., 2014).  

The research on honeys’ phenolic substances has been focused on their botanical and/or 

geographic characterization. Phenolics’ profile can provide with a “fingerprint” of a specific 

origin, characterized by different profiles or the same phenolic pattern but with different 

relative amounts. Then, reliable chemical markers can be identified and quantified. Phenolics 

that have been suggested as markers so far, are: 1) compounds that are present in honeys from 

specific botanical origins and that have not been yet detected in honeys from other sources, 

such as hesperetin in citrus honey (Ferreres et al., 1993); 2) substances that are common for 

different unifloral honeys, whose relative amounts are typical of specific origins, such as 

ellagic acid in heather honey (Ferreres et al., 1996); 3) compounds present in several honeys 

from different floral origin, whose HPLC profiles are characteristics of specific botanical 

origins, such as myricetin, tricetin, quercetin, luteolin and kaempferol in eucalyptus honey 

(Martos et al., 2000a,b). Pulcini et al. (2006) claimed that for the characterization of the 

botanical origin of a given honey, differences in the whole composition of the polyphenols 

could be more suitable than the use of a single specific compound. 



Chapter 6 

  211 

This work is part of a research project about the study of representative samples of artisanal 

honeys produced in Castilla y León, region that covers the area of North Central Iberian 

Peninsula. Phenolics’ profiles, total phenolics’, total flavonoids’ contents, TEAC antioxidant 

activities and colour parameters were analysed. 

2. Material and methods 

2.1. Samples 

2.1.1. Honey samples 

This study was carried out with 53 representative raw honey samples from all nine provinces 

of Castilla y León (Spain). Sampling area covered the most important artisanal honey 

production zones within the region (94,200 km2). All samples were harvested in 2011, being 

stored at 4ºC in the dark until analysis. Botanical origins were determined by both 

mellisopalinology (Louveaux et al., 1978; Terradillos et al., 1994; Von der Ohe et al., 2004) 

and sensory analyses, and then confirmed by other physicochemical determinations such as 

pH, electrical conductivity, sugar profiles and colour, among others. Botanical origins of 

samples showed that there were 18 honeydew honeys, 15 multifloral honeys rich in broom, 

clover, chestnut and/or sunflower, 9 heather honeys (Erica sp. and Calluna vulgaris), 4 

chestnut honeys (Castanea sativa), 4 lavender honeys (Lavandula sp.) and 3 clover honeys 

(Leguminosae type Trifolium sp.). Chestnut honeys were classified using the criteria 

published by Spanish honeys labelled as chestnut within the Protected Geographical 

Indication “Miel de Galicia” (OJEU, 2007). Honeydew honeys were classified according to 

the criteria proposed by Mateo and Boch-Reig (1997, 1998). 

2.1.2. Polyphenol methanolic extracts 

In order to eliminate interfering compounds, the flavonoids and phenolic acids from the honey 

matrix were extracted following the SPE method described by Bertoncelj et al. (2011b) with 

some modifications that helped improve extracts’ purification and pre-concentration (Chapter 

5). First, the Strata-X SPE cartridges (200 mg/6 ml, supplied by Phenomenex, Torrance, CA, 

USA) were conditioned with 3 ml of methanol, followed by 3 ml of ultrapure water. Honey 

samples (10.00 g) were dissolved in 15 ml of water acidified to pH 2 with concentrated HCl 

and loaded onto the previously conditioned cartridges (Sergiel et al., 2014). After removing 

sugars and other polar honeys’ interferences by washing with 5 ml acidified ultrapure water 

and then with 15 ml ultrapure water, cartridges were vacuum dried during 3 minutes. Finally, 

the phenolic fraction retained on the cartridge was eluted with 3 ml of a mixture 

methanol:acetonitrile (2:1, v:v).  
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2.2. Flavonoids and phenolic acids profile 

2.2.1. Preparation of standards and calibration curves 

The standards of chlorogenic acid, caffeic acid, rutin, ellagic acid, coumaric acid, sinapic acid, 

ferulic acid, luteolin, quercetin, naringenin, kaempferol, chrysin, pinocembrin and galangin 

(purity higher than 98%) were obtained from Sigma-Aldrich (St. Louis, MO, USA).  

A methanolic stock solution with a concentration of 1 mg/ml for each standard was prepared 

and stored at -20ºC. A working standard solution of 100 ng/ml in water was also prepared and 

stored at 4ºC. 

Calibration curves (0.5-30 ng/ml) were obtained plotting peak areas versus concentrations. In 

order to evaluate the matrix effect, calibration curves were prepared with the extracts obtained 

from 10.00 g of one honey sample spiked with the standard working solution. Then, 

calibration curves in solvent were compared with calibration curves in spiked honey. As there 

were differences between the calibration curves in solvent and calibration curves in spiked 

honey, calibration curves in spiked honey were used for quantification in all samples.  

An internal quality control (standard working solution) was injected into the equipment as a 

first step, before each batch of samples, in order to ensure the quality of the results and 

evaluate the stability of the proposed method. 

2.2.2. HPLC-DAD analysis 

The extracts of flavonoids and phenolic acids were filtered through 0.45 μl membrane filters, 

and analysed using an HPLC system (Waters Alliance 2695) with a photodiode array detector 

(Waters 2996, USA). Flavonoids and phenolic compounds were separated on a Brisa LC2, 

C18 column (250 mm x 4.6 mm x 5 m) (Teknokroma, Spain). The binary mobile phase 

consisted of solvent A (ACN) and solvent B (water and formic acid, 99:1). Binary gradient 

conditions were: initial, 90% B, linear gradient to 40% B from 0 min to 25 min, held for 

1 min, and then a second linear gradient to 20% B from 26 min to 40 min. The temperature of 

the column was 30ºC. The flow-rate and the injection volume were 0.5 ml/min and 10 l, 

respectively (Periche et al., in press). Chromatograms were recorded at three wavelengths 

(290, 320 and 360 nm).  

2.2.3. Identification and quantification of the flavonoids and phenolic acids 

Flavonoids and phenolic acids were identified by comparison of chromatographic retention 

times and UV spectral characteristics of unknown compounds with those of standards and the 

available literature data (Merken and Beecher, 2000).  

Quantification was performed by using the calibration curves at 0.5, 1, 2, 5, 7 and 10 mg/l. 

Results were expressed as μg of compound per g of honey.  
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2.2.4. Validation of the polyphenol analysis method 

The guidelines established by the European Union Commission Decision (OJEC, 2002) were 

followed in order to validate the analytical methodology employed to analyse the flavonoids 

and phenolic acids. For this purpose, several parameters were studied: linearity, accuracy 

(established through recovery studies), and precision verified by repeatability or intraday 

precision and reproducibility or interday precision. 

2.3. Total phenolic content 

The Folin–Ciocalteu method was employed (Singleton et al., 1999), following the procedure 

described by Meda et al. (2005). Measurements were carried out with a Varian/Agilent Cary 

400 UV/VIS Bio double-beam Lab Spectrophotometer (Palo Alto, California), using gallic 

acid as standard (mg GAE/100 g). Samples consisted of 5.00 g honey diluted up to 50 ml with 

distilled water and filtered. Extract’s samples consisted of 200 μl extracts filled up to 5 ml 

with methanol (Chapter 5).  

2.4. Total flavonoid content 

The total flavonoid content was determined on honeys’ extracts by the aluminium trichloride 

procedure carried out in neutral media (Dowd, 1959), following the procedure detailed in 

Chapter 5. Each sample consisted of 300 μl extract diluted up to 5 ml of methanol. 

Measurements were carried out with a Varian/Agilent Cary 400 UV/VIS Bio double-beam 

Lab Spectrophotometer (Palo Alto, California), using quercetin as standard (mg QE/100 g). 

The flavonoid content was measured only in the honey methanolic extracts, because by using 

honey samples, their absorbance of the colour correction was sometimes higher than the 

absorbance of the sample due to matrix interferences (Chapter 5). 

2.5. TEAC 

TEAC antioxidant activity was determined by measuring the scavenging ability of 

antioxidants to the radical ABTS•+ according the method described by Re et al. (1999) with 

some modifications (Chapter 5). Honey samples consisted of 2.50 g honey diluted and filled 

up to 50 ml with distilled water. Measurements were carried out at 6 minutes (Chapter 5) with 

a Varian/Agilent Cary 400 UV/VIS Bio double-beam Lab Spectrophotometer (Palo Alto, 

California), using trolox (6-hydroxy-2,5,7,8-tetrametylchroman-2-carboxylic acid) as standard 

(μmol TE/g). 

2.6. Colour 

The honey surface colour was measured by the CIELAB system (Commission Internationale 

de L’eclairage, 2004) using a HunterLab colorimeter model Color Flex EZ (Reston, VA, 
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USA), recording the reflectance of the whole visible spectrum in a wavelength interval 

between 380 and 770 nm, with 45°/0° geometry, illuminant D65 and 10° observation angle. 

The colour coordinates L* (lightness, 100 for white and 0 for black), a* (positive values for 

redness and negative values for greenness, +100/-100) and b* (positive values for yellowness 

and negative values for blueness, +100/-100) were measured. The L*C*h* colour space uses 

the same diagram as the L*a*b* colour space, but with Polar coordinates instead of Cartesian 

ones (Figure 1) (Tuberoso et al., 2014). These values were calculated from L*, a* and b* 

coordinates (González-Miret et al., 2005). C* is the chroma, saturation, vividness or purity of 

a colour that represents the amount of colour measuring the distance from the coordinates 

origin (+100/-100) (C*=(a*2+b*2)1/2) and h* is the hue angle or tone, that is the perceived 

colour to human eye’s (0º red, 90º yellow, 180º green and 270º blue) (h*=arctg b*/a*) 

(Tuberoso et al., 2014). 

 

Figure 1. L*, a*, b*, C* and h* colour coordinates. 

2.7. Statistical analysis 

The statistical package software Statgraphics Centurion XVI.II (2010) was employed. When 

possible, analysis of variance (ANOVA) for the comparison of means was carried out. When 

normality assumption was not fulfilled, Kruskal-Wallis ANOVA was used. Possible 

correlations among the parameters were researched. Annex 1/Table 4 shows the Pearson’s 

correlations (significant correlations p<0.05%). Multivariate Principal Components Analysis 

(PCA) was also carried out.   

3. Results and discussion 

3.1. Colour 

Honey colour is an important quality factor for consumers. Colour preferences depend on the 

geographical areas in which honeys are produced. It is closely related to the floral origin and 
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chemical composition of honey, primarily pigments such as carotenoids, flavonoids and 

phenolic acids, which also contribute to the antioxidant properties (Frankel et al., 1998; 

Juszczak et al., 2009; Eleazu et al., 2013). In the literature, dark-coloured honeys showed 

higher total phenolic and total flavonoid contents, and consequently higher antioxidant 

activity than light honeys (Meda et al., 2005; Alvarez-Suarez et al., 2010). Different 

researchers discriminated different honey types on the basis of colour parameters. 

Nevertheless, it is important to bear in mind that small contribution of other nectars as well as 

heating and aging affect the honey colour (Kuś et al., 2015).  

Table 1. Averages, standard deviations and maximum and minimum values of the colour parameters of 
artisanal honeys from Castilla y León. 

 
Chestnut  

(n=4)  
Clover  
(n=3) 

Heather  
(n=9)  

Honeydew  
(n=18) 

Lavender  
(n=4) 

Multifloral 
(n=15) 

 
 Mean ± SD  
(min; max) 

 Mean ± SD 
(min; max) 

 Mean ± SD 
(min; max) 

 Mean ± SD 
(min; max) 

 Mean ± SD 
(min; max) 

 Mean ± SD 
(min; max) 

L* 39.54 ± 1.70
a 

(38.23; 41.99) 
52.44 ± 1.83

b,c 

(50.49; 54.12) 
44.50 ± 5.52

a,b 

(39.10; 57.36) 
41.53 ± 6.67

a 

(26.07; 58.26) 
59.49 ± 11.71

c
 

(43.16; 71.01) 
56.70 ± 8.68

c 

(44.11; 66.19) 

a* 11.86 ± 1.81
a,b 

(10.14; 14.41) 
7.59 ± 1.01

c,d
 

(6.58; 8.59) 
12.53 ± 2.25

a 

(7.19; 14.57) 
9.85 ± 1.48

b,c
 

(5.73; 12.65) 
4.51 ± 4.01

d
 

(0.61; 9.70) 
6.72 ± 2.58

c,d 

(3.20; 11.53) 

b* 34.67 ± 2.61
a 

(31.69; 37.95) 
33.33 ± 0.30

a 

(33.11; 33.67) 
38.31 ± 2.59

b 

(33.78; 43.46) 
32.25 ± 2.35

a 

(26.24; 36.91) 
31.74 ± 4.14

a 

(26.88; 35.72) 
34.31 ± 2.74

a 

(29.83; 38.70) 

C* 36.65 ± 3.04
a 

(33.27; 40.59) 
34.19 ± 0.51

a 

(33.76; 34.75) 
40.34 ± 2.89

b 

(35.51; 45.84) 
33.74 ± 2.43

a 

(28.35; 38.57) 
32.20 ± 4.59

a 

(26.89; 36.14) 
35.04 ± 2.94

a 

(30.64; 40.38) 

h* (º) 
71.19 ± 1.41 

(69.21; 72.26) 
77.18 ± 1.54 

(75.69; 78.76) 
71.96 ± 2.72 

(69.53; 78.91) 
73.02 ± 2.37 

(67.78; 79.40) 
82.49 ± 6.24 

(74.33; 88.70) 
79.01 ± 3.80 

(73.41; 84.10) 

Mean values within the same row having different lower-case letter are significantly different by Student-Newman-Kreus 
multiple range test (p<0.05). No letters mean that ANOVA could not be determined. 

Table 1 shows that L* ranged between 26.07 (honeydew honey) to 71.01 (lavender honey). 

Chestnut honeys showed the lowest mean value of lightness, followed by honeydew and 

heather samples, being all of them dark-coloured honeys, in agreement with the results found 

in the literature (Bertoncelj et al., 2007; González-Paramás et al., 2007; Can et al., 2015). All 

these dark honeys had L* values lower than 50, agreeing with González-Miret et al. (2005) 

research. High L* averages were those of light honeys, always with values higher than 50. 

Lavender samples were the brightest, followed by multifloral and clover honeys. a* (red 

component) and b* (yellow component) values were positive in all honeys, a* ranged from 

0.61 (lavender honey) to 15.64 (heather honey), and b* between 26.24 (honeydew honey) and 

43.46 (heather honey). Lavender honeys showed the lowest mean data of red and yellow 

colours, and heather honeys the highest ones. With regard to the chroma C*, that represents 

the colour intensity, the highest average (lower greyish tone) was found for heather samples 

and the lowest one for lavender. The rest of the samples showed similar C* mean values than 

lavender honeys. In respect of h*, our samples were located in a tight range of hue angles, 

from 67.78º to 88.70º. Light honeys (lavender, multifloral and clover) showed hue averages 
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higher than those of dark samples (chestnut, heather and honeydew), in accordance to the 

literature findings (González-Miret et al., 2005; Tuberoso et al., 2014). The information 

provided by the same researchers about C* values is contradictory. González-Miret et al. 

(2005) reported low C* values for dark honeys and high values for light ones, on the basis of 

the high values of b* colour coordinate found in light samples in comparison with those 

considerably lower found in dark ones. Conversely, Tuberoso et al. (2014) reported high C* 

values for dark samples, being the opposite for light ones.  

Heather honeys showed means of C* and b* significantly higher than the other samples, so 

that C* and b* values could be potentially useful to help characterize heather honeys. L* 

values grouped honeydew and chestnut honeys, as well as lavender and multifloral honeys.  

With regard to the correlations between the colour parameters, only significant (p<0.05) 

correlations were considered (Annex 1/Table 4). L*, a* and h* were correlated among them 

with r>0.8467. This shows that L* was higher in samples with less reddish colours and higher 

hue angles. On the other hand, C* was strongly correlated with b* (r=0.9849) and had a 

moderate significant relationship with a* (r=0.6610), showing that greyish samples (higher 

C* values), possessed higher yellowish and reddish colours. 

In comparison with our results, for honeys from the same botanical origins, literature 

references described higher values for C*, b* and similar for L*, a* and h*, showing a 

considerably variability among data (Annex 1/Table 3), that makes it difficult compare 

results. Honeys’ colour depends on many factors such as geographical origins (soil, weather) 

and accompanying flora (Almeida-Muradian et al., 2014; Tuberoso et al., 2014), as well as on 

the different methodology for colour measurement, with diverse data acquisition system 

(reflectance or transmittance), observer angle or illuminant and/or the physical state of honey 

that is usually not mentioned (Tuberoso et al., 2014). Samples are usually liquefied in a water 

bath at <45 °C throughout 1 hour, so that sugar crystals are dissolved. Honey liquefaction is 

compulsory only if colour is measured by transmittance or analysed by Pfund procedure. In 

our study, we faced problems regarding heather samples liquefaction, in particular ling 

heather honeys and samples rich in Calluna vulgaris, probably due to the thixotropy of these 

honeys. The same drawback was also reported by Waś et al. (2011). After trying an increase 

of the water bath temperature and/or the heating time, we realised that total clarification of 

those samples was not possible. Moreover high temperatures or high processed time resulted 

in a darkening of the samples. In order to avoid heating-related problems, eventually, we 

decided to measure the colour of the honey surface by reflection in all unheated samples.  

The colour of four honeys (light, medium, dark and very dark samples) in both liquid and 

crystallized state was also compared (Table 2). It was observed that the lightest honey 

possessed the highest L* and h* values, whereas the darkest sample had the lowest ones, both 

in liquid and crystallised states. Liquid light samples presented lower greyish, lower reddish 

and higher yellowish colours than liquid dark honeys, being these values similar in 
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crystallised samples. Comparing the physical state of honeys, crystallised samples were 

lighter (higher L*) and greyer (lower C* values) than liquid honeys. Red component and hue 

angle were similar in both liquid and crystallized light honeys at all states, but a* was higher 

in liquid dark samples and h* in crystallised dark samples. Yellow component was similar in 

both liquid and crystallized dark honeys being higher in liquid light samples. 

Table 2. Comparison of colour parameters among light and dark honeys in liquid and crystallized states. 

 
 

LIGHT HONEYS DARK HONEYS 

HONEY SAMPLE Lavender Multifloral Heather Honeydew 

Liquid state 

L* 54.07 49.89 26.27 22.20 

a* 5.01 12.75 23.77 22.44 

b* 53.77 67.75 41.16 34.11 

C* 54.00 68.94 47.53 40.82 

h* 84.68 79.34 59.99 56.66 

Crystallized state 

L* 60.79 51.14 38.77 23.79 

a* 5.56 11.18 12.84 12.54 

b* 37.70 46.05 38.77 27.69 

C* 38.11 47.39 39.78 30.40 

h* 81.61 76.35 71.17 65.64 

3.2. Phenolic compounds profile 

3.2.1. Validation of polyphenols and flavonoids analytical methodology  

The results from the polyphenols and flavonoids validation procedure are available in table 3. 

The wavelength used for compounds’ quantification and their retention times were also 

shown. In order to obtain the linearity value, an external standard calibration curve was made 

using 6 standard solutions with final concentration levels from 0.5 to 10 mg/l. Six replicates 

were made for each level. The calibration curves were obtained by plotting the peak area of 

the compound at each level versus the concentration. The linearity response observed from 

0.5 to 10 mg/l was good because the correlation coefficient between peak areas and injected 

nominal concentrations was r2≥0.996.  

The recovery studies were performed by adding known quantities of antioxidants to a sample 

(1, 5 and 10 mg/l). Six replicates of all the spiked sample levels were analysed using the 

HPLC method. Antioxidants’ standards recoveries varied between 83.1% and 119.5% for the 

studied concentration range. The relative standard deviation (RSD) corresponding to recovery 

values was less than 20% in all cases (ranging from 0.4 to 16.1), confirming that the 

analytical method was accurate. 

Repeatability was evaluated by performing the assay on six replicates of fortified honey 

samples, at the same levels (1, 5 and 10 μg/g), and it was carried out by the same operator on 

the same day. In order to evaluate reproducibility, the experiment was performed by 2 

different operators on 3 consecutive days. The results were expressed as the percentage of 
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relative standard deviation. Intra-day precision (RSDr) ranged from 0.3% to 15.5% and inter-

day precision (RSDR) from 3.0% to 16.6%. These RSD values were in complete agreement 

with those proposed by the European Union Commission Decision (OJEC, 2002) 

requirements since they were always lower than 20% for all the concentration levels assayed. 

Therefore, it can be concluded that the method used in this work had good precision.  

The results of the validation proved that the analytical procedure carried out appropriately 

guarantees the quantitative values of polyphenols and flavonoids obtained in the samples 

analysed. 

Table 3. Validation parameters (accuracy and precision) of antioxidants.  

COMPOUND λ 
Retention 

time 
Level 
(μg/g) 

% recovery (SD) RSDr % RSDR % 

Chlorogenic acid 320 14.58 

1 93.9 (1.8) 2.0 10.3 

5 98.8 (6.3) 6.4 5.3 

10 108.5 (0.5) 0.6 10.1 

Caffeic acid 320 17.00 

1 110.4 (13.5) 12.2 13.7 

5 103.6 (3.5) 3.4 6.1 

10 91.3 (2.6) 2.8 12.6 

Rutin 360 17.43 

1 84.1 (5.4) 6.5 13.2 

5 95.2 (6.6) 7.0 5.5 

10 100.9 (0.7) 1.3 8.3 

Ellagic acid 360 18.68 

1 107.1 (11.3) 9.6 10.6 

5 92.8 (7.3) 8.0 6.6 

10 119.2 (6.6) 5.3 15.1 

Coumaric acid 320 19.98 

1 96.4 (7.1) 7.4 7.4 

5 95.1 (4.8) 5.0 6.2 

10 105.4 (3.2) 3.0 6.8 

Sinapic acid 320 20.31 

1 84.4 (8.2) 7.4 10.2 

5 94.6 (6.1) 6.4 6.9 

10 108.6 (10.1) 9.3 12.0 

Ferulic acid 320 20.76 

1 92.2 (7.8) 8.5 8.5 

5 85.9 (6.5) 7.6 8.1 

10 119.1 (0.4) 0.3 14.4 

Luteolin 320 25.07 

1 100.5 (5.7) 13.7 8.2 

5 96.8 (4.1) 4.3 3.0 

10 91.8 (8.1) 8.9 9.3 

Quercetin 360 25.40 

1 119.5 (6.9) 5.1 5.8 

5 92.4 (7.9) 8.6 12.2 

10 104.5 (16.1) 15.5 13.2 
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COMPOUND λ 
Retention 

time 
Level 
(μg/g) 

% recovery (SD) RSDr % RSDR % 

Naringenin 290 28.05 

1 76.9 (13.6) 14.8 15.1 

5 99.6 (0.9) 0.9 1.9 

10 99.1 (1.4) 1.4 7.5 

Kaempferol 360 28.42 

1 95.1 (3.9) 4.1 12.4 

5 93.3 (5.2) 5.5 13.3 

10 100.8 (13.5) 13.4 16.6 

Chrysin 320 33.34 

1 90.8 (9.4) 10.4 11.8 

5 98.4 (4.5) 4.5 7.2 

10 96.3 (2.7) 2.8 8.2 

Pinocembrin 290 33.42 

1 86.1 (0.5) 0.6 7.9 

5 83.1 (11.1) 13.4 12.2 

10 98.9 (1.5) 1.6 9.1 

Galangin 290 33.62 

1 114.6 (4.3) 4.4 10.4 

5 97.5 (1.1) 1.2 5.3 

10 103.3 (3.2) 3.1 7.7 

3.2.2. Polyphenols profile  

In this study, fourteen phenolic compounds were identified and quantified: six phenolic acids 

(chlorogenic, caffeic, ellagic, coumaric, sinapic and ferulic) and eight flavonoids (rutin, 

luteolin, quercetin, naringenin, kaempferol, chrysin, pinocembrin and galangin). The 

summatory of the total phenolic acids (PAHPLC) and the total flavonoids (TFCHPLC), as well as 

the total phenolic compounds (TPCHPLC as summatory of PAHPLC and TFCHPLC) were also 

calculated (Table 4).  

ANOVA and Kruskal-Wallis could be applied to six compounds (because the other phenolics 

did not meet the required assumptions) that could not help characterize the analysed honeys 

by their botanical origins. These six phenolic compounds were the sinapic acid and the 

flavonoids naringenin, pinocembrin, chrysin, galangin and luteolin (Table 4).  

The comparison of our values with those of literature is difficult, probably due to the different 

sample preparation, extraction conditions or HPLC procedure. A deep screening of the 

literature shows a considerable variability in the concentration of phenolic compounds 

(Annex 1/Table 3), probably because these substances derive from nectar, pollen and 

propolis, whose chemical composition is also related to the geographical origin, seasonal 

climatic changes, vegetation conditions, processing, handling and storage (Gheldof et al., 

2002; Kenjeric et al., 2007; Lachman et al., 2010b; Perna et al., 2012; Petretto et al., 2015). 

Similarities and differences were reported in terms of phenolic composition among honeys 

from same floral origins but different geographical locations.   



Antioxidant capacity and bioactive compounds of honeys from Castilla y León (Spain) 

  
 220 

Table 4. Averages, standard deviations, and maximum and minimum values of the phenolic compounds of 
artisanal honeys from Castilla y León. 

 
Chestnut 

(n=4) 
Clover 
(n=3) 

Heather 
(n=9) 

Honeydew 
(n=18) 

Lavender 
(n=4) 

Multifloral 
(n=15) 

 
Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Chlorogenic acid 
(μg/g) 

0.41 ± 0.47 
(ND; 1.05) 

0.17 ± 0.29 
(ND; 0.51) 

0.2 ± 0.2 
(ND; 0.46) 

0.23 ± 0.46 
ND; 1.79) 

1.25 ± 1.14 
(ND; 2.43) 

1.61 ± 2.13 
(ND; 6.63) 

Caffeic acid 
(μg/g) 

6.05 ± 1.39 
(5.17; 8.12) 

6.96 ± 1 
(6.24; 8.1) 

5.74 ± 1.03 
(4.68; 8.1) 

5.28 ± 2.22 
(1.55; 9.78) 

4.95 ± 0.96 
(4.33; 6.36) 

7.38 ± 5.41 
(ND; 20.32) 

Rutin 
(μg/g) 

1.23 ± 0.25 
(0.93; 1.54) 

1.06 ± 0.34 
(0.67; 1.29) 

1.23 ± 1.97 
(0.09; 6.32) 

1.14 ± 1.21 
(0.2; 5.68) 

0.44 ± 0.66 
(0.02; 1.42) 

1.26 ± 0.73 
(0.3; 2.7) 

Ellagic acid 
(μg/g) 

60.97 ± 13.34 
(44.96; 72.5) 

33.52 ± 2.04 
(32.2; 35.87) 

64.55 ± 48.3 
(ND; 116.83) 

92.48 ± 34.58 
(36.18; 148.64) 

16.32 ± 32.64 
(ND; 65.28) 

38.93 ± 33.14 
(ND; 90.37) 

Coumaric acid 
(μg/g) 

14.97 ± 11.41 
(4.05; 30.76) 

3.58 ± 0.37 
(3.27; 3.99) 

5.15 ± 6.23 
(ND; 17.51) 

12.05 ± 11.98 
(ND; 43.76) 

4.56 ± 1.52 
(2.94; 6.37) 

7.66 ± 5.87 
(ND; 20.27) 

Sinapic acid 
(μg/g) 

ND* ND 
1.04 ± 2.33* 
(ND; 6.86) 

ND ND 
0.31 ± 1.2* 
(ND; 4.65) 

Ferulic acid 
(μg/g) 

3.54 ± 1.87 
(0.77; 4.75) 

ND 
0.88 ± 1.4 
(ND; 3.74) 

0.64 ± 1.26 
(ND; 4.31) 

0.04 ± 0.05 
(ND; 0.11) 

4.89 ± 7.21 
(ND; 18.52) 

Luteolin 
(μg/g) 

1.36 ± 0.36* 
(0.95; 1.68) 

1.24 ± 0.07* 
(1.19; 1.31) 

0.92 ± 0.59* 
(ND; 1.91) 

0.78 ± 0.71* 
(ND; 1.98) 

0.96 ± 0.35* 
(0.64; 1.31) 

0.71 ± 0.59* 
(ND; 2.1) 

Quercetin 
(μg/g) 

1.47 ± 0.45 
(0.9; 1.86) 

2.31 ± 1.86 
(0.17; 3.56) 

1.93 ± 1.67 
(ND; 3.99) 

1.64 ± 1.6 
(ND; 6.65) 

3.39 ± 0.43 
(3.03; 3.97) 

3.93 ± 3.04 
(0.42; 9.86) 

Naringenin 
(μg/g) 

ND ND 
0.75 ± 2.18* 
(ND; 6.55) 

1.15 ± 2.75* 
(ND; 8.81) 

ND 
0.82 ± 2.19* 
(ND; 6.97) 

Kaempferol 
(μg/g) 

0.28 ± 0.56 
(ND; 1.13) 

3.26 ± 0.18 
(3.1; 3.45) 

2.26 ± 0.95 
(0.1; 3.41) 

0.81 ± 1.3 
(ND; 4.72) 

5.41 ± 6.73 
(1.52; 15.49) 

2.2 ± 1.49 
(ND; 5.17) 

Chrysin 
(μg/g) 

5.97 ± 3.49* 
(1.79; 10.32) 

4.07 ± 0.2* 
(3.88; 4.28) 

9.79 ± 3.19* 
(4.14; 14.15) 

6.24 ± 3.78* 
(0.4; 14.26) 

7.08 ± 2.02* 
(4.48; 8.7) 

6.72 ± 2.68* 
(3.05; 11.84) 

Pinocembrin 
(μg/g) 

7.08 ± 3.34* 
(2.9; 11.06) 

6.77 ± 0.97* 
(6.04; 7.87) 

14.8 ± 6.27* 
(5.37; 23.87) 

9.1 ± 5.17* 
(2.01; 19.46) 

10.5 ± 3.98* 
(6.01; 14.03) 

9.7 ± 4.68* 
(3.77; 19.32) 

Galangin 
(μg/g) 

3.79 ± 1.32* 
(2.22; 5.12) 

ND 
1.84 ± 2.95* 
(ND; 7.35) 

2.02 ± 2.5* 
(ND; 8.32) 

0.9 ± 1.8* 
(ND; 3.6) 

1.74 ± 2.23* 
(ND; 5.56) 

PAHPLC  
(mg/100 g) 

8.59 ± 2.22
 a.b

 
(5.97; 11.37) 

4.42 ± 0.17
 a

 
(4.24; 4.57) 

7.76 ± 4.75
 a.b

 
(0.62; 12.27) 

11.07 ± 2.78
 b

 
(5.58; 15.78) 

2.71 ± 3.32
 a

 
(0.98; 7.68) 

6.08 ± 4.05
 a.b

 
(0.95; 14.26) 

TFCHPLC  
(mg/100 g) 

2.12 ± 0.86* 
(1.06; 3.16) 

1.87 ± 0.33* 
(1.51; 2.15) 

3.35 ± 1* 
(1.71; 4.49) 

2.29 ± 1.23* 
(0.46; 5.5) 

2.87 ± 0.57* 
(2.14; 3.52) 

2.71 ± 0.96* 
(1.14; 4.52) 

TPCHPLC 
(mg/100 g) 

10.71 ± 2.68
a.b 

(7.03; 13.43) 
6.3 ± 0.29

a
 

(5.97; 6.52) 
11.11 ± 4.77

a.b
 

(3.78; 15.79) 
13.36 ± 3.05

b
 

(7.69; 17.62) 
5.58 ± 3.77

a
 

(3.18; 11.21) 
8.79 ± 4.02

a.b
 

(2.39; 16.69) 

ND: Not Detected. Mean values within the same row having different lower-case letter are significantly different by Student-Newman-
Kreus multiple range test (p<0.05). Medians values within the same row having different capital letter are significantly different by the 
median notch in the Box-and-Whisker Plot (p<0.05).* There are not statistically significant differences between the means or medians at 
the 95.0% confidence level (p-value greater than or equal to 0.05). No letters mean that ANOVA could not be determined. 
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Typical HPLC polyphenol profiles at wavelength of 290, 320 and 360 nm are represented in 

Figure 2. 

Figure 2. HPLC chromatograms of polyphenols at the wavelengths recorded (290, 320 and 360 nm). 
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Ellagic acid was the phenolic compound that was found in the highest concentrations in our 

samples. Kilik et al. (2014) reported the antioxidant and anticarcinogenic activity of this acid. 

Honeydew honeys exhibited the highest ellagic acid average (92.48 μg/g), followed by 

heather and chestnut samples. Only one out of the four lavender honeys contained ellagic 

acid, with a value considerably lower than the averages of honeys from the other botanical 

origins (16.32 μg/g). A moderate correlation between ellagic acid and the colour parameter L* 

was found (r=-0.5289), indicating that the darker the honeys (lower L* values) were, the 

higher ellagic acid content the samples had. 

Ferreres et al. (1996) suggested ellagic acid as marker of heather honeys. But in our case, 

although high quantities were found in heather samples (64.55 μg/g), the highest amounts 

were obtained for honeydew honeys, being also ellagic acid the main phenolic compound of 

the vast majority of honeys of our study. Ferreres et al. (1996) also described that the 

presence or absence of ellagic acid could be a special feature of different heather species, but 

in our study no differences were found between heather honeys from Erica sp. and Calluna 

vulgaris species in respect of ellagic acid contents. Apart from heather honeys, ellagic acid 

was also found in Australian honeys such as jelly bush (Leptospermum polygalifolium), 

manuka (Leptospermum scoparium), kanuka (Kunzea ericoides), tea tree (Melaleuca 

quinquenervia), brush box (Lophostemon conferta) and Eucalyptus (Martos et al., 2000a,b; 

Yao et al., 2003; Yaoa et al., 2005; Stephens et al., 2010), Tunisian thyme and multifloral 

honeys (Martos et al., 1997), acacia (Tomás-Barberán et al., 2001), Rubus (Escuredo et al., 

2012) and honeydew honeys (Trautvetter et al., 2009).  

D’Arcy (2005) reported that the different quantities of ellagic acid found in honeys of 

different studies could be due to the different phenolics’ extraction procedures, because it was 

observed that Amberlite resin retained neither ellagic nor gallic acids, and for other phenolics 

such as coumaric, caffeic, chlorogenic and ferulic acids, this resin yielded low recoveries. On 

the contrary, Bertoncelj et al. (2007) claimed that Amberlite resin gave the highest recoveries 

for phenolic acids. Ferreres et al. (1996) observed that after Amberlite extraction, a 

purification step using Sephadex LH-20 chromatography was necessary to further detect 

ellagic acid. In the literature, Ferreres et al. (1996), Tomás-Barberán et al. (2001) and Jasicka-

Misiak et al. (2012) that had employed Amberlite for the extraction of phenolic compounds, 

quantified lower values of ellagic acid in heather honeys than those found in our study 

(averages of 2.91, 7.16 and 20.06 μg/g, respectively). However, those researchers pointed out 

that ellagic acid was the highest phenolic compound of heather honeys, as well. Ellagic acid 

was also the main polyphenol found in Rubus honeys from North Western Spain (Escuredo et 

al., 2012). 

Coumaric acid was the second most important phenolic acid in quantity. Chestnut 

(14.97 μg/g), followed by honeydew honeys (12.05 μg/g) showed the highest averages, 

whereas the lowest mean value was found in clover samples (3.58 μg/g). Four out of the six 
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samples in which coumaric acid was not detected belonged to the group of heather samples. 

The ranges observed for coumaric acid were similar to those found in the literature for honeys 

from different floral and geographical origins, with maximum averages of 11.80 μg/g 

(Gheldof et al., 2002), 11.50 μg/g (Biesaga and Pyrzynska, 2009), 15.95 μg/g (Alvarez-

Suarez et al., 2010) and 15.58 μg/g (Can et al., 2015). Some researchers reported coumaric 

acid as one of the predominant phenolic acids in honeys (Yaoa et al., 2005; Socha et al., 

2011). In comparison with our study, in the literature (Annex 1/Table 3) lower averages of 

coumaric acid were described for lavender honeys (ranging from 0.40 to 2.56 μg/g) and 

higher for heather samples (2.98-14.90 μg/g) from different geographical origins.  

Coumaric acid and other hydroxycinnamic-related compounds such as caffeic and ferulic 

acids were suggested as markers for chestnut honeys (Tomás-Barberán et al., 2001). In our 

study, the highest average for the sum of hydroxycinnamic-related compounds was observed 

in chestnut honeys, agreeing with literature data (D’Arcy, 2005; Dimitrova et al., 2007; Perna 

et al., 2013). Conversely, Can et al. (2015) reported higher averages of hydroxycinnamic-

related compounds in Turkish oak honeys than in chestnut honeys (15.95, 26.78 and 4.19 μg/g 

versus 5.52, 4.83 and 1.64 μg/g, respectively). 

In our study, a significant correlation was found between caffeic and ferulic acids (r=0.6891). 

Silici et al. (2013) reported a significant correlation between caffeic and coumaric acids 

(r=0.893). Although in our study chestnut honeys showed high values for caffeic and ferulic 

compounds (6.05 μg/g and 3.54 μg/g, respectively), multifloral honeys possessed the highest 

results (7.38 and 4.89 μg/g, respectively). But within the multifloral group, the honeys rich in 

chestnut from León province showed the highest caffeic and ferulic averages (13.62 and 

15.48 μg/g, respectively). On the other hand, the multifloral honey rich in chestnut from 

Zamora province, which had the lowest content of Castanea sativa pollen, also possessed low 

caffeic acid value (4.38 μg/g), being ferulic acid not detected.  

Finally, chlorogenic and sinapic acids were found in low concentrations. Multifloral honeys 

showed the highest chlorogenic acid average (1.61 μg/g). Sinapic acid was only detected in 

three samples, being two of which heather honeys. Regarding literature data for honeys from 

the same floral origins than those of our research, low values were reported for chlorogenic 

acid, whereas no data were found about sinapic acid (Annex 1/Table 3). Silici et al. (2013) 

reported significant correlations between chlorogenic acid with caffeic (r=0.908) and 

coumaric (r=0.836) acids. In our study, chlorogenic acid was correlated with the colour 

parameters L* (r=0.6233), a* (r=-0.5522) and h* (r=0.6143), indicating that darker honeys 

with high reddish colours’ values had lower chlorogenic acid contents. In contrast, Sergiel et 

al. (2014) only detected chlorogenic acid in dark Polish honeys. 

In respect of flavonoids, pinocembrin was the main one, being after ellagic acid the second 

most important phenolic compound. It was, together with the flavonoids chrysin and rutin, the 
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only phenolic compound found in all the samples. Heather honeys showed the highest 

pinocembrin and chrysin (the second main flavonoid) averages (14.80 and 9.79 μg/g, 

respectively), whereas clover presented the lowest ones (6.77 and 4.07 μg/g, respectively). 

Tomás-Barberán et al. (2001) also observed that pinocembrin and chrysin were the main 

flavonoids in honey. In our study, a significant correlation was found between the results of 

pinocembrin and chrysin (r=0.9141), in agreement with other researchers (Bertoncelj et al., 

2011b; Gašić et al., 2015). The wide range of values found for both pinocembrin and chrysin 

showed that these flavonoids were not useful to botanically characterize our samples. Tomás-

Barberán et al. (2001) had already reported that pinocembrin and chrysin, together with 

galangin, were not useful markers of floral origin, because they are the main flavonoids in 

propolis, thus their content in honey depends on the degree of propolis contamination. Other 

honey’s flavonoids could be originated from nectar and/or pollen, so that they might be 

appropriate botanical markers (Kečkeš et al., 2013). Dark-coloured honeys possessed higher 

galangin averages than light ones, being galangin absent in our clover honeys. No significant 

correlations were found between galangin with pinocembrin and chrysin, in contrast to other 

researchers observations (Bertoncelj et al., 2011b; Gašić et al., 2015). Similar average ranges 

as those obtained by us, were found in the literature for pinocembrin and galangin: between 

Not Detected (ND)-10.60 μg/g and ND-3.99 μg/g in honeys from California, USA (Gheldof et 

al., 2002), and between 0.20-16.00 μg/g and 0.40-5.80 μg/g in Italian honeys, respectively 

(Petretto et al., 2015). On the contrary, lower values than ours were reported for chrysin, 

ranged between ND-3.95 μg/g in honeys from California, USA (Gheldof et al., 2002), 

0.30 μg/g and 1.10 μg/g in Czech honeys (Lachman et al., 2010a), and 0.14 μg/g and 

0.73 μg/g in Greek honeys (Karabagias et al., 2014). This values showed that propolis-derived 

compounds could be useful for geographical origin determinations of honey (Tomás-Barberán 

et al., 1993a,b). In our study, propolis-derived flavonoids represented 71.61% of the TFCHPLC, 

ranged between 58.61% (clover) and 78.49% (heather), meanwhile Tomás-Barberán et al. 

(1993b) reported a contribution of approximately 50% in other Spanish honeys. In general, 

other researchers found lower propolis-derived flavonoids content in honeys from the same 

floral origin that those studied for us (Annex 1/Table 3). 

After chrysin, the quantitatively most important flavonoids of our study were quercetin and 

kaempferol. Both flavonoids showed higher values in light honeys (lavender and clover), than 

in dark ones (chestnut and honeydew). Quercetin was moderately correlated with the colour 

parameters L* (r=0.6143), a* (r=-0.5640) and h* (r=0.5988). The lowest averages for both 

quercetin and kaempferol were found in chestnut honeys (1.47 μg/g and 0.28 μg/g, 

respectively). Multifloral samples had the highest quercetin average (3.93 μg/g) and lavender 

the highest kaempferol mean value (5.41 μg/g). On the one hand, quercetin was detected in all 

samples but two honeydew and two heather honeys. On the other hand, kaempferol was not 

detected in three out of the four chestnut honeys, in ten out of the eighteen honeydew samples 
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and in two multifloral honeys. Low values for quercetin and kaempferol were reported by 

other researchers (Annex 1/Table 3). In comparison with our results, Petretto et al. (2015) 

found similar quercetin averages in honeys from Italy, possessing also lavender honey the 

highest quercetin average in analogous quantities (3.5 μg/g). In contrast, Petrus et al. (2011) 

reported lower quercetin amounts in Croatian lavender honeys (0.3 μg/g). Perna et al. (2013) 

observed the highest amount of quercetin in chestnut honeys, but their values were similar to 

those found for the chestnut samples in our study (1.50 μg/g). Quercetin was suggested as a 

marker for sunflower honeys (Ferreres et al., 1992; Soler et al., 1995; Tomás-Barberán et al., 

2001) and in agreement with this claim, the three multifloral honeys of our study that were 

rich in sunflower pollen contained higher quercetin amounts than the rest of the samples 

(average of 7.32 μg/g). 

Finally, in the analysed samples from Castilla y León, we found luteolin, rutin and naringenin 

in low quantities. Multifloral honeys had the lowest luteolin average and the highest rutin 

average (0.71 μg/g and 1.26 μg/g, respectively). Chestnut samples possessed the highest 

luteolin mean value and lavender honeys the lowest rutin average. Naringenin was detected 

only in eleven out of fifty three samples: four heather, four honeydew and three multifloral 

honeys. Although the flavonoids luteolin and naringenin were described as useful markers for 

lavender honeys characterization (Ferreres et al., 1994b; Andrade et al., 1997b), in our study 

neither luteolin nor naringenin proved to be suitable markers for lavender honeys. In fact, 

naringenin was not detected in any lavender samples, being our results in agreement with 

those of other researchers (Petrus et al., 2011; Campillo et al., 2015). In general, low values 

for these three flavonoids (luteolin, rutin and naringenin) were reported in the literature 

(Annex 1/Table 3). 

Apart from the correlations among phenolic acids and among flavonoids, in this study 

significant correlations were found between phenolic acids and flavonoids, the most important 

of which were between chlorogenic acid and quercetin (r=0.7281), and between coumaric 

acid and galangin (r=0.5637). Gašić et al. (2015) described correlations between caffeic acid 

and galangin, and between chrysin and pinocembrin (r>0.691). 

Table 5 compiles, in descending order of concentration, the phenolic compounds found in our 

research, as well as those reported in the literature for honeys from the same botanical origins. 

Table 5. Compilation, in descending order of concentration, of the phenolic compounds found in our study 
and the phenolic compounds described in the literature for honeys from the same botanical origins. 

CHESTNUT HONEY 

AUTHOR LOCATION 
FLORAL 
ORIGIN 

PHENOLIC COMPOUNDS  
(in descending order of concentration) 

Our study Spain 
Castanea 

sativa 

Ellagic, coumaric, pinocembrin, caffeic, chrysin, 
galangin, ferulic, quercetin, luteolin, rutin, chlorogenic, 

kaempferol (ND: naringenin, sinapic) 
Tomás-Barberán et 

al., 2001 
Europe Castanea sativa Pinocembrin, coumaric, chrysin, kaempferol, caffeic 
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Dimitrova et al., 
2007 

Europe Castanea sativa Ferulic, caffeic, coumaric 

Pichichero et al., 
2009 

Italy Castanea sativa 
Chlorogenic, coumaric, galangin, caffeic, kaempferol, chrysin, 

quercetin 

Perna et al., 2013 Italy Castanea sativa Ferulic, caffeic, coumaric, chlorogenic, rutin, quercetin 

Campillo et al., 2015 Spain Castanea sativa Quercetin, kaempferol, chrysin, naringenin 

Can et al., 2015 Turkey Castanea sativa 
Coumaric, caffeic, quercetin, ferulic 
(ND: chlorogenic, kaempferol, rutin) 

Petretto et al., 2015 Italy Castanea sativa 
Galangin, pinocembrin  

(ND: chlorogenic, ferulic, kaempferol, quercetin, rutin) 

CLOVER HONEY 

AUTHOR LOCATION 
FLORAL 
ORIGIN 

PHENOLIC COMPOUNDS  
(in descending order of concentration) 

Our study Spain 
Leguminosae 

type Trifolium 

Ellagic, caffeic, pinocembrin, chrysin, coumaric, 
kaempferol, quercetin, luteolin, rutin, chlorogenic 

(ND: ferulic, galangin, naringenin, sinapic) 

Gheldof et al., 2002 USA Melilotus sp. Pinocembrin, coumaric, kaempferol, chrysin, galangin, quercetin 

Can et al., 2015 Turkey Trifolium sp. 
Caffeic 

(ND: chlorogenic, coumaric, ferulic, rutin, quercetin, kaempferol) 

HEATHER HONEY 

AUTHOR LOCATION 
FLORAL 
ORIGIN 

PHENOLIC COMPOUNDS  
(in descending order of concentration) 

Our study Spain Heather 
Ellagic, pinocembrin, chrysin, caffeic, coumaric, 

kaempferol, quercetin, galangin, rutin, sinapic, luteolin, 
ferulic, naringenin, chlorogenic 

Ferreres et al., 1996 Portugal Erica sp. Ellagic, quercetin, kaempferol 

Andrade et al., 
1997a 

Portugal Erica sp. Coumaric, ferulic, chlorogenic, ellagic, caffeic 

Tomás-Barberán et 
al., 2001 

Europe Erica sp. 
Ellagic, pinocembrin, chrysin, kaempferol, caffeic, ferulic, 

coumaric 
Dimitrova et al., 

2007 
Europe Heather Caffeic, coumaric, ferulic 

Michalkiewicz et al., 
2008 

Poland Heather Rutin, caffeic, quercetin, kaempferol 

Jasicka-Misiak et al., 
2012 

Poland Calluna vulgaris 
Ellagic, chlorogenic, coumaric, ferulic, caffeic, quercetin, 

kaempferol, chrysin, galangin 

Sergiel et al., 2014 Poland Heather 
Coumaric, ferulic, quercetin, caffeic, chlorogenic, luteolin, 

kaempferol, rutin 

Campillo et al., 2015 Spain Heather 
Chrysin, kaempferol, quercetin  

(ND: naringenin) 

Can et al., 2015 Turkey Calluna vulgaris 
Quercetin, kaempferol, caffeic  

(ND: kaempferol, rutin, ferulic, chlorogenic) 

HONEYDEW HONEYS 

AUTHOR LOCATION 
FLORAL 
ORIGIN 

PHENOLIC COMPOUNDS  
(in descending order of concentration) 

Our study Spain Oak 
Ellagic, coumaric, pinocembrin, chrysin, caffeic, 

galangin, quercetin, naringenin, rutin, kaempferol, 
luteolin, ferulic, chlorogenic (ND: sinapic). 

Biesaga and 
Pyrizynska, 2009 

Poland Honeydew 
Ferulic, coumaric, caffeic, chlorogenic, rutin, quercetin  

(ND: naringenin) 
Pichichero et al., 

2009 
Italy Honeydew 

Chlorogenic, galangin, coumaric, chrysin, caffeic, quercetin (ND: 
kaempferol) 

Silici et al., 2013 Turkey Honeydew 
Coumaric, chlorogenic, ferulic, caffeic  

(ND: quercetin, pinocembrin) 
Karabagias et al., 

2014 
Greece Fir and Pine Kaempferol, quercetin, chrysin 

Can et al., 2015 Turkey Oak 
Rutin, caffeic, coumaric, ferulic  

(ND: kaempferol, quercetin, chlorogenic) 

Can et al., 2015 Turkey Pine 
Quercetin, rutin, kaempferol, coumaric, caffeic, ferulic 

(ND: chlorogenic) 
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LAVENDER HONEYS 

AUTHOR LOCATION 
FLORAL 
ORIGIN 

PHENOLIC COMPOUNDS  
(in descending order of concentration) 

Our study Spain Lavender sp. 
Ellagic, pinocembrin, chrysin, kaempferol, caffeic, 

coumaric, quercetin, chlorogenic, luteolin, galangin, 
rutin, ferulic (ND: naringenin, sinapic) 

Andrade et al., 
1997a 

Portugal 
Lavandula 
stoechas 

Chlorogenic, ferulic, caffeic, coumaric 

Truchado et al., 
2009 

Italy Lavandula sp. 
Pinocembrin, chrysin, galangin, kaempferol  

(ND: quercetin) 

Campillo et al., 2015 Spain Lavandula sp. Chrysin (ND: naringenin, quercetin, kaempferol) 

Can et al., 2015 Turkey 
Lavandula 
stoechas 

Rutin, caffeic, coumaric  
(ND: chlorogenic, ferulic, quercetin, kaempferol) 

Petretto et al., 2015 Italy 
Lavandula 
stoechas 

Pinocembrin, rutin, quercetin, galangin, luteolin, chlorogenic (ND: 
kaempferol) 

ND: Not Detected. 

As Table 5 shows, the different methodology, geographical origins and associated flora 

influence the concentration and the distribution of the different phenolic compounds in 

honeys from the same botanical origins. In addition, it is important to consider the differences 

between various species that are designated under the same name (within heather, lavender 

and clover groups, for example) and honeydew honeys from different floral origins. 

The total phenolic content was calculated as the sum of the compounds quantified by HPLC 

(TPCHPLC). TPCHPLC ranged between 2.39 mg/100 g and 17.62 mg/100 g. Honeydew honeys 

were characterized by the highest TPCHPLC average (13.36 mg/100 g), decreasing the rest of 

TPCHPLC in the following order: heather > chestnut > multifloral > clover > lavender 

(5.58 mg/100 g) honeys. Despite the fact that similar general TPCHPLC values than those 

obtained in our study were reported by Silici et al. (2013), these researchers obtained higher 

amounts of phenolic compounds in nectar (16.71 mg/100 g) than in honeydew honeys 

(7.26 mg/100 g). 

Phenolic acids (PAHPLC) represented 69.23% of the TPCHPLC, with an averages’ range from 

38.69% (lavender) to 82.71% (honeydew). Only in lavender honeys the average for the total 

flavonoid content, calculated as the sum of all the flavonoids quantified by HPLC (TFCHPLC), 

was higher than the PAHPLC. Ferreres et al. (1994a) described high content of flavonoids and 

low amount of phenolic acids in light honeys. On the other hand, they reported high content 

of phenolic acid derivatives and small amount of flavonoids in heather honeys. In our study, 

although heather samples possessed lower TFCHPLC average than PAHPLC average, these 

honeys contained the highest TFCHPLC average (3.35 mg/100 g). Isla et al. (2011) reported the 

highest TFCHPLC values in the multifloral darkest honeys. Escuredo et al. (2012) reported the 

highest TFCHPLC values in Rubus honeys, ranging between 0.55 and 3.59 mg/100 g. Sergiel et 

al. (2014) reported that dark honeys contained higher flavonoid contents than light ones. In 

our study, lavender honeys had higher TFCHPLC than dark-coloured honeydew and chestnut 

honeys, but lower than heather samples. 
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Significant correlations were found among ellagic acid, PAHPLC and TPCHPLC (r>0.8800). On 

the other hand, chrysin, pinocembrin and quercetin were significantly correlated with 

TFCHPLC (r=0.9123, r=0.8420 and r=0.5420, respectively). 

As expected, dark coloured samples had a significantly higher content of phenolic compounds 

and phenolic acids than light ones, in agreement with the literature results (Estevinho et al., 

2008; Ferreira et al., 2009; Escuredo et al., 2012). In our study, medium and low significant 

correlations among the colour parameters L*, h* and a*, and PAHPLC and TPCHPLC were 

found. The highest influence was showed between lightness and PAHPLC (r=-0.5191). The 

main phenolic compounds related to the honey colour, as mentioned above, were ellagic acid, 

chlorogenic acid and quercetin. Escuredo et al. (2012) found significant correlations between 

colour and p-coumaric acid and colour and kaempferol in Rubus honeys. Isla et al. (2011) 

reported high positive correlations between colour with TFCHPLC and TPCHPLC (r =0.99 and 

r=0.96, respectively).  

3.3. Antioxidant related parameters 

The following table shows the values of the antioxidant-related parameters of the honeys from 

Castilla y León (Table 6).  

Table 6. Averages, standard deviations, and maximum and minimum values of the antioxidant-related 
parameters of honeys from Castilla y León. 

 
Chestnut 

(n=4) 
Clover 
(n=3) 

Heather 
(n=9) 

Honeydew 
(n=18) 

Lavender 
(n=4) 

Multifloral 
(n=15) 

 
Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Mean ± SD 
(min; max) 

Total  
polyphenols  

honey 
(mg GAE/100 g) 

134.45 ± 11.58
a 

(119.04; 147.13) 
99.89 ± 12.71

b 

(87.71; 113.07) 
155.11 ± 23.65

a 

(112.32; 183.35) 
140.85 ± 17.59

a 

(97.95; 168.44) 
77.03 ± 20.59

b 

(51.52; 101.48) 
88.96 ± 32.63

b
 

(44.30; 148.93) 

Total  
polyphenols 

extract 
(mg GAE/100 g) 

31.48 ± 5.33
a 

(23.67; 35.63) 
27.85 ± 8.53

b,c 

(20.2; 37.05) 
27.63 ± 6.11

b 

(15.62; 37.79) 
30.22 ± 3.55

a 

(23.42; 36.52) 
17.43 ± 7.36

c 

(11.49; 27.34) 
21.58 ± 6.70

b,c 

(12.13; 34.02) 

Total  
flavonoids  

extract  
(mg QE/100 g) 

3.69 ± 0.62* 
(3.02; 4.49) 

3.37 ± 0.77* 
(2.57; 4.11) 

4.24 ± 0.57* 
(3.41; 5.36) 

3.18 ± 0.86* 
(1.61; 5.22) 

2.91 ± 1.11* 
(1.92; 4.49) 

3.47 ± 1.15* 
(1.3; 5.3) 

TEAC honey 
(µmol TE/g) 

5.63 ± 1.01
a 

(4.21; 6.48) 
2.88 ± 0.69

b,c 

(2.11; 3.45) 
4.25 ± 1.15

b 

(2.38; 6.51) 
6.04 ± 0.98

a 

(3.87; 7.46) 
2.23 ± 1.39

c 

(1.01; 4.13) 
3.17 ± 1.33

b,c 

(1.48; 5.28) 

TEAC extract 
(µmol TE/g) 

2.34 ± 0.35
a 

(1.83; 2.61) 
1.75 ± 0.22

b 

(1.59; 2.00) 
1.76 ± 0.42

b 

(1.03; 2.47) 
2.54 ± 0.25

a 

(2.08; 2.96) 
1.17 ± 0.62

b 
(0.71;2.04) 

1.48 ± 0.46
b 

(0.82; 2.34) 

Mean values within the same row having different lower-case letter are significantly different by Student-Newman-Kreus 
multiple range test (p<0.05).* There is not statistically significant differences between the means or medians at the 95.0% 
confidence level (p-value greater than or equal to 0.05). 
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3.3.1. Total phenolic compounds 

As expected, the total phenolic content in the entire honeys (TPCh) was higher than in the 

extracts (TPCe) (Table 6 and Figure 3). This fact has been also reported by other authors 

(Ferreira et al., 2009; Montenegro et al., 2013). These differences are probably due to an 

overestimation of the TPCh produced by the low specificity of the Folin-Ciocalteau assay. 

Folin-Ciocalteau reagent not only measures total polyphenols, but it can also oxidize other 

non-phenolic reducing compounds, such as monosaccharides, amino acids and vitamins, 

among others, increasing the absorbance values and leading to positive errors in the 

determination of TPC (Meda et al., 2005; Alvarez-Suarez et al., 2009; Ferreira et al., 2009; 

Perna et al., 2012; Ciappini and Stoppani, 2014; Meinen et al., 2014; Petretto et al., 2015). 

For this reason, measuring total phenolic content by Folin-Ciocalteau assay in the phenolic 

extracts is the proper procedure, because interferences have been previously removed, 

separating the polyphenol fraction from other reducing substances (Alvarez-Suarez et al., 

2009; Ferreira et al., 2009; Petretto et al., 2015). In this study, the moderately significant 

relationship found between total phenolics of honeys and extracts is interesting (r=0.6270), 

because it shows that the proportion of total reducing substances in honeys and their 

corresponding extracts appears to be somehow constant (Chapter 5).  

 
Figure 3. Comparison between TPCh and TPCe measured by spectrophotometry. 

In order to avoid overestimated results, some researchers used a blank with honey and 

polyvinylpolypyrrolidine (Gheldof and Engeseth, 2002; Gomes et al., 2011) and other authors 

quantified the sugars interferences developing the assay with a blank of artificial honey, 

whose quantitative composition included the most important honey carbohydrates (Rodríguez 

et al., 2012; Maksimović and Nedić, 2013; Sant’Ana et al., 2014). Although the total phenolic 

content in the sugar analogue was very low or even not detected, it does not mean that in a 

complex matrix such as honey, these compounds could not interfere.  

In our research, TPCh decreased in the following order: heather (155.11 mg GAE/100 g) < 

honeydew < chestnut < clover < lavender (77.03 mg GAE/100 g). In this case, dark honeys 
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(heather, honeydew and chestnut) showed a statistically significantly higher TPCh               

(p-value<0.05) than light honeys (lavender, multifloral and clover), in agreement with the 

literature (Bertoncelj et al., 2007; Can et al., 2015). Escuredo et al. (2013b) also reported that 

heather, followed by oak honeydew and chestnut honeys, were the samples with the highest 

TPCh. Their values were similar to ours. Regarding TPCe, chestnut and honeydew samples 

(both dark honeys) had the maximum mean values (31.48 and 30.22 mg GAE/100 g). 

Lavender honeys that were the lightest samples, possessed the lowest average (17.43 mg 

GAE/100 g). TPCh and TPCe were significantly correlated with the colour parameters L*, a* 

and h* (r>-0.7527, r>0.7181 and r>-0.7840, respectively). Other researchers had also reported 

significant correlations between TPC and colour (Bertoncelj et al., 2007; Alvarez-Suarez et 

al., 2010; Monirruzaman et al., 2014).  

Most literature references report that dark honeys, such as “forest”, chestnut, honeydew and 

heather contain the highest values of TPCh and TPCe (Pulcini et al., 2006; Küçük et al., 

2007; Pérez et al., 2007; Bertoncelj et al., 2011a; Tezcan et al., 2011; Alves et al., 2013; 

Cimpoiu et al., 2013), whereas light honeys, such as lavender, citrus, rosemary, and clover 

have the lowest values for these parameters (Ferreira et al., 2009; Alves et al., 2013; Özcan 

and Ölmez al., 2014). However, León-Ruiz et al. (2013) found higher TPCh average in amber 

coloured thyme honeys than in the dark coloured chestnut honeys, which was attributed to the 

fact that thyme honeys possessed higher contents of vitamin C than other honeys, so that as 

reducing agent, ascorbic acid could interfere with the Folin-Ciocalteu reagent. 

It is important to highlight that in our study the average of TPCe for heather honeys was 

similar than TPCe for clover honeys. In contrast, the average of TPCh for heather honeys was 

the highest, being significantly higher than those found in clover ones. It could be due to the 

fact that heather honeys contain more reducing compounds than honeys from other botanical 

origins.  

Literature shows that TPCh varies widely. TPCh values described in the references for honeys 

from other countries were in general lower than those obtained by us in this study (Annex 

1/Table 3). Alvarez-Suarez et al. (2010) reported a range of 21.4-59.6 mg GAE/100 g for 

Cuban honeys, Bertoncelj et al. (2011a) of 4.5-23.3 mg GAE/100 g for Slovenian honeys and 

Perna et al. (2012) of 10.8-14.7 mg GAE/100 g for Italian honeys. On the other hand, our 

results were similar to those described in the literature for different Spanish honeys with 

ranges of 57.0-113.0 mg GAE/100 g (Vela et al., 2007), 78.4-181.0 mg GAE/100 g (Escuredo 

et al., 2013b) and 20.3-121.4 mg GAE/100 g (León-Ruiz et al., 2013). In particular, our data 

were in agreement with those reported by Escuredo et al. (2013b) and León-Ruiz et al. (2013) 

for Spanish chestnut honeys, Chang et al. (2011) and Ciappini and Stoppani (2014) for 

Chinese and Argentinian clover honeys, Escuredo et al. (2013b) and Wilczynska (2014) for 

Polish and Spanish heather honeys, Escuredo et al. (2013b) and Rodríguez-Flores et al. 

(2015) for Spanish oak honeydew honeys, and León-Ruiz et al. (2013) for Spanish lavender 
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honeys. Therefore, geographical origins seem to have a decisive influence on TPC for honeys 

from the same botanical origins (Aazza et al., 2013; Alves et al., 2013). 

Some researchers quantified TPC on honey methanolic extracts. Our data were similar to the 

range 13.2-20.4 mg GAE/100 g reported in Portuguese honeys (Ferreira et al., 2009), 9.0-

21.5 mg GAE/100 g in Czech honeys (Lachman et al., 2010b), 41.1-49.8 mg GAE/100 g in 

Algerian honeys (Khalil et al., 2012), 7.9-52.3 mg GAE/100 g in Mexican honeys (Rodríguez 

et al., 2012), 5.5-32.1 mg GAE/100 g in Chilean honeys (Montenegro et al., 2013) and 6.6-

38.9 mg GAE/100 g in Italian honeys (Petretto et al., 2015). Higher TPCe averages, similar 

than our TPCh results, were observed by Tenore et al. (2012), between 41.1 mg GAE/100 g 

and 139.2 mg GAE/100 g in Italian honeys, Dong et al. (2013), between 10.4 mg GAE/100 g 

and 149.6 mg GAE/100 g in Chinese honeys and Can et al. (2015), between 

16.0 mg GAE/100 g and 120.0 mg GAE/100 g in Turkish honeys. Other authors calculated 

TPCe on the basis of the extract weight instead of the honey weight, being impossible to 

compare the results, due to the fact that the relation extract/honey (w/w) was unknown 

(Kumazawa et al., 2012; Almeida da Silva et al., 2013; Silva et al., 2013). Regarding the 

TPCe in respect of the floral origin, similar averages were found by Petretto et al. (2015) in 

Italian chestnut honeys, Can et al. (2015) in Turkish clover honeys and Ferreira et al. (2009) 

in Portuguese heather honeys. In comparison with our values, Can et al. (2015) reported 

higher values for Turkish oak honeydew and lavender honeys, whereas Lachman et al. 

(2010b) and Petretto et al. (2015) found lower values for Czech honeydew and Italian 

lavender honeys, respectively (Annex 1/Table 3). 

TPCh and TPCe were significantly correlated with some phenolic compounds, being the most 

important correlations those of TPCh with ellagic acid (r=0.6093), TPCh with chlorogenic 

acid (r=-0.5778) and TPCe with quercetin (r=-0.5599). It means that honeys with high TPC, 

also contained higher amounts of ellagic acid, and less quantities of both chlorogenic acid and 

quercetin. Socha et al. (2011) observed a positive significant correlation between TPCh and 

caffeic acid content (r=0.928), but we did not find this correlation in our study. 

3.3.2. Total flavonoids 

Although heather honeys exhibited the highest total flavonoid average (4.24 mg QE/100 g) 

and lavender samples the lowest one (2.11 mg QE/100 g), there were not statistically 

significant differences between their results.  

Some studies showed that flavonoids are pigments that influence honey’s colour (Frankel et 

al., 1998), being such dark-coloured honeys as honeydew (Meda et al., 2005; Mărghitaş et al., 

2009; Lachman et al., 2010a; Oroian et al., 2012; Escuredo et al., 2013b), and chestnut (Perna 

et al., 2013; Can et al., 2015), those that have higher TFC. Several researchers found 

significant correlations between flavonoids and honey colour (Alvarez Suarez et al., 2010; 

Kamboj et al., 2013). In our case, we obtained weak correlations between TFC and the colour 
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parameters b* (r=0.4196) and C* (r=0.4226), so our results show that for the honeys 

harvested in Castilla y León, phenolic acids and/or other non-flavonoids phenolic compounds 

have more influence than flavonoids on honeys’ colour.  

The aluminium chloride method in neutral media (Dowd’s method) used in our study for TFC 

determination, was described as specific only for flavonols (such as quercetin, rutin, 

quercetin, galangin, morin, kaempferol) and the flavone luteolin (Chang et al., 2002; Pękal 

and Pyrzynska, 2014). Our TFCe results were moderately correlated with the sum of all 

flavonoids by HPLC (r=0.6256) and chrysin values (r=0.5596), so that the proportion of total 

flavonoids measured in neutral media and chrysin appears to be somehow constant for honeys 

from different botanical origins. No correlation was found between TFC and TPC. Literature 

references show that some researchers did not find significant correlations between TFC and 

TPC either (Meda et al., 2005; Kamboj et al., 2013), other authors found weak correlations 

(Özkök et al., 2010; Chang et al., 2011; Perna et al., 2012) and some scientists obtained 

significant correlations (Pichichero et al., 2009; Islam et al., 2012; Oroian et al., 2012; Moise 

et al., 2013; Monirruzaman et al., 2013). 

The comparison of our values with other data reported in the literature was difficult for 

different reasons: 

1) First of all, some researchers measured TFC in neutral media by the same method than 

us, but directly on a honey solution, without removing interferences and/or without 

sample’s colour correction, thus overestimating the results.  

2) Second, other scientists used the AlCl3 procedure in alkaline medium with NaNO2 

addition, which was described as a less selective method for TFC determination. The 

AlCl3 assay in alkaline medium allows the join quantification of catechin, rutin and 

luteolin, as well as other non-flavonoid components, such as phenolic acids (Pękal and 

Pyrzynska, 2014), so that the result of total flavonoids’ content could also be 

overestimated.  

3) Finally, literature references show that for TFC quantification, different standard 

substances were used for calibration curves and expression of results, complicating even 

more the comparison of data. For TFC determination in neutral media, quercetin, 

galangin and rutin were used, meanwhile for TFC in alkaline media, catechin was 

proposed as the more adequate standard (Pękal and Pyrzynska, 2014). Therefore, it is 

necessary to standardize all procedures used to quantify the TFC of honeys. 

Our TFC results (ranging from 1.30 to 5.36 mg QE/100 g) were comparable to those of the 

literature references: Alvarez-Suarez et al. (2010) in Cuban honeys (1.09-2.52), Khalil et al. 

(2011) in Algerian honeys (1.15-3.46 mg QE/100 g), Escuredo et al. (2013b) in Spanish 

honeys (4.30-9.60 mg QE/100 g), Kamboj et al. (2013) in Indian honeys (4.79-7.18), 
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Boussaid et al. (2014) in Turkish honeys (0.96-2.25 mg QE/100 g) and Ulloa et al. (2015) in 

Portuguese honeys (4.09-5.77 mg QE/100 g).  

Regarding the values for honeys from the same botanical origins than those studied in our 

research, higher averages were found for Italian chestnut honeys by Pichichero et al. (2009) 

and Perna et al. (2013) (4.40 and 12.50 mg QE/100 g, respectively), and a similar average 

was reported by Escuredo et al. (2013b) for Spanish chestnut samples (7.60 mg QE/100 g). 

Ciappini and Stoppani (2014) reported similar mean values in Trifolium sp. honeys from 

Argentina (3.29 mg QE/100 g), whereas 18.0 mg QE/100 g was the value found by 

Kumazawa et al. (2012) in a Japanese clover honey. Although higher values were reported for 

honeydew honeys, in general, the averages found in the literature were similar to the mean 

value of our study (Annex 1/Table 3). Aazza et al. (2013) reported lower TFC mean value for 

lavender honeys from Northeast Portugal (3.10 mg QE/100 g) and Escuredo et al. (2013b) 

found a similar average for Spanish heather honeys (6.00 mg QE/100 g).  

3.3.3. TEAC 

The antioxidant capacity of honeys has been attributed to different compounds with reducing 

capacity, among them polyphenols. Honeys’ antioxidant activity depends on the botanical 

source, phytochemical composition and external factors such as season, environment and 

geographical origin (Gómez-Caravaca et al., 2006; Alvarez-Suarez et al., 2010).  

There is no official analytical method for the determination of honey antioxidant capacity, and 

several assays have been employed for this purpose, whose results have often shown 

significant correlations (Alvarez Suarez et al., 2010; Perna et al., 2012). It would be 

interesting to select, set up and apply a standardized procedure for the determination of 

antioxidant activity of honeys. TEAC was proposed as one of the most reliable methods to 

assess antioxidant capacity (Prior et al., 2005), being a fast and simple assay, so that in this 

research TEAC was the method of choice for the honeys from Castilla y León. TEAC was 

applied to both entire honeys (TEACh) and their corresponding methanolic extracts (TEACe), 

observing high significant correlation between both measurements (Chapter 5). Rodríguez et 

al. (2012) did not find significant correlations between antioxidant activity (measured by 

different methods) of honeys and extracts, claiming that in Mexican samples, other 

antioxidant compounds could contribute to honeys’ antioxidant activity. 

Lavender samples showed the lowest averages of TEACh and TEACe (2.23 µmol TE/g and 

1.17 µmol TE/g, respectively) and honeydew and chestnut possessed the highest mean values 

(6.04 µmol TE/g and 5.63 µmol TE/g for entire honeys, as well as 2.54 µmol TE/g and 

2.34 µmol TE/g for extracts, respectively). As expected, dark honeys (honeydew and 

chestnut) showed higher antioxidant activity than light ones (clover and lavender). Literature 

references reported relationships between honey colour and antioxidant capacity (Beretta et 

al., 2005; Küçük et al., 2007; Alvarez-Suarez et al., 2010; Bertoncelj et al., 2011a; Escuredo 
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et al., 2013a; Sagdic et al., 2013; Kuś et al., 2014; Pontis et al., 2014; Wilczynska, 2014), 

where dark honeys (honeydew, chestnut, heather, buckwheat and strawberry tree, among 

others) always possessed higher total antioxidant activity than light ones (citrus, lavender, 

sulla, rhododendron, rape, ailanthus, orange and blank locust, among others). Socha et al. 

(2011) found high antioxidant activities in the methanolic extracts of dark-coloured honeys. 

In our samples, colour parameters L*, a* and h* were significantly correlated with TEACh 

and TEACe (r>0.5931). 

With regard to botanical origins, Perna et al. (2012) measured the antioxidant activity of 

honeys from different floral origins by different methods, observing that chestnut honeys had 

always the highest antioxidant activities. Aazza et al. (2013) described citrus and lavender, as 

the honeys with the lowest antioxidant activities. Can et al. (2015) reported the highest 

antioxidant activity in chestnut and oak honeydew honeys, followed by heather and pine 

honeydew honeys. Other researchers observed higher antioxidant capacities in honeydew 

honeys than in nectar ones (Bertoncelj et al., 2007; Vela et al., 2007; Lachman et al., 2010b).  

In our study, total phenolic compounds (TPCh, TPCe and TPCHPLC) possessed significant 

correlations with TEACh and TEACe (Annex 1/Table 4). The highest correlations, as 

expected, were found between TPCh and TEACh (r=0.7574) and between TPCe and TEACe 

(r=0.8507). Many researchers had already observed that high polyphenol levels were 

correlated to high antioxidant properties (Vela et al., 2007; Zalibera et al., 2008; Ferreira et 

al., 2009; Pichichero et al., 2009; Tenore et al., 2012; Sagdic et al., 2013), thereby 

considering that TPC measurement would be as well a suitable test to determine the 

antioxidant capacity of honey (Can et al., 2015). On the contrary, Meda et al. (2005) did not 

find significant correlations between total phenolics and antioxidant activities of honeys, 

highlighting the importance of other non-polyphenolic compounds on antioxidant activity of 

honeys. In our research, between 31.7% and 90.1% antioxidant activity was due to 

polyphenol content. The remaining antioxidant activity percentage could be related to other 

compounds that are not extracted with methanol, such as enzymes, organic acids, Maillard 

reaction products, aminoacids and some vitamins, among others (Gheldof et al., 2002; 

Baltrušaityte et al., 2007; Bertoncelj et al., 2007).  

In our study, total flavonoid contents were not related to TEAC values, in agreement with the 

results of other authors (Meda et al., 2005), and in contrast to the results of several 

researchers (Sant’Ana et al., 2012; Kamboj et al., 2013), who found significant correlations 

between total flavonoid contents and antioxidant activities. The lack of correlation revealed in 

our study could be due to the fact that in our samples, other phenolic compounds different 

from flavonoids were more responsible for the antioxidant activity of the analysed honeys. In 

fact, we found weak negative correlations between TEAC and the contents of quercetin and 

kaempferol (Annex 1/Table 4), in opposition to the positive correlations of antioxidant 

activity with quercetin, luteolin, kaempferol and chrysin described by Tenore et al. (2012). 
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Our results of TEACh were significantly and positively correlated to the values of the sum of 

phenolic acids analysed by HPLC (PAHPLC) (r=0.7044), as well as to the data of ellagic acid 

(r=0.7087). In contrast, TEACh was significantly and negatively correlated to chlorogenic 

acid (r=-0.5200). However, our values did not agree with those of Gambacorta et al. (2014), 

who found positive correlations between honeys’ FRAP antioxidant activity and chlorogenic 

acid. In the literature, other high correlations were observed between the antioxidant capacity 

and individual phenolic compounds such as gallic acid (Socha et al., 2011; Tenore et al., 

2012), caffeic acid (Socha et al., 2011), coumaric and ferulic acids (Gambacorta et al., 2014) 

and weak correlations between antioxidant capacity and ferulic and sinapic acids (Tenore et 

al., 2012).  

In order to optimize honeys’ antioxidant activity determination, different researchers 

recommended a previous extraction of honey antioxidants. Thus, such interferences as 

reducing sugars would be removed and the determination would be more precise and reliable 

(Singleton et al., 1999; Alvarez-Suarez et al., 2009). Some scientists studied the contribution 

of carbohydrates on antioxidant activity, using an artificial honey composed by the main 

honey carbohydrates in a similar proportion that those found in real honey (Gheldof et al., 

2002; Alvarez-Suarez et al., 2010). For those artificial honeys, low antioxidant activities were 

reported. 

The comparison of our TEAC results with those reported by other authors was difficult 

because: 

1) First, although μmol trolox/g is the most common unit used to express the TEAC, other 

different units were also used, being the most important of which inhibition percentage 

(Perna et al., 2012), IC50 (concentration of substrate that causes half loss of ABTS 

radical scavenging activity) (Aazza et al., 2013) and other concentration units of trolox 

(Ciappini et al., 2014). 

2) Second, instead of trolox, some researchers employed such standards as gallic acid or 

ascorbic acid (Lachman et al., 2010a; León-Ruiz et al., 2013).  

3) Finally, the time for TEAC absorbance measurement was also different in literature 

references (Wilczynska, 2010; Perna et al., 2012; Ciappini et al., 2014), so that as 

absorbance decreases with time, it would be necessary to set up a harmonized TEAC 

procedure applied to honeys. In this regard, it was demonstrated that the end-point for 

TEAC determination could be calculated from the measurement at 6 minutes (Chapter 5). 

TEACh values in our study ranged between 1.01 μmol TE/g and 7.46 μmol TE/g and TEACe 

between 0.71 μmol TE/g and 2.96 μmol TE/g. Lower values were reported for Rodríguez et 

al. (2012) in Mexican honeys and extracts, ranging from 0.91 μmol TE/g to 2.93 μmol TE/g 

and 0.24 μmol TE/g to 1.68 μmol TE/g, respectively. However, these researchers did not 

indicate the time in which absorbance was measured. Other TEACh values at the end time of 

6 minutes ranged between 0.40-0.58 μmol TE/g in Chinese honeys (Chang et al., 2011), and 
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between 0.70-7.00 μmol TE/g and 0.31-1.38 μmol TE/g respectively in honeys from Brazil 

(Sant’Ana et al., 2012; Salgueiro et al., 2014). 

3.4. Principal components analysis 

PCA was carried out with the results of antioxidant-related parameters of unifloral honeys. 

Four components were extracted, since they had eigenvalues greater than or equal to 1.0. 

Together they account for 89.84% of the variability in the original data. As Figure 4 shows, 

the first component explains the separation between light honeys (clover and lavender) from 

the rest of samples; meanwhile the second component explains the separation between heather 

honeys and the rest of samples. 

 

Figure 4. Principal Component Analysis scare plot. 
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COMPARISON OF METHODS TO DETERMINE 

ANTIBACTERIAL ACTIVITY OF HONEYS AGAINST 

STAPHYLOCOCCUS AUREUS 

ABSTRACT 

Nowadays, researching potentially functional properties of honey such as antimicrobial 

activity is interesting due to the overwhelming problem of bacteria strains resistant to 

antibiotics, and the expected higher value for honey that consumers constantly demand. In 

this research, we compared three different methods (agar dilution, broth dilution, as well as 

agar well diffusion), to analyse honey’s antimicrobial activity against Staphylococcus aureus, 

using 56 unpasteurized honeys from different botanical origins. Agar well diffusion method 

showed to be a rapid and low cost screening method, using less medium and material, to 

distinguish the samples with and without antibacterial activity. Agar dilution and broth 

dilution procedures gave similar values. However, the latter proved to be faster and much 

more informative, providing with minimal antimicrobial and bactericidal concentrations. The 

highest values of antimicrobial activities were found in multifloral, honeydew and heather 

honeys. Conversely, lavender samples showed the lowest antimicrobial activity against 

Staphylococcus aureus. 

1. Introduction 

Honey has been used as a medicine since ancient times, mainly for the treatment of skin 

wounds, burns, ulcers, ocular infections, sore throat and digital dermatitis, among others 

(Molan, 1999; The National Honey Board, 2002; Oelschlaegel et al., 2012b). The healing 

capacity of honey is strongly influenced by both physical and chemical properties of this food 

(Basualdo et al., 2007), which are also related to botanical source, honey bee’s metabolism, as 

well as environmental, seasonal and climatic conditions. Apart from healing, honey has been 

also employed as an excellent preservative for other food commodities, due to its 

antimicrobial activity (Krushna et al., 2007; Malik and Sharma, 2010). 

The inappropriate use of antibiotics has led to many forms of bacterial resistance, thereby 

limiting the use of these agents in strains of microorganisms resistant to antibiotics (Tenover, 

1986). Research on potentially antibacterial products, such as honey, is of great interest 

because they could be successfully used against certain microorganisms’ strains. 

The antibacterial activity of honey has been extensively studied throughout the last years. 

Nevertheless, most research was carried out on Australian and New Zealand honeys (Allen et 

al., 1991; Patton et al., 2006; Irish et al., 2011), existing few studies on European honeys in 
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general (Fidaleo et al., 2011; Voidarou et al., 2011), and on Spanish samples in particular 

(Pérez-Martín et al., 2008; Escuredo et al., 2012). The antimicrobial activity of honeys has 

been attributed to osmolarity, pH, hydrogen peroxide production, flavonoids, phenolic 

compounds and the presence of other phytochemical components, such as methylglyoxal, 

leptosin, melanoidins, bee defensing, jelleins, and hydroxyl radicals (Taormina et al., 2001; 

Lee et al., 2008; Mavric et al., 2008; Sherlock et al., 2010; Kato et al., 2012; Oelschlaegel et 

al., 2012a; Brudzynski and Sjaarda, 2015). Different processing or storage conditions are able 

to change the composition of honey, modifying its antimicrobial activity. For example, Chen 

et al. (2012) observed a decrease in antibacterial and antifungal activity in processed honey 

(heat to 45ºC for 8 h), while Elbanna et al. (2014) showed a decrease in antibacterial activity 

for honeys stored at room temperature for 12 and 24 months and also in autoclaved honeys. 

The great variability of information about the antimicrobial honey compounds may be 

attributed to differences in both botanical and geographical origins, and consequently to the 

chemical composition (Akkol et al., 2007; Feás et al., 2013). In addition, many factors 

(climate, genetic composition of plants and bee species), are known to affect honey 

composition, and thereby such properties as antibacterial activity. 

Staphylococcus aureus is a Gram-positive bacterium widely distributed throughout the world. 

Nowadays, this microorganism is one of the main causes of infections related to hospital care 

(Sydnor and Perl, 2011). This is favoured by the fact that this species is found in both the skin 

and mucous membranes of humans, which allows its penetration into the patient’s 

bloodstream through surgical wounds, as well as through direct or indirect contact with 

medical personnel with a contaminated object, or with another patient (Hurtado et al., 2002). 

Furthermore, this microorganism is also an important foodborne pathogen responsible of 

several outbreaks (EFSA, 2015). Staphylococcus aureus is the bacterium most commonly 

chosen by researchers to assay antimicrobial activity of honeys. This is because 

Staphylococcus aureus can tolerate honey’s high sugar contents and acidity levels, while 

being sensitive to the antimicrobial action of hydrogen peroxide and the non-peroxide 

inhibitory action of honey (Dustmann, 1979; Molan and Russell, 1988). 

Different protocols have been used to assess honey’s antimicrobial activity with very different 

results. Procedures can be classified as agar diffusion methods, such as agar well diffusion 

and paper disc diffusion; dilution methods, such as agar dilution and broth dilution; as well as 

gradient plates, such as wedge system and spiral plating (Estrada et al., 2005; Sherlock et al., 

2010; Fidaleo et al., 2011; Voidarou et al., 2011). The use of a great number of non-

standardized methods in the determination of honey’s antimicrobial activity is a hurdle when 

assessing and interpreting results. Patton et al. (2006) compared several antimicrobial activity 

assays but using only one honey sample. Allen et al. (1991) evaluated a huge amount of 

samples, but using only one method (agar well diffusion). With this background, it follows 

that it would be desirable, for the drawing of reliable conclusions, to compare the most used 
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methods to determine antibacterial activity of honeys using a representative number of 

samples. Hence, the purpose of this study has been to compare, on more than fifty samples, 

three different methods (agar well diffusion, agar dilution and broth dilution), widely used to 

assess honeys’ antibacterial activity against Staphylococcus aureus in order to propose the 

most suitable procedure. An additional purpose has been to research possible differences 

among minimum inhibitory concentrations against Staphylococcus aureus of honeys from 

different botanical origins. 

2. Materials and methods 

2.1 Samples 

This work was carried out on 56 representative, unpasteurized Spanish honeys, harvested in 

2011 in Castilla y León (Spain). The sampling area was larger than 94,200 square kilometres 

with different landscapes (brushwood, steppe grasslands, prairies and mountains). Botanical 

origins were determined by melissopalynology (Louveaux et al., 1978; Terradillos et al., 

1994; Von der Ohe et al., 2004), sensory analysis and such physicochemical parameters as 

pH, conductivity, colour and sugars profile. Most samples were multifloral honeys. According 

to their botanical origins, honeys were classified in five groups coded as: A) Multifloral, B) 

Honeydew, C) Heather (Calluna vulgaris, Erica sp. and Erica sp. /Calluna vulgaris), D) 

Lavender and E) Leguminosae. The samples were stored in darkness at 4ºC until analysis. 

Minimum inhibitory concentration (MIC) assay was developed using fresh-daily serial honey 

dilutions (75%, 37.50%, 18.75%, 9.38%, and 4.69% [w/v]), aseptically prepared in nutrient 

broth (Oxoid, Basingstoke, UK). Agar well diffusion method (AWD) was carried out with 

75% (w/v) honey dilution. 

2.2 Bacterial strain 

Honeys’ antibacterial activities were tested against Staphylococcus aureus subsp. aureus 

CECT 976, using decimal dilutions in RINGER (OXOID). 

2.3 Antimicrobial activity 

2.3.1 Agar well diffusion  

Tubes of 20 ml sterile liquid nutrient agar (OXOID) at 50ºC were inoculated with 500 µl of 

7 log CFU/ml Staphylococcus aureus (overnight cultures grown at 37ºC on nutrient broth, and 

plated out in nutrient agar media to take colony count), mixed thoroughly, poured into sterile 

empty plates and left 1 hour at room temperature until solidification. Then, 8 mm diameter 

wells were cut into the surface of the agar using the back of a sterile blue tip and 150 μl of 

75% (w/v) honey were added to each well. After 24-hours incubation at 37ºC, zones of 
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inhibition were measured using a Vernier caliper. The diameter of zones, including the 

diameter of the well, was recorded. Each assay was carried out in triplicate. 

2.3.2 Determination of minimum inhibitory concentration (MIC) 

MIC is generally defined as the lowest concentration of a given antimicrobial that prevents 

growth of a microorganism after a specified incubation period (López-Malo et al., 2005). In 

this study MIC was calculated using agar dilution and broth dilution methods. MIC was 

determined in this work as the minimal honey concentration where S. aureus growth was not 

visually observed. 

Agar dilution method. Four tubes containing 10 ml sterile nutrient broth (OXOID) were used 

for each honey in order to perform successive serial half-dilutions to obtain final 

concentrations from 37.50% to 4.69% (w/v). Ten millilitres of each honey dilution (from 75% 

to 4.69% [w/v]) was added to 10 ml sterile liquid nutrient agar at 50ºC (final concentration 

from 37.50% to 2.35% [w/v]). This mixture was homogenized in a vortex mixer, poured into 

plates and then the agar was allowed to solidify. Staphylococcus aureus was added at 

5 log CFU/ml to each plate in 5 µl spots. A control plate with no added antimicrobial was 

prepared and inoculated, ensuring adequate growth of Staphylococcus aureus. Plates were 

incubated at 37ºC for 24 h. The MIC was the lowest concentration that completely inhibited 

growth. 

Broth dilution method. Sterile 96 well round bottomed polystyrene microtitre plates (Brand, 

Wertheim, Germany) were used. A hundred microliters of 5 log CFU/ml Staphylococcus 

aureus was added to 100 µl of test honey, at different concentrations (from 37.5% to 0.6% 

[w/v]) in each well (three replicates per dilution, seven dilutions tested). Control wells from 

each honey were performed adding to each honey dilution 100 µl of RINGER instead of 

culture, in order to observe contamination. Also control wells contained only broth (negative 

control) or only bacteria and broth (positive control) were made. Plates were incubated at 

37ºC during 24 h. Both visible growth and MIC were recorded. Then, 10 µl of each well in 

which bacterial growth were inhibited, were plated on to nutrient agar (Oxoid) and incubated 

overnight at 37ºC in order to research if the antibacterial activity of the honey samples was 

bacteriostatic or bactericidal. Minimum bactericidal concentration (MBC) was determined as 

the minimal honey concentration where S. aureus did not grow in agar plates after 24 h at 

37ºC. Plates with visible colony growth were considered to exhibit bacteriostatic activities, 

while those with no growth were recorded as exhibiting bactericidal activities. 

2.4 Statistical analysis 

Antimicrobial data were statistically analysed using principal components analysis (PCA) and 

ANOVA test, where appropriate means were ranked using the least significance difference 
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test (LSD 0.05). Data analyses were conducted using the statistical software package 

Statgraphics Centurion XVI (2010). 

3. Results and discussion 

Table 1 shows the results obtained after applying the three different methods to determine 

honeys’ antibacterial activity against Staphylococcus aureus. Most of the samples (78.5%) 

exhibited antibacterial activity in concentrations lower than 10% (4.69% and 9.38% [w/v]) by 

both agar dilution and broth dilution methods. Three honeys (41, 50 and 56) showed no 

antimicrobial activity even in concentrations of 75% (w/v) by agar well diffusion (AWD) 

method. 

Table 1. Antimicrobial activity of honeys: Minimum inhibitory concentration (MIC) expressed in % w/v 
by agar dilution (AD) and broth dilution (BD), and inhibition diameter (mm) including well (8.0 mm) of 
honeys at 75% by agar well diffusion (AWD) against Staphylococcus aureus (n=3). For broth dilution, 

minimum bactericidal concentration (MBC) is also given. 

A) Multifloral, B) Honeydew, C) Heather (Calluna vulgaris, Erica sp. and Erica sp./Calluna vulgaris), D) Lavender, E) 
Leguminosae. 

No. Code 
AD 

(MIC) 
BD AWD 

Ø (mm) 
No. Codea AD 

(MIC)
BD AWD 

Ø (mm) 
MIC MBC MIC MBC 

1 A 9.38 4.69 4.69 14.90±0.79 29 B 4.69 4.69 4.69 14.03±0.06 

2 A 4.69 4.69 4.69 15.83±1.06 30 B 9.38 9.38 9.38 11.70±0.36 

3 A 4.69 4.69 4.69 15.80±0.69 31 B 18.75 9.38 9.38 12.03±0.35 

4 A 4.69 4.69 4.69 15.13±0.23 32 B 9.38 9.38 9.38 12.43±0.55 

5 A 4.69 4.69 4.69 14.90±0.75 33 B 9.38 9.38 9.38 12.30±0.61 

6 A 9.38 4.69 4.69 14.23±0.81 34 B 4.69 4.69 9.38 13.73±0.55 

7 A 9.38 9.38 9.38 13.17±0.57 35 B 4.69 4.69 4.69 13.67±0.12 

8 A 18.75 18.75 18.75 13.43±0.46 36 B 4.69 4.69 4.69 14.83±0.72 

9 A 9.38 9.38 9.38 15.27±0.85 37 B 4.69 4.69 4.69 13.00±0.30 

10 A 18.75 18.75 18.75 12.27±0.81 38 B 4.69 4.69 9.38 13.27±1.48 

11 A 9.38 9.38 9.38 16.83±0.47 39 C 4.69 4.69 4.69 12.53±0.78 

12 A 4.69 4.69 4.69 17.57±2.10 40 C 9.38 4.69 4.69 13.07±0.68 

13 A 9.38 9.38 9.38 16.73±0.49 41 C 18.75 18.75 37.5 8.00±0.00 

14 A 4.69 4.69 4.69 14.03±1.46 42 C 4.69 4.69 4.69 11.80±0.53 

15 A 18.75 9.38 9.38 10.20±1.59 43 C 4.69 4.69 4.69 10.63±0.93 

16 A 18.75 18.75 18.75 11.07 ±0.21 44 C 4.69 4.69 4.69 17.07±1.44 

17 A 18.75 9.38 18.75 9.40±1.22 45 C 4.69 4.69 4.69 15.53±0.85 

18 A 4.69 4.69 4.69 12.23±1.19 46 C 9.38 9.38 9.38 11.70±0.87 

19 B 4.69 4.69 9.38 14.70±1.18 47 C 9.38 9.38 9.38 9.50±0.26 

20 B 18.75 9.38 18.75 10.43± 0.40 48 C 4.69 4.69 4.69 10.60±0.62 

21 B 4.69 9.38 9.38 16.23±0.60 49 D 4.69 4.69 4.69 12.53±0.45 

22 B 9.38 9.38 9.38 13.23±1.57 50 D 37.50 37.50 75.00 8.00±0.00 

23 B 9.38 9.38 9.38 13.97±1.63 51 D 4.69 4.69 4.69 10.53±0.35 

24 B 9.38 9.38 9.38 13.63±0.42 52 D 18.75 9.38 18.75 11.03 ±0.55 

25 B 9.38 9.38 9.38 14.53±0.42 53 E 9.38 9.38 9.38 10.50±0.50 

26 B 9.38 9.38 9.38 14.10±0.89 54 E 18.75 9.38 9.38 11.70±0.75 

27 B 9.38 9.38 9.38 11.13±0.75 55 E 4.69 9.38 9.38 13.83±0.64 

28 B 4.69 9.38 9.38 13.73±1.12 56 E 18.75 18.75 18.75 8.00±0.00 
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In most samples (44 out of 56), agar dilution and broth dilution procedures gave similar 

results. Even though agar dilution is lower-cost than broth dilution (as less material is 

needed), the latter is faster to perform and provides the minimal bactericidal concentration, 

giving additional valuable information. 

After comparing agar dilution and broth dilution values with agar well diffusion results some 

differences were observed. Honeys with high antibacterial activities measured by agar 

dilution and broth dilution (MIC = 4.69%) showed a wide variation in the antibacterial 

activity using AWD (diameter from 10.53 mm to 17.57 mm), exhibiting samples 11, 12, 13, 

21 and 44 the highest values of antimicrobial activity by AWD procedure. The discrepancies 

among the methods can be explained by the fact that honeys with potent antibacterial activity 

due to compounds with relatively high molecular weight, which have limited migration in the 

agar, may thus be erroneously characterized as having low activity by AWD method 

(Kwakman and Zaat, 2012). 

Agar well diffusion was described as an assay with a relatively low sensitivity (James et al., 

1972), because the samples were further diluted as soon as they diffused into the agar 

(Cooper, 1963). However, this procedure is one of the most employed to determine 

antibacterial activity of honeys, because it allows the study of a vast number of samples. Our 

results showed that in order to get proper and accurate data about antibacterial activity of 

honeys against Staphylococcus aureus, agar well diffusion should be combined with other 

procedure such as broth dilution, in order to know MIC. Other possibility is comparing agar 

well diffusion with phenol standard solutions, so that antimicrobial activity is expressed as 

concentration of phenol with equivalent activity (Allen et al., 1991). To know MIC, the use of 

agar well diffusion with different honey concentrations would also be appropriate. Agar well 

diffusion could be used as a rapid and inexpensive screening method to differentiate honeys 

with and without antibacterial activity. Broth dilution would give minimal antimicrobial and 

bactericidal concentrations of those samples that showed antibacterial activity by agar well 

dilution. 

When comparing our results with those obtained by other researchers, we observed that in 

some studies, results of honeys’ antibacterial activities against Staphylococcus aureus were 

similar to those obtained by us (Sherlock et al., 2010; Voidarou et al., 2011; Escuredo et al., 

2012). In other studies, the values were different than ours, which could be due to our honeys 

themselves or to a loss of antibacterial activity during honey processing and handling 

(Revathy and Banerji, 1980; Irish et al., 2011).  

With regard to botanical origins of the samples, it is relevant to underline that even though the 

botanical origins of some of our samples were similar, their antibacterial activities were 

different. Heather honey No. 41 showed a MIC of 18.75%. In contrast, heather honey No. 42 

exhibited a MIC of 4.69% (Table 1). This agrees with the fact that the antibacterial activity of 
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some honeys might not be so related to their botanical source, but to other parameters such as 

bee metabolism products (Baltrušaitytė et al., 2007), or other factors (environmental, climate, 

processing) related to the transformation of nectar precursors to antibacterial substances 

(Manyi-Loh et al., 2011; Chen et al., 2012; Elbanna et al., 2014). 

Figure 1 shows the principal components analysis applied to our results, carried out with data 

of MIC obtained by both agar dilution and broth dilution methods, as well as with the inverse 

values of the diameters (mm) obtained by AWD method, thus also allowing a better 

comparison of the three procedures, since the lower the MIC is, the higher the diameter (mm) 

of the inhibition zones is. Principal components analysis showed that agar dilution and broth 

dilution methods were correlated. Figure 1 groups the samples into six groups, according to 

antibacterial activities, gathering in group 1 all honeys with the highest antibacterial activities 

and in group 6 the samples with the lowest antimicrobial activities (samples No. 41, 50 and 

56).  

 
Figure 1. Principal component analysis of three different methods to evaluate antibacterial activities of 

Spanish honeys against Staphylococcus aureus according to the samples’ botanical origins. 

Table 2 shows that there were significant differences (p<0.05) of antibacterial activity among 

the five established groups of samples (codes A, B, C, D and E) only by agar well diffusion 

method, where lavender honeys obtained the lowest halo and therefore the lowest 

antimicrobial activity. Conversely, multifloral, honeydew and heather samples were the most 

active honeys against Staphylococcus aureus. Antibacterial activities of multifloral (A), 

honeydew (B) and heather (C) samples were not significantly different (Table 2). 

Nevertheless, by agar dilution and broth dilution methods there were not significant 

differences (p>0.05) between the five botanic origin groups, which highlight the fact that the 

antibacterial activity was not correlated with the floral source. 
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Table 2. Antimicrobial activity by the three procedures according to the samples’ botanical origins.  

Botanical origins Samples 
AD 

(MIC %w/v) 
BD 

(MIC %w/v) 
AWD (mm) 

Multifloral 18 10.16±5.85 8.60±5.15 14.05±2.31 

Honeydew 20 8.21±4.27 7.74±2.30 13.33±1.37 

Heather 10 7.50±4.53 7.03±4.55 12.04±2.70 

Lavender 4 16.41±5.54 14.06±5.78 10.52±1.88 

Leguminosae 4 12.89±7.02 11.72±4.68 11.01±2.30 

p-value (95%)  0.1032 0.1817 0.0055 

AD (Agar dilution), BD (Broth dilution), AWD (Agar well diffusion). Values are expressed as Mean ± Standard deviation 

Our results contrast with those obtained by Pérez-Martín et al. (2008) who, after studying 

floral and honeydew honeys, described that the former exhibited higher antimicrobial 

activities against Staphylococcus aureus than the latter. Our low values of antibacterial 

capacity found for lavender honeys were in concordance with the results reported by 

Alzahrani et al. (2012) and Mundo et al. (2004) for lavender Saudi Arabian and USA honeys, 

respectively. However, our results do not agree with those of Henriques et al. (2005), where 

Lavandula sp. honeys showed high antimicrobial activity, probably because these honeys 

came from Lavandula stoechas, which has higher concentrations of coumarin, an intermediate 

cinnamic acid which possesses antibacterial activity (Aljadi and Yusoff, 2003), than other 

Lavandula sp. honeys. In this study two of the lavender samples were “lavandin” honeys 

(Lavandula angustifolia x latifolia) and the other two were Lavandula sp. (mainly Lavandula 

latifolia), which have lower antimicrobial activity. 
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CONCLUSIONS 

ABOUT THE CURRENT EUROPEAN REGULATIONS 

1. All the analyzed honeys from Castilla y León (Spain) fulfilled the current European 

regulations with regard to hydroxymethylfurfural, diastase, moisture, free acidity, 

electrical conductivity, sum of glucose and fructose and sucrose content. 

ABOUT THE ANALYTICAL PROCEDURES  

2. Honeys’ botanical origins were established on the basis of melissopalinology, sensory 

and such useful physicochemical analyses as electrical conductivity and pH. 

3. The analysis of honeys’ total flavonoids in neutral media must be done after removing 

interferences and carrying out a sample’s colour correction.  

4. Six minutes was proposed as a suitable time to measure trolox equivalent antioxidant 

capacity (TEAC) values, because significant linear relationships were found among the 

TEAC results determined at different times. Therefore, both analysis time and costs 

would be reduced.  

5. Honeys’ antibacterial activity against Staphylococcus aureus should be measured first 

by agar well diffusion procedure, in order to know which samples exhibit antimicrobial 

activity, and then, by broth dilution assay to obtain the minimal antimicrobial and 

bactericidal concentrations. 

ABOUT THE CHARACTERIZATION RESULTS 

Physicochemical parameters 

6. Chestnut and honeydew honeys were characterized for the highest electrical 

conductivity and pH mean values, high free acidity, and low lactone acidity as well as 

lactone/free acidity. Moreover, honeydew honeys had the highest optical rotation and 

proline averages, whereas chestnut samples possessed high moisture contents and 

proline concentrations. 

7. Heather samples had the highest lactone acidity and lactone/free acidity averages, high 

free acidity, and the lowest specific rotation mean value. 

8. Lavender and clover samples possessed the lowest electrical conductivity and pH mean 

data. Clover honeys showed the highest moisture as well as free and total acidity mean 

values, high lactone acidity, lactone/free acidity and proline results. Conversely, 

lavender samples had the lowest moisture, free and total acidity averages, as well as low 

lactone acidity and proline contents. 
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Sugars’ profile and sugar-related parameters 

9. Fourteen sugars were quantified: two monosaccharides (fructose and glucose), five 

disaccharides (sucrose, trehalose, maltose, gentiobiose and isomaltose), six 

trisaccharides (raffinose, erlose, melezitose, maltotriose, panose and isomaltotriose) and 

one tetrasaccharide (maltotetrose). Fructose was the main sugar followed by glucose in 

all samples. Maltose and isomaltose were the main disaccharides and erlose and 

melezitose the main trisaccharides. 

10. Honeydew and chestnut honeys had the lowest fructose and glucose, and the highest 

isomaltose averages. Chestnut samples possessed the lowest sucrose, trehalose and 

maltotriose mean values and low trisaccharides concentration, whereas honeydew 

honeys showed the highest disaccharides and trisaccharides averages, and the highest 

mean concentration of the main trisaccharides considered indicators of the presence of 

honeydew (erlose, melezitose and raffinose).  

11. Heather, lavender and clover honeys possessed the highest monosaccharide averages. 

Heather honeys presented the lowest disaccharides and trisaccharides mean values, 

whereas clover and lavender samples had high disaccharide concentrations, showing the 

highest maltose mean data, high erlose values and the lowest melezitose averages. 

Conversely, heather samples possessed the lowest maltose and erlose mean 

concentrations. Moreover, lavender samples were characterized for the highest sucrose 

and the lowest isomaltose and raffinose mean contents. 

12. In respect of crystallization tendencies, lavender honeys showed the fastest granulation 

tendency, whereas chestnut and honeydew honeys exhibited the slowest one. 

Antioxidant-related parameters 

13. Regarding the phenolic profiles, fourteen compounds were quantified: six phenolic 

acids (chlorogenic, caffeic, ellagic, coumaric, sinapic and ferulic) and eight flavonoids 

(rutin, luteolin, quercetin, naringenin, kaempferol, chrysin, pinocembrin and galangin). 

Ellagic acid was the most abundant phenolic compound, followed by the flavonoid 

pinocembrin.  

14. The highest ellagic acid average was found in honeydew honeys. Moreover, they also 

possessed the highest naringenin mean content, high coumaric acid and galangin 

concentrations, the lowest luteolin average and low quercetin and kaempferol values. 

15. Chestnut samples had the highest coumaric acid, ferulic acid, luteolin and galangin 

mean contents, high ellagic acid content, the lowest quercetin and kaempferol averages 

and low pinocembrin and chrysin concentrations. 

16. Heather honeys were characterized by the highest pinocembrin and chyrsin mean 

concentrations, high ellagic acid content and low coumaric acid values. 
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17. Clover samples presented high caffeic acid, quercetin and kaempferol contents, the 

lowest chlorogenic and coumaric acids averages, as well as the lowest pinocembrin and 

chrysin mean values. Neither ferulic acid nor galangin were detected in these honeys.  

18. Lavender honeys possessed the highest mean concentrations of chlorogenic acid, 

quercetin and kaempferol, low pinocembrin and chrysin data, and the lowest rutin, 

ellagic and caffeic acids’ averages. 

19. Neither luteolin or naringenin for lavender honeys, nor ellagic acid for heather honeys, 

proved to be suitable markers for their botanical characterization. On the other hand, 

chestnut honeys possessed the highest average for the sum of all hydroxycinnamic-

related compounds (coumaric, caffeic and ferulic acids), offering the possibility that 

these compounds could be characteristic for this kind of honey. 

20. Lavender was the only unifloral honey type that had higher flavonoid than phenolic 

acids’ average. 

21. Dark honeys, with the lowest lightness and the highest reddish tones, possessed higher 

TEAC, total phenolics, phenolic acids and ellagic acid mean values, and lower quercetin 

and kaempferol averages than light honeys.  

22. A significant correlation was found between caffeic and ferulic acids. Pinocembrin was 

correlated with chrysin, and both flavonoids together with quercetin, were correlated 

with total flavonoids measured by HPLC. 

23. No correlations were found among the results of total flavonoids with total phenolics 

and TEAC. 

24. With regard to the analyses on honeys and extracts, high and moderate significant 

correlations were found between TEAC values and total phenolic contents, respectively.  

Antiomicrobial activity 

25. The highest averages of antimicrobial activity against Staphylococcus aureus were 

found in honeydew, multifloral and heather honeys. Conversely, lavender samples 

showed the lowest one. 

ABOUT HONEY CLASSIFICATION ACCORDING TO THEIR BOTANICAL ORIGINS 

26. Bioactive compounds and other antioxidant-related parameters proved to be more 

suitable to classify the samples according to their botanical origins than sugars and other 

physicochemical features. 
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CONCLUSIONES 

SOBRE LAS ACTUALES REGULACIONES EUROPEAS 

1. Todas las mieles producidas en Castilla y León (España) cumplieron con las actuales 

regulaciones Europeas respecto a los parámetros de hidroximetilfurfural, diastasas, 

humedad, acidez libre, conductividad eléctrica, suma de glucosa y fructosa, y contenido 

en sacarosa. 

SOBRE LOS PROCEDIMIENTOS ANALÍTICOS  

2. El origen botánico de las mieles fue establecido en base de análisis melisopalinológicos, 

sensoriales y con la ayuda de otros análisis fisicoquímicos tales como la conductividad 

eléctrica y el pH. 

3. El análisis del contenido total de flavonoides en medio neutro debe ser realizado 

después de eliminar las interferencias, llevando a cabo la corrección de color de las 

mieles.   

4. El tiempo adecuado propuesto para la medida de la capacidad antioxidante equivalente 

de trolox (TEAC) fue de seis minutos, ya que se encontró una elevada correlación entre 

los valores de TEAC determinados a distintos tiempos. Con ello, tanto el tiempo de 

análisis como los costes podrían reducirse.  

5. La actividad antibacteriana de la miel frente Staphylococcus aureus debería ser medida 

en primer lugar mediante el procedimiento de difusión en agar, con el objetivo de saber 

que muestras poseen actividad antimicrobiana, y posteriormente, aplicar el ensayo de 

dilución en caldo para obtener las concentraciones mínimas antimicrobianas y 

bactericidas.  

SOBRE LOS RESULTADOS DE CARACTERIZACIÓN 

Parámetros fisicoquímicos 

6. Las mieles de castaño y mielada se caracterizaron por los mayores promedios de 

conductividad eléctrica y pH, una elevada acidez libre, y bajos valores de acidez 

lactónica y lactonas/acidez libre. Además, las mieles de mielada poseyeron los valores 

medios más elevados de rotación específica y de prolina, mientras que las muestras de 

castaño tuvieron contenidos elevados de humedad y de prolina. 

7. Las mieles de brezo mostraron los mayores promedios de acidez lactónica y de 

lactonas/acidez libre, una elevada acidez libre y el valor medio de rotación específica 

más bajo.  
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8. Las muestras de lavanda y trébol poseyeron los valores medios más bajos de 

conductividad eléctrica y pH. Las mieles de trébol mostraron los promedios de 

humedad, acidez libre y acidez total más elevados, y unos valores altos de acidez 

lactónica, lactonas/acidez libre y prolina. Por otro lado, las mieles de lavanda poseyeron 

los promedios más bajos de humedad, acidez libre y acidez total, además de mostrar 

valores bajos de acidez lactónica y prolina. 

Perfiles de azúcares y parámetros relacionados 

9. Se cuantificaron catorce azúcares: dos monosacáridos (fructosa y glucosa), cinco 

disacáridos (sacarosa, trealosa, maltosa, gentiobiosa e isomaltosa), seis trisacáridos 

(rafinosa, erlosa, melecitosa, maltotriosa, panosa e isomaltotriosa) y un tetrasacárido 

(maltotetrosa). En todas las muestras el principal azúcar fue la fructosa, seguido de la 

glucosa. Los disacáridos más importantes fueron la maltosa y la isomaltosa, mientras 

que la erlosa y la melecitosa fueron los trisacáridos más abundantes.  

10. Las mieles de mielada y castaño tuvieron las concentraciones medias más bajas de 

fructosa y glucosa, y las más elevadas de isomaltosa. Las muestras de castaño 

poseyeron los contenidos medios más bajos de sacarosa, trealosa y maltotriosa, y una 

baja concentración de trisacáridos, mientras que las mieles de mielada mostraron los 

promedios más elevados de disacáridos, trisacáridos, y de los principales azúcares 

considerados indicadores de la presencia de mielada.  

11. Las mieles de brezo, lavanda y trébol poseyeron los promedios más elevados de 

monosacáridos. Las mieles de brezo presentaron los menores valores medios de 

disacáridos y trisacáridos, mientras que las mieles de trébol y lavanda tuvieron una 

elevada concentración en disacáridos, mostrando los valores medios más elevados de 

maltosa, elevados contenidos de erlosa, y los promedios más bajos de melecitosa. Por el 

contrario, las mieles de brezo poseyeron las concentraciones medias más bajas de 

maltosa y erlosa. Además, las muestras de lavanda se caracterizaron por el valor medio 

de sacarosa más elevado y los bajos contenidos de isomaltosa y rafinosa. 

12. Con respecto a la tendencia de cristalización, las mieles de lavanda mostraron la 

tendencia a la granulación más elevada, siendo lo contrario en las mieles de castaño y 

mielada.  

Parámetros relacionados con la actividad antioxidante 

13. En cuanto al perfil de polifenoles, se identificaron catorce compuestos: seis ácidos 

fenólicos (clorogénico, cafeico, elágico, cumárico, sinápico y ferúlico) y ocho 

flavonoides (rutina, luteolina, quercetina, naringenina, canferol, crisina, pinocembrina y 

galangina). El ácido  elágico fue el compuesto más abundante en todas las mieles 

estudiadas, seguido del flavonoide pinocembrina.  
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14. El mayor contenido medio en ácido elágico se encontró en las mieles de mielada. 

Además, estas mieles también poseyeron el mayor promedio de naringenina, elevados 

valores de ácido cumárico y galangina, el valor medio más bajo de luteolina y una baja 

concentración de quercetina y canferol. 

15. Las muestras de castaño obtuvieron las mayores concentraciones medias de los ácidos 

cumárico y ferúlico y de los flavonoides luteolina y galangina, un elevado contenido de 

ácido elágico, los promedios más bajos de quercetina y canferol y una baja 

concentración de pinocembrina y crisina.  

16. Las mieles de brezo se caracterizaron por los valores medios más elevados de 

pinocembrina y crisina, un contenido elevado de ácido elágico y una concentración baja 

de ácido cumárico.  

17. Las mieles de trébol presentaron un contenido elevado de ácido cafeico, quercetina y 

canferol, y las concentraciones medias más bajas de los ácidos clorogénico y cumárico, 

así como de los flavonoides pinocembrina y crisina. Ni el ácido ferúlico ni la 

naringenina fueron detectados en estas muestras.  

18. Las mieles de lavanda poseyeron los promedios más elevados del ácido clorogénico, 

quercetina y canferol, bajos contenidos de pinocembrina y crisina, y los menores 

valores medios de los ácidos elágico y cafeico, y del flavonoide rutina.  

19. Ni la luteolina ni la naringenina para las mieles de lavanda, ni el ácido elágico para las 

mieles de brezo, demostraron ser marcadores válidos para su caracterización botánica. 

Por otro lado, las mieles de castaño poseyeron los valores más elevados de la suma de 

los compuestos hidroxicinámicos (los ácidos cumárico, cafeico y ferúlico), pudiendo ser 

compuestos característicos de este tipo de miel.  

20. La miel de lavanda fue el único tipo de miel con un mayor promedio en flavonoides que 

en ácidos fenólicos.  

21. Las mieles oscuras, con la menor luminosidad y las mayores tonalidades rojizas, 

poseyeron mayores valores medios de TEAC, fenoles totales, ácidos fenólicos y de 

ácido elágico, y menores promedios de quercetina y canferol que las mieles claras.  

22. Se encontró una correlación significativa entre el ácido cafeico y el ácido ferúlico. 

Además, los valores de pinocembrina se correlacionaron con los de crisina, y ambos 

flavonoides junto con la quercetina, se correlacionaron con el contenido total de 

flavonoides medido por HPLC.   

23. Los flavonoides totales no estuvieron correlacionados ni con los fenoles totales ni con 

los valores de TEAC. 
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24. Con respecto a los análisis realizados en la miel y en los extractos, se encontró una 

elevada y una moderada correlación significativa entre los valores de TEAC y los 

valores de fenoles totales, respectivamente.  

Actividad antimicrobiana 

25. Los valores medios más elevados de actividad antimicrobiana frente Staphylococcus 

aureus fueron encontrados en las mieles de mielada, milflores y brezo, mientras que los 

más bajos fueron observados en las mieles de lavanda.  

SOBRE LA CLASIFICACIÓN DE LAS MIELES SEGÚN SUS ORÍGENES BOTÁNICOS 

26. Los compuestos bioactivos y otros parámetros relacionados con la actividad 

antioxidante demostraron ser más adecuados que los azúcares y los parámetros 

fisicoquímicos para la clasificación de las mieles por su origen botánico. 



 



FUTURE 
PROSPECTS 

 

 

 



 



Future prospects 
 

 
 273 

FUTURE PROSPECTS 

The future prospects linked to this PhD Thesis have the purposes of first, continuing to 

characterize the honeys from Castilla y León; second, developing new foods with beehive 

products; and finally, setting up new tools for honeys’ multi-component analysis. Within 

these general prospects, the research lines on a short-term basis are: 

- Study of the natural volatile and semivolatile profiles of honeys from Castilla y León. 

This will help have more data for their characterization, which is key to obtain a 

Protected Designation of Origin (PDO) that would increase the value of Castilla y León 

honeys.  

- Development of new food commodities made with beehive products among their 

ingredients, which would boost the beekeeping sector. Up to now the research group 

“Quality, Characterization and Aging of Honey” of the University of Burgos has already 

designed a food product with honey and small amounts of soft propolis extract, verifying 

its interesting functional properties (Annex 2, Article 2), some of which having been 

assessed with the procedure set up for honeys in this PhD Thesis. Thus, it is interesting to 

continue to working on this research line.  

- Honeys’ characterization by setting up voltammetric techniques with different working 

electrodes. In this regard, electronic tongues have recently proved to be simple, fast and 

low-cost alternatives to traditional analytical methods. These systems combine 

electrochemical techniques with multivariate analysis, with the purposes of classifying 

samples and/or quantifying their physicochemical properties. A collaborative study about 

a prediction model to determine antioxidant activity of Spanish honeys by using different 

potentiometric tongues (Juan-Borrás et al., LWT - Food Science and Technology, 

submitted) was made in a research stay in the Universitat Politécnica of Valencia. 

Voltamperometric tongues seem to be better tools than potentiometric ones, because they 

provide with more information, so that they are potentially more suitable to characterize 

honeys.  
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PERSPECTIVAS FUTURAS 

Las perspectivas futuras ligadas a esta Tesis Doctoral tienen por objeto continuar con la 

caracterización de las mieles de Castilla y León, desarrollar nuevos alimentos a partir de 

productos de la colmena y poner a punto nuevas herramientas de análisis multicomponente en 

mieles. Dentro de estas perspectivas generales, a corto plazo las líneas de investigación 

planteadas son las siguientes: 

- Estudio del perfil de sustancias naturales volátiles y semivolátiles en las mieles 

castellano-leonesas. Con ello se dispondría de un mayor número de datos para su 

caracterización, lo que es importante a la hora de obtener una Denominación de Origen 

Protegida que valorizaría las mieles de Castilla y León.  

- Desarrollo de nuevos alimentos entre cuyos ingredientes se encuentren los productos de 

la colmena. Esto impulsaría la apicultura, siendo importante para el sector. El grupo de 

investigación “Calidad, tipificación y envejecimiento de la miel” de la Universidad de 

Burgos ya ha diseñado un alimento a base de miel y pequeñas concentraciones de 

extracto blando de propóleos (Anexo 2, Artículo 2), comprobando que presenta 

interesantes propiedades funcionales, algunas de las cuales se han evaluado con los 

métodos puestos a punto para las mieles analizadas en esta Tesis Doctoral. Por ello, 

resulta de interés continuar con esta línea de trabajo. 

- Contribuir a la caracterización de las mieles mediante la puesta a punto de técnicas 

voltamperométricas con diferentes electrodos de trabajo. En este sentido hay que indicar 

que  las lenguas electrónicas han demostrado recientemente ser una alternativa simple, 

rápida y económica a los métodos tradicionales de análisis. Estos sistemas combinan 

técnicas electroquímicas con análisis multivariantes con el objetivo de clasificar muestras 

o cuantificar sus propiedades fisicoquímicas. En una estancia de investigación realizada 

en la Universidad Politécnica de Valencia se  colaboró en un trabajo consistente en 

establecer un modelo de predicción para la determinación de la actividad antioxidante de 

mieles españolas mediante el uso de distintas lenguas potenciométricas (Juan-Borrás et 

al., LWT - Food Science and Technology, enviado). Las lenguas voltamperométricas 

parecen ser herramientas más potentes que las potenciométricas, proporcionando en un 

solo barrido mucha más información, por lo que son potencialmente más adecuadas para 

la caracterización de mieles. 
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Literature data of sugars and other   
physicochemical parameters  
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Pearson’s correlation matrix of sugars and other 
physicochemical parameters 
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TABLE 3 

Literature data of bioactive compounds  
and other antioxidant-related parameters 
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Critical assessment of antioxidant-related parameters of honey
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Summary In this study, several antioxidant-related parameters were researched on 56 Spanish honeys, setting up

and optimising some assays. Melissopalynology and colour (L*, a*, b*) were determined. Solid-phase

extraction (SPE) was used to obtain honeys’ phenolic extracts. Total phenolics, total flavonoids and tro-

lox equivalent antioxidant capacity (TEAC) were determined in both honeys and extracts. It was verified

that total flavonoids determination in neutral media must be carried out on extracts instead of on honeys,

because of sugars’ interferences; likewise, extracts’ colours must be corrected in this assay. The endpoint

for honeys’ trolox equivalent antioxidant capacity (TEAC) was researched. Significant linear relationships

were found between TEAC values of honeys and honeys’ phenolic extracts, as well as between the results

of TEAC measured at different times. Therefore, it would be possible to reliably calculate TEAC at

60 min (endpoint), measuring the absorbance at 6 min, thus saving analysis time and reducing costs.

Keywords Antioxidant activity, colour, flavonoids, honey, phenols.

Introduction

Honey has a wide range of phenolic compounds, and
therefore, it has been reported to possess an antioxi-
dant ability, which greatly depends on its composition
that is, in turn, conditioned by the botanical source of
this foodstuff. Studies about the antioxidant potential
of various unifloral, multifloral and honeydew honeys
are interesting to later check whether some honeys
have actually antioxidant effects when they are ingredi-
ents of other food products, and/or within the body
after consumption (in vivo assays). The latter research
is of particular interest because the European Food
Safety Authority denied the health claims with regard
to antioxidant-related properties of honey because this
food ‘. . .has not been sufficiently characterized in rela-
tion to the claimed effects’ (European Food Safety
Authority, 2010, 2011). Flavonoids and other pheno-
lics are the main compounds responsible for honey
antioxidant activity (Malenica-Staver et al., 2014).
Honey flavonoids, as a whole, are usually determined
by aluminium chloride chelation methods that must be
carried out after sugars’ removal, because these sub-
stances hamper proper chelation (Denni & Mammen,
2012). However, in most published papers, authors

determine total flavonoids in neutral media directly on
honeys, and sometimes, with no sample’s colour cor-
rection. Trolox equivalent antioxidant capacity
(TEAC) is a simple and widely used procedure to
determine antioxidant activity of foods. Nevertheless,
before using it to measure the antioxidant capacity of
a particular food, the endpoint of the assay should be
previously researched (van den Berg et al., 1999; Prior
et al., 2005).
The aims of this work were as follows: first, to study

antioxidant-related features of honeys from different
botanical origins analysing such parameters as colour
(L*, a*, b*), total phenolics, total flavonoids and
TEAC. Second, to go in depth in the method for hon-
eys’ total flavonoids analysis carried out in neutral
media. Finally, to research the endpoint for honey’s
TEAC determination, in order to set up a reliable hon-
ey’s antioxidant activity analysis by TEAC method.

Materials and methods

Samples

This work was carried out on fifty-six representative
artisanal and unpasteurised Spanish honeys, whose
botanical origins had been determined by melissopaly-
nology (von der Ohe et al., 2004), with the result of*Correspondent: E-mail: mtsancho@ubu.es
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twenty-one multifloral, sixteen honeydew, ten heather
(Erica sp. and Calluna vulgaris), five lavender (Lavan-
dula sp.), three clover (Leguminosae Type Trifolium
sp.) and one sainfoin (Leguminosae Type Onobrychis
sp.) honeys. Sampling was carried out within the
region of Castile-Leon, covering an area larger than
94 200 km2. Samples were stored at 4 °C until analysis
in dark conditions.

Apparatus

Colour parameters were determined with a Hunter
Lab colorimeter (ColorFlex EZ System�, Reston, VA,
USA). Total phenolics, total flavonoids and TEAC
assays were carried out by visible spectrophotometry
with a 400Bio UV–visible spectrophotometer (Varian�,
Mulgrave, Vic., Australia).

Procedures

Phenolic extracts were obtained by solid-phase extrac-
tion (SPE). Ten grams of honey was mixed with
15 mL of acidified water and loaded onto Strata-X
SPE cartridge (Phenomenex�, Torrance, CA, USA)
previously conditioned with methanol and water.
Sugars and other polar honey’s constituents were com-
pletely removed with acidified and ultrapure water.
After vacuum drying, phenolic fractions were eluted
from the cartridge with 3 mL 2:1 (v/v) methanol: ace-
tonitrile (Bertoncelj et al., 2011).

Colour parameters L* (lightness), a* and b* (chro-
maticity coordinates) were determined using illuminant
D65 and 10° observer. Specimens were illuminated at
45° (Commission Internationale de L’eclairage, 2004).

Total phenolics (mg gallic acid/100 g) were deter-
mined by Folin–Ciocalteu method (Meda et al.,
2005). 0.5 mL of a filtered honey solution
(100 mg mL�1) or 0.5 mL of 1:25 diluted extract was
mixed with 2.5 mL of 0.2 N Folin–Ciocalteu reagent.
After 5 min, 2 mL of saturated sodium carbonate
solution was added, and the mixtures were kept in
the dark for 120 min. Then, the absorbance was read
at 760 nm. Gallic acid was used to adjust the stan-
dard curve.

Total flavonoids (mg quercetin/100 g) were deter-
mined in the extracts by the Dowd aluminium chloride
colorimetric assay in neutral media (Dowd, 1959;
Meda et al., 2005; Isla et al., 2011) and adapted for
the analysed samples. One millilitre of a diluted honey
extract (300 lL extract diluted to 5 mL with methanol)
was mixed with the same volume of 2% aluminium
trichloride in methanol. After 10 min, absorbance (A1)
was read at 415 nm against a blank constituted by
1 mL of 2% AlCl3 in methanol and 1 mL of methanol
instead of the diluted honey extract. Colour of extracts
was corrected by determining the absorbance (A2) of a

solution containing 1 mL of a diluted honey extract
mixed with the same volume of methanol against a
blank of methanol. A2 was substracted from A1 before
calculating. Quercetin was used to adjust the standard
curve that was read against a blank of methanol. The
same procedure was also applied to honey solutions
(0.01 mg mL�1).
TEAC antioxidant activity (lmol trolox equivalent

per g) was determined by measuring the scavenging
ability of antioxidants to the radical ABTS•+ (Re
et al., 1999). TEAC was analysed in both honeys and
extracts, measuring the absorbance at 734 nm after 6,
30 and 60 min. The radical cation ABTS•+ was pro-
duced by the reaction of 7 mM ABTS stock solution
with 2.45 mM potassium persulfate in the dark for
16 h. Then, the ABTS•+ solution was diluted to obtain
an absorbance between 0.70 and 0.80 at 734 nm. For
honey solutions (100 mg mL�1), 10 lL of each honey
solution was mixed with 990 lL of the diluted
ABTS•+ solution. For honey extracts, first, 300 lL
extract was diluted to 5 mL with methanol, and
finally, 10 lL of each diluted extract was mixed with
990 lL of the diluted ABTS•+ solution. Blank was
distilled water for honeys and methanol for honey
extracts. Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
was used to adjust the standard curve.
Statistical determinations were carried out with Stat-

graphics Centurion XVI (2010).
All analytical procedures were carried out in

triplicate.

Results

The results of colour (L*, a*, b*), total phenolics, total
flavonoids and TEAC antioxidant activity (measuring
the absorbance at different times) are summarised in
Table 1. Total flavonoids results are those correspond-
ing to honey extracts, after verifying the unfeasibility
of the method when diluted honeys were used instead
of their extracts, because for more than 95% honeys,
the absorbance of the colour correction (1 mL of
honey solution plus 1 mL of methanol) was higher
than the absorbance of the sample (1 mL of honey
solution plus 1 mL of 2% AlCl3 in methanol).
In respect of unifloral honeys, lavender samples

showed the highest values for lightness (ranging from
43.16 to 71.01), and heather honeys the lowest ones
(ranging from 29.8 to 57.36). Heather samples showed
intense reddish tonalities (ranging from 7.19 to 15.64),
whereas a* values widely ranged in the other honeys.
b* values were in all cases positive, meaning that all
samples were in the yellow area. Heather honeys
showed the highest values of total phenolics (ranging
from 112.32 to 183.35 mg gallic acid per 100 g),
extracts’ total phenolics (ranging from 15.62 to
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60.30 mg gallic acid per 100 g), extracts’ total flavo-
noids (ranging from 3.41 to 6.98 mg quercetin per
100 g) and TEAC (ranging from 5.0 to 10.0 lmol tro-
lox equivalent per gram, reading the absorbance at
60 min), whereas lavender samples showed the lowest
values for total phenolics (ranging from 51.52 to
101.48 mg gallic acid per 100 g), extracts’ total pheno-
lics (ranging from 8.41 to 27.34 mg gallic acid per
100 g), extracts’ total flavonoids (ranging from 1.10 to
4.49 mg quercetin per 100 g) and TEAC (ranging from
1.83 to 6.37 lmol trolox equivalent per gram, reading
the absorbance at 60 min).

Results of most parameters fulfilled all assumptions
necessary for one-way ANOVA test (90% confidence
level). For a* and b* colour results, the nonparametric
Kruskal–Wallis test was applied (90% confidence
level). L* values grouped heather and honeydew hon-
eys. a*, b* and total flavonoids grouped multifloral,
honeydew, clover and lavender honeys. Total phenolics
and TEAC grouped, on the one hand, sainfoin and
lavender samples, and on the other hand, multifloral,
honeydew, clover and heather samples.

Values of L* were significantly correlated with those
of honeys’ total phenolics (r = �0.7925), extracts’ total
phenolics (r = �0.7859), honeys’ TEAC (r = �0.8882)
and extracts’ TEAC (r = �0.8389); values of honeys’
total phenolics were significantly correlated with those
of extracts’ total phenolics (r = 0.6849), honeys’ TEAC
(r = 0.8373) and extracts’ TEAC (r = 0.7029); values
of extracts’ total phenolics were significantly correlated
with those of honeys’ TEAC (r = 0.7684) and extracts’
TEAC (r = 0.8647). Similar correlations among colour
features, phenolics and antioxidant activities were
described in the literature for both honeys from differ-
ent botanical and geographical origins (Perna et al.,
2012; Kamboj et al., 2013; Gambacorta et al., 2014;
Petretto et al., 2015) and honey-based dairy products
(Bansal et al., 2014).

TEAC antioxidant activity (lmol trolox equivalent
per gram) of both honeys and extracts progressively
increased with time up to 60 min. Significant linear rela-

tionships (90% confidence level) were found among all
TEAC results (Table 2). Linear relationships were
obtained between TEAC of honeys and TEAC of hon-
eys’ phenolic extracts, as well as between TEAC of hon-
eys and extracts measuring absorbance at different
times (Fig. 1).
With the results of honeys’ TEAC at 6 min and the

equations of Table 2, TEAC values at 60 min were
calculated. Then, actual and calculated values of
TEAC at 60 min were compared with t-test and one-
way ANOVA (90% confidence level). Both procedures
showed that there were no differences between actual
TEAC values (lmol trolox equivalent per gram) of
both honeys (Table 3) and extracts, measuring the
absorbance at 60 min, and calculated TEAC values
(lmol trolox equivalent per gram) at 60 min, by mea-
suring absorbance at 6 min.

Discussion

The variability of colour among the samples was
mainly related to honeys’ botanical origin. According
to the literature, the mean value for L* (<50) obtained
in this study is typical of dark honeys, such as heather
(Gonz�alez-Miret et al., 2005) and honeydew
(Gonz�alez-Miret et al., 2005; Tuberoso et al., 2014).
These results are in concordance with the fact that the
majority of the analysed samples (55%) were heather
unifloral, honeydew honeys or honeys rich in heather
and honeydew. a* and b* data were particularly high
in heather samples and honeys rich in heather, so that
in addition to other parameters, a* and b* values
could help characterise heather honeys.
As expected, honeys’ total phenolics were higher

than extracts’ total phenolics because the method of
analysis (Meda et al., 2005) actually determines total
reducing capacity and apart from phenolic com-
pounds, honeys possess different reducing substances
such as ascorbic acid, and reducing sugars, among
others (Ferreira et al., 2009). The relationships found
between values of total phenolics and those of L* and

Table 1 Mean, median, standard deviation, minimum and maximum values of L*, a*, b*, total phenolics of honeys and extracts, total

flavonoids of extracts and TEAC antioxidant activity of honeys and extracts

Colour

Honeys’ total

phenolics

(mg gallic acid

per 100 g)

Extracts’ total

phenolics

(mg gallic acid

per 100 g)

Extracts’ total

flavonoids

(mg quercetin

per 100 g)

Honeys’ TEAC (lmol

trolox per g)

Extracts’ TEAC (lmol

trolox per g)

L* a* b* 6 min 30 min 60 min 6 min 30 min 60 min

Mean 48.24 8.94 33.82 119.24 26.29 3.44 4.35 5.90 6.92 1.92 2.34 2.58

Median 45.45 9.55 33.71 130.05 27.51 3.41 4.55 6.23 7.52 1.99 2.45 2.68

Standard

deviation

10.78 3.59 3.54 39.42 8.95 1.15 1.88 2.35 2.57 0.68 0.79 0.85

Minimum 26.07 0.17 23.80 29.10 7.98 0.93 0.97 1.39 1.64 0.49 0.62 0.76

Maximum 71.01 15.64 43.46 183.35 60.30 6.98 7.46 9.49 10.65 3.16 3.85 4.43
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TEAC antioxidant activity agreed with literature (Wil-
czynska, 2014).

The moderately significant relationship found
between total phenolics of honeys and extracts is inter-
esting, because it shows that the proportion of total
reducing substances in honeys and their corresponding
extracts appears to be somehow constant, even for
very different honey samples from various botanical
origins.

With regard to flavonoids’ contents, the values of
this work were in general lower than those described
for different honeys by other authors. After a thorough
literature revision, it must be explained that in most
published papers, the spectrophotometric assay based
on aluminium complex formation conducted in neutral
media was carried out directly on a honey solution
with no sugars’ removal and, in some cases, with no

sample’s colour correction. The reason is likely due to
the fact that those papers followed previous references
that were in turn, based on procedures (Arvouet-
Grand et al., 1994; Popova et al., 2005) published for
propolis extracts in which there were no sugars’ inter-
ferences. Thus, if the assay is carried out on a honey
solution, the results depend on the specific flavonoid

Table 2 Linear relationships among

TEAC results of honeys and honeys’

phenolic extracts Relationships

Correlation

coefficient (r)

TEAC-Extracts = 0.59 + 0.30 9 TEAC-Honeys 0.9043

TEAC-Extracts-60 = 0.22 + 1.23 9 TEAC-Extracts-6 0.9879

TEAC-Extracts-60 = 0.08 + 1.07 9 TEAC-Extracts-30 0.9978

TEAC-Extracts-30 = 0.12 + 1.16 9 TEAC-Extracts-6 0.9937

TEAC-Honeys-60 = 1.00 + 1.35 9 TEAC-Honeys-6 0.9818

TEAC-Honeys-60 = 0.50 + 1.09 9 TEAC-Honeys-30 0.9959

TEAC-Honeys-30 = 0.49 + 1.24 9 TEAC-Honeys-6 0.9945

TEAC-Honeys &

Extracts-60 = �0.03 + 1.52 9 TEAC-Honeys & Extracts-6

0.9817

TEAC-Honeys &

Extracts-60 = 0.50 + 1.09 9 TEAC-Honeys & Extracts-30

0.9959

TEAC-Honeys &

Extracts-30 = 0.49 + 1.24 9 TEAC-Honeys & Extracts-6

0.9945

TEAC-Honeys-6

T
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C
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Figure 1 Relationships between TEAC values (lmol trolox equivalent

per g) of honeys at 6 and 60 min. ‘TEAC-Honeys-60’ is TEAC antioxi-

dant activity measuring the absorbance at 60 min; ‘TEAC-Honeys-6’ is

TEAC antioxidant activity measuring the absorbance at 6 min). Equa-

tion: TEAC-Honeys-60 = 1.00 + 1.35 9 TEAC-Honeys-6. Correlation

coefficient = 0.9818.

Table 3 Summary of the results of t-test (90% confidence level) and

variance check of one-way ANOVA (90% confidence level) applied to

the results of honeys’ TEAC actual values (lmol trolox equivalent

per gram) measuring the absorbance at 60 min (TEAC-Honeys-60),

and the results of honeys’ TEAC calculated values at 60 min (lmol

trolox equivalent per gram), measuring the absorbance at 6 min

(TEAC-Honeys-6). t = 0.113464. P-value = 0.90987

Actual

TEAC-Honeys-60

Calculated

TEAC-Honeys-60

Sample size 56 56

Average 6.91875 6.86411

Standard deviation 2.56686 2.52967

Coefficient of

variation

37.10% 36.85%

Minimum 1.64 2.31

Maximum 10.65 11.06

Range 9.01 8.75

Stnd. Skewness �1.44897 �0.543526

Stnd. Kurtosis �1.36357 �1.59705

Variance 6.58875 6.39924

Degrees of freedom 55 55

Variance check Test P-Value

Levene’s 0.010297 0.91936

Comparison Sigma1 Sigma2 F-Ratio P-Value

ActualTEAC-Honeys-

60/Calculated

TEAC-Honeys-60

2.56686 2.52967 1.02961 0.9142
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composition of the sample because, on the one hand,
flavonoids do not react uniformly and, on the other
hand, glycosylation prevents chelation of Al(III) with
some flavonoids, but not with all flavonoids (Pekal &
Pyrzynska, 2014).

In addition, in the literature, there is no agreement
about the blank when total flavonoids are analysed
directly on a honey solution in neutral media. As it
has been commented above, the assays of all manu-
scripts were based on others, being the common prin-
ciple for all of them the initial spectrophotometric
Dowd’s procedure with some modifications. The orig-
inal method (Dowd, 1959) used an aluminium chlo-
ride reagent blank. Nevertheless, for honey solutions,
in some articles, the blank employed was methanol,
thereby neither the reagents nor the samples colour
were corrected, so that the final flavonoids’ values
could be overestimated. Despite the fact that a blank
of reagents (as in Dowd, 1959) is usual in spec-
trophotometric measurements, very few authors
employed such blank for the analysis of honeys’ fla-
vonoids in neutral media, and their manuscripts cited
Isla et al. (2011) as a reference, which was in turn
based on Popova et al. (2005) procedure that had
been set up and applied to 6 poplar Turkish propolis,
in which the colour of the extracts could have not
interfered. Values of honey solutions’ total flavonoids
of those papers (based on the Popova et al., 2005
manuscript) might also be overestimated because
matrix interferences were not substracted. When a
honey solution is used, a sample’s colour correction
is compulsory, because the results are based on the
absorbance measurement at 415 nm (or 425 nm), and
at this (these) wavelength(s), there is a colour inter-
ference of the honey itself, which is particularly
important for dark samples. In most published papers
about total flavonoids analysis on honey solutions,
authors claimed that they followed Meda et al. (2005)
procedure, based in turn on Arvouet-Grand et al.
(1994) assay for propolis extracts, which used as
blank a solution of the sample and the solvent, thus
only correcting the colour of the samples, but not the
interference in the absorbance recording due to the
aluminium chloride. Therefore, data of honey solu-
tions’ total flavonoids of those manuscripts based on
Arvouet-Grand et al., 1994 paper could be overesti-
mated, as well.

Both for honeys’ extracts and for honeys’ solutions,
we followed the procedure described in this manu-
script, in which a blank of reagents was used, and then
absorbance of the colour of the samples was sub-
stracted, in a similar way to that described in the offi-
cial method of AOAC (2005) for the analysis of
proline in honey.

We verified that, when using honey solutions
(instead of honey extracts), for the vast majority of

samples, the absorbance values at 415 nm (and also at
425 nm) were considerably higher for colour correction
than for the sample with flavonoid–aluminium com-
plex, showing the unreliability of the procedure if sug-
ars and other interferences were not removed.
Therefore, spectrophotometric analysis of honeys’ fla-
vonoids in neutral media must be always carried out
after getting rid of sugars; otherwise, the results could
be specious.
Our TEAC results were similar to the values

described in the literature for Brazilian honeys (San-
t’Ana et al., 2012) and slightly lower than the antioxi-
dant activities described for South African samples
(Serem & Bester, 2012). Our TEAC data were also
similar to those described in the literature for other
honeys from different botanical and geographical ori-
gins that were analysed by another method combined
to a flow injection analysis (�Alvarez-Su�arez et al.,
2010a,b; Gorjanovic et al., 2013).
In respect of TEAC antioxidant activity, in the liter-

ature, no agreement was found regarding the proper
endpoint for the absorbance measurement. Some
researchers determined the absorbance at 1, 4, 6 and
10 min (Baltrusaityt�e et al., 2007; Escriche et al.,
2014), whereas other scientists considered the endpoint
at 1 minute (Tuberoso et al., 2013), at 6 min (Vit
et al., 2009; Sant’Ana et al., 2012), at 7 min (Habib
et al., 2014), at 10 min (da Silva et al., 2013), at
15 min (Socha et al., 2009; Kowalski, 2013; Wilczyn-
ska, 2014), at 20 min (Lachman et al., 2010) and at
30 min (Serem & Bester, 2012). Our work shows that
absorbance values at different times change propor-
tionally for both honeys from different botanical ori-
gins and their corresponding extracts, so that it would
be possible to calculate the TEAC antioxidant activity
at 60 min, measuring the absorbance at 6 min, thus
saving analysis time and reducing costs. However, it
would be necessary to study if similar relationships
occur in other honeys from different origins and har-
vested in different years, in order to propose an appro-
priate analytical procedure for the determination of
honey’s TEAC antioxidant activity.

Conclusion

This research has shown that honeys from different
botanical origins share common antioxidant-related
features, being the most important of which total phe-
nolics and TEAC. Total flavonoids analysis with alu-
minium trichloride in neutral media must be carried
out on honey extracts, because honey sugars interfere;
furthermore, in this determination, extracts’ colours
must be corrected. In respect of TEAC assay, if similar
equations are obtained for honeys from different
botanical and geographical origins, it would be possi-
ble to save analysis time and money, calculating the
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values corresponding to the endpoint from the data of
absorbance at 6 min.
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Nowadays, propolis is used as an innovative preservative and as a bioactive food supplement. Due to its
bitter and astringent flavour, propolis is hardly accepted by consumers. The aim of this study was to
obtain a likeable food product made with honey and propolis, whose antimicrobial, antioxidant and
anti-inflammatory properties were enhanced in comparison with those of the base honeys used. 0.1%,
0.3% and 0.5% soft propolis extracts were added to honeys and the products that most appealed to the
users were subjected to further research. Total phenolics, flavonoids, ABTS free radical and hydroxyl rad-
icals scavenging and anti-inflammatory activities increased in all mixtures. Antimicrobial activity of the
combined products showed synergic effects, resulting in higher results than those of the base honeys and
propolis extracts. Therefore, honeys enriched with small amounts of propolis extracts are promising func-
tional foods.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Honey is the natural sweet food produced by Apis mellifera from
nectar and honeydew. Apart from sugars, honey contains small
amounts of interesting compounds, such as phenolics, that provide
potential beneficial properties (Isla et al., 2011; White, 1975). Pro-
polis is a resinous substance that bees collect from bud and exu-
dates of plants and transform with enzymes, being used to seal
beehives’ holes. Propolis is mainly constituted of resin, wax and
essential oils (Viuda-Martos, Ruiz-Navajas, Fernández-López, &
Pérez-Álvarez, 2008), acting as an effective antiseptic agent in
the hive. The composition of honey and propolis varies depending
on factors such as the botanical origin, climate, and environmental
conditions (Isla et al., 2011; Viuda-Martos et al., 2008).

Since ancient times, honey and propolis have somehow been
considered as therapeutic agents, due to several reported func-
tional actions (Gómez-Caravaca, Gómez-Romero, Arráez-Román,
Segura-Carretero, & Fernández-Gutierrez, 2006). Honey have
shown antibacterial, antifungal and antiviral action due to pH, sug-
ars, hydrogen peroxide and the presence of some phytochemicals,
mainly phenolic compounds (Isla et al., 2011). Propolis contain
higher amounts of phenolic compounds than honeys, having
shown considerably higher antimicrobial and antioxidant activities
(Banskota, Tezuka, & Kadota, 2001; Meda, Lamien, Romito, Millogo,
& Nacoulma, 2005; Socha, Galkowska, Bugaj, & Juszczak, 2015).
Propolis is currently used as an ingredient of candies, biophar-
maceuticals and as a constituent of cosmetics, gaining popularity
as a natural preservative and a source of bioactive compounds
for foods and drinks, in which it helps improve shelf-life and con-
sumers’ health (Duman & Özpolat, 2015; Gutiérrez-Cortés & Suarez
Mahecha, 2014; Spinelli, Conte, Lecce, Incoronato, & del Nobile, in
press). However, the high concentration of propolis’ phenolic com-
pounds was reported as primarily responsible for the bitterness
and astringency (Naczk & Shahidi, 2004), providing with strong
and unpleasant flavours that alter the sensory characteristics of
other foods combined with them (Banskota et al., 2001). Therefore,
the consumers’ acceptability of foods in which propolis is an ingre-
dient is determined by the propolis concentration, which should be
carefully researched in order not to negatively modify the sensory
characteristics of those foods.

Recently there has been a growing interest for new food prod-
ucts with functional properties. With regard to honeys, there are
already on the markets products labelled as to contain 3% propolis.
The commercial success of them strongly depends on the degree of
liking and quality expectations. However, there is little scientific
data about the possible advantages of adding propolis to food-
stuffs. Juszczak, Galkowska, Ostrowska, and Socha (in press)
showed an increase in total phenolics and antioxidant activity of
a multifloral honey after propolis addition. The aim of this study
was to make likeable products of honey and propolis and to
research such functional components and properties as total phe-
nols, total flavonoids, antimicrobial, antioxidant and anti-
inflammatory activities in the base honeys, base propolis extracts,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2015.10.050&domain=pdf
http://dx.doi.org/10.1016/j.foodchem.2015.10.050
mailto:smoses@ubu.es
http://dx.doi.org/10.1016/j.foodchem.2015.10.050
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem
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as well as in the honey and propolis mixtures that appealed to the
consumers, in order to assess if those blends have functional
advantages in respect of the initial commodities.
2. Materials and methods

2.1. Standards, reagents and apparatus

Hydrochloric acid, Folin–Ciocalteu reagent, quercetin, 2,
20-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS),
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid),
hydrogen peroxide, thiobarbituric acid, hyaluronic acid sodium salt
from Streptococcus equi (HA), bovine serum albumin (BSA),
hyaluronidase from bovine testes type IV-S (HAase),
N-acetyl-D-glucosamine (NAG) and glycerol (Sigma–Aldrich, Stein-
heim, Germany). Food grade ethanol, methanol, sodium carbonate,
sodium chloride, sodium hydroxide, potassium persulfate, Fe
(NH4)2(SO4)2, EDTA, acetic acid, formic acid and p-dimethyl-
aminebenzaldehyde (VWR-Prolabo, Fontenay-sous-Bois, France).
Gallic acid, NaNO2 and catechin (Panreac, Barcelona, Spain). AlCl3
(Fluka analytical, Buch SG, Switzerland). Na2HPO4, and NaH2PO4

(Scharlau, Barcelona, Spain). Potassium tetraborate, sodium ben-
zoate and uric acid (Alfa Aesar, Karlsruhe, Germany). Nutrient
broth No. 2 (NB), MEB (Malt Extract broth), Agar bacteriological
No. 1 and RINGER (OXOID, Hampshire, England). MRS ‘‘DeMan,
Rogosa and Sharpe” (MERCK, Darmstadt, Germany). Water was
deionized using a Milli-Q water purification system (Millipore,
Bedford, USA).

Absorbance was measured with a Varian Cary Bio 400
spectrophotometer.
2.2. Honey and propolis samples

Samples were four honeys and four propolis harvested in Spain
in 2014. Honeys’ melissopalynology (Von der Ohe, Peresano-Oddo,
Piana, Morlot, & Martin, 2004) showed that samples H1 and H2
were heather (Erica sp. and Calluna vulgaris (L.) Hull) honeys; sam-
ple H3 was a chestnut (Castanea sativa Miller) honey with honey-
dew elements; and sample H4 was a multifloral honey. High
quality propolis (A–D) were collected using a plastic propolis trap
placed on top of the beehive, that beekeepers withdrew, freezed
and shook.

All samples were stored in the dark at 4 �C (honey), and at
�20 �C (propolis) until use.

2.3. Soft propolis extracts

Propolis samples were grounded in a marble mortar at �30 �C.
Twenty grams of pulverized propolis were extracted with 75 ml of
90% food grade ethanol during 48 h at room temperature and in the
absence of light, using a magnetic stirring system. Subsequently,
the extracts were filtered through a funnel using Whatman filter
paper No. 40. After filtration, each ethanol extract was transferred
to a round bottom flask and subjected to a rotary evaporation to
dryness at 25 �C. Eventually, in order to complete the evaporation
of ethanol, it was left in a vacuum oven for 24 h at 30 �C. The soft
propolis extract (SPrEx) was frozen until further use.
2.4. Preparation of honey with propolis

Each SPrEx was added to each honey at 0.1%, 0.3% and 0.5%.
100 g of each mixture were prepared by weighting the
corresponding amounts of propolis and honey and mixing them
by mechanical stirring until complete homogenization. All mix-
tures were stored at 4 �C until their use.

2.5. Sensory analysis

First, a panel of 5 trained assessors tested mixtures of honey
and SPrEx with concentrations of SPrEx between 0.1% and 3%,
choosing the concentrations of 0.1%, 0.3% and 0.5% SPrEx as suit-
able to be mixed with honey. All products with more than 0.5%
SPrEx were rejected due to their unpleasant organoleptic charac-
teristics, agreeing with a preliminary research done the previous
year with one honey and two propolis. Second, the panel chose
the two most likeably propolis concentrations for each honey.
Finally, an acceptance test was carried out by sixty-five untrained
adult panellists, who assessed each honey sample with the two dif-
ferent SPrEx concentrations that had been chosen among 0.1%, 0.3%
and 0.5%, using a 9-point hedonic scale, where 9 was like a lot and
1 was dislike intensely (ISO 4121: 2003). The assessed samples
were 1H, 1HA (0.3% and 0.5%), 1HB (0.1% and 0.3%), 1HC (0.1%
and 0.3%), 1HD (0.1% and 0.3%), 2H, 2HA (0.3% and 0.5%), 2HB
(0.1% and 0.3%), 2HC (0.1% and 0.3%), 2HD (0.1% and 0.3%), 3H,
3HA (0.1% and 0.3%), 3HB (0.3% and 0.5%), 3HC (0.1% and 0.3%),
3HD (0.3% and 0.5%) and 4H, 4HA (0.1% and 0.3%), 4HB (0.3% and
0.5%), 4HC (0.1% and 0.3%), 4HD (0.3% and 0.5%). The samples were
prepared 1 h before the test run, and the analysis was performed
following the conditions established by ISO 6658:2008. The panel-
lists were students and staff of the University, who received
instructions about the research and the products. Each sample
was coded with three random digits and honeys without SPrEx
were also included, evaluating 9 samples in each session. Unsalted
crackers and water at room temperature were provided to clean
the palate between samples. The assessors chose for each honey
the most likeable product of honey with propolis (H-SPrEx).

2.6. Phenolics extraction

Phenolic compounds were extracted following the method
described by Escriche, Kadar, Juan-Borrás, and Domenech (2014).
For honeys and H-SPrEx, 25 g of sample was dissolved in 250 ml
of distilled water, while in the case of propolis, 0.2 g of SPrEx
was dissolved in 100 ml of 90% ethanol (v/v) and diluted 1/20 with
distilled water. Subsequently, the pH of the solutions was adjusted
to pH 2.0 with 2 M HCl. Solutions were slowly filtered through a
column with Amberlite XAD-2 resin (Supelco, Bellefonte, PA,
USA), preconditioned with methanol and distilled water. The col-
umn was washed with 250 ml of acidified water (pH 2 with 2 M
HCl) and rinsed with 300 ml of neutral distilled water to remove
all sugars and other polar compounds of honey and propolis. The
phenol compounds were eluted with 250 ml of methanol.

2.7. Total phenolics content

Total phenolics were determined in raw samples and methano-
lic extracts by the Folin–Ciocalteu assay (Meda et al., 2005). SPrEx
(0.2000 g) were dissolved to 100 ml with ethanol 90% (v/v), 1 ml of
this solution was diluted to 50 ml with distilled water. Each honey
and H-SPrEx (5.0000 g), was diluted to 50 ml with distilled water.
All samples were filtered through Whatman No. 1 paper. 0.5 ml of
each sample (raw and methanolic extracts), was mixed with 2.5 ml
of 0.2 N Folin–Ciocalteu reagent. After 5 min, 2 ml of 75 g/l sodium
carbonate was added and the tubes were incubated 2 h in dark at
room temperature. Then, absorbance was read at 760 nm against
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a blank of distilled water. The standard for the calibration curve
was gallic acid (5–260 lg/ml), expressing the results as mg gallic
acid (GA)/100 g sample.

2.8. Total flavonoids content

The total flavonoids content was determined according to the
two most applied spectrophotometric methods based on the for-
mation of aluminium–flavonoid complexes (Meda et al., 2005;
Pękal & Pyrzynska, 2014). Total flavonoids content was determined
in methanolic extracts without sugars’ interferences.

Procedure 1: 1 ml of methanolic extract was mixed with 0.3 ml
of NaNO2 (5% w/v). After 5 min, 0.5 ml of AlCl3 (2% w/v, in metha-
nol) was added. 6 min later, the mixtures were neutralized with
0.5 ml of 1 M NaOH solution. After 10 min at room temperature,
absorbance was read at 510 nm against a blank of methanol. The
standard for the calibration curve was catechin (2.55–200 lg/ml),
expressing the results as mg catechin (C)/100 g sample.

Procedure 2: 1 ml of methanolic extract was mixed with 1 ml of
AlCl3 (2% w/v, in methanol). After 10 min at room temperature,
absorbance was read at 415 nm against a blank sample consisting
of a 1 ml methanolic extract with 1 ml methanol without AlCl3. The
standard for the calibration curve was quercetin (2.5–200 lg/ml),
expressing the results as mg quercetin (Q)/100 g sample.

2.9. Antioxidant activity

2.9.1. ABTS scavenging activity test (TEAC assay)
Antioxidant activity of honeys, SPrEx and H-SPrEx was evalu-

ated by TEAC assay, using ABTS as the source of free radicals
(Miguel, Doughmi, Aazza, Antunes, & Lyoussi, 2014). Honeys and
H-SPrEx were prepared at 100 g/l with distilled water, while SPrEx
samples were prepared at 0.1%, 0.3% and 0.5% (w/v) with 90% etha-
nol. 1490 ll of ABTS�+ was mixed with 10 ll of sample, standard or
blank. Trolox was used as standard for the calibration curve
(0.625–5 mM). The percentage inhibition after 6 min was calcu-
lated, expressing the results as lmol Trolox (T)/g sample (for hon-
eys and H-SPrEx), and as lmol Trolox (T)/100 ml of SPrEx (for
propolis extracts).

2.9.2. Radical-scavenging effect on hydroxyl radicals (AOA assay)
Hydroxyl radicals scavenging ability of honeys, SPrEx and

H-SPrEx was assayed following the procedure of Koracevic,
Koracevic, Djordjevic, Andrejevic, and Cosic (2001). Honeys and
H-SPrEx were diluted in distilled water 1/25 (w/v), while SPrEx
were diluted in ethanol 90% at 0.1%, 0.3% and 0.5% (w/v). Samples
(10 ll) were mixed with 490 ll of sodium phosphate buffer (0.1 M,
pH 7.4), 500 ll of sodium benzoate (0.01 M), 200 ll of FeSO4–EDTA
(2 mM) and 200 ll of hydrogen peroxide (0.01 M). After 1 h incu-
bation at 37 �C, the reaction was stopped adding 1 ml of acetic acid
(20%) and 1 ml of thiobarbituric acid (0.8% w/v) in NaOH (50 mM).
The solution was boiled throughout 10 min and then cooled in ice.
The absorbance was measured at 532 nm against distilled water.
Each sample (A1) had its own control (A0), in which acetic acid
(20%) was added before Fe–EDTA and H2O2. For each series of
analysis a negative control (K1 and K0) was prepared, containing
the same reagents as A, except the sample, which had been
replaced with phosphate buffer. 1 mM uric acid in NaOH (5 mM)
(U1 and U0) was used as standard for calibration. Antioxidant
activity was calculated for honeys and H-SPrEx as
mmol uric acid/100 g = 2.5 � (CU) � (K � A)/(K � U), and for SoPrEx
as mmol uric acid/100 ml = 0.1 � (CU) � (K � A)/(K � U), where CU
is the concentration of uric acid (1 mM), K is the absorbance of con-
trol (K1 � K0), A is the absorbance of sample (A1 � A0) and U is the
absorbance of uric acid solution (U1 � U0).
2.10. Antimicrobial activity

2.10.1. Culture media and microbial strains
Six bacterial and six fungi species were used for the experi-

ment: Escherichia coli (CECT 434), Lactobacillus plantarum (CECT
220), Staphylococcus aureus TA1, S. aureus NB1, Pseudomonas aerug-
inosa M1 and Listeria innocua TA1 (bacterial collection of the
Department of Biotechnology and Food Science, at Burgos Univer-
sity, isolated from foods), Aspergillus flavus (CECT 2687), Penicillium
nordicum (CECT 20766), Penicillium expansum MP75, Penicillium
communeM35 (fungi collection of the Department of Food Hygiene
and Food Technology, at León University, isolated from foods and
identified by T.M. López-Díaz et al.), Fusarium sp. NB1 and Aspergil-
lus niger NB1 (fungi collection of the Department of Biotechnology
and Food Science, at Burgos University, isolated from bee pollen).
Stock cultures were maintained on Nutrient broth No. 2 (NB) for
bacterium, MRS (DeMan, Rogosa and Sharpe) for Lb. plantarum
and MEB (Malt Extract broth) for fungi with glycerol (20%) at
�20 �C.

Bacterial inoculum was prepared by growing cells in NB or MRS
for 24 h at 37 �C. Cell suspensions were diluted in sterile RINGER to
provide initial cell counts of about 8 logcfu/ml. While fungi was
prepared from sporulating 7-day-old cultures grown on MEA (Malt
Extract Agar) at 25 �C. Colonies were covered with 5 ml sterile
Tween 80 at 0.05% (v/v) and surface scraped with a sterile loop.
The mixtures of conidia were counted at microscope in a Neubauer
chamber (Brand, Wertheim, Germany). Dilutions with sterile
Tween 80 at 0.05% were used to adjust the suspension to
5 logconidia/ml.

2.10.2. Agar well diffusion
Agar plates (NA, MRS, MEA) were inoculated with bacterium

suspensions (overnight cultures grown at 37 �C on nutrient broth
or MRS and further diluted in RINGER to obtain a final concentra-
tion of 8 logcfu/ml), or fungi suspensions (at 5 logconidia/ml) over
the entire surface of the plate. Two hours later, sterile discs
(6.0 mm diameter, Oxoid) impregnated in each sample (honey,
SPrEx at 0.1%, 0.3% and 0.5% and H-SprEx) were placed on the sur-
face of the agar using a sterile tweezer. Plates were incubated at
37 �C for 24 h for bacterium and at 25 �C for 5 days for fungi. Etha-
nol was also tested because propolis was diluted in it. Inhibition
zones were measured using a Vernier calliper. The diameter of
zones, including the diameter of the discs, was recorded.

2.11. Anti-inflammatory activity

Anti-inflammatory activity of honeys, SPrEx and H-SPrEx was
assessed by hyaluronidase inhibition assay (Ferreres et al., 2012),
slightly modified, based in the mechanism of the Morgan–Elson
reaction. Dilutions of samples at 75% and 50% (w/v, in distilled
water) were prepared for the assay. A stock solution of 5 mg/ml
HA sodium salt from Streptococcus equi was prepared in water
and stored at 4 �C. HA stock solution (70 ll) and 100 ll of buffer
(0.2 M sodium formate, 0.1 M NaCl and 0.2 mg/ml BSA, pH
adjusted to 3.68 with formic acid) were added to 200 ll milliQ
water and 50 ll sample. The mixture was heated at 37 �C for
10 min before starting the reaction by addition of 50 ll of hyalur-
onidase from bovine testes type IV-S (600 U/ml) prepared in 0.9%
NaCl. The mixture was incubated 1 h at 37 �C in a water bath.
The enzymatic reaction was stopped by adding 100 ll of 0.8 M
potassium tetraborate and then, incubated 3 min in water-bath
at ebullition. The test tubes were cooled at room temperature
and 750 ll of DMAB (2 g of DMAB dissolved in a mixture of
2.5 ml of 10 N HCl and 17.5 ml of glacial acetic acid, further diluted
1:2 with glacial acetic acid immediately before use), was added.
The tubes were incubated 20 min at 37 �C and the colour of the
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resulting product was read at 586 nm against a blank sample
(where enzyme and samples were substituted by buffer). Enzyme
activity was defined as 1 unit (U) of hyaluronidase that catalyzes
the liberation of 1 lmol N-acetyl-D-glucosamine (NAG) per min
under specified conditions. N-acetyl-D-glucosamine standard solu-
tions (in the range between 0 and 2 lmol per test), were used as
standard for calibration curves. With the NAG formed in each enzy-
matic reaction and using the linear regression equation, the per-
centage of enzyme inhibition was calculated as % Inhibition =
(A � B/A) � 100, where A was lmol of NAG in the positive control
(where ll of sample was substituted by buffer) and B was lmol
of NAG of each sample reaction.

2.12. Statistical analysis

Each assay was carried out in triplicate. All results were
evaluated by multiple range tests. Sensory analysis was assessed
by Turkey’s tests (p < 0.05), and the other analyses by LSD test
(p < 0.05). Principal Component Analysis (PCA) and Pearson corre-
lations were applied to the results. Statistical software Stagraphics
Ceturion XVI was used.
3. Results and discussion

3.1. Sensory analysis

All averages obtained after the sensory analysis for all honeys,
alone or with different concentrations of SPrEx were higher to
4.5, meaning that all tested samples had been accepted by the
panel. The samples that appealed most to the consumers were
the honeys alone, and the honeys with 0.1% SPrEx. Significant dif-
ferences (p < 0.05) were observed among samples. As we were
interested in making an edible product with honey and the highest
amount of SPrEx as possible, we chose for further analyses the fol-
lowing mixtures that the consumers had liked the most: H1 + 0.5%
propolis A (H1A), H1 + 0.3% propolis B (H1B), H1 + 0.1% propolis C
(H1C) and H1 + 0.1% propolis D (H1D), H2 + 0.5% propolis A (H2A),
H2 + 0.3% propolis B (H2B), H2 + 0.1% propolis C (H2C) and H2
+ 0.1% propolis D (H2D), H3 + 0.1% propolis A (H3A), H3 + 0.5% pro-
polis B (H3B), H3 + 0.3% propolis C (H3C) and H3 + 0.3% propolis D
(H3D), H4 + 0.1% propolis A (H4A), H4 + 0.5% propolis B (H4B), H4
+ 0.3% propolis C (H4C) and H4 + 0.3% propolis D (H4D).

Several studies showed that concentrations of propolis below
0.5% added to different foods (fish, sausages) were acceptable for
the consumers (Duman & Özpolat, 2015; Gutiérrez-Cortés &
Suarez Mahecha, 2014). However, Spinelli et al. (in press) increased
the concentration of propolis up to 5% in fresh fish burgers, adding
new ingredients such as potato flakes and extra virgin olive oil to
give a final product with acceptable sensory characteristics.

3.2. Total phenolics contents

Total phenolics of propolis ranged from 21,188 to
22,762 mg GA/100 g. Values of methanolic propolis extracts ranged
from 20,552 to 21,814 mg GA/100 g. No significant differences
were found between total phenolics of propolis and their methano-
lic extracts, as well as among the propolis samples. The values
obtained in this study were higher than those obtained by Socha
et al. (2015) in Polish propolis (15,005–19,714 mg GA/100 g),
although they were similar to the ranges obtained by other
researchers (Kalogeropoulos, Konteles, Troullidou, Mourtzinos, &
Karathanos, 2009; Moreira, Dias, Pereira, & Estevinho, 2008) in
Greek and Portuguese propolis.

Fig. 1A shows total phenolics of honeys, H-SPrEx, and their cor-
responding methanolic extracts. Agreeing with literature, total
phenolics of entire samples were higher than those of methanolic
extracts (Ferreira, Aires, Barreira, & Estevinho, 2009). Significant
differences were obtained between total phenolics of entire sam-
ples and their methanolic extracts. Higher values were obtained
for samples H1 and H3 (99.73 and 103.48 mg GA/100 g) than for
samples H2 and H4 (79.67 and 79.05 mg GA/100 g, respectively).
Our values were similar than those obtained by other researchers
for different entire honeys. Thus, Can et al. (2015) found that
the total phenolic content was 105.46 mg GA/100 g and
98.26 mg GA/100 g in heather and chestnut honeys, respectively,
while Meda et al. (2005) obtained total phenolic contents in mul-
tifloral honeys between 32.59 and 93.66 mg GA/100 g. However,
other authors described lower total phenolic values. Beretta,
Granata, Ferrero, Orioli, and Facino (2005) found that total pheno-
lics average was 17.04 mg GA/100 g in multifloral honeys, and
21.12 mg GA/100 g in chesnut honeys. Kuś et al. (2014) reported
that phenolics average for heather honeys was 30.62 mg GA/100 g,
result that is similar to our data for total phenolics in methanolic
extracts; nevertheless, those authors did not carry out any
extraction.

Fig. 1A shows that, because of propolis addition, H-SPrEx had
higher amounts of total phenolics than the base honey samples.
These results agree with those obtained by Juszczak et al. (in
press) who also reported higher total phenolics’ content in honey
with propolis in comparison with honey, though their values were
lower than our data.
3.3. Total flavonoids’ contents of methanolic extracts

By procedure 1, propolis total flavonoids ranged from
10,406 mg C/100 g to 13,796 mg C/100 g. By procedure 2, total fla-
vonoids ranged from 7965 mg Q/100 g to 9686 mg Q/100 g.
According to Pękal and Pyrzynska (2014), procedure 1 in alkaline
medium allowed the altogether quantification of rutin, luteolin
and catechins, whereas procedure 2 conducted in neutral media
allowed the altogether quantification of such flavonols as querce-
tin, morin, kaempferol and rutin as well as the flavone luteolin.
Besides, these authors also concluded that procedure 1 were con-
siderably less selective for the determination of total flavonoids
in comparison with procedure 2, because other non-flavonoid
compounds were quantified by the former procedure (i.e. choloro-
genic acid). Our propolis samples showed higher levels of total fla-
vonoids by procedure 1 (expressed as catechin equivalents), than
total flavonoids by procedure 2 (expressed as quercetin equiva-
lents). Our values agree with literature data. Ahn et al. (2007)
reported total flavonoids’ values ranging from 830 to
16,200 mg Q/100 g propolis and Socha et al. (2015) found that
the total flavonoids content in propolis samples ranged from
3564 to 6204 mg Q/100 g.

Total flavonoids contents of methanolic extracts of honeys and
H-SPrEx are shown in Fig. 1B. In general, the amount of flavonoids
by procedure 1 was higher than the quantity of flavonoids by pro-
cedure 2. Chestnut (H3) honey showed the highest values of flavo-
noids by procedure 1 (3.70 mg C/100 g honey), and the multifloral
(H4) sample the highest values of flavonoids by procedure 2
(2.39 mg Q/100 g honey). Our results for total flavonoids were
lower than those obtained by other authors. Meda et al. (2005)
reported that the total flavonoids content varied from 0.17 to
8.35 mg Q/100 g, while Isla et al. (2011) obtained higher flavonoid
content (around 15 mg Q/100 g) in multifloral honeys. Also,
Ferreira et al. (2009) obtained a mean of 58.7 mg C/100 g for
heather honey, which is considerably higher that the results of
our study (1.56 mg C/100 g in H1 and 3.01 mg C/100 g in H2). It
is important to highlight the fact that most researchers did not
extract flavonoids from honey, so that at the wavelength of
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measurement, there are interferences of both honey colours and
sugars. These interferences must be removed (Sancho et al., 2015).

Regarding methanolic extracts of H-SPrEx, values obtained by
both procedures 1 and 2 were considerably higher than those of
the base honeys. Similar results were obtained by Juszczak et al.
(in press).

3.4. Antioxidant activity

3.4.1. ABTS scavenging activity test (TEAC assay)
The undiluted soft propolis extracts showed antioxidant activi-

ties ranging from 1184.66 to 1400.86 lmol Trolox/g, similar to
those obtained by Serra-Bonvehí and LaCalle-Gutiérrez (2011) for
Basque (North Spain) propolis. TEAC values of SPrEx diluted with
ethanol ranged for 0.1% dilution between 131.64 and
156.85 lmol Trolox/100 ml; for 0.3% dilution from 355.40 to
420.26; and for 0.5% dilution from 466.12 to 470.94. As expected,
antioxidant activity increased with the amount of added SPrEx
not showing significant differences (p > 0.05) among them.

TEAC of honeys ranged between 62.50 and 825.34 lmol Tro-
lox/100 g (Fig. 2A), values that were similar to those obtained by
other researchers (Stanislava et al., 2013). When SPrEx was added
at different concentrations, TEAC increased in all samples but in
honey H1-SPrEx-D. These results are concordant with those of
other study, in which propolis was added to fish burgers, thus
increasing antioxidant activity in the original product (Spinelli
et al., in press). Chestnut honey (H3) and the products made with
it showed the highest TEAC results.

3.4.2. Radical-scavenging effect on hydroxyl radicals (AOA assay)
All soft propolis extracts showed a very similar radical-

scavenging effect on hydroxyl radicals (0.12 mmol UA/100 ml),
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Table 1
Antimicrobial activity of different concentrations of propolis, honeys and H-‘‘SPrEx” expressed as inhibition diameter (mm) including disc (6.0 mm) by agar well diffusion method
against six fungi and six bacterium (n = 3).

P.
expansum

P.
nordicum

P.
commune

A. flavus A. niger Fusarium
sp.

St. aureus
TA1

St. aureus
NB1

Lb.
plantarum

L.
innocua

E. coli Ps.
aeruginosa

A0.5% A6.00a CD10.35a
CD10.08a BC8.42a AB7.85a A6.00a CD10.30a F15.80b A6.25a

DE11.95b
BC8.50b BC8.95b

A0.3% A6.00a ABC7.90a BC9.75a
ABC8.75a

AB7.05a A6.00a ABC8.35a AB7.05a C10.65b
ABC8.65ab

BC9.50b A6.00a

A0.1% A6.00a BC7.68a
BC7.63a

C8.07a AB6.55a A6.00a C8.25a
A6.00a D9.95b A6.00a A6.00a A6.00a

B0.5% AB7.80a DE11.23b
ABCD8.55a

CDE10.45a
BCD9.35b

AB6.65b
ABCD8.20ab A6.40a CDE9.90a BCDE9.75a

BCD9.55b
E11.95b

B0.3% AB6.90a E10.30ab DE9.72a
CD8.65a

A6.00a A6.00a E10.50b A6.00a BC7.80a CD8.60a CDE9.15b A6.00a

B0.1% A6.52a B8.87a AB7.83a AB8.03a AB6.95ab A6.00a A6.08a A6.00a C12.20a AB7.65a
A6.50a AB7.00a

C0.5% ABC9.08b D12.50a BCD10.20a ABC9.10a A6.58a AB8.20a AB8.25b AB7.90b D12.60b CD11.50a AB8.35a
BC9.45a

C0.3% ABC9.20b BCD10.23a
BCD10.00a ABCD9.52a A6.00a CD12.45b

AB8.30b A6.00a D13.15b
BCD10.80a A6.00a A6.00a

C0.1% AB6.55a CD9.48a
ABCD8.60a ABCD7.93a ABC7.63a ABC7.73a

A6.00a AB6.70ab ABC7.65a
D10.40a A6.00a BCD9.00a

D0.5% A8.60b D14.10b A9.75a ABC10.83b
AB10.35b A9.05b

A8.05a A9.70a CD13.35c
BCD12.90c A8.60b A9.30b

D0.3% AB6.98a E13.85b
ABC7.53a

BCD8.93ab
D10.70b ABC7.83ab

ABC7.27a BCD9.65a BCD9.40b CD9.75b
A6.00a A6.10a

D0.1% A6.00a C10.83a C9.77a
B7.35a A6.00a A6.00a AB6.43a A6.00a A6.00a AB6.40a A6.00a A6.00a

1H A6.00a A6.00a A6.00a A6.00a A6.00a A6.00a A7.05a A6.00a A6.00a A6.00a A6.00a A6.00a

1HA0.5% BCDE14.85c
DE16.13c

BCD11.85b
A6.78ab

ABC10.55b AB10.00b CDE15.20c E17.40b BCD13.50c BCD11.75b
BCD13.40b AB10.25bc

1HB0.3% BCDE10.38b
DE12.30b EF13.75b

AB7.28ab
A6.00a ABCD9.35ab F14.75c

F14.45b
CDEF11.70b EF13.75b

ABC8.30a A6.00a

1HC0.1% BC8.95b
CD10.05b

E12.13b
BC8.55b A6.00a A6.00a DE10.95b

F14.60b DE11.60b F14.25b
AB7.75a

DE11.85c

1HD0.1% BC8.88b
DE10.80b CD10.28b

B7.58ab A6.00a A6.00a FG12.65bc
G13.50b DEF11.60b EFG12.00b DE10.85ab

B8.65b

2H A6.00a A6.00a A6.00a A6.00a A6.00a A6.00a B8.70a C12.45b
A6.00a A6.00a A6.00a A6.00a

2HA0.5% DE11.65b
ABCD9.00ab CDE11.03b

A6.43a
AB7.10a ABC8.75b

ABCD9.00a BCD9.35a E13.20c E13.6b
ABCD9.10b BCD9.60b

2HB0.3% BC11.00b AB7.93ab
BC11.20b A7.03ab AB7.88a AB8.00b ABC10.05a ABC10.10ab C12.65c

C12.75b
ABC9.95b

A7.50ab

2HC0.1% ABC8.25ab CD9.63b
CD9.95b ABC7.68b

A6.00a AB6.73a
BC8.50a CD9.70a DE11.25bc

E12.85b
BC8.80ab CD9.30b

2HD0.1% AB8.03ab BC9.38ab
BC10.38b

A6.33a
A6.00a A6.00a BC10.55a

C11.00ab BC10.50b BC10.40b BC9.80b A6.00a

3H A6.00a A6.00a A6.00a A6.00a A6.00a A6.00a A6.50a A6.50a A6.00a A6.00a A6.00a A6.00a

3HA0.1% BC9.80ab ABC8.88b
CD11.98b

AB7.25a
A6.00a AB8.00a DE14.55b

DE15.20b A6.00a E17.00bc BC9.85bc ABC8.55a

3HB0.5% DE13.93b
BCD10.48c

E15.08b BCD10.88b
BC10.30b AB9.05b

E15.25bc
E14.50b A6.00a CDE13.60b BCD12.00c A6.00a

3HC0.3% ABC11.68ab
AB10.10c BCD14.78b

A8.58ab
A8.88b A6.00a CD17.45c

BCD15.10b A6.00a E18.85c
AB11.3bc

AB9.55a

3HD0.3% CDE13.05b
BCD10.27c

DE13.70b ABC8.93ab
ABC9.45b ABC9.33b

AB6.65a BCD11.00ab A6.00a E16.90bc ABC9.10b A6.00a

4H A6.00a A6.00a A6.00a A6.00a A6.00a A6.00a B7.55a
A6.00a A6.00a A6.55a

A6.00a A6.00a

4HA0.1% C10.80bc AB8.20ab BC9.68b
BC10.53bc A6.00a A6.00a BC9.45a

E15.95d
A6.00a D13.35b

BC9.95ab A6.00a

4HB0.5% BC9.50ab DEF13.08c
EF15.00c BCD11.95c

AB8.88b ABC9.15ab
BCD10.35a

CDE12.40b BCD11.20b F15.85bc
CDE12.10b A6.00a

4HC0.3% EF13.55c
DE12.05c EF13.30c BC9.58b B7.90b E12.55b

BC9.75a
FG15.00cd E12.35b

G16.10c CD10.35ab
A6.00a

4HD0.3% DEF12.55bc
CDE11.30bc F14.90c CD10.60bc AB7.88b CD10.48ab

BC9.30a DEF13.00bc CDE11.60b EF13.25b
CD10.65b

A6.00a

Different superscript letters (a–c) in the same column for each microorganism indicate significant differences (p < 0.05). Different capital letters (A–G) in the same row for
each sample indicate significant differences (p < 0.05) between microorganisms.
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which was slightly higher than that of the uric acid standard 1 mM.
Furthermore, there were no significant differences (p > 0.05)
among different concentrations. Honey samples showed values
lower than 0.15 mmol UA/100 g (Fig. 2B), which were similar to
the results obtained by Pérez, Rodríguez-Malaver, and Vit (2006).
When SoPrEx was added to honey, radical-scavenging effect on
hydroxyl radicals significantly increased in all samples.
3.5. Antimicrobial activity

Table 1 shows the antimicrobial activity of different concentra-
tions of SPrEx, honeys and H-SPrEx. Ethanol was used as control
sample, not having shown inhibitory effects against fungi. How-
ever ethanol showed a small effect against bacteria, therefore the
halo obtained by ethanol was subtracted to the halo obtained by



Table 2
Anti-inflammatory activity of propolis, honeys and H-‘‘SPrEx” (diluted at 50% and
75%) expressed as % hyaluronidase inhibition.

PA PB PC PD

Propolis 0.1% AB17.07a
A13.79a

B24.55ab
AB20.37a

0.3% AB20.20a C42.49ab
B27.25b

A15.55a

0.5% A21.39a
B53.64b

A18.54a
B45.31b

H1 H2 H3 H4

H and H-‘‘SPrEx” 50% Honey A�11.26a
C7.37a

C9.64a B�3.78a

PA B33.33c
B25.43b

A13.87ab
B29.07d

PB A7.63b
B28.87b

B26.95c
A14.16bc

PC B26.59c
AB20.18ab

C41.59d
A16.72c

PD B30.66c
AB19.68ab

AB17.77b
A7.86b

H and H-‘‘SPrEx” 75% Honey C61.53a
A2.31b

B30.47a
C65.61a

PA B62.38a
A12.77c

B65.75b
B58.02a

PB AB56.34a
A40.36d

B68.66b
B65.22a

PC AB58.31a
A37.76d

B74.27b
AB53.54a

PD C69.84a
A�14.86a

B32.80a C62.54a

Different superscript letters (a–d) in the same column indicate significant differ-
ences (p < 0.05). Different capital letters (A–C) in the same row for each sample
indicate significant differences (p < 0.05). PA, PB, PC, PD: propolis samples; H1, H2,
H3, H4: honeys samples; H: honey; H-‘‘SPrEx”: honey with soft propolis extract.
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SPrEx. Regarding propolis samples, in general the three different
concentrations (0.1%, 0.3% and 0.5%), showed similar antimicrobial
activities, with no significant differences (p > 0.05) among halo
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Fig. 3. PCA analysis of antimicrobial, antioxidant and anti-inflammatory properties of
diameters, although in some cases, SPrEx at 0.5% showed higher
antimicrobial activities (p < 0.05), as expected. Only propolis A
against Lb. plantarum showed higher antimicrobial activity at
0.1% than at 0.5%. In general, propolis C and D appeared to have
higher activities. The microorganisms more sensitive to SPrEx were
P. nordicum and Lb. plantarum, while the most resistant were P.
expansum and Ps. aeruginosa. Other researchers obtained higher
halos against bacteria, although they used higher propolis extract
concentrations than those of this study. However, we obtained
higher halos against A. niger if compared to the halos of other
authors (Kujumgiev et al., 1999). Several researchers obtained
higher antimicrobial activities of propolis against Gram-positive
than against Gram-negative bacteria (Campos et al., 2014; Silici
& Kutluca, 2005).

Focusing on honeys and H-SPrEx, no honeys’ antimicrobial
activity against most microorganisms was observed. There was
only a weak activity against St. aureus. These results were quite dif-
ferent that those obtained in other studies, in which honeys had
shown high antimicrobial activities (Fidaleo, Zuorro, & Lavecchia,
2011; Sherlock et al., 2010). The differences are likely due to the
honeys’ composition and botanical origins. When SPrEx were
added to honey, both antifungal and antibacterial activity dramat-
ically increased. Nevertheless, the products made with honeys H3
and H4 did not show antibacterial activities against Lb. plantarum
and Ps. aeruginosa. Feás, Pacheco, Iglesias, and Estevinho (2014)
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obtained a high effectiveness in reducing the lettuce microbial load
when propolis was added to that food. In our study, the most
sensitive microorganisms were St. aureus, L. innocua and
P. commune, while the most resistant were Ps. aeruginosa, Fusarium
sp. and A. niger. Our results are in agreement with other studies,
where St. aureus, L. innocua and P. commune showed to be more
sensitive to honey than other microorganisms. In contrast, our
honeys were more efficient against E. coli than other honeys,
because the sensitivity against this bacterium was higher than
the values found in the literature, in which gram negative
bacterium are described as the most resistant to honey (Al-Waili,
Al-Ghamdi, Ansari, Al-Attal, & Salom, 2012; Fidaleo et al., 2011;
Sherlock et al., 2010). Voidarou et al. (2011) also obtained bigger
inhibition halo for E. coli than for some strains of St. aureus.

Finally, a synergic effect was observed in H-SPrEx, in agreement
with the results of Al-Waili et al. (2012), because higher halo inhi-
bition zones were observed in all products than in honeys or SPrEx
alone.

3.6. Anti-inflammatory activity

Table 2 shows the anti-inflammatory activity of the SPrEx (at
0.1%, 0.3% and 0.5%), honeys, and H-SPrEx, having been all samples
diluted at 50% and 75% in distilled water and expressing the results
as % hyaluronidase inhibition.

In general, anti-inflammatory activity of SPrEx increased as pro-
polis concentration did, in agreement with the results of Silva,
Rodrigues, Feás, and Estevinho (2012). In respect of honeys, sam-
ples at 50% showed null or very low activity, in contrast with the
significant activities found in honeys at 75% (except for honey
H2), agreeing with other studies (Hadagali & Chua, 2014) where
anti-inflammatory activity of honeys was also described. In all
samples diluted at 50%, independently of the SPrEx, additions of
SPrEx to honeys led to an increase of anti-inflammatory activities.
In samples diluted at 75%, such increases were observed only in
samples H2 and H3, probably because honeys H1 and H4 had a rel-
atively high anti-inflammatory activities and the activities of SPrEx
were overlapped.

3.7. Principal components analysis and correlations

Principal Component Analysis (Fig. 3), divided the samples into
4 groups, honeys (with lower antioxidant, antimicrobial and anti-
inflammatory activity), SPrEx at 0.1% and two SPrEx at 0.3% (with
low antimicrobial and anti-inflammatory activity), SPrEx at 0.5%
and two SPrEx at 0.3% (with higher total-antioxidant activity-
ABTS, antimicrobial and anti-inflammatory activity), and H-SPrEx
(with higher antimicrobial activity against St. aureus, E. coli,
L. innocua, P. commune and P. expansum and higher hydroxyl radical
scavenging activity). In H-SPrEx it was also observed that the
activity increased in samples where SPrEx were present at 0.5%
(samples placed leftmost). Therefore, honey samples were clearly
separated from H-SPrEx.

The correlation matrix showed a significant correlation among
the biochemical and antioxidant parameters (p-value <0.05). A
strong correlation was found between total phenolics and total fla-
vonoids determined by procedures 1 and 2 (r = 0.727 and r = 0.824)
and among these three parameters and the antifungal and anti-
inflammatory activities (r > 0.554 and r > 0.396), in agreement with
the results of other studies (Isla et al., 2011; Miguel et al., 2014). It
is important to highlight the negative correlation found between
TEAC antioxidant activity and antimicrobial and hydroxyl radical
scavenging activity (r between �0.298 and �0.467). It is likely
due to the fact that in H-SPrEx, there was a synergic effect regard-
ing antimicrobial activity, but not in respect of antioxidant activity.
Furthermore, antioxidant activity was correlated with total
flavonoids contents obtained by procedures 1 and 2 (r = 0.428
and r = 0.446; p-value <0.05) but not with total phenolics
(r = 0.251; p-value >0.05), which is contradictory to other studies
(Ferreira et al., 2009; Isla et al., 2011; Miguel et al., 2014). However,
this research confirmed Meda et al. (2005) results, in which the
radical scavenging activity could not be predicted by total pheno-
lics, because antioxidant capacity is the result of the combined
activity of a wide range of compounds.
4. Conclusion

Honey and propolis mixtures with concentrations of SPrEx
higher than 0.5% are not sensory acceptable because of their
unpleasant organoleptic characteristics.

The preference of consumers in respect of the propolis concen-
tration added to honey (0.1–0.5%) was variable depending of the
type of honey.

SPrEx added to honey, even at a concentration as low as 0.1%, is
able to increase the antimicrobial, antioxidant and anti-
inflammatory activity of the base honey, enhancing honey’s bioac-
tive properties if it is added at higher concentrations.

There are synergic antimicrobial activity between honeys and
SPrEx.

Edible products made with honey and small amounts of SPrEx
between 0.1% and 0.5% appeal to the consumers, improving the
bioactive properties of the base honey what can help increase
the profitability of beekeeping.
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