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If the bee disappeared off the surface
of the globe the men would
only have four years of live left

Albert Einstein
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Abstract

Abstract

Several studies were conducted with different Rprtdgse honey samples from South area
(Algarve) in view of exploiting its properties aridcreasing the commercial value of some
types of honey. Initially, the effects of honeyrsige for long periods were evaluated in terms of
physicochemical parameters and bioactivity (Chapjeand it was concluded that after three
years most of the properties of honey remained amgdd except for the freshness indicators,

which were, as expected, reasonably far from thelated values.

Several commercial samples of honey with differéatal origins were subjected to the
conventional studies, including melissopalynologgllen analysis, physiochemical and
biological (antioxidant properties) analysis. Horfegm strawberry treeArbutus unedd..), a
typical plant in Algarve, was the focus of thisdstuThis kind of honey has low acceptability by
consumers probably because of unawareness ofigterese and/or of its beneficial biological
properties. Also, it may not be an obvious prefeegmiue to its exquisite bitter taste, thus being
locally called “bitter honey” (Chapter 4). Artisdnbitter honey was compared with other
commercial honeys that are appreciated by Porteganessumers (Chapter 5). This research
consisted in the study of the physicochemical patars, bioactive compounds and sensorial
evaluation; done in comparison with sunflowételianthus annugshoney, french lavender
(Lavandula stoechashoney, orange blosson€ifrus spp.) honey and commercial strawberry

tree honey.

Finally, in the last stage of the work (Chapterw methods for determination of botanical
origin of honey were explored as potential altéwest to the traditional analysis method
(melissopalynological). These non-invasive techegguamely electronic tongue, UV-Vis
spectroscopy and Vis-NIR spectroscopy, were usedti thie help of multivariate analysis
(principal component analysis, PCA), for the intetption of data’s obtained with above
techniques. It is hoped that this research wilkgspnt an enrichment of knowledge on honey
from the Algarve and, especially férrbutus uneddoney, it has been demonstrated that it has
the characteristics of similar gourmet honey framyl existing, therefore, the potential of
increasing its commercial value, which would algcaldvantageous for the interior region of the

Algarve where, since the Arab occupation, the disavy tree is abundant.

Keywords. honey, strawberry treeAfbutus unedoL.) honey, storage, pollen analysis,
physicochemical parameters, bioactive compoundstioxddant activity, non-invasive
techniques, PCA.
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O termo mel refere-se normalmente a um produtoralaide tonalidade ambar, viscoso e doce,
produzido por abelha&pis mellifera L.a partir do néctar da flor de plantas, designasedper
isso néctar de mel. Existe também o mel de metpgo¢ obtido a partir de secre¢des de plantas
ou mesmo de excre¢cBes de insectos sugadores @s pardas das plantas. As abelhas, séo
atraidas pelo cheiro das flores na altura da g@lgdio, sugam o néctar da flor para o papo,
adicionam-lhe secrec¢des e processam-no enzimatitarealepositam-no nos favos. O mel, no
seu perfeito estado de maturacdo € constituidoritaiamente por uma mistura de agucares
(85-95%) e 4gua (16-18%) e outros produtos minosgdcomo proteinas, aminoacidos livres,
acidos organicos, compostos fendlicos, vitaminagnerais.

Na producado de mel, as abell#gss melifera.. coletoras viajam cerca de 25 km, mais de uma
duzia de vezes por dia, recolhendo até 40 mg nédi@nsportam-no para as suas colonias. E
importante referir que em cada viajem uma abelbdavientre 50 e mil flores, sendo fiel a
espécie botanica que escolheu. O néctar é tratsferara as abelhas obreiras, que Ihe
adicionam mais enzimas. As enzimas diastase etasegtransformam oligossacarideos como a
sacrose em monossacarideos como frutose e gluiogkicose oxidase, oxida a glucose ao
acido correspondente com formacéo de peroxido diedénio que € usado para combater a
degradacdo bacteriana. A transformacdo de néctameintomeca de imediato, na vesicula
melifera das abelhas, prosseguindo na colmeia &6eaem que € depositado nos alvéolos,
depois de ter perdido grande parte da agua ex@stemtnéctar. A evaporagdo ocorre pela
ventilagdo provocada pelo bater de asas das ab&lB&s°C, que € a temperatura interna da
colmeia.

O mel faz parte da histéria da humanidade e atditdogia. Existem registos da sua utilizagéo
em 2100 A. C. na Babilonia, india e Egito, sendoliém referido na biblia “terra do leite e do
mel”. No seculo XI era usado na Europa como formgagamento de tributos e na América
Latina a apicultura j4 existia antes da invasdo ela®peus. A sua importancia histérica e
social, que ndo se limita a produtos alimentaress @ usado desde a antiguidade como

conservante alimentar, produto medicinal, protd®madeira, etc., propagou-se até aos n0ssos
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Resumo

dias em que o consumo de mel esté generalizadogoo mundo. Tem havido um incremento
na sua produgdo, em parte atribuido ao reconhetwmeentifico das suas propriedades
medicinais, maioritariamente resultantes do seuecmio polifendlico. Estes compostos tém
confirmada a sua eficiéncia na diminui¢cdo do rdealoencas degenerativas reduzindo o stress
oxidativo e inibindo a oxidacdo macromolecular. @ndéncia geral parece ser, que 0s
consumidores esclarecidos preferem, tal como emcdel a outros produtos alimentares,
produtos tipicos com autenticidade regional e carargia de qualidade.

Assim, a qualidade do mel e a sua classificacadfa@ores primordiais na sua valorizacao.
Para a atribuicdo da origem floral, botanica, éesséiria uma analise melissopalinologica e
analises fisico-quimicas complementares. A anatiskssopalinoldgica € uma técnica morosa
gue requer um analista qualificado e muito expézigmois necessita de uma colecdo tao
completa quanto possivel de pélens, e um conhetinpgnfundo da morfologia e abundancia
do pdlen da suposta regido. Normalmente, o mehéidgerado monofloral quando o pélen da
mesma origem esta presente em mais de 45% (prealot®@n Uma descricdo completa é
também informativa em relacdo aos outros tiposdlienppresentes: secundario, 16-45%; polen
minoritario mais relevante, 3-15%; outros pélengaritarios, < 3%. Também se verifica que,
para algumas flores, a quantidade de poélen (frei@ide pdlen estd sobrerepresentada, i.e. a
percentagem de pélen nos sedimentos € superiaréspondente percentagem no néctar. E o
inverso também se verifica.

Uma parte do trabalho descrito nesta tese debrsg@specificamente sobre este aspecto, tendo
sido possivel obter, por métodos néo classicopedios, uma boa indicacdo da origem floral.
Resumidamente, € possivel por métodos nao-invasilifesenciar completamente o mel de
medronho do de outros méis estudados.

Outro aspecto investigado, em rigor o primeiro,daa estabilidade ou frescura do mel. Como
alimento, o mel é considerado um produto bastasttevel durante cerca de um ano, apenas
com pequenas alteragdes no sabor, algum escurécimeaiguma eventual cristalizagédo, n&o
sendo esta sinal de degradacdo. Recorrendo anmsttacdo analitica, detecta-se também

alguma variacdo na constituicdo de alguns compesgntomo a percentagem de
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hidroximetilfurfural (HMF), e atividade didstase AD Estes pardmetros sdo por isso usados
como indicadores de frescura do mel. A magnitude alteragbes ocorridas no mel com a
passagem do tempo depende, obviamente, das comdigbesrmazenamento e do tipo e
qualidade do mel. Neste trabalho foram estudadassvamostras de mel oriundo do Sotavento
Algarvio, produzido diretamente pelos apicultoresals, e estudado duas semanas depois da
colheita de 2006, portanto, antes de o trabalhdad&se ser iniciado. Foi de particular
relevancia averiguar se o mel, na sua constituigéla respeitava o estabelecido na extensa
Legislacdo Nacional e Europeia. Em 2009, ano emnegteetrabalho foi iniciado (capitulo 3), as
amostras anteriormente recolhidas e guardadastduréa anos a temperatura ambiente (20 £ 3
°C) e ao abrigo da luz, foram estudadas quantseguintes parametros fisico-quimicos: teor
de cinzas, condutividade elétrica, pH, acidez tatal, teor de prolina, humidade, sélidos
soluveis, atividade da agua,), DA e teor de HMF. Foi também estudada a ati\édaidlogica
dessas amostras. Este estudo de 2009, revelousgaeastras de mel, divididas em oito
categorias:Arbutus unedo (medronho),Erica sp. (mel de queir6)Cistus ladanifer(esteva),
Rosmarinugalecrim),Palmae(palmeira),Carduus(cardo),Ceratonia(alfarroba), eCitrus spp.
(laranjeira), estavam em razoavel estado de cceng®oy dentro dos limites legais para uma boa
parte dos parametros fisico-quimicos estudados: peidez total, sdlidos soluveis,
condutividade elétrica, humidade e atividade daalyo que diz respeito ao aspecto, verificou-
se que tinha havido um escurecimento (diminuicdwalor deL’) o que naturalmente tera
resultado do aumento do teor de melanoidinas (cededaillard). No entanto, como esperado,
os valores de HMF e DA, que sdo usados como indireaddo grau de frescura, estavam foram
do limites legais (max 40 mg/kg e ndo menos do &h&aespectivamente). Apesar de nao
apresentarem sinais de deterioracdo, € evidentamgyeeriodo de trés anos de armazenamento
€ excessivo para que o mel possa ser consumido paodato alimentar. No entanto, os teores
fendlico e flavonoico, estavam bem preservadosiraodeste periodo, sendo comparaveis a
teores obtido em amostras de mel frescas de cegdes.

No capitulo 4 é descrita a caracterizacdo de mehetironho Arbutus unedd..). Esta planta,

abundante no Algarve e bastante valorizada desdaacao arabe da peninsula, sdo atribuidos
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muitos beneficios a nivel medicinal. Na regido Alg@® como no resto do pais, a producéo de
medronho destina-se quase exclusivamente a prodigdaguardente de medronho e seus
derivados. O mel de medronho, paradoxalmente, &rpouco apreciado a nivel local e quase
desconhecido a nivel nacional, provavelmente gragasseu caracteexquisite e sabor
ligeiramente amargo. Esta situacdo € completamdiftgente da encontrada na ilha de
Sardenha (Italia), onde o mel amargo é muito vzdoid, e comercializado a preco 4-8 vezes
superiore a outros tipos de mel. E tratado como espacialidade gracas as suas caracteristicas
organolépticas e as propriedades bioldgicas qusdbeatribuidas. Em Portugal, contrariamente,
a outros produtos do medronho, este mel tem sigiicamente ignorado tanto comercialmente
como em estudos cientificos. Neste capitulo é lesccaracterizagéo fisico-quimica do mel de
medronho, os resultados da analise melissopalimaldg, ainda, os resultados de atividade
biologica. Estes estudos foram realizados tendwista a valorizagdo deste tipo de mel gracas
a presumivel presenca acentuada de compostosidatites.

Os apicultores locais forneceram amostras de melctassificaram como mel de medronho,
tendo a andlise melissopalinolégica confirmado gsie era de facto o pdlen predominante
(31,96%). O estudo fisico-quimico, incidindo sobseparametros acima referidos, indicou que
se tratava de néctar de mel, em todas as amoBteaglou também que este tipo de mel
obedece aos requisitos legais em vigor e que rfacediignificativamente do seu congénere
italiano. A atividade antioxidante do mel de medifoi confirmada. Na realidade ela é vérias
vezes superior a de outros tipos de mel, muito pajsulares. Estes resultados podem ser
usados para demostrar os aspectos atrativos ddenme¢dronho a um publico mais esclarecido.
Estes aspectos foram discutidos com dirigentes rda associacdo de apicultores que se
mostraram interessados nos resultados.

No seguimento deste trabalho com mel de medronhpit(do 5), foi feito um estudo
comparativo com quatro amostras de mel comerd@i:de laranjeira Citrus spp.), girassol
(Helaiantus annuys rosmaninhol{avandula stoechas medronhoArbutus unedd..). Além
dos estudos fisico-quimicos e bioldgicos, foi tamiéito um estudo sensorial com um painel

de avaliadores com uma boa experiéncia na evalucaooductos alimentares. De acordo com
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os resultados da andlise melissopalinologica tadasmostras comerciais foram confirmadas
seus origen florais. A amostra de mel etiquetadooconel de laranjeira continha 30,2% de
polen deCitrus spp.; a amostra de girassol indicava conter 24}8étliantus annuus o mel
etiqguetado como mel de rosmaninho, tinha o contedelgpolen de 54,2% deavandula
stoechas Finalmente, a amostra etiguetada comercialmeateocmel amargo monofloral
provinha de 20,4% de polen dérbutos unedolL. Todas as amostras indicam conter
maioritariamente mel da proveniéncia indicada iolod

O teor de HMF, um dos indicadores de frescurayastaima do estipulado (40 mg/kg) em duas
das amostras comerciais: 61,3 mg/kg para o mel efdranho e 68,1 mg/kg para o mel de
girassol. Este facto pode resultar de armazenanigypoopriado ou prolongado e, também, de
processamento a temperaturas demasiado elevadasutres duas amostras apresentavam
teores de HMF bastante mais baixos: 16,7 e 24 kgwmsra as amostras de mel de laranjeira e
de rosmaninho, respectivamente. O outro indicadadirescura, DA, também néo respeitava a
regulamentacdo em todas as amostras (menor ou ag8aGothe). As amostras de mel de
girassol e de rosmaninho tinham praticamente osnoes/alores (7,6 Gothe). A legislacao
diferencia alguns tipos de mel que podem ter coaddies diferentes de HMF e DA. Assim,
guando o conteudo enzimatico do mel € baixo parreaé, o valor minimo de DA é 3 Gothe.
Nestes casos, DA entre 3 e 8 Gothe, o teor do cudioador de frescura, HMF, ndo pode ser
superior a 15 mg/kg. Sendo assim, s6 0 mel de misina estaria proximo da conformidade. E
evidente que, ndo obstante a legislacdo existar &€lara, o mel adquirido mesmo em grande
exposicao €.g. hipermercado) é de qualidade muito inferior agpaktdo por lei. Apenas um
tipo de mel, laranjeira, apresentava indicadorefsedeura aceitaveis.

Este estudo revelou que o mel de medronho comengiakentava um elevado teor em fendis e
flavonoides: 91,83 mg acido galico equivalente (FAB0g e 4,49 mg quercitina equivalente
(QE)/100 g respectivamente, valores bastante superaos observados para 0s outros tipos de
mel. Estes estudos revelam que o mel amargo, tabc planta donde provem o pélen,
medronho, tem na sua constituicdo uma variedadeslgéncias de potencial medicinal muito

elevado. Esta possibilidade esteve na base ddstibegue nos apraz ter comprovado, e seria
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muito desejavel que os resultados aqui apresentamidsbuissem para a valorizagédo deste tipo
mel & semelhanca do que acontece na zona de Sar@emlgue 0 mel amargo é uma raridade.
No entanto, em Portugal, parece que o consumidoterd conhecimento nem consciéncia do
valor medicinal do mel amargo. Nesta tese tambéapsesenta um estudo sensorial em que se
compara mel amargo artesanal com varios tipos dleongercial. De acordo com um painel de
provadores, a preferéncia pelos diferentes tipasi@efoi: rosmaninho > girassol > medronho
(comercial) > laranjeira > medronho (artesanalprdem néo € surpreendente pois 0 medronho
comercial parece ser uma mistura de medronho cdnosotipos de mel. E possivel que o
tratamento exagerado do ponto de vista térmico ab da medronho comercial, conforme
descrito anteriormente, tenha produzido compostasaelizados) que mascaram algum do
sabor amargo original.

Finalmente, esta tese debruca-se sobre métodosatites de analise (capitulo 6), aplicaveis
de forma genérica na diferenciacdo de amostraeeapesar de ndo se basearem em normas
estabelecidas e oficialmente reconhecidas para,qoodem responder de forma mais eficiente
e apropriada em questdes de verificacdo de altladiE e/ou de adulteracdo. Pelo menos,
podem ser usadas como primeiros indicadores deufi@e origem floral, como ja foram
demostrados em outros estudos. A sua principahgamn € que ndo necessitam de equipamento
dispendioso nem andlise morosa. Fundamentam-seateonento estatistico de um nudmero
geralmente elevado de variaveis obtidas atravéemeldidas eléctricas e/ou Opticas. N&do €
essencial que os “sinais” observados se relaciooem propriedades fisico-quimicas ou
biolégicas no sentido tradicional mas € importaqte haja um agrupamento de resultados
consistentemente préximos e isolados para cada@nBste tratamento estatistico é designado
por “analise de componentes principais”. No ambésta abordagem, entre outros, foi feito um
estudo exploratério com varias técnicas ndo-ineaspara determinacdo da origem floral, um
dos mais relevantes aspectos na caraterizacdo de,nsamultaneamente, o mais dificil de
assegurar de forma expedita. Neste trabalho, ddpaisn estudo com uma “lingua electronica”
constituida por elétrodos de ouro, platina, alummiéxido de estanho e indio, foi feito um

estudo espectroscépico nas gamas do visivel-infrtbo préximo (NIR) e visivel-
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ultravioleta. O tratamento estatistico do complexaxtenso nimero de resultados foi feito com
software especializado. Resumidamente, foi posdifesienciar sem qualquer ambiguidade mel
de medronho e mel de girassol. Infelizmente, osltados ndo foram tdo satisfatérios para o
mel de laranjeira e de rosmaninho. Genericamentdéasicas usadas deram resultados
semelhantes, sendo a lingua electrénica a que epal@monstrar melhor desempenho. Isto
sugere que ha um grande grau de sobreposicaoeeintie@macao fornecida pelos trés métodos
e portanto pouca complementaridade entre eles.uakuer forma, o principal objectivo do
estudo era o mel de medronho e este diferencieedeitamente de todos os outros. Este
trabalho exploratorio deverd ser continuado consraanostras, mais variaveis e promovido
como um método certificado com valor legal na esizacado e avaliacdo da origem e qualidade
do mel.

Este trabalho abordou a caracteriza¢@o de vapos te mel. Verificou-se que o mel disponivel
no mercado portugués ndo faz justica a tradicianellidade do mel Algarvio o que, a
médio/longo prazo, contribuird para a sua deswa#@io. Este facto pode decorrer da
incapacidade das instituicbes legais em verifiGponcipais parametros de qualidade e de
origem floral. No que respeita ao mel de medromomsiderou-se importante estuda-lo pela
importancia histérica, econdmica e social da pl#mtautus unedd.. no Sul de Portugal e na
regido mediterranica e, também, pelo potencialogoesl amargo tem intrinsecamente pela sua

bioactividade e pelo seu sabor. Amargo € uma eaiatita que pode ser muito valorizada tanto

no mel em si, enquanto alimento, como na preseovdgalimentos ou para fins medicinais.

Palavras chave:mel, caracterizacao fisico-quimica, andlise demdimedronho, compostos
bioativos, tempo de armazenamento, capacidadexafaide.
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*
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mS/cm milliSiemens/centimeter
Na,CO; sodium carbonate

NaOH sodium hydroxide

nF nanoFaradio

nm nanometer (referred absorbance)
p <0.05 significant level (5% error)
Pd paladium

pKa acid dissociation constant
Pt platinum

R coefficient of determination
rpm revolutions per minute

Ti titanium

W tungsten

wiv weight/volume

w/w weight/weight

As20 absorbance at 620 nm
Agas absorbance at 635 nm

AE differences of color

n viscosity (Pa s)

T yield stress (Pa)
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GC-MS
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M
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Abbreviations
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Artificial Neural Network
Analysis of Variance
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Cluster Analysis
Canonical Correlation Analysis
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Centro de Quimica de Vila Real

Coefficient of Supersaturation (referred to taljigation)
Predominant pollen > 45% of the pollen grains
Diastase Activity (Gothe)
Discriminant Analysis
Discriminant Function Analysis
Diastase Number (Gothe)
3,5-dinitrosalicyllic acid (reagent)
2,2-diphenyl-2-picryl-hydrazyl (reagent)
Electrical Conductivity (mS/cm)

Electronic nose

Equilibrium Relative Humidity (%)

Electronic tongue
European Union
Folin-Ciocalteu Method
Fourier Transform Infrared Spectrometry
Gallic Acid Equivalent

Gas Chromatography with Flame lonizationda&tr
Gas Chromatography-Mass Spectrometry
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Hydroxymethylfurfural
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High Performance Liquid Chromatographic
International Honey Commission
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Karl Fischer titration
Linear Discriminant Analysis
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Moisture content (%)
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QEAC
RI

SD
SPME

TEAC
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TPC
TSG
TSS
UTAD
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WLF

Abbreviations

Multi-way Principal Component Analysis
Near-Infrared

Nuclear Magnetic Resonance

Optical Rotation

Principal Components Analysis
Protected Denomination of Origin
Protected Geographical Indication

Partial Least Square

Quercitin Equivalent

Quercitin Equivalent Antioxidant Capacity
Refractive Index

Secondary pollen (16—-45% pollen grains)
Standard Deviation

Solid Phase Micro-extraction

Minor pollen (less than 3% pollen grains)
Trolox Equivalent Antioxidant Capacity
Total Flavonoid Content

Total Phenolic Content

Traditional Specialty Guaranteed

Total Soluble Solids (°Brix)

Universidade de Tras-os-Montes e Alto Douro
Ultraviolet Visible
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Chapter One: Introduction and Review

1.1. Honey

Honey is a natural food produced Apis melliferal. bees from the nectar of blossom (nectar
honey) or from the secretions of living plants rcretions of plant sucking insects of the living
part of plant (honeydew honey) that transform aathline this with specific substances of
their own, and leave it in the honey comb to ripad mature. Honey is composed primarily by
a mixture of sugars (85-95%) and water (16—-18%Yy@pmately, and minority compounds

(proteins, free amino acids, organics acids, phemoimpounds, vitamins and minerals) (Sanz,

et al., 2005; Pires et al., 2009; Kahraman e@llQ; Castro-Vazquez et al., 2010).

Apis melliferal. bee foragers collect nectar and honeydew framtp and carry it by means of
their honey sac and bring it to their colony. Whenorker bee drinks the nectar from flowers, a
maximum of about 25 mg of nectar is stored at thtéon of the esophagus in a widened region
called the honey stomach or honey sac. On theirthey already add enzymes from their two
glands, salivary and the hypopharengeal, and wartké nectar to colony bees. These nurse
bees pass it over to each other and finally fél loney into the combs. During this process the
bees fan with their wings, thus lowering honey midity, and when the water contents reaches
30-40% the honey is filled into the combs. Durihig pprocess the bees add additional enzymes
to the honey. These enzymes include diastase amdta@se, both of which break down larger
saccharides, especially invertase, into monosatgsrifructose and glucose). While glucose
oxidase oxidates the glucose to gluconic acid aydidgen peroxide; the latter acting as an
agent against bacterial spoilage. Thus, chemiaakformation of the nectar into honey begins
almost immediately. The warm colony temperature9@p and further fanning lowers further
the honey humidity. Bees also suck out the honeydeposit it back into the combs, and by
this process further lower the water content of hibeey. This transformation process takes
place in 1 to 3 days. Generally, when the ripe kdmes a humidity lower than 20% the bees

cap the combs, thus preventing an absortion oftareidy the ripe honey. Only rarely, under
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very humid or tropical conditions can honey withrenthan 20% be capped by bees. The aim of

the beekeeper is to harvest honey with less thée Hismidity (Ball, 2007).

1.2. Types of honey

Honeys are classified in to two kinds: nectar homeg honeydew. Nectar is a sugar solution of
varying concentrations: from 5-80%. About 95% a tiry substances are sugars, the rest are
amino acids (0.05%), minerals (0.02—-0.45%), smalbants of organic acids, vitamins and
aroma compounds. The sugar value ranges widelyn ffb0005 to 8 mg. The sugars
composition is also typical for each plant spedies,principal sugar being sucrose, glucose and
fructose. Most plants have nectars consisting pméakantly of fructose and glucose (60-85%);
but in some plants the nectar is mainly sucresg. &cacia clover, lavender) (Lazaridou et al.,
2004; De la Fuente et al., 2011). The sugar coratim depends on different climatic factors
such as temperature, soil humidity and season. Vhamdity is higher the nectar quantity is
greater, but the sugar concentration is smallempezature plays also a very important role.
Optimum temperatures are 10 to 30 °C. Strong wimdkice nectar secretion. The nectar
secretion depends also on the day time. Therefasendt possible to foresee nectar production.
Maximum secretion is hoon and early afternoon. Beefer nectar with higher sugar contents,
e.g.around 50% and will not forage if it is below 5Bees gather nectar for their energy needs.
The higher the sugar value of a plant, the moie itisited by bees for foraging (Weryszko-

Chmielewska and Chwil, 2007; Bentabol et al., 2011)

Honeydew is the secretion product of plant-suckitsects Hemiptera mostly aphids). These
insects pierce the foliage or other covering paftthe plant and feed on the sap. The ingested
sap is passed through the insect’s gut, and th@usuis excreted as droplets of honeydew,
which are gathered by the bees. There are diffamms of honeydew-producing insects. Most
plants are trees; the coniferous trees yield wdddwthe highest amounts of honeydew.

However, other plant®.g.cotton, lucerne and sunflower can also provideegdaw (Sanz et
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al., 2005; Bentabol et al., 201Honeydew is a solution with varying sugar concerura(5—
60%), containing mainly sucrose, besides highemudgoligosaccharides). There are also
smaller amounts of amino acids, proteins, mineadgs and vitamins. In addition, honeydew
contains cells of algae and fungi, however theeerat specific for the honeydew origin. Some
insects produce high amounts of the trisaccharielezitose, which is only very slightly soluble
in water, thus yielding honey, which can crystallin the combs (Bentabol et al., 2011).
Honeydew production is even less predictable thamectar flow, as it depends on the build-
up of plant sucking insects. By evaluating the pafens of the plant-sucking insects before the
honeydew flow, the potential for a possible honé&wfcan be estimated. However, the
honeydew flow depends also on favorable weatheditons during the honey flow period
(Bentabol et al., 2011; De la Fuente et al., 20Taple 1.1 shows differences in compaosition
between nectar and honeydew honey for some phystatical parameters these kinds of

honeys.

Table 1.1 Differences in composition and some physicochempsrameters of nectar honey and
honeydew honey; values (g/100 g) (from Bogdano®92®entanol et al., 2011).

Component Nectar Honey Honeydew Honey

Water 15-20 15-20

Carbohydrates 72-85 73-83
Fructose 30-45 28-40
Glucose 20-40 22.9-40.7
Sucrose 0.1-4.8 0.2-7.6
Melezitose <0.1 0.3-22.0
Erlose 0.56 0.16-1
Threhalose 1.2-24 1.2-2.9
Turanose 1.0-2.1 0.7-2.2
Other disaccharides (maltose) 28 16
Other oligosaccharides 0.5-1.0 0.1-6.0

Total sugars 79.7 80.5

Acids 0.2-0.8 0.8-1.5

Water activity 0.56-0.61 0.57-0.61

Minerals 0.1-0.5 0.6-2

Amino acids, proteins 0.2-0.4 0.4-0.7

pH 3.5-4.5 4.5-6.5

Optical rotation &2;. Levorotatory (-) Dextrorotatory (+)

Diastase activity (° Gothe) 8.9-35.9 4.7-25.8
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1.3. Classification of honey

Nowadays the current tendency is to differentiatedys from different floral sources, in order
to obtain a standard of quality and authenticitytfas product that allows it to be distinctive in
the market. In Europe this has led to the introduactof several official regulations for
agricultural products, such as protected denontnadi origin (PDO), protected geographical
indication (PGI), and traditional specialty guased (TSG) certifications, which allows certain
products to be labeled with the names of their ggalycal areas of production (European

Regulations EC/510, 2006; Castro-Vazquez et aLOR0

The classification of honey is of great importafmequality and, in addition, to determination
of control the geographical and botanical originherefore of pollen analysis
(melissopalynology) is necessary. The melissopdbgyo and other physicochemical
parameters are also used (Devillers et al., 208d4a8o et al., 2004). The nectar honey always
includes numerous pollen grains (mainly from thengd species foraged by honey bees) and
honeydew elements (like wax tubes, algae and fuggates) that altogether provide a food
fingerprint of the environment where the honey cerfrem (Lieux, 1980; Von der Ohe et al,
2004). Besides, pollen analysis provides some itapbrinformation about honey extraction
and filtration, fermentation, some kinds of adwtean and hygienic aspects such as
contamination with mineral dust, soot, or starchirgg (Louveaux et al., 1978, Von der Ohe et
al., 2004). However, this method is time-consumingguires specialized knowledge and
expertise, and involves a laborious counting praogdwith interpretation of results and an
identification of botanical origin being ratherfitililt. Particular difficulties in this method are
associated with need of good experience and kn@eled pollen morphology and availability
of a comprehensive collection of pollen grains (€oét al., 2003; Nozal et al., 2005;

KaSkonier and Venskutonis, 2010a).

The determination of the geographical origin isablthed by the presence of characteristic

pollens that are limited to a certain region. Moféen, the region in which the honey was



Chapter 1: Introduction...

produced can be determined from the presence tdicguollen combinations (honey types).
The pollen spectrum present in a honey dependbefidral agricultural and forest conditions

where it was produced (Louveaux et al., 1978; Rabél., 2007).

Melissopalynological determination of botanical gimi of honey is based on the relative
frequency of the pollen from nectar—secreting glaanhd honeydew elements in it by
microscopic examination (figure 1.1). However, thare some problems related to this method:
different plant species produce different propoieof pollen, the amount of pollen can vary
from season to season, the nectar yield can bereliff in male and female flowers, pollen
filtered out in the bee’s honey sac, bees canpaken without collecting nectar, most of the
pollen can be collected from plants that cannothieesources of honey, filtering of honey for
packaging for sale, and the straining of honey (amk 1998). The very different levels of
abundance of a given pollen type in the nectahefdant that produces it, in addition to others
sources of variability, such as secondary, tertarg quaternary enrichment, requires particular
caution in the interpretation of melissopalynol@giesults. Secondary enrichment is defined as
the inclusion of pollen inside the hive, while tary enrichment can occur during the extraction
process of the honey and quaternary enrichment@are from aerial contamination (Louveaux

et al., 1978; Von der Ohe et al., 2004, KaSko#ieamd Venskutonis, 2010a).

Figure 1.1Photography showing the variety of pollen that agpe of honey.
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In general, a honey is considered as coming predmtly from a given botanical origin
(unifloral honey) if the relative frequency of tpellen of thattaxonexceeds 45%. The honey
can be classified as unifloral or multifloral, btitis depend on pollen grains frequencies
(Louveaux et al., 1978; Persano Oddo et al., 19@8e et al., 2007). Classes are designhated

such as:

¢ Predominant pollen (D): more than 45% of the poeains counted.
e Secondary pollen (S): 16—-45%.
e Important minor pollen (M): 3-15%.

e Minor pollen (T): less than 3%.

Some flowers have special cases for the amoundltdp(frequency pollen), because are over-
represented,e. the percentage of pollen in the sediments is migfen the percentage of the
corresponding nectar in the honey; with some offodlens the situations is reversed they are

under-represented (Louveaux et al., 1978; Von der € al., 2004
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The table 1.2 describes examples for some floweas $howed under, normal and over-

represented pollen.

Table 1.2Relative level of abundance and relative frequesfayjie main pollen types in various unifloral
honeys (from Von der Ohe et al., 2004; with moditions).

Botanical origin Under- Pollen which can be Normally Over-

represented pollen  under-represented represented represented
(%) in some cases (%) pollen (%) pollen (%)

Arbutus 8-20

Brassica napus >60

Calluna 10-70

Carduus 5-25

Castanea >86

Citrus 2-42

Erica >45

Eryobotrya >45

Eucalyptus >83

Hedysarum >50

Helianthus 12-92

Lavandula latifolia 15-42

Lavandulax intermedia 1-20

Medicago 1-10

Phacelia >60

Rhodedendron 15-77

Robinia 7-60

Rosmarinus 10-57

Taraxacum 5-40

Thymus 13-68

Tilia 1-56
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1.4. Production system

Honey is a semi-solid that is extracted from comubd apiaries; contains pollens, beeswax, and
other undesirable materials, besides yeast, teabdre removed to obtain better product quality
and shelf life. Hence, honey is processed befookgumpng in bottle or other containers. The

type of equipment used and steps followed in piings however, depend on the scale of

operation (Subramanian et al., 2007; Babarindé 2@ 1).

The honey can be obtained from combs by three tgpd#ferent processes of production and

according of these productions the honey is detegn@ogdanov, 2009):

« Extracted honeyis obtained by centrifuging decapped broodlesstso This is most of
the honey which is marketed in most countries efWorld.
* Pressed honeys obtained by pressing broodless combs.

< Drained honeyis obtained by draining decapped broodless combs.

The methods of harvesting honey have differentceffen the final quality and acceptability
and may create an impression of adulteration whershelves. In the research made by
Babarinde et al.,, (2011) investigated of the effaft two harvesting methods on
physicochemical and microbial quality of Nigeriaoneys. A comparison of the traditional
(honey in wood logs) and modern methods (extraatiohives) of harvesting was performed.
The results revealed that the honeys harvested) ssimodern method had a better quality,

which related to physicochemical and microbiolobad#ributes.

After harvesting, there are two important stagesasfey processing: filtration and heating. The
separation of pollens, beeswax, and other matesig@snormally done through straining and
pressure filtration. Heat or thermal processing hainey eliminates the microorganisms

responsible for spoilage and reduces the moistuméent to a level that retards the initiation of
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fermentation process. The flow diagram of the gaingrocess for conventional honey
processing in provided in figure 1.2. The physgsbaration of undesirable, suspended matter is

done before thermally processing of honey (Subraemaet al., 2007).

/ Harvesting \

Raw honey

Preheating

Straining —= Suspended particl

!

Filtration —> Fine partices
Moisture reductio
Heating {
Yeast count reductic
Cooling

\ Packaging /

Figure 1.2 Conventional method of processing honey (from S8miamian et al.,, 2007; with
modifications).

1.4.1.Straining

The straining operation to remove suspended sftidkiding large wax particles) is carried out
either manually or by mechanical means. The metnudl the equipment used for straining
depends on the size of the operation. In smallesggpérations, straining is done using cloth or
nylon bags, which are frequently cleaned to remthe suspended particles. In large-scale
operations, the straining operation is combinedhwhie preheating (up to 40 °C) operation in

jacketed fitted with a stirrer (Subramanian et2007).

10
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1.4.2.Filtration

The strained honey is further processed using preddters. Typically, a polypropylene micro
filter of 80 um is used as a filter medium. The éptemperature is maintained between 50-55
°C, which prevents the melting of the beeswax. &atple processors subject honey to coarse
filtration, centrifugal clarification, fine filtrabn and blending, prior to filling (Subramanian et

al., 2007).

1.4.3.Thermal processing (heating)

Honey generally contains osmophilic (sugar-toleraygast in higher or less amounts and
ferment, if the moisture content is high enough atarage temperature is favorable. The
unprocessed honey tends to ferment within a fews dzfystorage at ambient temperature
because of its high moisture content and yeasttcdim prevent fermentation and facilitate
handling, honey is heat processed before storagat Hrocessing of honey eliminates the
microorganisms responsible for spoilage and redtileesoisture content to a level that retards
the fermentation process, reduces viscosity anakisrdown crystals (Anklam, 1998; Fallico et
al., 2004; Subramanian et al., 2007). The thermatgss is performed with a preheating to 40—
50 °C in an air-ventilated chamber or immersionhohey drums in hot water, straining,
filtering/clarification, and indirect heating ofélfiltered honey at 60—65 °C for 25-30 minutes
in a tubular heat exchanger followed by rapid caplin order to protect its thermo-label
parameters (enzymes, biological substances) asnagiral colour and flavor (Fallico et al.,

2004).

Researches has shown that the effect of processingnoderate temperatures (68—80 °C) for a
few minutes affects the honey’s hydroxymethylfuafufHMF) content and diastase activity.
The effects of heat are cumulative; thus, the &fe€ processing and storing honey are often

considered together (Wang et al., 2004).

11
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Singh and Bath (1998), analyzed the relationshijwéen heating and HMF formation in
different kinds of honey. This research showed tHMF formation increased with the
increment of temperatures and this behaviour wasrdeed using a model of second order
polynomials. Tosi et al., (2002) reported that dgrthermal processing, the time-temperature
combination is crucial for maintaining the HMF cent below the maximum permissible by

legislations (< 40 mg/kg) (EU, 2001; Codex Alimania Commission, 2001).

Thermal processing increases the HMF content ineywoalso affects the physicochemical
characteristics and sensory quality. Gupta et(2292) studied the effect of processing and
storage temperatures in these two parameters.€Buts obtained have shown that colour was
significantly affected by the storage temperatuanes period, with a maximum of deterioration
at a storage temperature of 40 °C. However, grdanlavas completely eliminated in honey
storage over storage conditions. Evaluation of iag@mples stored for six months showed a

comparatively higher overall sensory score for atée honey stored at 5 °C.

Crystallization is an undesirable property durirandiing, processing, and marketing, except
for certain purposes such as in the productionrefmed honey. Glucose is the principal
component that crystallizes in honey as it exist@isupersaturated state. There are diverse
methods to stop crystallization of honey: storagieegzing temperature (-40 °C), heat treatment
to dissolve crystals and crystal nuclei, removalaof bubbles, dust and pollen particles by
filtration, filling at higher temperatures (> 45)°@® avoid air bubbles incorporation during
filling, addition of inhibitors such as isobutirand ascorbic acid, and adjusting the glucose to
fructose ratios or water content (Bhandari et H99). Ultrasound processing has also been
reported for preventing crystallization in honepdahe various attempts made are discussed
under a separate heading. Presence of air bubblékei packaging containers can cause
nucleation and crystallization of honey, whilstifiy at higher temperatures eliminates air
bubbles and avoids air incorporation during packihge to low viscosity (Subramanian et al.,

2007).

12
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Although, honey is thermally processed to avoidnfamtation by yeast, it could result in a
decrease of the original quality; with temperatuadsise honey is deteriorated due to an
increment of the hydroxymethylfurfural content amdowering of the enzyme activity. An
excessive amount of HMF has been considered aremséd of over-heating, implying a
darkening of colour and a loss of freshness of Wohkea-amilase enzymes of honey are also
used as an indicator of quality, because of trensiivity to heat. The enzyme content in honey
is measured as the diastase activity and is e)qitess a diastase number (DN). The European
legislation for honey specifies a minimum DN of 18 processed honey (EU, 2001; Codex

Alimentarius Commission, 2001; Subramanian e28Q7).

Other studies have also analyzed the effects dérdiit processing methods (microwave,
infrared heat, ultrasound, membrane) in the phgsiemical, microbiological, crystallization

and sensory parameters on honey. These typeshofigees preserve the honey’s quality and
save energy consumption, some, even improve theaag@pce of honey, for example clear and
more transparent (Thrasyvoulou et al., 1994; Bath%ingh, 2001; Barhate et al., 2003; Hebbar

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

1.5. Chemical composition of honey

1.5.1.Moisture

Water content in honey is important first of allchase it affects its storage potential. While
nectar or honeydew is processed by bees into hitmesater content drops from the initial 80—
85% of total weight of the product to 16—20%. A rhenof factors influence the final value of
that parameter in honey produced by honeybee aspmiuch as low air humidity, medium
abundance of nectar flow, good colony strength\andilation of the beehive (Semkiw et al.,

2008a; Gallina et al., 2010).

13
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A water content below 17% prevents fermentation g@u@dranties good honey storage,
regardless of the count of osmophilic ye&tdcharomycespp.) present in the product. These
act on fructose and glucose, producing gaseousoradipxide, with foam formation, and
ethanol, which, in the presence of oxygen, prodacesic acid (Tosi et al., 2002; Chirife et al.,
2006; Zamora et al., 2006). The danger of honapdatation is greatest when moisture content
exceeds 20%. The acceptable water content of hsnegecified by honey quality standard,
both in the World standard (Codex Alimentarius Cadssion, 2001) and in the European
Communities (EU, 2001; Semkiw et al., 2008a). Tjgniscess is essentially dependent on the

initial load of microorganisms and the storage titeenperature (Jiménez et al., 1994).

Moisture influences the rate of fermentation, gtanon, and honey flavor. A reduction of the
moisture content to levels below 17% is considéodae a safe level for retarding yeast activity.
The moisture content of honey depends on the emviemtal conditions and the manipulation at
the period of harvest. A high moisture content dadcelerate crystallisation in certain types of
honey (Yanniotis et al., 2006; Subramanian e28l0,7). Some unifloral honeys, like sunflower,
heather and strawberry tree tend to have highezrveaintents than others (Chirife et al., 2006).
The beekeeper can estimate the moisture conteat &iynple test: a honey comb with open
brood is punched by fist — if the honey does ndas$p then the honey is ready for harvest.
There are two official methods for moisture deteration: a gravimetric determination after
oven drying and the refractive index determinatigtih an evaluation of moisture percentage by
using an empirical formula or a relative converdiinie (Bogdanov, 2002; Gallina et al., 2010).
Isengard et al., (2001), and Isengard and Schfli{2€i03) have used an alternative method to
determine the moisture content, which was the Kether (KF) titration, for honeys that
cannot be heated or treated prior to analysis. ré€balts obtained showed a good correlation,
when compared with the official methods. This tegha (KF) might be an alternative for the

measure the of moisture content in “creamy honeys”.

14
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1.5.2.Carbohydrates

In general, honey is a supersaturated sugar sojuimgars are the main constituents of honey,
accounting for about 90-95 g/100 dry matter; ipisduced by bees from nectar, which is
transformed through the action of several enzynidsrg and Marioli, 2001). Conversions
catalysed by the enzyme pool result in a complexturg of monosaccharides, disaccharides,
trisaccharides and other oligosaccharides (talBle Eructose (38%) and glucose (31%) are the
major constituents of honeys (figure 1.3a), thenir being the dominant component in almost
all types. These carbohydrates range from 65% % 80the total soluble solids; except for
some types of honeys such as dandelidargxacum officinalg blue curl Trichostema
lanceolatun), and rape Hrassica napus where glucose is present in higher amounts
(KasSkonier and Venskutonis, 2010a; Kaskoniest al., 2010b). Honey disaccharides ranging
from 10% to 15% are mainly constituted by regioisosnofa-glucosyl glucose and-glucosyl
fructose; disaccharides witR-glycosideic linkages are present in minor amouwtsle
fructosyl-fructoses are very scarce: as well otlisaccharides present in honey, albeit in very
small quantities (cellobiose, gentiobiose, isonsd{o maltose, kojibiose, palatinose,
neotrehalose, nigerose, turanose, laminaribiosdiulmse, melibiose, thehalose, sucrose)
(Weston and Brocklebank, 1999; KaSkoriesnd Venskutonis, 2010a; KaSkoniest al.,
2010b; Ouchemoukh et al., 2010). The more aburtdaatcharides (erlose, isopanose, panose)
are derivatives of sucrose such raffinose and ritetez (figure 1.4), which have been used to
distinguish between nectar and honeydew honeydftiitian, some tetrasaccharides have also
been identified in some samples of honey (Mateo Bosch-Reig, 1997; Sanz et al., 2004;
Cotte et al., 2004a; 2004b; Ruiz-Matute et al.,®@uchemoukh et al., 2010; De la Fuente et

al., 2011; Kamal and Klein, 2011).
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Table 1.3 Some carbohydrates found in floral honeys and ya#e honeys (from Kamal and Klein,
2011; De la Fuente et al., 2011).

Types of Carbohydrates
Monosaccharides Disaccharides Trisaccharides Tetraselgarides
fructose cellobiose centose fructosyl-isomelezitose
glucose gentiobiose erlose isomaltotetraose
isomaltose 4r-gentiobiosylglucose isopanose
isomaltulose 3risomaltosylglucose maltotetraose
isomelezitose isomaltotriose nystose
kojibiose isopanose stachyose
laminaribiose isomelezitose a-4"-glucosyl-erlose
leucrose kestoses a-6"-glucosyl-erlose
maltose laminaritriose
maltulose maltotriose
melibiose melezitose
neotrehalose panose
nigerose raffinose
palatinose theanderose
sacarose
thehalose
turanose

The highest content of sucrose (figure 1.3b) amdesd content of invert sugars (glucose and
fructose) characterize the badly mature of honeylse about bees were fed with sucrose

(Dimins et al., 2008).

2a
CH,OH OH
o
H OH
H CH,OH
OH H
Fructose
2b
CH,OH OH
o
H OH
CH,OH
OH H

Sucrose
Figure 1.3 Structures of monosaccharides (glucose—fructamea2d disaccharide (sucrose, 2b) found in
honey.
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Sugars in honey are responsible for properties asciscosity, hygroscopy, specific rotation,
energy value and crystallization phenomena. Théo raf glucose to fructose partially

determines the crystallizations speed of honey {@tret al., 2006).

Each carbohydrate on honey are chiral compoundshatiave optical activity that can be used
to identify the type of honey (nectar or honeydeandy) depending on relationships and
contents of the different carbohydrates in hondyis Tproperty is detailed in the section of
physicochemical properties (please refer to sectién?. Optical rotation). Normally, nectar
honey shows a levorotatory behaviour in comparisith honeydew, which has dextrorotatory
optical rotation (Dinkov et al., 2004). This is @ansequence of a normally higher percentage of
fructose (~38%), which shows a negative speciftation over glucose; the overall value for
the optical rotation is a result of the valueshd tlifferent honey sugars. The honeydew honey
is characterized by higher concentration of oligokarides, mainly trisaccharides (Dinkov,

2003; Nanda et al., 2003; Nozal et al., 2005).

(S CH,OH

OH CH,OH

OH
OH

Raffinose

OH

OH

OH

OH

Melezitose

Figure 1.4 Structures of trissacharides (raffinose—melezjtémend in honeydew honey.
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Characterization of honey sugars may be a usefurbagh for detecting honey adulteration by
the use of commercially available carbohydrate nate Honey can be adulterated by adding
its invert syrup, corn syrup or high fructose cayrup. It has been reported that honey
produced with corn syrup or high fructose corn istidguished by its high amount of
oligosaccharides (Anklam, 1998; Ryback-ChmielewsR@07a; 2007b; Kaskoniene et al.,
2010b). Several investigations have suggested skeeoli the sugar composition to establish
honey authenticity, geographical and botanicaliori@wallow and Low, 1990; Sanz et al.,
2004; Nozal et al., 2005; De la Fuente et al., 20&¥/la Fuente et al., 2011). Sugar composition
can be determined by different methods,g. High Performance Anion-Exchange
Chromatography (HPAEC) (Weston and Brocklebank, 919Gotte et al., 2004b), High
Performance Liquid Chromatographic (HPLC) with Refometric detection (Rybak-
Chmielewska, 2007b; Kamal and Klein, 2011); HPLGhwPulsed Amperometric detection
(Goodal et al., 1995; Ouchemoukh et al., 2010), Glaomatography with Flame lonization
Detector (GC-FID) (Cotte et al., 2003; 2004a; Senal., 2004; Kaskonieret al., 2010b), GC
with Mass Spectrometry (GC-MS) (De la Fuente et2@07; 2011), Nuclear Magnetic
Resonance (NMR), Fourier Transform Infrared (FTIRgar-Infrared (NIR) and dispersive
Raman Spectroscopy (Batsoulis et al.,2005), etchBaethod possesses advantages and
disadvantages, but the gas chromatographic metascativantages when compared with the
rest, since it is quite simple and does not reqairg preliminary isolation of sugars. It does
however involve derivatisation reaction to turn atgg into more volatile compounds

(KaSkonier et al., 2010b).

Some carbohydrates have been used as floral médtecsrtain types of honeys; for example
the carbohydrate alcohol perseitol (D-glycero-Dagéb-heptitol) was identified in avocado
honey by De la Fuente et al., (2007). Researclans tletermined carbohydrates predominantly
in honey’s. Cotte et al., (2004a) found that maltasd turanose were predominant in acacia;
maltulose and turanose in chestnut and lindennas®@ and trehalose in fir; and sucrose and

maltose in lavender origin honey. Nozal et al. 0&0found the presence of erlose and nigerose
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in heather honey; forest honey showed higher amsoohtthrehalose and, elezitose, spike
lavender honey was specific by the presence ofatose; while French lavender and thyme

honeys were characterized by the presence of panose

The EU (2001) and Codex Alimentarius Commission0@@0legislations establish some
requirements with respect to the amount of redusmngars: the sugars content (expressed as
total fructose and glucose) should not be lowentB@% in nectar honeys and 45% in
honeydew honeys; sucrose content should not beshitffan 5% for nectar and honeydew
honeys; but there are exceptions for honeys inlwthie sucrose content may reach as much as
10% for example: false acaci®dbinia pseudiaccac)a alfalfa (Medicago sativa red gum
(Eucalyptus camandulengideatherwood Eucrypis lucida Eucryphia milligani), Citrus spp.,
and even 15% lavenddrgvendulaspp.), borageBorago officinali$ (Rybak-Chmielewska and

Szczsna, 2003).

1.5.3.Aroma compounds

Aroma is one of the distinguishable characteristichoneys collected from different flowers.
Therefore, many studies have been carried outderdio specify the volatile compounds that
are most closely associated with a particularhetgphoney and consequently would be helpful
for a fast and reliable identification of its baoizal source (Castro-Vasquez et al., 2007,
KaSkonieg and Venskutonis, 2010a). In general, the aromaoofey is formed by volatile
compounds that may come from the nectar or honeyadlected by bees; consequently, it may
largely depend on the plant of honey origin andttm state of honey maturity. In addition,
flavor constituents may be formed by the honeyhseyell as during thermal processing and/or
storage of honey (Pontes, 2007; Soria et al., 2088hough volatile compounds do not
comprise a specific category of compounds thatralated to their chemical structure, the

overwhelming majority of studies on honey, volaildeal with all constituents, which are
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present in the honey headspace or may be distitbed the product (Cuevas-Glory et la., 2007;

Bogdanov, 2009).

Although the identification of such compounds wolld highly advantageous, there is not
always an agreement on the compounds suggestedrisrg) since there may be differences,
even within a single type of monofloral honey, dag¢he plant variety, the geographical origin
or local beekeeping practices (Castro-Vazquez.eRa09; Kropf et al., 2010; Escriche et al.,

2011a).

Usually, unifloral honeys possess highly individaedma profiles as compared with multifloral
honey, due to the presence of characteristic Wwlatiganic components deriving from the
original nectar sources. Volatile honey compounedkliy to seven major groups; aldehydes,
ketones, acids, alcohols, esters, hydrocarbonsgyalid compounds (Alissandrakis et al., 2003;
Alissandrakis et al., 2005a; Pontes, ZOOajka et al., 2007). Although the presence of some
aldehydes and alcohols will reflect on the prodsigiality and may also be a consequence of
microbiological activity, pyran and furan derivatasse from Maillard reactions or dehydration
of sugar in an acid medium, heat exposure, andyhagig, some other compounds, such as
linear aldehydes are considered as being charstatecompounds associated with a certain
floral origin (Castro-Vazquez et al., 2009). Typiwalatile components can be identified for
honeys from a definite floral source; such compsuate specified as floral markers of the

corresponding honey (Cuevas-Glory et al., 2007).

Several researchers have identified some singkil®tompounds or groups of compounds as
being characteristic of a particular floral origind thus useful as “floral markers”, indicative of
the honey floral typeg.g.hydroxyketones (acetoin, 5-hydroxy-2,7-dimethydetanone), sulfur
compoundsp-cymene derivates are characteristic of eucalyparey (Castro-Vazquez et al.,
2007; 2009; Alissandraki et al., 2011); acetophendnaphenylethanol, 2-acetophenone and 3-

aminoacetophenone are characteristic of chestméyh@lerkow et al., 2011; Castro-Vazquez
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et al., 2007, Alissandraki et al., 2011); 3,9-ep&¥ymenthadienet-8-p-menthen-1.2-diol and

cisrose oxide an characteristic of lime tree honegxamal, nerolidol oxide, coumarin and
heptanal being the major flavour compounds in ldeerhoneys (Castro-Vazquez et al., 2007,
2009); and linalool derivates, limonyl alcohol, mgtanthranilate (figure 1.5a) having been
reported as markers of citrus honeys (Ferreres.,e134; Bonvehi and Coll , 1995; Castro-
Véazquez et al., 2009). Norisoprenoid, benzene, dielvpmifoliol, phenylacetic acid, benzoic

acid and 4-methoxybenzaldehyde have been found important markers for heather honeys
(Castro-Vazquez et al.,, 2007; 2009), while isopherdfigure 1.5b) is characteristic of

strawberry tree honey (De la Fuente et al., 20@etone, furfural and benzaldehyde
characteristics of acacia honey and rosemary honay be identified by the presence of

acetone, 2-pentanone and 4-oxoisophorone (Radbaic 2001).

\ 0

0o

NH,
a b

Figure 1.5 Structure of volatile compounds: methyl anthraeiléa) and isophorone (b) found in citrus
honey and strawberry tree honey, respectively.

The most widely-used method for determining thetitd compounds composition of honeys is
based on GC-MS, although a prior fractionation siepequired to separate the volatile
compounds from the sugar matrix and water cont€asstfo-Vazquez et al., 2007, Cuevas-
Glory et al., 2007). For the previous extractiorthe volatile fraction different techniques may
be used, with the most popular being the solid @hagro-extraction (SPME) to reviewed
studies Cajka et al., 2007; Ceballos et al., 2010; KaSkaniand Venskutonis, 2010a), the

simultaneous steam distillation-dichloromethanerastion, also called Likens-Nickerson
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(Castro-Vazquez et al., 2009), the purge and tempriique (Radovic et al., 2001), or the

ultrasonic solvent extractions (Alissandrakis et2011, Jerko¥iet al., 2011).

1.5.4. Minerals

The mineral content in honey ranges from 0.1% @%4l.In comparison with nectar honeys,
honeydew honeys are higher in minerals, resultmchigher electrical conductivities. No
discussion of honey is complete without includihg tmineral content. Here again, if we can
judge from publications, about three-quarters @& tork on the subject has been done in
Europe. The principal component in the mineralpdtassium, with an average of about one
third of the total; followed by calcium, magnesiusgdium, sulfur and phosphorus. Trace
elements include iron, copper, zinc and manganesegb et al., 2004b; Lachman et al., 2007;
Bogdanov, 2009). Table 1.4 shows the average nlimeratents for two honeys classified
according to colour (light and dark honey). Usualight-colored honeys have lower mineral
content, while dark-colored honeys generally hagé mineral contents (Conti, 2000; Al et al.,

2009; Gomes et al., 2010a).

Table 1.4Mineral content of light honey and dark honey ffir@vhite, 1956; Ball, 2007).

Mineral Light honey Dark honey
(mg/kg) (mg/kg)
Potassium 205 1676
Chlorine 52 113
Sulfur 58 100
Calcium 49 51
Sodium 18 76
Phosphorus 35 47
Magnesium 19 35
Silica 22 36
Iron 2.4 9.4
Manganese 0.3 4.09
Copper 0.3 0.56
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Several investigations have shown that the traemeht content of honey depends mainly on
the botanical origin, geographical conditions, smmposition, environmental pollution and

extraction techniques (Nanda et al., 2003; Cof002.

1.5.5.Enzymes

The enzymes in honey are constituents of greatesteand importance. Present only in the
merest traces, they have profound effects on theaand characteristics of honey. They may
arise from the nectar, or be added by the bee fahvary and hypopharyngeal glands of
foraging bees, in addition, they may be added bybdes, when the nectar is passed from bee to
bee before being stored in the cells hive. Somgreazctivity might also be traced back to the
pollen content, and some might come from microosyas present in the nectar or honey
(White, 1956; Persano Oddo et al., 1999; Babacah,&t002; Bogdanov et al., 2004). Enzymes
in honey are an interesting factor, because theyaapossible mean to distinguish between
natural or artificial honeys; besides, is one pat@mto determine the freshness of honey
(Babacan and Rand, 2005). The predominant enzyméfiave been reported in honey include
invertase ¢-glucosidase), diastase-@émylase), and glucose oxidase. Other enzymes asich
catalase, lactase and acid phosphatase, are dgrmedent in lesser amounts and have not
received the same analytical attention as the abmvetioned enzymes (Persano Oddo et al.,

1999; Babacan and Rand, 2005; Ozcan et al., 2006).

Invertase ¢-glucosidase, a glycoprotein) is the enzyme whichdded to the nectar by the bee
from its hypopharyngeal glands. It catalyzes thdrblysis of sucrose to its monosaccharides
(glucose and fructose), a vital step in the ripgr@hnectar to honey, and is more heat-sensitive
than diastase which is also present in honey. Tuat of excreted invertase depends on many
aspects such as the age, physiological stage,rreatkaction period, condition of a bee colony,
pollen consumption, temperature and intensity qretyf honey flow. Invertase has been

considered responsible for most of the chemicahgba that take place during the conversion
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of nectar to honey (Persano Oddo, et al., 1999y8oinet al., 2000; Vorlova andi&al, 2002;

Babacan and Rand, 2005).

Glucose oxidase is another enzyme added to honé&egdy. This enzyme is considered mainly
as responsible for the antimicrobial effect of horeogether with catalase), through the
production of hydrogen peroxide and gluconic abidhydrolysis of the dextrose (glucose). The
hydrogen peroxide has been identified as the itdriwf bacterial growing. As for gluconic

acid, in equilibrium with gluconolactone, it is theain acid and the reason behind the low pH

values of about 4 for honey (Babacan and Rand,;Z&&danov, 2009).

The a-amylase probably has the greatest attention, Isecafithe importance related to the
diastase activity of honey in Europe. It is a fres$s indicator because the enzyme activity is
decreased by heat or aging (Nagai et al., 2009 .0figin of this enzyme has been attributed to
the salivary secretions of bees or to its presancpollen, or nectar; but the most widely
accepted theory attributes its origin in honeyalivary secretions of bees (Persano Oddo et al.,

1990; Babacan and Rand, 2005).

White et al., (1964) and White (1994) demonstraked invertase was destroyed more quickly
than amylase when honey was heated, so invertéiséyacould be a better indicator of honey

quality than diastase activity. The activity of $beenzymes varies greatly in honeys from
different floral origins. It is known that some ta& is naturally much thicker than others and
therefore require less manipulation by the beethé hive to attain that thick consistency

(Bonvehi, et al., 2000).

The enzyme sensitivity towards temperature is Wégh but the speed of enzyme destruction at

temperatures below 15 °C is very low. At 20 °Citivertase decrease is 1.5 to 1.7% per month.

At higher temperatures the loss of invertase dgtivi dependence on temperature may be even
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higher. Seven to eight invertase isoenzymes arekritor example in acacia honeys) (Vorlova

and Ridal, 2002).

Babacan et al., (2002) reported the effects of lreatments and pH on honey amylase. The
amylase activity was evaluated at 2 temperatur@s@and 85 °C). After treatment it was
confirmed that the honey amylase was heat resiggan®C for about 5 min) and the optimum

pH for honey amylase was from pH 5.3 to 5.6.

In some European countries the invertase actigity parameter that is not normally considered
for these ends, in spite of being more sensitivedating than diastase (Persano Oddo et al.,
1999). Sometimes, invertase activities are givesugrose hydrolysis units (sucrose number) or
invertase number (IN). IN is expressed in gramsuafose hydrolyzed per 100 g of honey in 1

h at 40 °C, and has to higher or equal to 4 (Wititel., 1964; Bogdanov, 2002; Sanchez et al.,

2001; Orantes-Bermejo et al., 2009).

Studies (Krauze and Krauze, 1991) have shown destativity to be the best honey aging
indicator, as this is doubly stable and considetivaj the activity of invertase depends on the

management by beekeepers of honey treatment (letwade 1991).

The International Honey Commission, (IHC; Bogdana0p2) suggests the diastase activity
determination as a perspective criterion of theliguand freshness of honey. The limit

established by IHC, Codex Alimentarius Commissi?@0(l) and European Union (2001) was
for it to be higher than or equal to 8, expressediastase number (DN). DN is Schade scale,
which corresponds to the Gothe scale number, adefised as g starch hydrolysed in 1 h at 40
°C per 100 g of honey; and has to be at least Bdaoeys with a low natural enzyme content
(Tosi et al, 2008). Study made by Persano Oddb,gt1890) showed that some kinds of honey
(e.g.Robing Citrus, Erica, Taraxacumand Arbutug had very low enzyme contents. Various

explanations for the low enzymatic activities foese types of honey have been suggested, such
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as the poor processing of nectar by the bees dabhogdant nectar flow or the seasonal activity

of the pharyngeal glands (White, 1994; Babacah 2@02).

Consequently, the variability in amount of addedyemes depends on various factors such as
the nectar collection period (and consequently ghgsiological stage of the colony); the
abundance of nectar flow and its sugar contentigh fiow of concentrated nectar leads to a
lower enzyme content); the age of the bees (wherhtiney bee becomes a forager its glands
produce more digestive enzymes), the diet, thengtineof the colony, the temperature, etc.

(Persano Oddo et al., 1999; Vorlava atidi&, 2002; Bogdanov et al., 2004).

1.5.6.0rganic acids

A variety of organic compounds are known to be gmé honey. The acid content of honey is
relatively low but it is important for the honeyat¥lor, texture and stability against microbial
spoilage. Besides, the organic acids have the tgpsx chelate metals and hence can
synergistically enhance the action of other antlaris, such as phenolic compounds (Ghendolf

et al., 2002).

Formic acid and citric acid had for many years beamsidered to be principal acids in honey
(White, 1956; Ball, 2007). However, it is now unsteod that gluconic acid (2,3,4,5,6-
pentahydroxyhexanoic acid) is the predominant achibney. It is produced by glucose oxidase

from glucose oxidation.

Researchers have reported the presence of matictaei volatile acids butyric, valeric, citric,

acetic, formic, caproic and capric, and also laathalic, tartaric, oxalic and succinic acids

(Anklan, 1998, Ghendolf et al., 2002).
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Anklan (1998) described the organic acids” coneiotn for Italian unifloral and multifloaral
honeys. The mean concentrations of organic acide:wéuconic acid (2-12 g/kg), pyruvic acid
(9-78 mg/kg), malic acid (69-145 mg/kg), citric da¢b4—160 mg/kg), succinic acid (12-48

mg/kg) and fumaric acid (0.5-2.6 mg/kg).

1.5.7.Vitamins

Early determinations of the vitamin contents bydfag tests were generally rather negative.
Later, examinations using chemical and microbialamethods gave small but definite values
for the various vitamins in honey. There is no daiat honey contains variable amounts of
water-soluble vitamins (table 1.5): thiamine (vitanB;), riboflavin (vitamin B), niacin
(vitamin Bg), pantothenic acid (vitamingB pyridoxine (vitamin B), ascorbic acid (vitamin C),
folic acid (vitamin B) and biotin (vitamin H). In the other hand the-$atuble vitamins:
phylloquinone (vitamin K) and menaquinone (vitamin,K(Pontes, 2007; Ciulu et al., 2011).
There is also no doubt that the amounts of thestorfa commonly found in honey are
nutritionally insignificant to humans. In additiohpney processing, for example filtration,
reduces its vitamin content due to the almost cetepllemoval of pollen, besides the
temperatures of processing. Another factor thaseswitamine loss is the oxidation of ascorbic
acid by hydrogen peroxide produced by glucose @edmd catalase (White, 1956; Ball, 2007,

Ciulu et al., 2011).

Table 1.5Vitamin content of honey (from White 1956; BalQ@¥).

Vitamin Concentration (mg/kg)
Thiamin (B) 0.06
Riboflavin (B,) 0.63
Niacin (Bs) 3.2
Pantothenic acid (£} 0.96
Pyridoxine (B) 3.2
Ascorbic acid (C) 22

27



Chapter 1: Introduction...

1.5.8.Proteins and Amino acid

The honey’s proteins and amino acid contents dribuaible both to animal and vegetal
sources, the major of these being from pollen. Kidmas a low percentage of protein (0.1-
0.2%), but honeys with richer protein contents fien Calluna vulgaris The amount of
nitrogen in honey is low; on the average 0.04% ¢&/Hi956, Anklam, 1998, Ball, 2007). The
amino acid honey composition is described by séeerhors as a suitable method to determine
the botanical differentiation of honeys (Pérezlgt2007). Amino acids account for 1% (w/w),
and proline is the major contributor with 50—-85%tloé total amino acids (Pérez et al., 2007;
Bogdanov, 2009). Besides proline, there are ottgerathino acids such as glutamic acid,
alanine, arginine, phenylalanine, cistine, glicitygpsine, leucine and isoleucine. Their relative
proportions depend on the honey origin (nectaramelgdew). Since pollen is the main source
of honey amino acids, the amino acid profile ofoady could be characteristic of its botanical
origin (White, 1956; Hermosin et al., 2003). Prelis a uniqgue amino acid that comes mainly
from the honeybee during the conversion of nectir honey. The amount of proline in honey
has been suggested as an indicator of honey ripetoggether with other determinations also
related to the honeybee, such as invertase andsguaxidase activities. This component can be
important for judging the honey quality; normally honeys the proline content should be
higher than 200 mg/kg, whilst values below 180 rggfkean that the honey is probably

adulterated (Azeredo et al., 2003; Bogdanov, 2009).

Conte et al., (1998) studied 92 samples of honeys L7 botanical sources; their amino acids
were isolated and, after derivatization, analyzgdglas chromatography. All the samples
showed a majority of proline as the main amino aarl important amounts of phenylalanine,
aspartic acid and asparagines, glutamic acid amdrgine. For the thyme honey, higher levels
of serine, tyrosine and lysine were found; as f@emary honey, tyrosine was the main amino
acid, with also high amounts of proline and phelayllme being observed (Hermosin et al.,

2003).
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Amino acids are known to react slowly (or more dipiby heating) with sugar to produce
yellow or brown compounds (melanoidins, the finedgucts of the Maillard reaction). Part of

the darkening of honey with age or heating mayusetd this (White, 1956).

Some authors suggested that amino acids can bdardbe characterization and differentiation
of honeys sources. Cotte et al.,, (2004b) suggetitatl high amounts of threonine and
phenylalanine are characteristic of sunflower awagehder honeys, respectively, while
Hermosin et al., (2003) found that lavender hormytained a high concentration of tyrosine.
The differences in the content and the compositfommino acids in honey can be explained by

this dependency on its geographic origin (Kaskanard Venskutonis, 2010a).

Iglesias et al., (2004) used amino acids for tlserdhination of honeydew and nectar honeys.
This study showed that the content in glutamic @eid tryptophan enables the differentiation
between nectar and honeydew honeys. Pérez eR@D7) found that concentration of proline
and phenylalanine were higher in nectar honeys thdrmoneydew honeys, in addition honey

samples with high amino acid contents showed aghightioxidant capacities.

The variation of this parameter in different unilbhoneys is quite high and it is not possible to
classify honey only on the basis of their prolirantent. However, this parameter has been
suggested as a complementary method to the maliysmogical analysis (Bogdanov et al.,

2004).
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1.6. Physicochemical properties

1.6.1.Colour

The colour of honeys, varies widely from water whithrough amber tones, to almost black,
with possible typical hues in some honey typeshsag bright yellow, greenish or reddish
(White, 1984). This is a physical property percdiveost immediately by the consumer, and is
a major factor that determines its price in the M/ararket (Gonzales et al., 1999). The price of
honey depends to a great extent on honey colaln honeys like acacia and citrus generally
achieving the highest prices (White, 1984; Gonzaksl., 1999). Bogdanov et al., (2004)
reported that in Germany, Austria and Switzerladdrk honeydew honeys are especially
appreciated and Murphy et al., (2000) concluded tha Irish consumer appreciated dark

honeys.

Bogdanov et al., (2004) and Terrab et al., (200dpdrted that the colour of honey is one of the
parameters of higher variability and is mainly dei@ed by the botanical origin, but also
depends on other factors for example ash contentjitions of processing (temperature) and

conditions of storage (temperature and time).

Honey is classified by the U.S. Department of Agjtiare into seven colour categories (table

1.6) according to the Pfund scale (White, 1984).

Table 1.6Colour classifications of honey, according to Bfand scale (from White 1984).

Categories colour Pfund scale (mm)
Water white <8

Extra white 9-17
White 18-34
Extra light amber 35-50
Light amber 51-85
Amber 86 -114
Dark amber >114
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It has been previously reported by Al et al. (2088) Gomes et al. (2010a) that light-colored
honeys usually have low ash contents, while dat&red honeys generally have higher ash
contents (Abu-Jdayil et al., 2002). In additioghli colored honey types usually contain about
0.2% colloidal matter, on the other hand dark aaddypes may contain nearly 1%; in addition,
dark honeys have a higher enzyme content that ligheys (White, 1984; Abu-Jdayil et al.,

2002).

The colour intensity in honey is related to pignse(tarotenoids, flavonoids, etc.), and as a
method of fact, the increase of the colour intgnsgems to be related to an increase of the

concentration of flavonoids (Alvarez-Suarez et2010).

1.6.2.Refractive index

The moisture content and the total soluble soli®S) in honey, are determined by measuring
its refractive index (RI) using a refractometer2@t°C (normally about value of 1.49) and the
corresponding moisture content (%) is calculatadguthe relationship between the refractive
index and the water content (AOAC, 1990). This tiefa found in International Honey

Commission (Bogdanov, 2002). In general, the Rraases with the increase in the solid

content (Idris et al., 2011).

The TSS in honey is typically about 83 Brix degreBrix), that indicates the amount in grams

of sucrose, dissolved in 100 grams of solution |(E4107).
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1.6.3.Electrical conductivity

The electrical conductivity (EC) of honey is rethteo the mineral content, organic acids,
proteins and polyol contents. This parameter ha heseful to identify the different floral
origins of honey (nectar or honeydew honeys), aad mdicate whether bees have been
artificially fed with sugar (Sancho et al., 1991B8anz-Cervera and Sanz-Cervera, 1994,
Bogdanov et al., 2004). Lower EC values have beaggested for nectar honeys and the highest
for honeydew honeys (Bogdanov, 2002). However, gxzes should be applied to some nectar
honeys,e.g, strawberry tree Arbutus unedp bell heather Erica), eucalyptus Eucalyptu},
lime (Tilia sp.), ling heather Qalluna vulgari3 or manuka l(eptospermum scopariym

(Bogdanov, 2009; KaSkoniért al., 2010b; Codex Alimentarius Commission, 2001

According to the legislation (EU, 2001; Codex Alim@ius Commission, 2001) the electrical
conductivity values for the nectar honey shoulddss than 0.80 mS/cm (with few exceptions)

and for honeydew should be higher than 0.80 mS/cm.

Several authors found a linear correlation betwslentrical conductivity and the ash content

(Sancho et al., 1991a, 1991b, 1992a; Accorti etl8B7) and established that the determination
of the ash content can be indirectly performed laasaring the EC and this has been recently
included in the international standards, replading determination of the ash content (Codex
Alimentarius Commission, 2001). The relationshipwaen these two factors has established

that higher ash contents resulted in higher etsdtdonductivities in honey.
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1.6.4.Hydroxymethylfurfural

Hydroxymethylfurfural (HMF) is a cyclic aldehydeathis produced by dehydration of sugars
under acidic conditions (caramelisation, figure)ld@ring thermal treatment (Risner et al.,
2006; Turhan, 2009; Khalil et al., 2010a; Capuamd Bogliano, 2011). HMF is usually absent
in fresh and untreated foods, but its concentrasoalso reported to increase as a result of the
heating process or due to long-term storage (Wh&9, Khalil et al., 2010a). For this reason,
the presence of HMF is recognized as a paramdggedeto the freshness and quality of several
products such as: bakery products, coffee, frugess caramel products, dried fruit, vinegar,
cereals, milk, cookies and honey (Wunderlin et398, Sanz et al., 2003; Risner et al., 2007,

Perez-Locas and Yaylayan, 2008; Capuano and Foglzil).

Generally, HMF is not present or is in very low centration in fresh honey, with its content
increasing during conditioning and storage. Honmcessing requires heating both to reduce
viscosity to facilitate handling and pouring, aodprevent crystallization or fermentation (Tosi

et al., 2002; Yao et al., 2003; Ajlouni and Sujirgmkul, 2010).

Several factors influence the formation of HMF omby: temperature and time heating, storage
conditions, use of metallic containers and chenpecaperties of honey, which are related to the
floral source from which the honey has been exdctThese indicate pH, total acidity and
mineral content (Anam and Dart, 1995; Bath and I8iri@99; Tosi et al., 2002; Fallico et al.,

2004; Turhan, 2009; Khalil et al., 2010a).
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Fallico et al., (2004) determined the HMF levelidgrthe heating process at three temperatures
(50, 70 and 100 °C) in four different unifloral Ban honeys; in addition, the kinetics of HMF
formation was also investigated. The results indiganon-equivalence among different honey
types and composition with regard to the heatimgttnent. Another study (Turham, 2009)
analyzed of effects of storage (one year at 200&)zon HMF formation and diastase activity in
honey. The kinetics of the HMF formation after lmgtprocess was studied at six different
temperatures (90, 105, 120, 135, 150 and 165 & .ré@sults have shown that after storage the
HMF level was significantly incremented but havet rexceeded the limit imposed by
legislation (< 40 mg/kg). The HMF formation incredswith the temperature; therefore the
conditions of processing (temperature/time) mustabdow and short as possible. The same
conclusions were also obtained by Tosi et al., 2200r Argentine honeys under different

thermal treatments.

Ajlouni and Sujirapinyokul (2010) concluded that HMormation in honey is not only

influenced by heating, but also honey compositith value and floral source can contribute.

Khalil et al., (2010a) analyzed the HMF contentNtalaysian honeys, as well as the correlation
of HMF formation with some physicochemical paramet@pH, free acids, lactone and total
acidity). Results showed that honey samples staredom temperature (25-30 °C) from 12 to
24 months, exceeded the limits established by nate@mal regulations (Codex Alimentarius

Commission, 2001; EU, 2001). It is recommendedhforey to be consumed within six months
to one year after extraction, regardless of theelidgpe. In addition, it was also found their
physicochemical parameters (free acids and toiditgcwere strongly correlated with HMF

content (Bulut and Kilic, 2009).

Codex Alimentarius Commission (2001) establishest thhe HMF content of honey after
processing and/or blending must not be higher &amg/kg. The European Union (2001) fixes

a limit of 40 mg/kg for HMF in honey, with the folving exceptions: 80 mg/kg for honey
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coming from countries or regions with tropical tesrgtures, and 15 mg/kg for honey with low
enzymatic level (3—8 Gothe units) (Zappala et2005). The International Honey Commission
(Bogdanov, 2002) recommends three methods foretermination of HMF. These include two
spectrophotometric methods which are widely useinine analysis, but require a somewhat
extensive sample preparation and the use of hazardihemicals; the other method

recommended is HPLC (Zappala et al., 2005; Rishak.,2006).

1.6.5.pH and Acidity

Honey is deceptively acidic, as the high sugaremintends to mask the acidity in the taste. The
average pH of honey is 3.9 (with a typical rang@dfto 6.1). The pH of nectar honeys varies
between from 3.3 to 4.6; an exception is the chedtaney with a relatively high pH value of 5
to 6. Honeydew honeys, due to their higher mineaaitent, have a higher pH value, varying
from 4.5 to 6.5. Honey is a buffer, which means ttsapH does not change by the addition of
small quantities of acids and bases. The buffeadfpis due to the content of phosphates,

carbonates and other mineral salts (Bogdanov,e2@04, Bogdanov, 2009).

Gluconic acid is the predominating acid in honegwdver, it is present as its internal ester, a
lactone, and does not contribute to honey's adidity. Gluconic acid has aKp of 3.7
(compared to thelf, of acetic acid of 4.75) and is also a good chedg#igent. Other acids that
have been indentified in honey include acetic, beycitric, formic, lactic, maleic, pyruvic,

malic, oxalic and succinic acids (White, 1956; Ba007).

The acidity is due to the presence of these orgaiits in equilibrium with their lactones and
some inorganic ions such as phosphates, chloritsalfates, with their corresponding acids
constituents of honey (Pérez-Arquillie et al., )994ere are three component of acidities: free

acidity, lactone acidity and total acidity. Thetlésa result of the sum of the free acidity with
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the lactone acidity. The ratio between lactoneiggicee acidity is an indicator of the botanical

origin of honey (nectar or honeydew honey).

According to the legislations (Codex Alimentariusnd@nission, 2001; EU, 2001) a limit for the

total acidity in honey of 50 meqg/kg has been esthetl.

1.6.6.Water activity (ay)

The water activity value is a unit proportionakive free water content in food. Since in honey a
part of the water presents is bound to sugaashydrogen bonds and is unavailable for
microorganisms, the,, values of honey vary between 0.55 and 0.65; honéysana,, value <
0.60 are microbiologically stable. The higher watentent of the honey the more likely is its
fermentation and spoilage (Bhandari et al., 199 aridou et al., 2004; Zamora et al., 2006).
Nowadays &.,), it is the better quality criteria for honey thte water content, because it will
indicate its free water content, which is microbgitally available to eventually cause
fermentation. However, the simple and fast measenténof the water content has proven
sufficient for assaying the fermentation risk ofnbg. The water activity needed for the
development of microorganism is below 0.98 and ddpeon the class of microorganisms
(around 0.70 for mould; 0.80 for yeast and 0.90b@acteria). Osmophilic yeasts are specialists
which need high sugar concentrations and are aldeow to in a minimal water activity up to
0.60. Such osmophilic yeasts cause honey fermentdGleiter et al., 2006; Chirife et al.,

2006).

The water activity value is also related to qualitsoblems €.g. stability, viscosity and

crystallization of honey) (Gleiter et al., 2006;@@ra et al., 2006; Abramaviet al., 2008;

Bogdanov, 2009).
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1.6.7.Optical rotation

Honey is optically active. This property is dueth®e individual sugars present. The specific
rotation of the carbohydrate fructose is -92.49dtetatory, negative value), the glucose +52.7°
(dextrorotatory, positive value), the sucrose +8@le maltose +130.4°, the melezitose +88.2°
and the erlose +121.8° (Garcia-Alvarez et al.,, 2(Didkov, 2003; Dimin$ et al., 2008;
Bogdanov, 2009). The overall optical rotation defgemn the concentration of the various
sugars in honey. Measurements of specific rotadi@ncurrently used in Greece, Italy and UK
to distinguish the botanical origin (nectar honeynoneydew) and to detect the adulteration of
honey (Dinkov, 2003; Nanda et al., 2003). Normatlgctar honeys show a levorotatory
behaviour and honeydew honeys a dextrorotatory viieda (Ryback-Chmielewska, 2007a;

KaSkoniene et al., 2010b).

1.6.8.Viscosity

The rheological behaviour of honey has been ingastd for in shelf-life, proper handling,

packing and processing issues (Lazaridu et al4;2@88med et al., 2007). The honey viscosity
depends on the water content, floral source, amamat size of crystals and, finally, the
temperature (Zaitoun et al., 2001; Yanniotis et2006; Wei et al., 2010). Honeys with higher

water contents flow faster than those with lowee(lGoméz-Diaz et al., 2009).

The composition of honey generally has some effeotfioney viscosity. Some studies, have
reported honey as are Newtonian liquid (JunzhemgGrangying, 1998; Bhandari et al., 1999;
Abu-Jdayil et al., 2002; Lazaridou et al., 2004pwéver, there are a few honeys which show
different characteristics regarding viscosity: heatCalluna vulgarig, buckwheat Fagopyrum
esculentury white clover Trifolium repen¥ and manukal{eptospermum scopariynmoneys
are described as thyrotrophic which means thegealdike (extremely viscous) when standing

still and turn liquid when agitated or stirred; Vehdilatancy has been detected in Nigerian
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honey and several eucalyptus honeyg.Eucalyptus fisifoliq (Mossel et al., 2000; Yanniotis

et al., 2006; Bogdanov, 2009).

The viscosity of honey decreases rapidly as itpezature rises. The Arrhenius model and the
Williams Landel Ferry (WLF) model are typically useto describe the temperature—

dependence, where the viscosity decreased withaemnpe increase due to reduced molecular
friction and hydrodynamic forces (Bhandari et 4B99; Mossel et al., 2000; Sopade et al.,
2002). A 1% change in moisture content has beewrsho have the same effect on viscosity as
a 3.5 °C change in temperature (Zaitoun et al.12®%kcondo et al., 2006; Juszczak and
Fortuna, 2006; Cohen and Weihs, 2010). Mossel.g(24103) concluded that the carbohydrate

concentration is the major factor contributing tofloral Australian honey’s viscosity.

1.7. Bioactive compounds

Honey is considered as a natural product whiclars @f the traditional medicine since ancient
times and also used as a natural food preservéligegpeutic properties and sweetening agent
(Schramm et al., 2003; Bogdanov, 2009; Ferreita.eR009; Feas et al., 2010). The beneficial
role of honey is partially attributed to its bio@et compound’s activities. Researchers have
demonstrated the potential for honey to reduce reatig browning in fruits and vegetables
(Chen et al., 2000; Rasmussen et al., 2008; Deota Rt al., 2011), prevent lipid oxidation in
meats (Antony et al., 2002; McKibben and Enges2@®2; Nagai et al., 2006), antibacterial
activity (Molan, 1992; Bogdanov, 1997; Irish et,aR011), anti-inflammatory effects
(Bogdanov, 2009), treatment of skin wounds (Coabeal., 2002; Blasa et al., 2006), reduction
of the risk of cancer, cardiovascular diseases cataracts (Khalil et al., 2010b; Lachman et al.,
2010). Bioactive compounds present in honey inclkersleymes and other different substances.

The amount and type of these compounds dependsdylargon the floral source/variety of the
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honey, seasonal and environmental factors, as ageltonditions of processing and storage

(Gheldof et al., 2002; Khalil et al., 2010; Lachn&ral., 2010; Silici et al., 2010).

1.7.1. Antioxidant properties

Antioxidants play an important role in human hedlthfighting damage caused by oxidizing
agents and by food, where they specifically retirioration, rancidity or discoloration due to
oxidation caused by light, heat and some metalsngton et al., 2005; Idris et al., 2011; Wang
et al.,, 2011). The development of oxidative stregsich has been implicated in over 100
disorders, can be removed by enzymatic and nonresiiy antioxidative mechanisms. Honey
has been found to show a significant antioxidarivi#g, including enzymes g.g. glucose

oxidase and catalase) and non-enzymic substaaaesgcorbic acids, carotenoid derivates,

tocopherol, organic acids, Maillard reaction praduamino acids, proteins, and polyphenols)

(Nagai et al., 2001; 2006; Idris et al., 2011).

Polyphenols are products of the secondary metabadisplants and are divided into several
classes,i.e. phenolic acids (hydroxybenzoic acids and hydraxyamic acids), flavonoids
(flavonols, flavones, flavanols, flavanones, isefliaes, proanthocyanidins) these being the
more important classes; stilbenes, and lignans{trras, 2009; Pyrzynska and Biesaga, 2009).
Chemically, phenols can be defined as substanegsptissess and aromatic ring bound with
one or more hydroxyl-substituent, including thaindtional derivates (Viuda-Martos et al.,

2008; Idris et al., 2011).

Phenolic substances act as antioxidants by prewgtitie oxidation, as metal chelators, anti-
mutagens and anti-carcinogens, antimicrobial ageirtgortant oxygen reservoirs and
substrates for browning reactions and clarifyingrdag. Specifically, the flavonoids behave as
antioxidants in a variety of ways, including theedt trapping of reactive oxygen species,

inhibition of enzymes responsible for producing engxide anions, chelation of transition
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metals involved in the process of forming radi@aldg prevention of the peroxidation process by
reducing alkoxyl and peroxyl radicals (Vela et &@Q07; Pyrzynska and Biesaga, 2009).
Additionally, phenolics are responsible for colotaste, astringency and bitterness (Viuda-

Martos et al., 2008; El Gharras, 2009; Isla et2410).

Some of the phenolic acids that can be preserntrieys are: caffeic, coumaric, ferrulic, ellagic,
chlorogenic; and flavonoids are (figure 1.7): clmyspinocembrim, pinobanksin, quercitin,
kaempferol, lutein, galangin, apigenin, hesperetiyricetin (Bertoncelj et al., 2007; Estevinho

et al., 2008; Kenjetiet al., 2008).

c) d)

Figure 1.7 Chemical structures of some flavonoida) apigenin, b) kaempferol, c) quercitin,
d)pinocembrin.

Several researchers reported that the antioxidgoaaity of honey is due mainly to the phenolic
compounds and flavonoids they contain (Aljadi aradrtaruddin, 2004; Bertoncelj et al., 2007;
Lachman et al., 2010; Silici et al., 2010), and¢hs a high degree of correlation between these

substances and the antioxidant capacity of horl#yough a synergic action between several
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compounds cannot be ruled out: ascorbic agtthcopherol and Maillard reaction products

(melanoidins) (Kuguk et al., 2007; Brudzynski antbtib, 2011b; Wang et al., 2011).

Researchers have demonstrated a positive and tsggrlificant correlation between the colour
of honey with darker honeys having higher total mailie content and consequently higher
antioxidant capacities (Beretta et al., 2005; &tlal., 2011, Brudzynski and Miotto, 2011c). The
colour of honey is the result of the combinatiorited phenol content, non-enzymatic browning
or the product from the Maillard reaction (Viuda#ttes et al., 2008; Brudzynski and Miotto,

2011c).

Other compounds that have been reported to havexasnt capacity are the melanoidinis.
They are defined as carbohydrate-based, nitrogetaiting high molecular weight polymers
formed in the final stage of the Maillard reactithvat involves amino groups of free amino
acids/proteins and the carbonyl groups of redusuggrs (Antony et al., 2002). These products
are generated during the thermal processing of fmadl contribute to some of its physical
properties, such as colour, aroma and texture, hwinake food more palatable to consumers
(Brudzynski and Miotto, 2011b; 2011c; Wang et 2011). The mechanisms suggested for the
antioxidant activity of melanoidins include the wetlon of hydroperoxides to products unable
to form free radicals, inactivation of free radicdbrmed during oxidative degradation of
unsaturated fatty acids, scavenging of active omyged chelating of heavy metals by the

reaction products (Antony et al., 2002; Wang et24]11).

Antony et al., (2002) and Turkmen et al., (2006)vetd that the prolonged heating of honey led

to the formation of melanoidin compounds and a oamtant increase in the antioxidant

capacity.
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1.7.2.Antibacterial properties

The antimicrobial activity (bacteriostatic and taididal) of honey on microorganisms and
fungi is attributed to acidity, high osmolarity amtiemical composition (such as hydrogen
peroxide, organic acids, volatiles, phenolic comms beewax, nectar, pollen and propolis)
(White, 1956; Wahdan, 1998; Weston, 2000; Lee.e28D8; Viuda-Martos et al., 2008; Irish et

al., 2011).

Variations in the type and level of antimicrobiatigity in honey are associated with their floral
origin, geographical location of the floral sourasplony age and health (White, 1956;
Bogdanov, 1997). The antibacterial activity of medioney is more influenced by heat, light

and storage than the honeydew honey (Bogdanov,)2009

The main component to which of the antimicrobialivaty has been attributed is hydrogen
peroxide (Estevinho et al., 2008; Lee et al., 20Th)s component is determined by the relative
levels of the enzymes glucose oxidase and catalageglucose oxidase enzyme is activated by
unripe and a dilution of honey generates hydrogeaoypde, and is inactivated by heating and
by exposure to light (Molan, 1992; Bogdanov, 199He higher the glucose oxidase level, the
higher the peroxide content, whilst the higherdhtalase content, the lower the peroxide level,
since this enzyme destroys hydrogen peroxide (WesR®00; Irish et al., 2008). This
phenomenon was checked by Torres et al., (200@8plombian honeys, finding that after being

treated with catalase sample have lost their aatohial activity against bacteria and fungi.

Non-peroxide factors may also contribute to thenaintobial activity of honey. Components

such as lyzozyme, phenolic acids, and flavonoidsaiso present in honey (Escuredo et al.,
2012). Flavonoids are derived from propolis, aness material collected by bees from gum
exudates of trees, and used as an antibacteriat aghives (Taormina et al., 2001). Phenolic

acids are known to inhibit growth of a wide rangg@m-negative (Gram —) and gram-positive
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(Gram +) bacteria; for example caffeic acid agaBistphylococcus aureuBroteus vulgaris
Mycobacterium tuberculosi@Vahdan et al., 1998). The phenolic compounds fmwveaction
mechanism on microorganisms that involves degradhg cytoplasm membrane of the
bacteria, which leads to the loss of potassium with the damage caused provoking cell
autolysis (Viuda-Martos, 2008; Escuredo et al.,20In general, the Gram + bacteria are more
sensitive to the honey antimicrobial action thae tBram — bacteria (Cooper et al., 2002;

Mundo et al., 2004; Estevinho 2008; Alvarez-Suateal., 2010; Isla et al., 2011).

Physicochemical properties of the honey also haesaonsibility on the antimicrobial activity,
with the acidity: the pH of honey being low enoughslow down or prevent the growth of
many species of bacteria, and osmoloraty, with gl sugar contents making the water

unavailable for microorganisms (Molan, 1992; Wahd#£98).

The antibacterial activities of honey were revievbgdseveral researchers (table 1.7). Taormina
et al., (2001) investigated honey from six florausces for their inhibitory activity against
Escherichia coliO157:H7,Salmonella typhimuriupShigella sonneiListeria monocytogenes
Staphylococcus aurewndBacillus cereusThe results revealed that the development of zone
of inhibition of growth depend on the type and aamteation of honey, as well as on the test
pathogen. Alvarez-Suarez et al., (2010) analyzedathivity of five monofloral Cuban honeys
against four bacterial strains: two GramBag¢illus subtilisandStaphylococcus aureuand two
Gram — Pseudomonas aeruginosaid Escherichia coli. The results showed that dark honeys
presented a higher antimicrobial activity than cléaneys; this can be attributed to the
differences in the phenolic compound’s profile. i@mresults were obtained by Isla et al.,

(2011).
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Table 1.7 Factors that might contribute to the antibacteaizlivity of honey (from Snowdon and Cliver,
1996).

Factors

High osmotic pressure, low water activigyg)

Low pH-acidic environment

Glucose oxidase system — forms hydrogen peroxide

Low protein content

High carbon to nitrogen ratio

Low redox potential, due to high content of redgcsngars
Viscosity opposes convection currents and limissalived oxygen
Chemical agents

Pinocembrim, galangin, caffeic acid phenethyl esfeercitin, ferulic acid (phenolic compounds)
Terpenes

Benzyl alcohol

Volatile substances (perhaps phytochemicals infledrby bee enzymes)

1.8. Changes in honey during storage

Honey is considered to be a relatively stable fadgéiswith only minor changes in flavor,
colour visual aspect (crystallization) and composittaking place during several years of
storage (White et al., 1961). The rate with whiblese changes occur depends on several
different factors €.g. temperature, light, oxygen, and composition of dyyn(White et al.,

1964).

There are two parameters that can be used to isstdie freshness of honey or can be used to
judge processing and storage conditions; those thee diastase activity and the
hydroxymethylfurfural content (Ajlouni et al, 2018ancho et al, 1992b). The formation of
hydroxymethylfurfural with time results from thegar degradation of hexoses or nonenzymatic
browning (Maillard reaction), under some factors;ig absent in fresh honey but its

concentration tends to increase as the honey aghgiog processing. Several conditions have
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an influence in the increment of HMF concentratthming the honey shelf-life, these include
the following: the use of metallic containers anthe of its physicochemical properties, which
are related to the floral source from which thedywhas been extracted (at pH 5 or lower, total
acidity, mineral content, UV light), presence ofjanic acids and low water activity (Anklam et
al, 1998; Wunderlin et al, 1998; Fallico et al. 020 Spano et al, 2006; Turhan et al., 2008;

Turhan, 2009; Ajlouni et al, 2010).

Anam and Dart (1995), reported that different maiak had different effects in the production
of HMF; for example, manganese had the highestefés opposed zinc, magnesium and iron.
Also, this effect is greater at higher temperatuféerefore, the use of metallic containers made
from these metals can accelerate the HMF produdiioing storage, which might lead to an
excess of the recommended maximum limit. In thel-amtalysed formation of HMF from
simple sugars in honey, a proton assists in thetimaby drawing electrons to itself, thus
weakening the bond to be broken. The metal ionthénhoney can therefore coordinate to
several donor atoms whereas a proton usually caaiel to only one. Both acid and metal ion

catalysis may take place in honey solutions to twimetal ions have been added.

During long shipping or during long storage, darkgnof honey may occur, and parallel
changes in its organoleptic properties have detrialeeffects on its quality, masking its
original aroma, which promotes the loss of competitess in the World market. The rate of
darkening has been related to the composition oéh@nd to the storage temperature. Of the
compositional factors, the ratio of glucose to fose, the nitrogen content, free amino acids,
and moisture content have been cited as possibtergéadetermining the rate of darkening
(Gonzales et al., 1999). The darkening that ocicumr®ney could be due to: (a) an increment of
melanoidins (Maillard reaction), (b) a combinatmitannates and other oxydized polyphenols

with ferrum salts; (c) the instability of fructoggaramelization reaction) (Lynn et al., 1936).
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The activity of diastase is closely related tositsicture and can be modified by denaturation,
brought about by heating. Denaturation may be demsd as a discontinuous phenomenon with
various intermediate or transition states betwéenniatural or native state and the completely
denatured state (Cheftel et al., 1989; Tosi et 2108). White et al., (1963) evaluated the
diastase and invertase activities in honeys sudgjett different temperatures. The results led
them to conclude that invertase is more heat-ge@ditan diastase and that the storage time has
the same effect as the heating on both enzymedgtac#lso, the best conditions for storing

raw honey would seem to be at below 10 °C.

Sancho et al., (2001) analyzed the invertase #esviof Spanish honeys over two years.
Samples were stored in darkness at room temperfiug 24 months. Results showed that
invertase activity had decreased with time, acogrdo exponential (56% of samples), linear

(25%), logarithmic (11%), inverse (5%) and quadratodels (3%).

One other change that can ocurr is spontaneougifeation induced by osmophilic yeasts. This
process depends on the initial load of microorgasjs the conditions of storage

(temperature/time), and moisture content of theelofdimenez et al., 1994; DiminSg, et al,
2006). Fermentation processes are indeed virtallyulled when the moisture content is <
17.1%, while for higher values they are dependarthe number of osmotic yeasts (> 1000/g of

honey for 17.1% < moisture < 18% and > 10/g howey.8.1% moisture < 19% (Conti, 2000).

Changes in carbohydrate composition were reporye@hite et al., (1961; 1964) for various
unifloral honeys stored under different conditi¢@sears at 23 °C to 29 °C) The results showed
that 9% of the monosaccharides were convertedigosaccharides; it was also observed that
glucose declined faster than fructose. Rybak-Chawigka (2007a) studied changes in
carbohydrate after a half-year storage at 4 °C28%C. The results indicated that honey stored
under refrigeration (4 °C) was more stable whenpamed to honeys at room temperature (the

sucrose content dropped by as much as 79% comjmaitsdnitial value).
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Castro-Vazquez et al., (2008) evaluated the chapg®tuced in physicochemical parameters,
volatile composition, sensory properties, and caydeates in a citrus honey stored for 12
months at 10, 20 and 40 °C. The results showedhbattorage conditions (40 °C for one year)
produced the higher changes in volatile compound the disappearance of terpenes and
derivates present in fresh citrus honey; changethéndisaccharides content (specifically a
maltose increment) and sensory properties (the amppece of a “toasted caramel” aroma

appear and increment of acidity) detected by taster

Qamer et al., (2009) evaluated the effect of dlifelf-on physicochemical parameters of
sidder/ber honeys from Pakistan. The results obthishowed that after one year at room
temperature the pH, total acidity, diastase agtiviHMF, proline content, electrical

conductivity, invertase activity values fell withie limits prescribed for good quality, but

there were significant changes.

Moreira et al., (2010) performed a study of theeeffof storage under tropical conditions
(temperatures ranging 35 to 40 °C for 3 and 6 n®)rdh in the volatile compounds of Brazilian
honeys. During storage time a number of change weidenced, namely reduction of the
carbohydrate concentration, an increment of alcotmhcentration €.g. octadecanol and
benzenemethanol) due to the degradation of lipidative products or by aldehyde reduction
processes catalyzed by enzymes; an increment amdtion of furan derivates from Maillard

reaction was also reported.

As previously commented, honey has several bioactempounds with antioxidant and
antibacterial properties. These compounds alsd#xttianges with storage time. For example
the study by Brudzynski and Kim (2011a) where thébacterial activity was monitored (3—6
months) in Canadian honeys of different floral ses; which were screened féscherichia
coli andBacillus subtilisafter storage at 24 °C in the dark for 1-3 yeafter 2 years the results

showed a drastic reduction in the antibacteriahcdies againsgscherichia coliandBacillus
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subtilis resistance to honey action. This reduction relatethe diminished/concentrations of

active phytochemicals due their sensitivities tryage conditions.

The antioxidant property changes have been analgfted of storage. Wang et al., (2004)

evaluated the antioxidant capacities of clover lamckwheat honey samples after being storage
for 6 months at 4 °C and at -20 °C. The resultainbt showed that the antioxidant capacity of
honeys was reduced after that storage period,naitimpact of storage temperature or container
type detected at the end point of the storage gpekiowever, this does not include the impact

that might have occurred during early time periotistorage.

One of the most important changes that may occuinglustorage is crystallization.

Crystallization is a complex phenomenon, being dteneof interest of beekeepers, honey
handlers, and processors (Kabbani et al., 2011pn/ystallization occurs during storage in a
undesirable and uncontrolled fashion, it causesptioeluct to be cloudy and, therefore, less
appealing to consumers, but it is possible to obtidesirable product through controlled
crystallization, as “creamed honey”, in which thare a large number of crystals of very small
size, so that they will not be perceived by theafmalYao et al., 2003; Conforti et al., 2006).
This product is obtained by seeding a liquid hometh 10% of crystallized honey at low

temperature, so that crystals act as nuclei fowtiroimparting a smoothess and resulting very

pleasant to taste (Cavia et al., 2007).

Fructose determines the hygroscopic features oéyomhilst glucose influences the speed of
honey crystallization. In honey that suffered atiphrcrystallization, the top liquid layer

basically contains fructose and the other laygilsose, which crystallizes by forming glucose
monohydrate, with each glucose molecule fixing cmg molecule of water; fructose is more
soluble and stays in solution for a longer peribtiroe (Yao et al., 2003; Gleiter et al., 2006).
There are many factors that affect crystallizatisach as composition, physicochemical

parameters (moisture, water activity) and the raeg®erature (between 13-23 °C this process
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occurs faster) (Yoa et al., 2003; Conforti et 2DP6; Dimin$ et al., 2008). Impurities (dust,
dirt), air bubbles, pollen grains and beewax pkgichave been reported to influence the

nucleation of honey (Bhandari et al., 1999).

The rate of nucleation and crystal growth depermdemperature, with lower temperatures
producing smaller crystal sizes, due to the limiteability of the molecules (Bhandari et al.,

1999; Conforti et al., 2006).

A study made by Bonvehi (1989) attempted to preitietcrystallization of honey with respect
to the glucose composition and correlated the woefit of supersaturation (CS) of glucose in
honey with crystallization. He defined the CS asrdtio of the concentration of solute (w/w) in
water at a given temperature to the concentratfosolute in saturated solution at the same
temperature, with the value varing from 1.8 to AGoney. According to this author, honey
with a CS < 1.8 will remain liquid for a long timeshereas honey with a value > 2.6 will

crystallize very quickly.

Tabouret (1979) suggested an alternative methoth&prediction of crystallization, based on

the ratio between physicochemical parameters (egquatl).

, _[E /)
Tabouret index = (1.2)
(1-aw)™

Where,G is the glucose content (%, wet basM)js the moisture content (%, wet basa),is

the water activity, and the powerdepends upon the moisture of the homey (L for moisture

> 17%, anch = 2 for moisture < 17%).
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In table 1.8, some ratios and factors that may d¢edar predict of the potential for the

crystallization phenomena in honeys are summarized.

Table 1.8Various crystallization indicators used for hon€élysm Bhandari et al., 1999).

Indicators No crystallization Fast Crystallization
Glucose/Water content ratio <1.70 >2.16
Fructose/Glucose ratio >1.33 <111
(Glucose/Water)/Fructose ratio <0.30 >0.49

% Glucose <27.7 >35

Cs <18 >2.6
Tabouret index <9.8 >12.6

Cavia et al., (2007) studied the evolution of agidihroughout 30 months, in honeys stored at
room temperature and analyzed the influence ofdedugranulation on acidity evolution in
Spanish honeys. None of the stored honeys shoveedaftidity values higher than the legal
limits (50 meqg/kg) and the acidity was constant ttoe initial 15 months. But storage and
induced granulation had an effect on honey lactotiés parameter decreased after 20 months

of storage, and less markedly in samples subj¢otegdiuced granulation.

1.9. Quality parameters

Honey as a food product must meet certain parameteguality and freshness, which have
been established by various regulatory agenciensare the final quality of this valuable and
desired product. Among the International and Natioregulatory agencies, the Codex
Alimentarius Commission (2001), the European Un@001) and the Portuguese Norm-1307
(1983) can mentioned. Table 1.9 summarizes the i@igsemical parameters with their

respective limits, as established by the above imreed agencies.
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Table 1.9Limits to physicochemical parameters establishedifferent entities.

Physicochemical Parameters Limits Values Considerains Legislations

Ash content Max. 0.6 (%) Nectar honey [1, 2]
Max. 1 (%) Honeydew honey

Diastase activity Min. 8 (°Gothe) In general [1, 2, 3]

Min. 3 (°Gothe)  Honey with lower enzyme conterd..citrus honeys) and an HMF content of not more thtafmg /kg).

Electrical conductivity Max. 0.8 (mS/cm) Nectar honey [2, 3]
Min. 0.8 (mS/cm) Honeydew honey
ExceptionsArbutus unedo, Erica, Eucaliptus, T#pp, Calluna vulgaris, Leptospermum, Melaleisgap.

HMF content Max. 40 (mg/kg) In general, after treatment and mixes [1, 2, 3]
Max. 15 (mg/kg) Honey with lower enzyme content
Max. 80 (mg/kg) Honeys from tropical countries and blends of thHesgeys

Moisture content (MC) Max. 21 (%) In general [1]
Max. 20 (%) [2, 3]
Max 23 (%) ExceptionsCalluna

Reducing sugar Min. 65 (%) Nectar honey [1]
(expressed fructose + glucose)  Min. 60 (%) Nectar honey [1,2,3]
Min. 45 (%) Honeydew honey, bends of honeydew with nectar honey
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Physicochemical Parameters Limits Values Considerains Legislations
Sucrose content Max. 5 (%) In general [1, 2, 3]
Max. 10 (%) ExceptionsMedicago sativa, Citruspp.,Robina pseudoacacia, Hedysarum, Banksia menziasiglyptus

Free acid

Water insoluble solid

camaldulensis, Eucryphia lucida, Eucryphia milligan

Max. 15 (%) Exceptionsiavandulaspp.,Borago officinallis
Max. 50 (meg/kg) In general [1, 2, 3]
Max. 80 (meg/kg) Baker’'s honey [3]
Max. 0.1 (g/100g) In general [1, 2, 3]

Max. 0.5 (g/100g) Pressed honey

[1] Portuguese Norm-1307 (1983).

[2] Codex Alimentarius Commission (2001).

[3] European Union (2001).
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Chapter Two: Objectives

2.1. General Objective

In recent years, the worldwide consumption of alldk of honey has increased due the potentially
beneficial compounds that it contains accordingh® floral origin. Improvements in taste and

consumer habits are also important. Honey produdési@arried out throughout the country, but the
highest concentration of hives is in the South .aféarefore, the main objective of this study is to
increase the knowledge of the quality of honey ftbm Algarve area. In the present study several

aspects were studied, they correspond to diffestenqpis of the work.

2.1.1.First stage:
Evaluation of effect of storage in some relevardligyiparameters (physicochemical) and bioactive
compounds present of honeys from the Algarve weundied after three year storage. All data

presented for year 2006 has been extracting fraviqus study carried out by Figueira et al.

2.1.2.Second stage:
Characterization of physicochemical parameters himhctive compounds of strawberry tree

(Arbutus unedd..) honey.

2.1.3.Third stage:
Comparison between physicochemical parameters imadtlve compounds of commercial honeys

and artisanal strawberry tree honey.
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2.1.4.Fourth stage:
Simple evaluation of the use of non-invasive meshas an alternative to the presently

recommended method for the determination of tharbical origin of honey.
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Chapter Three: Evaluation of the changes in physicochemical gualdérameters and bioactive

compounds during storage of honeys from the Algarea.

3.1. Introduction

Honey is a natural food produced Agis melliferabees from the nectar of blossoms (nectar honey)
or from the secretions of living plants or excretioof plant sucking insects of the living part of
plants (honeydew honey) that transform and combiitle specific substances of their own, store
and leave in the honey comb to ripen and matuiig;dbmposed primarily by a mixture of sugars
(85-95%) and water (16-18%) approximately, and ntynocompounds (proteins, phenolic
compounds, free amino acids, organics acids, wtamnd minerals) (Silva et al., 2009; Kahnraman
et al., 2010). The quality of the honey, availatnethe market differs on account of various factors
like geographical, seasonal, floral source andagticonditions. The honey is considered relatively
stable during storage, with only minor changes @me compounds and some physical and
chemical properties; the speeds of these changesr aepend on conditions of storage and
processing. Still, it is susceptible to physicadl mmemical changes during storage; for instance, it

tends to darken and lose its aroma and flavor (@\&tital., 1963).

Freshly extracted honey is liquid, but during sgasooner or later honey, will crystallize to a
certain extent; the speed at which this phenomenoours depends on the relation of
fructose/glucose (Cavia et al., 2007). Cristallitexheys are not popular with consumers and can
only be marketed liquefied. Gentle heating is nyosfled to liquefy crystallized honey (usually not
more than 40-50 °C), but this process can be dattih to quality of honey (Castro-Vazquez,

2008).

Two common factors that determine the quality amstfness are hydroxymethylfurfural (HMF)
and diastase activity (DA); the first is a cyclidehyde that is produced by degradation of fructose

and the second is an indicator of the level of erayc activity (Silva et al, 2009; Tosi et al., 3)0
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Several factors influence in the formation of HMRdadecreases of diastase activity in honey:
temperature and time of heating; storage conditiose of metallic containers and the chemical
properties of honey, which are related to the flecaurce from which the honey has been extracted,
these include pH, total acidity, mineral conterwiver, no information on the correlation between
chemical characteristics and either the HMF le¥aghe honey or the diastase activity is available
(Zappala et al., 2005; Turhan, 2009; Gomes et28l10a). For both factors the limit accepted,

according to the European Union (2001) and the €ddimentarius Commission (2001) are for

HMF content < 40 mg/kg and for diastase acti¥ity Gothe.

Several researchers (White, et al., 1964; Wand,e2@04) have evaluated the effect of storage on
the quality of honey from different sources throupk determination of DA and HMF content.
However, the impact of industrial processing anotagie on the quality of honey is not well

understood.

The overall objective of this first study, therafpwas to determine the effects of storage (3 years
on physicochemical parameters (ash content, etattdonductivity, pH, total acidity, colour,
moisture content, proline content, total solubldidsowater activity, diastase activity and
hydroxymethylfurfural content) and bioactive compds (phenolic and flavonoid content) of

honey.
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3.2. Experimental

3.2.1.Honeys samples

Thirty one sampleftable 3.1)harvested from different Algarve regiofsouth region of Portuge
the Sotavento aredigure 3.0)), were collected directly from different beekeepdoetween th
months of July to December in 2006. Tfloral origin of honey samples wakaracterized directly
by the beekeepers in relatito the location where the beehives were situate( the accessibility
of plant food sources; basically the samples wéassified intoeight categorie: Arbutus Erica,

Cistus ladaniferRosmarinusPalmae Carduus Ceratonia andCitrus.

Figure 3.1Honey samples (n=31) obtained Algarve provinceaftB Portugal from Sotavento-D) area.

All nectar honey samples werenalyzed 2 weeks after recollectiginiesh honeys, results 200t
later the samples were storew three years in glass bottles iarkness at room temperature

3°C) to minimize alterations until analyzed (stardmpneys, isults 2009).
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Table 3.1Honey samples analyzed.

N° Kind of honey, Location
Location Sample Date of harvest main plant sources  fig. 3.1
Ameixal 9 Ameixial — Loulé July, 21 Multifloral B
(n=3) 6 Benfarros-Loulé September, 14 Arl{utus, Ericaceade

31 Ximeno — Ameixial December, 13
Cachopo 12 Arrunhado- Cachopo July, 25 Multifloral B

13 Azinhosa - Tavira September, 1  Arlutus, Ericaceae,
(=9 4 Barragem do Leitejo-Cachopo September, 26Cistus, Rosemari)s

3 Barranco do Caminho-Feiteira October, 5

2 Curral dos Bois October, 10

1 Feitoso-Cachopo July, 22

26 Frunchosa de Cima October, 12

11 Leitejo - Monte da Ribeira July, 22

7 Urzal-Cachopo July, 14
Martin Longo 27 Alcarias Grandes October, 12 Mlaitl B
(n=7) 21 Malfrade October, 11  Cistus, Rosemarius,

8 Monte da Estrada-Martinlongo July, 21 Citrus)

22 Odeleite October, 11

29 Penteadeiras — Martinlongo October, 19

20 Taipas October, 11

10 Umbrias — Martinlongo July, 21
Sta. Catarina 16 Alcaria do Cume September, 14 iflbudt! D
(n=8) 32 Aig\é?tgla Muda - S. Bras de December, 14  (istus, Rosemarijis

33 Desbarato - S. Bras de Alportel December, 14

28 Desbarato - Sta. Catarina October, 19

18 Garrobo October, 10

30 Malhada do Judei - Sta. Catarina October, 19

19 Portela da Corcha October, 10

17 Sé&o Bras September, 20
Tavira 25 Asseca October, 12 Multifloral D
(n=4) 15 Luz de Tavira September, 14 Palmae,Carduus,

24 Moncarapacho October, 11  Ceratonia, Citru}

23 Porto Carvalhoso October, 11
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3.2.2.Physicochemical parameters

3.2.2.1 Ash content

The ash content was determined by placing 5-10 ooky sample in a crucible in a muffle
furnace for calcination (550 °C x 6 h) until comstaveight, with the precaution of including a
previous caramelisation step on a heating plateottrol the production of foams and sample

losses. Measurements of ash were performed iicatpland the mean value obtained used.

3.2.2.2 Electrical conductivity (EC)

The conductivity of the honey samples was deterdhinea 20% (w/w) solution made up with €O
free deionized and distilled water. It was measwume®0 °C with a Crison conductimeter 525
(Catalufia, Spain), and the results were express@d@/cm). The measurements were performed in

triplicate for each sample and the mean was deteahi

3.2.2.3pH

The pH of the honey was measured in a solutionghbney in 25 mL of C@free distilled water,
using a pH-meter Crison micropH-2001 (Catalufia,ir§pahe instrument was calibrated with
standard buffer solutions of pH 7 and pH 4, prionteasuring the pH of samples. Determinations

were made in triplicate.

3.2.2.4.Total acidity

The total acidity was determined using the AOACoramended method no. 962.12 (AOAC,
1990). Approximately 10 g of the honey samples wdissolved in 75 mL of C&free distilled

water. The solution was potentiometrically titratedpH 8.6 by adding a 0.05 N NaOH solution.
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Potentiometric determinations were performed withHrmeter Crison micropH-2001 (Catalufia,
Spain). The measurements were performed in triglifa each sample and the mean results were

expressed as (meqg/kg).

3.2.2.5.Colour by colorimeter

Visual colour was measured using a DR LANGE speotiour d/8° LMG170 D65/10° version 2.0
colorimeter (Dusseldorf, Germany). The instrumemisWirst calibrated with a black and white
standard. The ClEab colour parameters used were (lightness:L" = 100 for white and 0 for
black), a (redness/greenness axis: positiee is red and negativea is green), b’
(yellowness/blueness axis: positiveis yellow and negative is blue) (Saxena, 2009; Bulut and

Kilic, 2009).

3.2.2.6 Moisture content (MC)

The MC in honey was determined using an Abbe redraeter (AtagB 1T Abbe Refractometer,
Tokyo, Japan). In general, the refractive indexeases with the increase in the solid content. The
refractive indices of honey samples were measutea@n temperature (20 £+ 3 °C) and the
readings were further corrected for temperatureguaifactor of 0.00023/°C. MC was determined in
triplicate and the percentage MC values correspantti the corrected refractive index values were

calculated using the Chataway table revised andtedd Codex Alimentarius Commission, 2001).
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3.2.2.7.Total soluble solids (TSS)

Total soluble solids were determined by refractoynesing an Abbe AtadolT (Tokyo, Japan)
and results were expressed in °Brix. All the mearsients were performed at room temperature and
the readings were corrected for a standard temperaf 20 °C by adding the correction factor of

0.00023/°C.

3.2.2.8Proline content

The proline content was determined using the metiesribed by Cha-um and Kirdmanee (2009).
One gram of honey sample was dissolved in apprdri;n&0 mL of distilled water. The solution
was mixed with 1 mL aqueous sulfosalicylic acid (3%v) and filtered through filter paper
(Whatman # 1). The extracted solution was reactiéd an equal volume of glacial acetic acid and
ninhydrin reagent (1.25 mg ninhydrin in 30 mL o&gjhl acetic acid and 20 mL 6MsPO,) and
incubated at 95 °C for 1 h. The reaction was teateth by placing the container in an ice bath. The
reaction mixture was vigorously mixed with 2 mL uehe. After warming at 25 °C, the
chromophore was measured by Hitachi U-2000 UV/VT8kfo, Japan) at 520 nm. The blank
solution contained toluene. L-proline (0O—4@mL) was used as a standard to derive the cabbrat

curve (linear).

3.2.2.9Water activity (ay)

The honey sample was placed inside the sampletadd used for determination af using a

water activity meter Rotronic-Hygrolab 3 (Rotro®iG, Bassersdorf, Switzerland), equipped with a
temperature-controlled system which allows a tewmippee stable sampling environment;
measurements were performed at a temperature £f025 °C. This measures the water activity of

the sample based on its equilibrium relative hutmidERH, %). The measurements were
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performed in triplicate for each sample and themmeas determined. The relationship betwegn
and ERH was calculated as follows as (equationSagena et al., 2009):

a,, = (ERH/100%) (3.1)

3.2.2.10.Diastase activity after Schade

Diastase activity (DA) was measured with Schade;omiing to the International Honey
Commission (Bodganov, 2002). The honey sample (B8ag) dissolved in 15 mL Milli-Q water and

5 mL acetate buffer solution (pH 5.3), transferteca 50 mL volumetric flask containing 3 mL
sodium chloride (0.029 g/mL) solution and dilutedsblume. Using a volumetric pipette, 10 mL of
honey solution were transferred into a 50 mL flagkl placed in a 40 °C water bath along with a
second flask containing 10 mL of starch solutiofteA15 min, 5 mL starch solution were added to
the honey solution, mixed and timed. At perioditeimals (5, 10, 15, 20 min depending on the
activity), for the first time after 5 min, 0.5 mlliguots of the mixture were mixed with 5 mL diluted
iodine solution and 20 mL Milli-Q water, vortexeddathe absorption immediately measured at 660
nm using a UV/VIS spectrophotometer Hitachi U-200Kyo, Japan) against a water blank. Using
regression (without using data point at 0 min)edinvere fitted to the absorption data and the
diastase number was calculated from the time téiethe absorbance to reach a values of 0.235.
The diastase number was calculated following ththattof the International Honey Commission
(Bogdanov, 2002); results were expressed (as Gi#beces) as mL of 1% starch hydrolyzed by

enzyme in 1 g of honey, in 1 h at 40 °C.
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3.2.2.11.Hydroxymethylfurfural (HMF) content

The HPLC method used was based on the method reendad by the International Honey
Commission (Bogdanov 2002). Briefly, the honey ska§5 g) were diluted to 50 mL with Milli-
Q water filtered using a 0.45 um nylon membrarterfiiMerck, Germany) and 20 ul injected into
an HPLC system (Jasco, LG-1580-04 with PU-2080 pitedligent HPLC pump) equipped with a
Photodiode Array Detector (JASCO, MD-2015 Plus Mudivelength Detector). The HPLC column
was a Merck Purospher Star RP-18e, 5um (Merck, &ayjn The HPLC included an isocratic
mobile phase, 90% water and 10% methanol (Fishengfic, UK) at a flow rate of 0.7 mL/min.
All solvents used were of HPLC grade. The deteatiamelength was 285 nm. The HMF content of
the sample was calculated by comparing the correlipg peak area of the sample and those of the
standard solutions of HMF (8¢0s, Sigma-Aldrich, Germany) after correcting for theney
dilution. There was a linear relationshigf € 0.9993) between the concentration and the arézeof

HMF peak (results were calculated as the meanreéthalues and expressed as mg/kg).
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3.2.3.Bioactive compounds

3.2.3.1Determination of total phenolic content (TPC)

The TPC was determined spectrophotometrically udimg Folin-Ciocalteu Method (FCM)
according to Meda et al., (2005) and Alvarez-Suateal., (2009). Approximately 5 g of honey
were treated with 50 mL of distilled water, and tlesulting solution filtered using a qualitative
filter paper. The filtered solution (0.5 mL) wasx@il for 5 min, with 2.5 mL Folin-Ciocalteu’s
phenol reagent 0.2 N (Sigma-Aldrich, Germany) dreht2 mL of a 75 g/L N&O; solution were
added. Samples were incubated, in the dark, at teamperature for 2 h and their absorbance was
read at 760 nm in a UV/VIS double beam spectropheter Hitachi U-2000 (Tokyo, Japan). The
blank solution consisted of methanol, instead afdyo The total phenolic content was determined
from a standard curve prepared using standardisodutwithin the range of 0 to 150 pg/mi(=
0.9941). The mean of four readings was used, espdesas mg of gallic acid equivalents

(GAE)/100g of honey.

3.2.3.2Determination of total flavonoid content (TFC)

The TFC was determined according to Meda et aDQ3® and Alvarez-Suarez et al., (2009) with
some modifications. Approximately 1 g of honey slawas dissolved in methanol to obtain a final
concentration of 0.04 g/mL. 5 mL of each solutioasvthen mixed with 5 mL of 2% AIgIThe
mixture was left in the dark for 10 min, at roonmpgerature. The absorbance was measured at a
wavelength of 415 nm using a Hitachi U-2000 douidam UV/VIS spectrophotometer (Tokio,
Japan). The blank sample consisted of 5 mL honlkeyiso with 5 mL methanol without AlGI The

total flavonoid content was determined from a sséddcurve prepared using standard solutions,
within the range of 0 to 50 pg/mE{= 0.9927). The mean of four readings was used esgpd as

mg of quercitin equivalents (QE)/100 g of honey.
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3.2.3.3Determination of scavenging radical

The scavenging activity of honey samples for 2phdnyl-2-picryl-hydrazyl (DPPH) was
measured as described by Baltrusaisttal., (2007), Alvarez-Suarez et al., (2009) Sadena et al
(2009), with some modifications. Honey samples welissolved in methanol with final
concentration of 0.1 mg/mL. Briefly, 0.75 mL of éasample solution were mixed with 1.5 mL of
DPPH in methanol (0.039 mg/mL), all mixtures wezé& For 25 min at room temperature in the
dark; after this the absorbance was read at 517Al®,). The blank sample consisted of 0.75 mL
of methanol to which 1.5 mL of DPPH were addéths). Ascorbic acid was used as a positive

control (0—70 pg/L). The radical scavenging actiwas calculated as follows (equation 3.2):

% Inhibition = W] -100 (3.2)
B

3.2.3.4 Antioxidant capacity

The antioxidant capacity was evaluated as deschigddeda et al., (2005). Approximately 1 g of
honey sample was dissolved in methanol to obtdinah concentration of 0.04 mg/mL. Then 0.75
mL of each solution was then mixed with 1.5 of @50mg/mL solution of DPPH (Sigma-Aldrich,
Germany) in methanol. The mixture was left in tlegkdfor 15 min at room temperature. The
absorbance was measured at a wavelength of 51img & Hitachi U-2000 double beam UV/VIS
spectrophotometer (Tokyo, Japan). The blank saogisisted of 0.75 mL of a honey solution with
1.5 mL of methanol. The antioxidant content wasdrined from a standard curve prepared using
standard solutions, within the range of 0 to 12mlg/(R? = 0.9948) for ascorbic acid and for
quercitin of 0 to 8 ug/mLR¢ = 0.9899). The mean of four values was calculateti expressed as
mg of ascorbic acid equivalent antioxidant cont@g&EAC)/100 g of honey and mg of quercitin

equivalent antioxidant content (QEAC)/100 g of hane
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3.2.4. Statistical analysis

The results were expressed as mean vai)esnd standard deviatioS). The results obtained for
all the parameters of the honey samples, both @6 2(hd 2009, were analyzed using analysis of
variance; in addition the and Student’s t-test wsesl to examine differences with fresh honey and
honey storage for 3 years. The data analyses veeried out using Statgraphft€enturion XV

(StatPoint, Virginia, USA). Differences were coresigld significant gb < 0.05.
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3.3. Results and discussion
3.3.1.Physicochemical parameters

The results for physicochemical parameters are shiowhe following figures (3.2 to 3.13).

» Ashresults
The ash contents for both areas (figure 3.2) welaively lower in comparison with nectar honeys
for fresh honey and storage honey. Area B presentsan value of 0.06% in 2006 and after storage
there was a slight increment to 0.07%. In the adsarea D, in 2006 it showed a mean value of
0.07%, which was incremented to 0.12% during ser&iprmally, the nectar honeys have values
of ash content below 0.60% (EU, 2001; Codex Aliraeins Commission, 2001), which were lower
than the values found for honeydew. The mineratarttnof honey depends on various factors,
namely the botanical origin, the geographical cthmais, soil composition, environmental pollution

and extraction of techniques (Conti, 2000; Nanda,e2003).
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Figure 3.2 Results for ash content (%) after three yearsavhge for honey samples from areas B and D. See
table 3.1 for list of sample number.
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» Electrical conductivity (EC)

The results obtained after three years of storageved a decrease in values of conductivity (figure
3.3) for all samples (except sample 2, area B)s&hresults contradicted what was established by
several authors (Feas et al., 2010; Gomes et@lQ&) where the increment of ash content, higher
ionic level and organic acids, generated an increnme the electrical conductivity values. The

conductivity measures all the ionizable organic srwiganic substances present in honey (Felsner

et al., 2004).
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Figure 3.3 Results of electrical conductivity (mS/cm) afteree years of storage for honey samples from
areas B and D. See table 3.1 for list of samplebarm
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. pH
For the honey samples analyzed initially (2006) mgd values ranged from 3.61 (area B) and 3.59
(area D); after three years of storage the pH wipdas were slight incremented for both areas, the
mean pH value was 3.76 for area B and the mearewashs 3.84 for area D (figure 3.4), these
differences were, however, not statistically siigaift; similar results were also reported by
Jimenez et al., (1994) who found that a non-sigaift increment in pH was observed after two
years of storage at room temperature. The pH valees in accordance with the acceptable range
for honey; similar results were also obtained Hyeotauthors for Portuguese honeys (Silva et al,

2009; Gomes et al, 2010a).

In general, honey is acidic by nature irrespeatif’és variable geographical origin. This parameter

is of great importance during extraction and steraas it influences the texture, stability and

storage (Terrab et al., 2004a; Idris et al., 2011).
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Figure 3.4 Results of pH after three years of storage forelyasamples from of areas B and D. See table 3.1
for list of sample number.
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e Total acidity

Total acidity mean values (figure 3.5) of honey plaws were 17.88 meqg/kg (area B) and 16.36
meqg/kg (area D) in 2006; but after three yearsafagie all samples showed higher values (except
samples 6 and 1, area B). These changes werdis#dlissignificant ¢ <0.05). However, none of
the samples showed values exceeding the legal dittoiived (50 meqg/kg) found the highest value
for honey sample number 28 with 39.56 meqg/kg afterage. This may be taken as an indication of
quality of all honey samples under storage conditidhe acidity of honey is due to the presence of
organic acids, particularly gluconic acid produfexin nectar, during ripening, by glucose oxidase;
in equilibrium with their lactones or esters, amdrganic ions, such as phosphate and chloride

(Ajlouni and Sujirapinyokul, 2010; Kahraman et a0,10).

Similar results were obtained by several authorsichw reported that after storage all honeys
samples increased their total acidity values (Jameet al,. 1994; Cavia et al., 2007; Castro-
Vazquez et al., 2008, Qamer et al., 2009). These itlastrates the significant influence of floral

type on the total acidity of honey. The variationacidity among different honey types may be

attributed also to variation due to harvest sedSargh and Bath, 1998).

75



Chapter 3: Evaluation of storage...

50 4 02006 [@2009

40 -

Total acidity [megq/kg]

Ameixal Cachopo Martinlongo

ZONEB

50 4 02006 ©32009

45

30 4
25 A

Total acidity [meq/kg]

20 A
15 -

10
16‘32‘33‘28‘18‘30‘19‘17 25‘15‘24‘23

Sta. Catarina Tavira

ZONED

O 2006 results unpublished by Figueira et al.

Figure 3.5 Results of total acidity (meqg/kg) after three yeaf storage for honey samples from of areas B
and D. See table 3.1 for list of sample number.
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e Colour

All honeys were characterised using the visual nfagon CIELab system. The differences in

colour (A E) were determined using the equation (3.3):

AE = /[(AL")? + (Aa*)? + (Ab*)?] (3.3)

where:

AL = (L*zoos— L*2009)i Ad = (a*zooe—a*zooa); Ab = (b*zooe—b*zoos))

The delta §) E for honey samples obtained from Algarve is shawfigure 3.6. The parametdrs
(lightness) did not show significant differenceteaktorage. In 2006 mean values of 31.35 (area B)
and 30.38 (area D) were measured. These valuesmantained in the similar range after storage,
with mean values of 31.39 and 30.36, respectiveind obtained. Gonzalez-Miret et al., (2005)
classified honey samples into two groups regardhmjr lightness value: light honey (citrus,
rosemary, lavender, eucalyptus and thyme) witt> 50 and dark honeys (honeydew, heather,
chestnut and avocado) with < 50. Considering this classification all of thenky samples
obtained in Algarve can be placed in the groupaskdhoneys, since both initially and after storage
time they continued to maintain that rating of ‘idafor both areas (B and D). However, it was
generally observed that all honeys stored decretaséd.” values, which lead to some darkening of
the samples, as expected. Similar results weranglatdby Jiménez et al., (1994) after storage of
honey for 24 months at different temperatures @=;716—28 °C); these samples showed darkening

and this phenomena was increased with higher teatyes of storage.
Parameters’ andb  showed mean values for fresh honeys of -1.05 &itl @rea B), and -1.05 and

4.94 (area D); respectively. After three yearsséh@arameters changed, showing some more

redness (increment of tiae value) as well as more yellow components (incrameftheb value).
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Difference in colour between fresh honeys waskatted to an increment of melanoidin compounds
(Maillard reaction) which have a brown colour, puothg an overall diming, and causing

considerable changes in honey or by oxidation dyptenols (quinines) (Jimenez et al., 1994;
Gonzales et al., 1999). The rate of darkening le&s elated to the composition of honey and to

the storage conditiong.g.temperature, light, time) (White, 1964; Jiménealet1994; Gonzales et

al., 1999).
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Figure 3.6 Results of differences of colouk E) after three years of storage for honey sanipdes of areas
B and D. See table 3.1 for list of sample number.
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* Moaisture content (MC)

Moisture in the analyzed honeys after three yediguré 3.7), presented a mean value
approximately of 15.71% for honeys from area B did74% for honeys from area D. In
comparison with initial values, changes were minanjy the honey from sources of Palma
presented a significant reduction in the valuesofsture (Tavira samples: 25, 15, 24, and 23). The
maximum amount of water content in honey is regaator safety against fermentation. All
samples showed mean values of less than 16.0%,waemaximum amount allowed by European
Union (2001) and Portuguese Norm-1307 (1983) b20% moisture. The water content of honey
depends on various factors such as: the botaniiginothe harvesting season, the degree of
maturity reached in the hive, the processing tephes and storage conditioresd. temperature,

light, O,, etc) (Finola et al., 2007).
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Figure 3.7 Results of moisture content (MC, %) after threargeof storage for honey samples from of areas
B and D. See table 3.1 for list of sample number.
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e Total soluble solids (TSS)

The total soluble solids (figure 3.8) content shdweean values between from 82.2 °Brix (for area
B) and 81.7 °Brix (area D) in 2006; after threergeal the samples showed a slight increment in
their values (not significant) 84.3 and 84.2 °Brespectively; this phenomenon occurs due to a loss

of water content, generating the concentratiomefdplids presents in honey.
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Figure 3.8 Results of total soluble solids (°Brix) after thrgears of storage for honey samples from of areas
B and D. See table 3.1 for list of sample number.
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It is important to remember that the MC and TSSteainof honey are strictly linearly correlated:
anomalous values may be a reliable index for adhiltms, as suggested by Conti (2000), which
has been confirmed in his study. When the coraratietween both parameters was studied, the

coefficient of determination observed for samples2006 R = 0.71) and in 2009R¢ = 0.98)

showed a good relationship (figure 3.9).
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Figure 3.9 Linear relationship between moisture content (M),and total soluble solids (TSS, °Brix) for
honey samples analyzed (2006 and 2009).
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* Proline content

Proline is the major amino acid present in hone—85% total). This amino acid has been
suggested as an indicator of honey ripeness, dsaweal parameter of quality. Normally the proline
content in honey should be more than 180 mg/kg réde et al., 2003; Bogdanov, 2009). Results
obtained for honeys studied in 2006 showed meanesgafor area B of 137.8 mg/kg and area D
mean value of 212.2 mg/kg (figure 3.10); these leaithe suggestion that samples from area B did
not presente a suitable maturity, since after tlyesrs all honeys showed values higher than 180
mg/kg; for area B, the mean value was 447.1 mgfid) area D mean was 601.6 mg/kg; which

means that honey stored with the passage of tirse@aching maturity.
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Figure 3.10Results of proline content (mg/kg) after threergest storage for honey samples from of areas B
and D. See table 3.1 for list of sample number.
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»  Water activity (ay)

The water activity (figure 3.11) initially presedtenean values of 0.52 (area B) and 0.54 (area D);
after keeping the samples under storage conditiomsvater activity values were slightly lower
than the initial (0.51 and 0.51, to those respebtijv These values are in accordance with the
acceptable range for honey and similar to thosaiidd in other studies (Gleiter et al., 2006). The
a, parameter is more important in the inhibition ofcraorganism development and enzyme
activity. The osmophilic yeasts are only able tovgabove minimal water activities of 0.6 and are
specialists in surviving under conditions of higigar concentrations. Such osmophilic yeasts
(Saccharomycespp.) are responsible for honey fermentation, Iltieguin the formation of ethyl
alcohol and carbon dioxide. The alcohol can béh&rrbxidised to acetic acid and water resulting in
a sour taste (Saxena et al., 2009). Fermentatiocepses are indeed virtually annulled when the
moisture content is <17.1%, while for higher maistithey are dependent on the number of
osmotic yeasts (>1000/g of honey for 17.1% <moéstt8% and >10/g honey for 18.1< moisture
<19%). The samples analyzed should be regardedsafs”“with respect to this phenomenon,

showing lower values ia, < 0.57 and moisture 17.3% (Lochhead, 1933; Conti, 2000).

There is a relationship, between moisture contéf} and water activity; the, is mainly
determined by the presence of soluble chemical ispe@mainly fructose and glucose); the
difference between tha, of the different honey types is the result ofditgerse sugar compositions
(Gleiter et al., 2006). Similar results were foung others researchers (Abramowt al., 2008;

Chirife et al., 2006; Zamora et al., 2006).
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Figure 3.11 Results of water activity after three years ofage for honey samples from of areas B and D.
See table 3.1 for list of sample number.
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» Diastase activity (DA)

In the present study, the mean diastase activi#y, (igure 3.12) for the samples initially analyzed
in 2006 was 17.78 Gothe (area B) and 14.39 Gottea (R). The samples stored for three years
showed values of 7.83 and 8.35 Gothe; these restubtswed a significant decrease in the enzyme
activity. The average value obtained for area Boswithin the limits established by the European
Union (2001) and Codex Alimentarius Commission @0fbr diastase activity parameter which
can not be less than 8 Gothe. On the other hanik $oneys (28, 18 and 23 samples) from area D
had values below this limit. Similar results wel#ained by Turhan (2009); the diastase activity in
honey stored for one year at 20 °C decreased frbfith 10.7 Gothe. Also, Castro-Vazquez et al.,
(2008) and Qamer et al., (2009) observed that thstate enzyme decreases its activity after
storage. The diastase activity is closely relateitiststructure and can be modified by denaturation
brought about by heating or changes in pH. Toal.e{2008) and Ajlouni & Sujirapinyokul (2010)
reported the effects of the thermal treatment an ahtivity of diastase and concluded that the

activity of the enzyme decreased after subjectamgdes to a heat treatment.
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Figure 3.12Results of diastase activity (Gothe) after threarg of storage for honey samples from of areas B
and D. See table 3.1 for list of sample number.
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»  Hydroxymethylfurfural (HMF) content

The results reported for hydroxymethylfurfural aamtt (figure 3.13) in the honey samples analyzed
showed values excessively high after storage, sugrassing the limit established by the European
Union (2001) and Codex Alimentarius Commission (200 he limit for this parameter is not more
than 40 mg/kg. The initial HMF content for freshnlegs from area B showed a mean value of 6.59
mg/kg and area D was a mean value of 13.47 mgfiey, three years of storage these values were
significantly increased to 108.99 and 100.55 mg#hiegpectively. Only one sample (number 30
from area D) had a value lower than the limit (i26.8 mg/kg). Similar results were obtained by
other authors (Turhan, 2009; Khalil et al., 201@&io, after analyzing honey stored for 12-24
months, found that the HMF level increased progvesfor all the samples and that this process
can be favored by changes in pH and acidity of hWoB¢udies reported that HMF has genotoxic
effects and mutagenic potential (Khalil et al., @@1Capuano and Fogliano, 2011). Several authors
(Qamer et al., 2009; Turhan, 2009; Khalil et aD1@a) have established a limit of storage and
consumption time and be consumed for honeys, veEttornmendations for it not to be kept for

more than eight and twelve months to guarantequhbéty, freshness and safety of these.

89



Chapter 3: Evaluation of storage...

200 4 02006 [@2009
180 -

160 -
140
120
100 -
80
60 -
40 -

HMF content [mg/kg]

20 A
0 NN . A O A O A A O (1L ]

9 6 | 31|12 |13 | 4 3 2 1|26 |11 | 7 |27 21| 8 | 22|29 |20 | 10

Ameixal Cachopo Martinlongo

ZONEB

400 -
02006 02009
350 A
300 o
250
200 -+

150

100 -

0 - —i
28 ‘ 18 ‘ 30 ‘ 19 ‘ 17 25 ‘ 15 ‘ 24 ‘ 23
ra et al.

HMF content [mg/kg]

15‘32 33‘

Sta. Catarina Tavira

ZONED 02006 results unpublished by Figuei

Figure 3.13Results of hydroxymethylfurfural content (mg/kddea three years of storage for honey samples
from of areas B and D. See table 3.1 for list @figie number.
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3.3.2.Bioactive compounds
Table 3.2 shows the results obtained for the tptenolic content as well as the total flavonoid
content of honey samples immediately after collect{2006) and after three years of storage,

according the collectivy area.

e Total phenolic content (TPC)

For the TPC (table 3.2) the samples analyzed ir6 2fiF area B showed a range from 23.56 to
43.86 mg of gallic acid equivalent (GAE)/100g ofnby (mean value 34.21 mg of GAE/100 g of
honey) and area D a range 24.64 to 52.17 mg of G@d) of honey (mean value 38.15 mg of
GAE/100 g of honey), those values were not sigaifity different p < 0.05). The comparison of
the total phenolic content of the honey samplesiupree years of storage, for area B did not show
changes (mean value 34.45 mg of GAE/100g of hormyt)for samples from area D, was observed
an increment of 8.03% in the mean value (mean v&lué8 mg of GAE/100g of honey). Some of
the causes for this behaviour in the variability \@flues of phenolic content could be the
consequence of the formation of compounds thatdcoedct as electron-donors, incrementing the
real amount of phenol (Al-Mamary et al., 2002; Glodlet al., 2002; Ferreira et al., 2009). Folin-
Ciocalteu’s Method (FCM) is general for the estiomatof the total phenolic content; other
components such as peptides, vitamins C, E, cariolgrsugars, amino acids, proteins, organic acid
or enzymes (glucose oxidase, catalase) can aldgeide the results but the components that
influence more, by increasing the total phenolitdugaare the products of Maillard reactions
(melanoidins), because several investigations leadodstrated that those compounds presented an
effect that is similar to a reducing agent (mixtafephosphotungstic acid and phosphomolibdic
acid) (Alvarez-Suarez et al., 2009; Ferreira et2009). Honey is very prone to Maillard reactions
during storage or when subjected to thermal praogs3hese occur when sugars condense with
free amino acids leading to the formation of browalanoidins (Turkmen et al., 2006; Rufian-

Henares and Morales, 2007).
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Regarding the TPC of honey after three years ohgiy when compared with other fresh honeys,
not from different locations, the samples colledte@006 in the Algarve region had a mean value
for area B of 34.45 mg of GAE/100 g of honey anddwalue of area D of 41.48 mg of GAE/100g
of honey. These were levels similar to those oleskdyy Ferreira et al., (2009), who analyzed
different types of honey (light, amber and darkjagted from the Northeast Portugal and found
that they showed a range from 22.6 to 72.8 mg oEGA0g honey. One other research, performed
by Estevinho et al., (2008), who analyzed samplasined from Northern Portugal presented
values between 4.1-13.0 mg/100g of honey, but rdnigje was for the extraction of phenolic
compounds from honey samples that were funtheyaealby HPLC which may explain the lower
values. The differences in concentration and tyfgghenolic substances in honey can be explained
by the different geographical conditions, which aeeey variable, and it also depends on the floral
origin of honey as they are the major factors rasfide for its biological activity, including

antioxidant and antimicrobial (Kiguk et al., 2007).
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Table 3.2Comparison between total phenolic content (TPCoMGAE/100 g of honey) and total flavonoid
content (TFC; mg of QE/100 g of honey) before (202&d (2009) after three years of storage, for émctey
sample obtained from different areas of South Rait(Algarve). See table 3.1 for list of samples.

TPC (mg of GAE/100g) TFC (mg of QE/100g)
2006 2009 2006 2009
Sample X + SD x + SD X+ SD X + SD
Ameixal 9 41.01+1.3 37.44 £ 0.35* 1.34 £0.00 10.02 #16*
6 32.2+£0.59 30.40 £ 0.25* 13.09 £2.29 7.56 390*
31 23.56 + 0.00 31.93+£0.73* 1457 +1.34 10.7B45**
12 32.36 £0.42 28.03 £1.32* 9.75+0.49 7.65211
13 30.46 £ 0.32 26.59 + 0.53* 1194 +1.11 10.21 %7
4 33.70+0.93 33.95+0.72 13.09 +2.29 10.08270
Cachopo 3 37.56 +0.53 40.98 +4.44 12.24 + 0.60 9.9238%"
2 36.30+0.83 48.61 £ 0.16* 15.45 £ 0.36 11.4930**
AREA B 1 42.20 £5.46 36.47 £0.28 9.60 £ 0.40 8.97 B0.5
26 41.71+0.43 52.06 + 0.36* 16.70 £ 0.53 141.60**
(=19 11 33.73+£0.55 29.38 £ 0.13* 15.65 + 0.96 9.76@2**
7 43.86 + 0.97 34.60 £1.21* 18.31+0.30 12. 74684
27 29.30+0.58 26.56 + 0.20* 25.80+0.84 10.48@5**
21 36.55 +1.53 26.98 £ 0.32* 14.15 +0.39 10.4B323**
Martinlongo 8 35.95+0.41 34.54 £ 0.51* 1.40+0.03 8.90 0¥
22 26.64 +1.69 33.38 £ 0.33* 18.18 +0.00 10.47.11**
29 38.78 £ 2.05 53.21 £0.72* 10.94 +0.72 10.77.23
20 24.72+0.94 22.59 + 0.40* 13.74 £ 0.26 12.4416
10 29.45+0.87 26.84 £ 0.10* 10.92 +0.05 8.90h26**
Mean 33.57 33.68 12.99 10.38
S.D. 5.90 7.61 5.54 1.63
Range  23.56-43.86 22.59-53.21 1.34-25.80 7.56-14.12
16 52.17+0.73 49.42 +0.10* 18.71 +0.62 12.06GO**
32 34.55+0.40 33.41 £0.37* 1457 +1.34 10.5260**
Sta. Catarina 33 45.22 +0.40 37.31 £0.37* 1457 +1.34 10.1R 11 **
28 48.67 £0.24 68.90 + 1.04* 10.21 +0.42 20.3¥7.36**
18 38.86 + 2.86 46.46 £ 0.13* 15.72+1.61 9.87.23**
30 24.64 +0.58 34.81 £ 0.08* 11.55+0.13 9.4538**
AREAD 19 38.78 £ 2.05 53.21 £0.72* 3.19 £0.00 15.5122*
B 17 42.66 £0.5 38.42 £ 0.56* 1457 +1.34 13.45535**
(h=13 Tavita 25 35.61+0.49 34.75 £ 0.25* 23.27+1.09 12.0BE5**
15 32.33+£0.05 30.86 + 0.65* 11.26 +1.95 9.9520
24 30.3+2.46 32.89+£0.90 19.28 +0.19 11.0258%
23 34.04 £0.26 37.30 £ 0.22* 12.72 +0.61 12.9033
Mean 38.15 41.48 14.14 12.27
S.D. 7.94 11.13 5.10 3.11
Range  24.64-52.17 30.86-68.90 3.19-23.27 9.45-20.37

" Results shown statistically significant differen¢ps0.05) in 2006;” Results shown statistically significant differen¢ps0.05) in
2009. The 2006 results unplubished by Figueird.et a
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e Total flavonoid content (TFC)

The results for the TFC mg of quercitin equival@®E)/100g of honey of samples are presented in
table 3.2. The samples analyzed in 2006 showedgeraf 1.34 to 25.80 mg of QE/100 g of honey
(mean value 12.99 mg of QE/100 g of honey) for &gehoney collected in area D showed a range
of values from 3.19 to 23.27 mg of QE/100 g of hofmean value 14.14 mg of QE/100 g of
honey); comparing the results obtained from boteagrthere are no statistically significant
differences f < 0.05). After three years of storage, total flavidnoontent of honeys harvested in
areas B and D decreased of 25.14% to the mean (raken value 10.38 mg of QE/100 g of honey)
and 15.24% (mean value 12.27 mg of QE/100 g of yjomespectively. These values of the TFC
were higher than those obtained by Al et al., (30880 analyzed different honeys, obtaining
values within a range of 0.91 to 2.42 mg of QE/100f honey (forAcaciad, 4.7-6.98 mg of
QE/100 g of honey (forilia) and 11.53-15.33 mg of QE/100 g of honey @edianthug, as well

as Meda et al., (2005) who found a range of 0.18.3% mg of QE/100 g of honey (mean value
2.57 mg of QE/100 g of honey); Blasa et al., (2006p obtained a range of 1.23-2.93 (mg of
catequin equivalents (CEs)/100 g of honey) for ifioial honey and a range of 0.45 to 1.01 mg of
CEs/100 g of honey, for unifloral honey samplesrfritaly. Results obtained by Ferreira et al.,
(2009) presented much higher values of flavonomtemt: (from 123.62 to 587.42 mg/kg of honey)
for samples from Northern Portugal. The TFC, wasmained using a spectrophotometric method
for the quantification of flavonoids with Alglwhich is specific for flavones and flavonols (@ba

et al., 2002), which makes our results very trustab
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» Antioxidant capacity

The antioxidant capacity (table 3.3) of the honagsalyzed showed for area B a mean value of
11.48 mg of quercitin equivalent antioxidant capa¢QEAC)/100g of honey and 2.39 mg of
ascorbic acid equivalent antioxidant capacity (ABAGOg of honey; samples collected in area D
showed values of 16.88 mg of QEAC/100g of honey 4ri? mg of AEAC/100g of honey,

respectively and were not significant differept<0.05).

The little differences between values can be erplaby the different geographical conditions. The
honey samples collected in area B (Ameixal, Cachapd Martinlongo) were less exposed to
weather conditions of the sea coast in comparisitinavea D (Sta. Catarina and Tavira). Phenolic
contents of honey and consequently the overalbxiakint capacity depends on the floral sources
used to collect honey, which predominance is depindn seasonal and environmental factors.
Therefore, difference in honey properties from saftoeal sources were expected since the
composition of active compounds in honey from défe locations should be different (Al-Mamary

et al., 2002; Silici et al., 2010).

Meda et al., (2005) repoted the values of 12.94ah@EAC/100g of honey and 27.04 mg of
AEAC/100g of honey for antioxidant capacity of nifldral honeys; also Saxena et al., (2009)
analyzed Indian honeys, finding that their totali@idant capacity ranged from 15 to 30 mg of

AEAC/100g of honey. Thus our results are similathtose reported by these authors.

On the other hand, Silici et al., (2010) analy®ltbdodendrorhoney and reported that its total
antioxidant capcity varied from 12.76 to 80.80 nighA&AC/g honey; the honey analyzed from the
South of the Algarve showed lower levels of antilaxit capacity with reference to mg of AEAC

content.
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Table 3.3 Results obtained for the antioxidant capacity (mgA@Q/100 g of honey; mg AEAC/100 g of
honey) and of the DPPH scavenging (%) honey sangplakyzed in 2009 according to the place of cdbhegt
after three years of storage. See table 3.1 foofisamples.

Antioxidant capacity

[mg of QEAC/100g] [mg of AEAC/100g] Inhibition DPPH [%)]
Sample x + SD X + SD X+ SD
9 11.08 +0.69 2.31+0.21 18.03 +1.99
Ameixal 6 7.41+151 1.23+0.45 9.46 £ 0.36
31 15.96 + 1.04 3.56£0.31 13.66 +3.37
12 7.65+0.14 1.46 £0.04 12.18 +1.79
13 10.26 +1.13 1.97£0.34 15.61 +1.97
8.84£1.36 1.65+0.41 17.01 +1.27
8.26 £1.20 1.47 £0.36 13.94 +3.07
Cachopo 2 12.14 +0.75 2.53+0.23 22.89+1.99
AREA B 9.34+1.85 1.59 +£0.55 13.04 £0.00
B 26 19.79+1.48 4.85+0.44 24.36 +2.00
(n=19 11 10.78 +1.43 2.18+0.43 17.77 +1.08
7 14.09 £0.20 3.06 £ 0.06 19.18 +0.36
27 15.37 +0.52 3.60+0.15 21.05+0.71
21 12.38 +1.67 2.62 £0.50 15.85+0.55
8 8.85+0.55 1.58 +0.16 1471 +2.35
Martinlongo 22 17.67+1.72 4.29+0.52 20.36 +2.19
29 15.25 +2.46 3.37+0.74 1454 +1.77
20 7.15+0.73 1.07 £0.22 17.27 +2.19
10 5.80£0.95 0.94 +£0.29 1421 +1.79
Mean 11.48 2.39 16.59
S.D. 3.93 1.13 3.79
Range 5.80-19.79 0.94-4.85 9.46-24.36
16 21.81+1.06 5.51+£0.32 27.28 +1.62
32 17.65+1.41 411 +0.42 16.29 +2.48
33 17.65+1.11 4.21+0.33 18.55 +2.48
Sta. Catarina 28 19.59 + 0.96 4.75+0.29 23.56 +0.35
18 19.46 +0.33 487 +0.10 25.00 +1.97
AREAD 30 14.96 + 2.06 3.48 £0.62 18.42 +1.95
B 19 13.57 +2.96 3.05+0.89 27.84 +1.46
(=12 17 14.24 +3.49 3.24+1.05 21.70 +1.62
25 18.08 +0.52 441 +0.16 25.39+1.64
Tavira 15 10.18 +1.23 2.15+0.37 17.89 +1.26
24 13.81 +2.02 3.06 £0.61 19.07 £1.09
23 2151+2.01 5.38 £ 0.60 2423 +2.92
Mean 16.88 4.02 22.10
S.D. 3.54 1.03 3.96
Range 10.18-21.81 2.15-551 16.29-27.84
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» DPPH scavenging

With respect to the results of inhibition of DPPHRalyses (table 3.3), these demonstrated that the
most active radical scavengers were found in hooeljscted in area D (range of 16.29 to 27.84%,
a mean value 22.10%), followed by area B (rang®.46 to 24.36%, a mean value 16.59%). The
DPPH free radical has the advantage of being urtefieby certain side reactions, such as metal ion
chelation and enzyme inhibition (Estevinho et 2008; Silici et al., 2010). Similar results were
obtained by Pérez et al., (2007) to honey samptes Madrid (Spain), which showed a mean value
of 20.7%; also Vela et al., (2007) analyzed honmeynfthe North of Spain, obtaining higher values
for DPPH (28.7 + 16.6%). The higher values of DPR1¢, higher the antioxidant capacity of the

samples.

Several authors (Aljadi and Kamaruddin, 2004; Krgdnal., 2009; Saxena et al., 2009) have
established a direct relationship between the sidémt capacity of honey and the amount of
bioactive compoundse(g.phenols and flavonoids) present (Beretta et AD52Blasa et al., 2006),
along with other compounds also involved. Thisasgistent with our results because the area D
showed higher total phenolic and flavonoid contemikich results in an increased antioxidant
capacity and an inhibition of free radicals. Th&edéences in values between both areas can be
explained by the geographical conditions. Pheraittents of honey, and consequently antioxidant
capacity, depends on the floral sources used teatdioney, which predominance is dependent on
seasonal and environmental factors. The majoritplafits that are used by bees to collect honey
biosynthesize antioxidants and may be used as arahasource of free radical scavenging
compounds. Consequently, the bioactive compound&gétal origin can be transferred to honey

(BaltruSaityt, et al., 2007).
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3.4. Conclusions

The following parameters were analyzed in all hosamples: pH, total acidity, ash content, EC,
moisture and water activity, and were found to steogood level of quality, by meeting honeys’
European Legislation (EC Directive 2001/110) andtiRpuese legislation (1983), after being kept
under storage for three years, except for the hyanethylfurfural content and the diastase activity.
It can be concluded that storage during a peridtthrafe years caused an evident loss of the quality
and freshness of honeys. It must also be takenaictount that the conditions of storage are very
important €.g.temperature, time, light) because the time ofagferhas made damages similar to

those produced by thermal processing.

Regarding, the total phenolic and total flavonoahtents, the honey samples obtained from the
South region (Algarve, Portugal) showed a relayivgbod amount in comparison with the reported
in other studies cited; considering that sampletiafeys have time of storage of three years in

conditions wich ensured and minimized any alteratio

A moderate correlation was found between the aittimt activity of honey and its total phenolic
and total flavonoid contents, indicating that tméi@idant capacity of honey is mainly due to the
presence of these components and interactionsotfitr compounds. The little differences showed
in antioxidant activity according to the areas amgling, can be attributed to the fact that not all
plant products bear the same phenolic compositioth mot all phenolics possess the same
antioxidant capacity. Therefore, it is not the ditgrbut the quality of polyphenols, which serves a

the major determinant of the antioxidant capacitfpod.
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Chapter Four: Characterization of physicochemical parameters ldaodctive compounds of the

strawberry treeArbutus unedd..) honey.

4.1. Introduction

The strawberry treeAfbutus unedd.., Ericaceae) is a typical evergreen plant thatvés in the
Iberian Peninsula and in the Mediterranean Basinyell as in other regions with hot summers and
mild rainy winters; it is native of Greece, Lebandreland, Turkey, Southern Europe and the
Sardinian island (Italy). In Portugal this speciessmainly implanted in the South (Algarve);
“Medronho” is the local name of the strawberry t(€likel et al., 2008, Tuberoso et al., 2010;
Gomes et al., 2010b; Oliveira et al., 2011). THanpis a perennial shrub that has an ornamental
value (height about 7—9 m) due to its attractiuatérin the fall and winter, and pinkish-white
flowers in the fall, this plant has strong resis@mo hard environmental conditions (Celikel et al.
2008).The appearance of fruits is spherical with a di@mef about 2—-3 cm, have an orange-red
colour and are tasty only when fully ripe; they amaracterized by an excessive sugar content (42—
52%), are a good source of minerals, specially mchalcium, vitamin C, and the total phenols
have been estimated to be 14.6 mg/dried fruit, lnitkv 1.01 mg/g are anthocyaniresd. cyanidin
was identify as the main contributor to the recbao) (Ozcan and Hacisefgudlari, 2007; Pallauf

et al., 2008). The bitter taste of fruits can beilaited to tannins, together with other phenolic
compounds. Its fruits are processed into traditiggmaducts such as alcoholic beverages, jams,
jellies and marmalades, and are also consumecksis fruit (Pallauf et al., 2008; Tuberoso et al.,

2010; Oliveira et al., 2011).

The fruits are know in folk medicine as antiseptitiretic, and laxative, while the leaves are used
as astringent, diuretic, urinary anti-septic, anfideal, depurative and more recently in the
theraphy of hypertension, diabetes and in thertreat of inflammatory diseases. Several studies

showed that the leaf extract contains several gleecampounds, like tannins, flavonoids, phenolic
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glycosides, as well as-tocopherol (Ozcan and Hacisefgutiari, 2007; Oliveira et al., 2009;

Takrouni and Boussaid, 2010).

The flowers (a bit-like hot-air balloons), are puodd in clusters (15—-30 flowers) on red stems, are
bell-shaped, lobes recurved, white or pink andarestented. These flowers are significant sources
of the nectar for bees, which can be used to toamsinto for strawberry tree honey (Celikel et al.,

2008; Takrouni and Boussaid, 2010).

Honey is a natural substance produced by honeygés melliferal..) from flower nectar or from
honeydew, has a high nutritional and prophylacteditinal value. It is a source of readily
available sugar, organic acids, some amino acidsran and microelements and biologically active
substances (Juszczak and Fortuna, 2006). The cdioposf honey is influenced by the floral
source, climate and environmental conditions, aeekbeper skills. Therefore, in every region of
the World, the composition of honeys is differeBh&ndari et al., 1999). Nowadays the current
tendency is to define the differencing charactenafeys from different sources in order to obtain a
standard of quality and authenticity for this prodallowing it to be competitive in the market

(Castro-Vazquez et al., 2010).

Melissopalynological analysis, especially the idfergtion and quantification of pollen grains in
honey sediment, is the reference method used &ndigle the botanical origin of honey samples.
This method shows various limitations depending tba beekeeping techniques (extraction,
filtering, etc), size of the pollens, the flower mpbology, which may affect nectar contamination in
the flowers, and consequently the pollen grainth@énhoney sediment compared to its respective
nectar. Besides, this technique is time consumirthraquires special expertise and skill to identify
each of the different pollens present in the haswyples (Cabras et al., 1999; Bianchi et al., 2005)

Normally, honeys are classified as unifloral, wiiea pollen frequency of one plant is over 45%
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(predominant pollen). In some cases, the botanieskification is carried out in a different manner
when the pollen grains are “under- or over-repriesrin relation to the nectar their flowers yields
For strawberry tree honey to be considered asaualflt must show a frequency between 8-20% of
pollen grains ofArbutus unedpbecause of its under—represented sediment, duewopbllen

content (Felsner et al., 2004; Von Der Ohe efa04).

Some of the popular types of honey available intl®@l are of unifloral origin, which include
heather Erica sp.), rosemaryRosmarinus officinalls sunflower Helianthus annuysand orange
(Citrus spp) are high in demand, because consumers prefayf clear yellow with a sweet
flavour. A small amount of strawberry tree honeyriade in the South of Portugal. This kind of
honey is a low artisanal production from which vkitje is known in terms of physicochemical and
bioactive properties, both at local and at inteéomatl level. It is moderately appreciated by local
consumers in comparison with other honeys; duéstdistinct fragrance and bitter aftertaste, this
honey is known locally as “bitter honey” (Andradeaé, 1999; Martins et al., 2008). The sensory
characteristics are easily recognizable: it is anglodored when liquid and beige-brown when
crystallized; the smell is intense, characteristipe, and similar to that of coffee; the taste is
slightly sweet initially and decidedly bitter anstringent later (Tuberoso et al., 2010). This kifid
honey is also produced in the Sardinian island wlieis widely appreciated, with market prices
being from 4 to 8 times higher than those of a $weeey. Because it has been shown that it is a
good source of bioactive compounds (antioxidant antimicrobial compounds), consumers are
willing to pay a high value for this product (Bidmet al., 2005; Tuberoso et al., 2010; Rosa et al.
2011). The number of customers that attach a gmgadrtance to the origin of food products as an
indicator of quality is remarkable. Many consumsgsk high quality products with a clear regional
identity of the provenance areas, therefore forapieulture industry it is in their best interest t
offer honeys with specific geographical charactiess bioactive compounds and superior quality

(Castro-Vazquez et al., 2010).
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Honey is considered as a natural product partagfittonal medicine since ancient times and is used
as a food preservative and sweetening agent (Feeeal., 2009; Feas et al., 2010). The beneficial
role of honey is partially attributed to its bio&et compounds, such as antioxidants. The amount
and type of this antioxidants depends largely uperfloral source/variety of the honey and diverse
researches have demonstrated a correlation betit&eeamtioxidant activity and total phenolic
content (Aljadi and Kamaruddin, 2004; Ferreira & a009; Biesaga and Pyrzynska, 2009;
Brudzynski and Miotto, 2011b, 2011c; Rosa et &11). The phenolic compounds are considered
as beneficial for human health, since they decréaseisk of degenerative diseases by reducing
oxidative stress and inhibiting macromolecular axioh. It has been demonstrated that they
possess free radical-scavenging and metal-cheladictiyity in addition to their reported

anticarcinogenic properties (Antony et al., 200@;ziPnska and Biesaga, 2009; Morais et al., 2011).

The strawberry tree honeys made in Portugal haee btle studied, in comparison with famous
Sardinian honeys, and scientific data for this tgploney is rare in the literature. The aim othi
work is to allow a better knowledge of the chardz&gion of physicochemical parameters and
bioactive compounds of strawberry tree honey predumn the Algarve and, if possible, to

increment its demand.
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4.2. Experimental

4.2.1. Honey samples

The analysis of the strawberry tre®rtfutus unedd..) artisanal honey samples (figure 4.1) were
harvested in the January of 2010 in the South dfuBal (specifically inside S&do Bras de Alportel)
directly from a local beekeeper. Analysis of eaamgle was carried out in triplicate for each test.
All samples were obtained by centrifugation, untksh with other honeys and unpasteurized.

Honey samplesn(= 7) were stored at room temperature (20 * 3 #) analysis.

Figure 4.1 Photography of a strawberry tree honey samplemddgrom the South of Portugal.
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4.2.2.Melissopalynology (pollen analysis)

The honey unifloral types were determined by pallianalysis after acetolysis (Louveaux, et al.,
1978; Lieux, 1980; Hesse and Waha, 1989; Von Dex @lal., 2004). This work was carried at the
laboratories of the Centro de Quimica de Vila REHVR) at Universidade de Tras-os-Montes e
Alto Douro (UTAD), with the help of Engineer Migudllaia. A 20 g sample of honey was
dissolved with 40 mL of warm distilled water (40)°Che honey solution was stirred, transferred to
centrifuge tubes and centrifuged for 15 min at 5G00. The supernatant liquid was decanted to the
last drop by tilting the tube at a 45° angle. Tenohacetolysis solution (1 mL of 430, to 9 mL of
C4He0Os), were added to the remaining sediment in eacé &t the tubes were placed in a water-
bath at 70 °C for 10 min. These were centrifugedirador 10 min at 4500 rpm, all of the
supernatant liquid removed and a drop of liquet@iser’s glycerol gelatin (Merck, Darmstadt,
Germany) mixtured with the sediment (pollen graifid)e entire sediment was placed on a slide
and spread out over an area of approximately 20 mg. For each sample, at least 800 pollen
grains were counted. The pollen grains were grougyepollinic types, according to Valdés et al.,

(1987).

4.2.3. Physicochemical parameters

4.2.3.1. Reducing sugars

Reducing sugars were determined using 3,5-dinficydlec acid (DNSA). A 1 mL of the honey
solution (1 mg/mL) was mixed with equal amount dfiA solution and incubated in a boiling
water bath for 10 min (Saxena et al., 2009). Thatuné was allowed to cool to ambient
temperature, mixed with 7.5 mL of distilled waterdathe absorbance was measured at 540 nm
using a UV-VIS spectrophotometer Hitachi U-2000 Kjfa, Japan). A standard glucose stock

solution, within the range of 0 to 1000 pg/mR? € 0.9945), was used as a standard curve.
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4.2.3.2.0ptical rotation (OR)

OR was measured polarimetrically using the metrmcbmmended by the International Honey
Comission (Bogdanov, 2002). Approximately 12 g ohéy sample (corresponding to about 10 g of
dry substance/100 mL) were clarified first with &arl reagent (10 mL, for 30 s), and then with
Carrez Il (10 mL, for 30 s). Distilled water wagthadded to a final volume of 100 mL and left for

24 h. The solution was filtered and read out irAtago® Polax-D polarimeter (Tokyo, Japan). The
optical rotatior(a)éo, expressed as the angle of rotation of the p@driight at the wavelength of

the sodium D line) = 589.3 nm) at 20 °C, was calculated using equd#dl):

(@) = (a-100)/(L-p) (4.1)

Where:a = angular rotation determineld;= length in decimeters of the polimeter tupes mass,
expressed as grams of dry honey.
4.2.3.3. Colour by absorbance

The absorbance of a solution of 50% honey in watér) was read at 635 nmin a1 cm cell, ina
double beam UV/VIS spectrophotometer Hitachi U-20D8kyo, Japan) (Ferreira et al., 2009). The
honeys were classified according to the Pfund scdter conversion of the absorbance values,

using the following equation (4.2) and values waessified according table 4.1 (White, 1984):

(mm Pfund) = —38.70 + (371.39 - AAg3s) (4.2)
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Table 4.1.Honey colour expressed in absorbance and Pfue §oam Naab et al., 2008).

Honey colour Absorbance Pfund scale (mm)
Water white 0.104-0.125 <8

Extra white 0.125-0.148 9-17
White 0.148-0.195 18-34
Extra light amber 0.195-0.238 35-50
Light amber 0.238-0.333 51-85
Amber 0.333-0.411 86-114
Dark amber >0.411 >114

4.2.3.4. Diastase activity with Phadebas

The diastase activity was measured using the Phadmhylase test tablets purchased from Magle
(Lund, Sweden), according to the International Ho@emmission (Bogdanov, 2002). An insoluble
blue dyed cross-linked type of starch was usedhassubstrate (Tosi et al.,, 2008). This is
hydrolysed by the enzyme, yielding blue water-sldufragments, which were determined
spectrophotometrically at 620 nm. The absorbandbefolution, which is directly proportional to
the diastase activity of the sample, was determirgdag a Hitachi U-2000 double beams UV/VIS
spectrophotometer (Tokyo, Japan). Diastase activitgs obtained from the absorbance
measurements by using the equations:

DN = (28.2 - AAgyo) + 2.64 (4.3)
and

DN = (35.2 - Agy) — 0.46 (4.4)

For either high (8 to 40 diastase units) or low (o8 diastase units), respectively. Egs. (4.3) and
(4.4) are suggested by the International Honey Cigsion (Bogdanov, 2002). Diastase activity
was referred to as diastase number (DN) in the d&&bkeaale, which corresponds to the Gothe scale

number, or to g of starch hydrolysed per hour &tG@per 100 g of honey.
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4.2.3.5. Viscosity

The rheological properties were determined usingotational rheometer Brookfield DV-II
(Brookfield Engineering Labs Inc., Stoughton, Matasetts, USA) with a system of coaxial
cylinders (cup diameter 19.10 mm, bob diameter @89 and 24.23 mm length). The presence of
air bubbles and crystals can affect the viscosigasuring of honey. Prior to measurement
approximately 15 g of each honey sample were warateddtemperature of 45 °C during at least
three hours, to dissolve the crystals. Then thepkssiwere placed in the measuring element of the
rheometer and thermostated (water bath) to reagtdéisired temperature of measurement. The
determination of viscosity was performed at difféarghear rates, ranging from 1-50 rpm, and

temperatures ranging from 20 to 40 °C (at 5 °Gwvals).

The other methods for the determination of phydiengical parameters: ash content, electrical
conductivity, pH, total acidity, colour by colorite®, moisture content, total soluble solids, water

activity and HMF content were performed as desdribeChapter 3, section 3.2.2.

4.2.4.Bioactive compounds

The determination if bioactive compounds (total e and total flavonoid contents, antioxidant

activity and scavenging radical) were performeéhashapter 3, section 3.2.3.

4.3. Statistical analysis

The data analysis for the results obtained forwdieary tree artisanal honey samples of all
parameters (physicochemical and bioactive compdumdse carried out employing Statgrapfiics
Centurion XV (StatPoint, Virginia, USA) using ansily of variance and Student’s t-test used to
examine differences between Italian and Portughesey’s. The results are expressed as mean

value ) and standard deviatio8D). Differences were considered significanpat0.05.
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4.4, Results and discussion

4.4.1. Pollen analysis

The results of microscopic analysis of the honeyayaeed are summarized in figure 4.2. Thirty one
pollen types were found in the samples. Pollen fiechium plantagineum, Ceratonia siliqua,
Cistaceae, Arbutus unedo, Lavandula stoechas, Bdas&eblaand Citrus spp. types were present
in all of them (86%)Arbutus unedd.. was the predominant pollen in all samples, aotiag for
more than 20% of the pollen. Von Der Ohe et alQO@ established that for a honey to be
considered a strawberry tree honey classified &morai, this sample must show a range of pollen
grains between 8 to 20% of this type of flower @wwwollen content under-represented, percentages
of pollen grains < 45%) (Andrade et al., 1999; BeosOddo et al., 2004; Bianchi et al., 2005;
Morais et al., 2011). Therefore, all samples c@wes to unifloralArbutus unedd.. honey (with a
mean pollen content of 31.96%; figure 4.3). Similesults were also obtained by Tuberoso et al.,
(2010). Some samples showed secondary pollens grd6g45% pollen content) these were
Cistaceag(20.45%) andLavandula stoechagl5.05%). Other important minor pollens (range 3—
15%) found wereCeratonia siliqua(5.37%), Cytisus scoporiug5.11%), Echium plantagineum
(4.52%),Citrus spp. (3.92%) an®eseda luteolé3.92%). The minor pollen (< 3%) was composed
by Pistacia terebinthug1.98%),Olea europea(1.87%),Calendula arrensig1.53%), Myrtus spp

(1.36%) andRosmarinus officinali§0.85%).
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Figure 4.2 Palynological spectrum of the strawberry tree lys@nples analyzed.
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Figure 4.3 Photography of pollen&rbutus unedd.. from flowers (a) and honey (b) at 40x undehtig
microscopy.

4.4.2.Physicochemical parameters

The following tables (from 4.2 to 4.7) shows theulés obtained for each physicochemical
parameter analyzed & SD, range). All honey samples have values withinl¢igal parameters
established by international regulations (EU, 200bdex Alimentarius Commission, 2001),

except for diastase activity (> 8 Gothe degrees).

» Ash content and electrical conductivity

The ash content for of the honey samples analybhewws a mean value of 0.58% and the
electrical conductivity (EC) value was 0.64 mS/crable 4.2). In comparison with results
obtained by Persano Oddo et al., (1995) for stranylieee honey from Italy, values of the ash
content were 0.32 + 0.05% (significantly differesge< 0.05) and the EC was 0.74 + 0.07
mS/cm (not significantly differencgs<0.05), respectively. Generally, the ash contémieatar
honey is< 0.6% when compared to honeydew honey or blenti®éydew where this value is
> 1.2%; on the other hand, the electrical condugtifor nectar honey is 0.8 mS/cm and for
honeydew> 0.8 mS/cm (EU, 2001; Codex Alimentarius Commissg001). The EC of honey

is due to presence of minerals, organic acidsgprosugar composition, and is a good tool to
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distinguish between floral and honeydew honey, @ting to the present standards (Saxena et
al, 2009; KaSkoniaenet al., 2010b). Some nectar honeys, for exampdavberry tree Arbutus
unedq, bell heather Erica), eucalyptus Eucaliptug, lime (Tila spp.), ling heatherGalluna
bulgaris), manuka I(eptospermumand tea treeMelaleucaspp.) can show higher values of EC
(Codex Alimentarius Commission, 2001; EU, 2001; &agpv, 2002). These two parameters
have a linear relationshigE ¢ = [0.066 - Ash content] + 0.56) with increased ash contents
being accompanied by an increase of EE= 0.740; figure 4.4). This has been reported by
several authors (Sancho et al. 1991a, 1991b; Redls, 2010; Gomes et al., 2010a). The ash
content gives a direct measure of the inorganicuesafter carbonization, while the electrical
conductivity measures all the ionizable organic amtganic substances (Felsner et al., 2004;
Silva et al., 2009; Feas et al., 2010). The minemitent depend of various factors such
botanical origin, geographical conditions, soil gmsition, environmental pollution and

extraction techniques (Conti, 2000; Nanda et 803}

0.65 4

0.64 -
€ 0.63 -
<
(%)
£
2 062 -
0.61 -
y =0.066x + 0.560
R2=0.740
0.60 T T T T
0.44 0.49 0.54 0.59 0.64

Ash content [%]

Figure 4.4 Linear regression of ash content (%) and eledtrégmnductivity (EC; mS/cm) for the
strawberry tree honey.

112



Chapter 4: Characterization physicochemical...

Table 4.2 Results for the ash content (%) and electricaldootivity (EC, mS/cm) determined in
strawberry tree honey from the South of Portugal.

Parameters Range[min - max] X+ SD
Ash content (%) 0.465-0.640 0.58 £0.10
EC (mS/cm) 0.628-0.645 0.64 +£0.01

* Moisture content (MC)

The MC for the strawberry tree honeys analyzed elase to the limits (but did not exceeded
20%) established by EU (2001) and Codex Alimenta@ommission (2001), samples showed a
mean value of 19.87% (table 4.3). This parametanisnportant one to be considered for shelf-
life. For high values of moisture it is possible dbtain fermentation by osmophilic yeast,
reducing the overall quality of the honeys. Thisoaindicates a premature extraction or
extraction under high humidity conditions. Osmojghyleast need high sugar concentrations and
are able to grow to a minimal water for high sugamncentration and are to able to grow to a
minimal water activity until 0.6 (Feés et al., 2p1The author Persano Oddo et al., (1995)
found mean moisture of 18.9 + 1.9% for the Itallloneys on this study (not significantly
differencesp <0.05). The water content depends on the botaniigih of honey, atmospheric
conditions, the degree of maturity reached in tine,hthe season of production, human
manipulation, the processing techniques and staragditions €.g.temperature, light, £ and

so it influences the quality of honey (Finola et 2007).

e Total soluble solids (TSS)

TSS content of the honeys samples showed a meae ohF8.35 °Brix (table 3.3) variations in
total soluble solids are found to be dependent lonate and floral source amongst other
factors. There is a strictly linear relationshifS = (—0.914 - Moisture content) + 96.46

(figure 4.5) between moisture and total solubleidsol(Silva et al., 2009). Conti (2000)

confirmed that anomalous values may be a reliaolex for adulterations.
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Figure 4.5 Linear relationship between moisture content (M},and total soluble solids (TSS, °Brix)
for strawberry tree honey samples.

*  Water activity (ay)

For the water activity of the strawberry tree hogyaverage value of 0.65 was found (table
4.3); normally the water activity is within a range0.5-0.6 (Gleiter et al., 2006; Chirife et al.,
2006; Zamora et al., 2006; Abramowat al., 2008; Gomes et al., 2010a). Hygoarameter is
more important in the inhibition of microorganisreveélopment and enzyme activity; this is
mainly determined by the presence of soluble chansipecies (mainly fructose and glucose);
the differences between water activity values @f different honey types is the result of its
diverse sugar composition (Gleiter et al., 2006)e Dsmophilic yeasts are only able to grow
above minimal water activities of 0.60 and are &pists in surviving under conditions of high
sugar concentrationsSaccharomycespp. is responsible for generating honey fermimtat

(Saxena et al., 2009).
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Table 4.3Results for the moisture content (MC, %), totdubte solids (TSS, ° Brix), water activity and
reducing sugars (mg/100 g of honey) determinedrawderry tree honey from the South of Portugal.

Parameters Range[min - max] X + SD

MC (%) 18.19-20.27 19.87 £ 0.57
TSS (°Brix) 78.0-79.9 78.35+0.49
ay 0.647-0.649 0.65 + 0.00
Reducing sugars (mg/100 g of honey) 70.84-78.38 64784.12

* Reducing sugars content

The reducing sugars in strawberry tree honey wad478 4.12 mg/100 g of honey (table 4.3),
similar results were also found by Persano Oddu.e{1995) for strawberry tree Italian honey
with a mean 69.3 = 3.1 (not significantly differesg <0.05). Standards of EU (2001) and
Codex Alimentarius Commission (2001) require thiéofeing: for nectar honey must ke 60
0/100g of honey, in honeydew honey mustb45 g/100g of honey. Reducing sugars, which
include mainly glucose and fructose, are the magmstituents of honey (Kaskonieet al.,
2010b). The carbonyl groups of reducing sugars remct with free amino residues from
aminoacids/proteins generating melanoidin compoumdsch are formed at several stages
during the Maillard reaction, including Amadori cpounds to amino reductoes or reductones
and the formation of polymers. These compounds l@a@own coloration and have been
demonstrated to possess a strong antioxidant igctikerefore they contribute to a product with
more active compounds (Viuda-Martos et al., 2008réira et al., 2009; Brudzynski and

Miotto, 2011b, 2011c; Jerkavet al., 2011).

e Optical rotation (OR)

Regarding the optical rotatiow)’, all samples present a laevorotatory behavior e
values) characteristic of nectar honeys, showingwvamnage value of -6.06° (table 4.4). Normally

the honey that shows this OR has a higher fructosgent, but the overall optical rotation
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depends on the concentration of the various sygasents (Dinkov et al., 2004; Dimins et al.,
2008). Similar results were also obtained by Perdaddo et al., (1995), who found similar

mean values of -13 + 1.8° for Italian strawbergethoney (significantly differenc@s<0.05).

Table 4.4Results for the optical rotation (ORz)%"), colour by colorimeterl(, a, b’) and absorbance
(mm Pfund) determined in strawberry tree honey ftbenSouth of Portugal.

Parameters Range[min - max] X + SD

OR ()% -6.37 —-5.50 -6.06 + 0.36

Colour by colorimeter

*

L 31.84-51.72 42.03 £10.05
a -0.48--0.1 -0.27 £0.10
b’ 8.11-16.48 12.42 +3.91

Colour by absorbance (mm Pfund) 18.49-29.26 23.9b66
« Colour

The colour of the samples was classified accortbrtgeir absorbance (table 4.4) as white, with
a mean value of 23.07 mm Pfund, which was lightantthe samples studied by Persano Oddo
et al., (1995), who classified their honeys astligmber (70 + 10 mm Pfund; significantly
differencesp <0.05). Honey samples, when analyzed with a aoletér, showed values bf =
42.03 (lightness)a = -0.27 (greenness), atd = 12.42 (yellowness), with this last component
being the one that mostly influenced in the coldugeneral. According to the classification by
Gonzélez-Miret et al., (2005), strawberry tree hy@nean be placed in the groups of dark honey

(L" < 50).

Colour parameters depend on various factors, \wifr mineral content being an important one.
Light honeys usually have low ash contents, whiekdhoneys generally have higher ash
contents (Gomes et al., 2010a). Sometimes the widias (Maillard reaction) concentrations
which have a brown colour also plays an importatg to some foods (Jimenez et al., 1994,

Gonzales et al., 1999).
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. pH

The pH of the analyzed honey samples had an aveedge of 4.52 (table 4.5). This parameter
is of a great importance during extraction andagjer since acidity can influence the texture,
stability, and shelf-life of honey (Terrab et &Q04a; Feas et al., 2010; Idris et al., 2011). This
value is in accordance with the acceptable rangadotar honey (from 3.2 to 4.5); significantly
differences j§ < 0.05) results were also obtained by Persano @téh, (1995) for strawberry

tree honey (from 4.0 to 4.4, a mean 4.2 +0.1).

Table 4.5 Results for the pH and total acidity (meqg/kg) detieed in strawberry tree honey from the
South of Portugal.

Parameters Range[min - max] X + SD
pH 4.47-4.57 4.52 £ 0.05
Total acidity (meqg/kg) 24.63-29.16 26.76 + 2.28

e Total acidity

The total acidity of all samples were within theeimational legislation (Codex Alimentarius
Commission, 2001; EU, 2001), which required a valug 50 meg/kg. Honey samples studied
in the present work showed a mean value of 26.7@/kge(table 4.5). Strawberry tree honey
obtained from Italy showed a range of values frah820 53.4 meqg/kg, with a mean 39.6 + 8.3
meq/kg (Persano Oddo et al., 1995, not signifigadifferencesp <0.05). The presence of
organic acids, particularly gluconic acids produdezim nectar during ripening by glucose
oxidase, in equilibrium with their lactones or esteand inorganic ions, such as phosphate and
chloride, contribute to the acidity of honey (Ajldwand Sujirapinyokul, 2010; Kahraman et al.,
2011). High acidity can be indicative of fermertatisince the yeasts and molds are capable of

developing in an acidic environment and do not gnedl in alkaline media (Silva et al., 2009).
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« Diastase activity (DA)

The diastase activity and hydroxymethylfurfural ' are widely recognized as parameters

indicating the freshness and/or overheating of i¢@®mes et al., 2010a; Khalil et al., 2010).

For DA, samples of honey have showed a mean vdl868 Gothe (table 4.6). This enzymatic
activity is much lower than the limits establisHadInternational regulation, which should not
be less than 8 Gothe degrees (Codex Alimentarivan@ssion, 2001; EU, 2001). However,
similar results (not significantly differencps<0.05) were also obtained by Persano Oddo et al.,
(1990; 1995), with the honeys analyzed showingngeaof 0 to 9.2 with a mean of 5.2 + 2.8
Gothe. The activity depends upon geographic andlftarigins of the product, as well as on its
freshness (Gomes et al., 2010a). Normally the taktraatment€.g. pasteurization) decreases
the diastase activity (Castro-Vazquez et al., 20@8;j et al., 2008; Qamer et al., 2009; Turhan,

2009; Ajlouni and Sujirapinyokul, 2010).

Table 4.6 Results for the diastase activity (Gothe) and bygdmethylfurfural content (mg/kg)
determined in strawberry tree honey from the Sofifhortugal.

Parameters Range[min - max] X+ SD
DA (Gothe) 3.4-3.7 3.58+0.13
HMF content (mg/kg) 13.46-17.44 16.11 +2.30

e Hydroxymethylfurfural (HMF) content

For the HMF content of the honeys analyzed an @eeralue of 16.11 mg/kg was obtained
(table 4.6). Persano Oddo et al., (1995) who fotnedHMF level for Italian honeys with a
mean of 4.4 + 3.2 mg/kg (significantly differencgs <0.05). The Codex Alimentarius
Commission (2001) and EU (2001) established theirmax HMF level allowed in honey as
40 mg/kg, with the following exceptions: 80 mg/kgr fhoney from countries with tropical
temperatures, and 15 mg/kg for honey with a lowyanaic level, respectively. Several factors

influence the formation of HMF in honey. These @ast may include the use of metallic
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containers, the physicochemical parameters (pld| &atidity, mineral content) of honey itself,
which are related to the floral source from whilsd honey has been extracted, the humidity and
from thermal and/or photochemical stress. The hydrthylfurfural formation results from
the acid-catalyzed dehydration of hexose sugam fmuctose being particularly susceptible

(Spano et al., 2006; Khalil et al., 2010; Capuamd Bogliano, 2011).

Taking into account the results obtained for thevatphysicochemical parameters: ash content,
electrical conductivity, pH, optical rotation, remiog sugars; and so as for melissopalynological

analysis, showed clearly shows that all honey sasngtludied were nectar honeys.

e Viscosity

Table 4.7 shows of the results for the viscositg € and the activation energy (kJ/mol) of
strawberry tree honey at different temperaturese Viscosity is an important factor that
concerns both processing parameters of honey piiodue.g. velocity of centrifuging or

filtering) and its sensory properties perceived dnpnsumers (Witczak et al., 2011). The
rheological properties of honey depend on manyofactsuch as its composition and
temperature, but the major is the water contergoAthe composition of individual sugars, and
the amount and type of colloids are important (Adayil et al., 2002; Juszczk and Fortuna,

2006).

Table 4.7 Results for the viscosity (Pa s) and activatioargn E,, kJ/mol) of strawberry tree honey at
different temperatures.

Temperature (° C)

Parameters 20 25 30 35 40

n (Pas) 30.11 15.66 8.67 3.48 1.45
R 0.998 0.997 0.998 0.998 0.999
E, (kJ/mol) 115.24

R 0.988

119



Chapter 4: Characterization physicochemical...

For the strawberry tree honey studied, the behawiow was adjusted with the Newtonian
model at different temperatures (figure 4.6). Tredeil was 1 = ny (equation 4.5); whereis
shear stress (Paj,is the viscosity (Pa s) andis shear rate (3; this was found to be the best-
fit model for the flow curves at different tempenas. Similar results were reported by others
authors after analysis of diverse types of honeys. cacia, buckwheat, linden, multifloral,
citrus, apple, honeydew) (Mossel et al., 2000; dait et al., 2001;Abu-Jdayil et al., 2002;
Sopade et al., 2002; Lazaridou et al., 2004; Jaszand Fortuna, 2006; Recondo et al., 2006;

Yanniotis et al., 2006).
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Figure 4.6 Flow curves of strawberry tree honey at differ@mperatures.

Several authors have reported that types of hohewed a Non-Newtonian behaviour, this
flow can be generated by crystal presence, nonrsagmpounds, colloidal material and
presence of high-molecular compoundgy(proteins or dextran) (Mossel et al., 2003; GOémez-
Diaz et al., 2004; Ahmed et al., 2007; JuszczkRortuna, 2006; Smanalieva and Senge, 2009;

Gomez-Diaz et al., 2009).
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The viscosity (figure 4.7) of strawberry tree hamedecreased with temperature rising; this
effect was adjusted using Arrhenius model. The ebs® of viscosity is a result of less
molecular friction and diminishing of hydrodynanficrces decreased (Mossel et al., 2003;
Recondo et al., 2006; Gémez-Diaz et al., 2009).ddteation energyl, = 115.24 kJ/mol) was

slightly, but similar values were obtained by Jukzand Fortuna (2006) for nectar-honeydew
(Ea = 105.25 kJ/mol) and linden honeys, & 103.58 kJ/mol); and Mossel et al., (2000) found
values for Australian honey between 66.32 to 124&3&ol. This parameteEf) reflects the

sensitivity of viscosity to temperature changeghbr values means that the viscosity is

relatively more sensitive to a temperature chahgedridou et al., 2004).
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Figure 4.7 Arrhenius model fit for strawberry tree honeys.
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4.4.3.Bioactive compounds
Table 4.8 shows the results obtained for the fhaholic content and total flavonoid content of

the strawberry tree honey samples.

e Total phenalic content (TPC)

This kind of honey has shown a high amount of TB&47 mg of gallic acid equivalents
(GAE)/100 mg of honey (table 4.8). A similar leweds also found by Rosa et al., (2011) who,
for honey of the same floral origin found values9@t2 mg of GAE/100 mg of Italian honey.
Slightly lower results were obtained by Berettalet (2005) who found commercial strawberry
tree honey samples with 78.96 mg of GAE/100 g afdyp when compared with other honeys
from the North of Portugal analyzed by Ferreiraakt (2009) the results obtained for the
phenolic content of rosemary (with 22.61 mg of GRE g of honey); viper’'s bugloss (with
40.62 mg of GAE/100 g of honey) and heather (wi2h77 mg of GAE/100 g of honey), the
strawberry tree honey had the highest values. figignt higher values were also found for
different unifloral honeys from Slovenia (acaciemd, chestnut, fir, spruce and forest) were
found by Bertoncelj et al., (2007). Similarly, asoge, high phenolic contents were found in

other studies (Meda et al, 2005; Al et al., 2008tman et al., 2010; Silici et al., 2010).

The variance values of phenolic content could be tlnsequence of the formation of
compounds that could react as electron-donorsementing the real amount of phenol (Al-
Mamary et al., 2002; Gheldof et al., 2002; Ferraitaal., 2009). Folin-Ciocalteu’s method
(FCM) is general for the estimation of the totakpblic content; other components such as
peptides, vitamins C, E, carotenoids, sugars, araoids, proteins, organic acids or enzymes
(glucose oxidase, catalase); can also influencerdbelts but the components that influence
more, by increasing the total phenolic value aseptoduct of Maillard reaction (melanoidins),
because several investigations had demonstratéththee compounds presented an effect that

is similar to a reducing agent (mixture of phosphgstic acid and phosphomolibdic acid)
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(Alvarez-Suarez et al., 2009; Ferreira et al., 206fbney is very prone to Maillard reactions
during storage or when subjected thermal proces3ihgse occur when sugars condense with
free amino acids leading to the formation of brawelanoidins (Turkmen et al, 2006; Rufian-

Henares and Morales, 2007).

Table 4.8 Results for the total phenolic content (TPC, mds@fE/100 g of honey) and total flavonoid
content (TFC, mg QE/100 of honey) of the strawbéneg honey samples.

Parameters Range [min - max] X+ SD
TPC (mg of GAE/100 g of honey) 91.7-96.1 94.47372.
TFC (mg of QE/100 g of honey) 4.09-5.77 5.33+0.63

* Total flavonoid content (TFC)
TFC for strawberry tree honey was 5.33 mg of QE/g0&f honey (table 4.8). This value is
lower than those found by Pichichero et al., (20&f@r analyzing honeys from different floral
sources from ltaly; those honeys showed a randlawbnoid contents from 6.73 mg quercitin
equivalents (QE)/100 g of honey for acadlpinia pseudoacacjdo 21.16 mg of QE/100 g of
honey for savory Ratureja hortens)s One kind of honey (sulldsledysarumsp.) showed the
lowest TFC value 4.18 mg of QE/100 g of honey. As the strawberry tree samples, they
showed similar results to the reported for limedya found by Al et al., (2009), which samples
showed ranges between 0.91-2.42 mg of QE/100 gpoéyh(for Acacig), 4.70-6.98 mg of
QE/100 g of honey (forilia); similar results were also found for honeys frBarkina Faso,
0.17-8.35 mg of QE/100 g of honey (Meda et al. 220Blasa et al., (2006) obtained a range of
1.23-2.93 mg of catequin equivalents (CEs)/100 fpafey. In comparison with Portuguese
honeys, rosemary (12.4 mg of CEs/100 g of hondggris bugloss (34.3 mg of CEs /100 g of
honey) and heather (58.7 mg of CEs /100 g of hqnii) strawberry tree honey TFC was
significantly lower (Ferreira et al., 2009). Flawaas inhibit auto-oxidation reactions and have a
scavenging effect on free radicals, by differenthamisms (Isla et al., 2011).
Most of the phenolic compounds present in honeyimrthe form of flavonoids (quercitin,

kaempherol, pinocembrin, etc) whose concentratitamend on various factors, including plant
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species used by the bees, health of the plantrgeloigal origin and climatic characteristics of
the production local, where the floral origin isetimajor factor responsible for biological
activity, including antioxidant and antimicrobiddecause the bioactive compounds of vegetal
origin can be transferred to honey (Kiguk et 20072 BaltruSaityt et al., 2007; Viuda-Martos

et al., 2008; Pichichero et al., 2009). Severataashes on the phenolic fraction established
homogentisic acid (2,5-dihydroxypenylacetic acidsA) as a useful marker to assess the
botanical origin of strawberry tree honey. It hasei demonstrated that HGA is the most
abundant phenolic compounds in this type of horggyresenting approximately 50—60% of the
total phenols and certainly provides an importamttgbution to the high antioxidant and
antiradical activities of strawberry tree honeyl§tze et al., 1999; Scanu et al., 2005; Tuberoso

et al., 2010; Rosa et al., 2011).

e DPPH scavenging

The strawberry tree honey obtained from the Sotifdostugal showed a mean value of DPPH
scavenging of 43.46% (table 4.9). Similar resulesravfound for Saxena et al., (2009) for
commercial Indian honey samples that showed rafiged 44 to 71% for DPPH scavenging
activity. The strawberry tree samples analyzed gubav higher value of scavenging activity in
comparison with samples studied by Beretta et(2005). This author found values for this
property near 1.63 mg/mL for DPPH scavenging of mwamtial strawberry tree honey, which
showed clearly that kind of honey had higher rdeBcavenging activity. Rosa et al., (2011)
found values of the scavenging ability on DPPH galdi of 4.8 mmol trolox equivalent

antioxidant capacity (TEAC)/kg of honey for strawyetree honeys produced in Italy. Samples
of the Portuguese honeys studied by Ferreira,e28l09) showed significant higher scavenging
activities of: 106.7, 130.5 and 168.9 mg/mL for thea viper's bugloss and rosemary,
respectively. The DPPH free radical has the adgenta being unaffected by certain side
reactions, such as metal ion chelation and enzphibition (Estevinho et al., 2008; Silici et al.,

2010).

124



Chapter 4: Characterization physicochemical...

The higher values of DPPH, the higher the antioxidapacity of the honey samples. Several
authors (Aljadi and Kamaruddin, 2004; Krpan et 2009; Saxena et al., 2009) have established
a direct relationship between the antioxidant capasf honey and the amount of bioactive
compounds €.g. phenol and flavonoids) present, along with othempgounds also involved

(Beretta et al., 2005; Blasa et al., 2006).

Table 4.9Results for the DPPH scavenging (%) and antioxidapacities (mg of AEAC/100 g of honey
and mg of QEAC/100g of honey) of the strawberrg theney samples.

Parameters Range [min - max] X+ SD

DPPH scavenging (%) 40.28-45.20 43.46 + 4.86
Antioxidant capacity
(mg of AEAC/100 g of honey) 18.01-18.25 18.15+0.12

(mg of QEAC/100 g of honey) 9.64-9.78 9.72 +0.07

« Antioxidant capacity
The antioxidant capacity of strawberry tree hornegwsed values of 18.15 mg of ascorbic acid
equivalents antioxidant capacity (AEAC)/100 of hprand 9.72 mg of quercitin equivalents
antioxidant capacity (QEAC)/100 g of honey (tabl®)4 These values were similar to those
obtained by different researchers, for example: Metdal., (2005) for multifloral honey (4.27—
17.30 mg of AEAC/100 g and 10.20-37.87 mg of QEAD/Y of honey) and Saxena et al.,
(2009) who found values between 15.1 to 29.5 mgeAC/100 g of honey for Indian honeys.
Many studies have demonstrated that honey sen@sa@srce of natural antioxidants, which are
effective in reducing the risk of heart diseaseamcer, immune-system decline, cataracts,
different inflammatory process, etc. Among the naaibms of action suggested are: free
radical sequestration, hydrogen donation, metadiic chelation, or their ability to act as a
substrate for radicals such as superoxide and kydiave been suggested (Viuda-Martos et
al., 2008). The antioxidant activity of honey haseb strongly correlated with the content of
phenolic and flavonoid compounds, but they aresotdly responsible for this activity as there

are other constituents such as vitamins, carotenaitklanoidins, enzymes, organic acids,
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peptides and possibly other minor compounds possgaatioxidant capacity (Estevinho et al.,

2008; Rosa et al., 2011).

In general, it can be established that this kinchafiey has the highest antioxidant activity,
when compared with other kinds of honey samples,efample: sulla, chestnut, chicory,
dandelion, eucalyptus, citrus, acacia, etc. (Barettal., 2005; Rosa et al., 2011). On the other
hand,abbamele(a typical product originally from Sardinia, obtad from the recuperation of
this kind of honey from combs) have antioxidaniwatoés comparable to those of well-known
products such as red wines and vegetables; therdfermost bioactive compounds present in
this product come directly from the original souArbutus unedd.. honey (Spano et al., 2008;

Jerkovt et al., 2011).
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4.5. Conclusions

For the first time, it was possible to charactetlze physicochemical parameters of strawberry
tree honey from the Algarve. After the comparisoadm between strawberry tree honey
obtained from the South of Portugal with strawbereg honey from ltaly, it was found that all
a the physicochemical parameters are within thédiestablished by International regulations
and have shown no significant differences amongm#edves, confirming that honey
composition is highly dependent on weather andrenmiental conditions; except of colour
parameter that clearly was different for the Parkgg honey, which was lighter (extra white)
than the ltalian honey (light amber); besides ef dish content, optical rotation, pH and HMF

content.

This study can generate an increase in the comatevalue of this artisanal honey, also
provides information related to the bioactive comnpds present in this type of honey, hoping to
rise preference (higher demand) from the local eovess. Therefore, this kind of honey should,
like in Italy, where it is very appreciated and somed in spite of high commercial value, be

better promoted.
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Chapter Five: Comparison between commercial honeys and strawbeeyArbutus unedd..)

honey in physicochemical parameters and bioactwepounds.

5.1. Introduction

In the previous chapter strawberry tree honey wadiesd and the main properties analyzed
revealed that it is indeed interesting honey prodoat deserves better promotion as a quality

product for both its unique bioactivity and for jgsysicochemical properties.

Commercial honey has to obey to a series of pammetgulated by National and International
bodies. Within those limits commercial honey appeasupermarket shelf with one major
concern, which is to sell as much as possible. @orss normally prefer honey that are light in
colour and show no sign of cristallization. Honeyai natural food produced by honeybee that
transform and combine this with specific substartbes leave it in honeycomb to ripen and
mature. It is composed primarily by mixture of aampdrates, mainly fructose (38%) and
glucose (30%) and water (16—18%) approximatelyh wther minor components.@. proteins,
free amino acids, organic acids, phenolic compouwvitimins and minerals) (Pires et al., 2009;
Kahraman et al., 2010) this proportions give enouowgirgin for honey adulteration and for
unclear product descriptions on the label. In thesent chapter a comparative study with

commercial honey is presented.

Honey composition depends on the plants visitedheybees, which can produce nectar or
honeydew, and also on the climatic, environmentaddions and processing. The European
Union (2001) establishes that the floral sourceyetber with the regional, territorial or

topographical origin should be specified on thesladf the product, and encourages the use of
analytical procedures to determine the authenticfthoneys (Feas et al., 2010; Wei et al.,
2011). The methods most used and widely recognigekbgislators are physicochemical and

pollen analysis (melissopalynology). These havenhesed to characterize honey samples in

order to distinguish their source kind or floralgim, as well as to control its quality (Popek,
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2002; Martins et al., 2008; Pires et al., 2009;sFetéal., 2010). One other methodology that can
determine or able to distinguish the botanical inorignd to identify and quantify certain
deviation, from purity €.g. fermentation, impurities, off-odours and flavouis)the sensory
evaluation (Piana et al., 2004). It is also an mssetool that allows you to evaluate market
trends and provides comprehensive and informatita about the human perception of product

quality (Stolzenbach et al., 2011).

Unifloral honeys, predominantly from a single botah source, are in higher demand from the
consumer, which means that they also have a higbemmercial value for the producers.
Therefore, the characterization of honeys is negcgsm order to improve our response to
consumer demands. In general, unifloral honeysname expensive than multifloral ones. Some
unifloral honeys are more appreciated than otles, to their organoleptic characteristics or

their beneficial properties (Martins et al., 208dya et al., 2009; Feés et al., 2010).

Several researches have shown that some minorityp@onds in honey act as bioactive
compounds, which have antimicrobial and antioxigaoperties. Some of these compounds are
enzymes (glucose oxidase, catalase), flavonoid®yrlsis acid, phenolic acids and carotenoids

(Al et al., 2009; Ferreira et al., 2009; Gomeslet2810a; Silici et al., 2010).

An increase in consumption at a global level, aher last few years can be attributed to the
general increase in living standards and a high&erest in natural and beneficial health
products. The honey of World commerce varies gyeatlquality, and its quality is assed
largely on the basis of colour, flavor and lateyytbe presence of compounds related to health

benefits (Al et al., 2009; Saxena et al., 20095t al., 2009; Silici et al., 2010).

Several types of honey are produced in Portugakravhhoney production is a traditional
practice well implanted in several regions (Pirealg 2009). In 2010 the volume of production

of honey in Portugal was 7436 tons with the majgret of honey produced being french
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lavender (40%), multifloral (30%), sunflower (10%gucalyptus (10%), heather (5%) and
orange blossom (5%) (Instituto Nacional Estatistieartugal, 2010; Federacdo Nacional dos

Apicultores de Portugal, 2011).

In the South of Portugal a bitter honey is produiced small scale from the typical strawberry
tree in this area. “Medronho” is the local nhameahe strawberry treeAfbutus unedd..). This
plant is a small evergreen shrub, spread througtheuMediterranean. The “medronho” tree is
largely appreciated by the red spherical fruitst thee used principally in preparations of
alcoholic beverages (Tuberoso et al., 2010; Olivetral., 2011). This type of honey is not very
appreciated by the consumer, is known locally agéetbhoney” because of its flavor being
slightly bitter than the typical honeys and darloco; the Portuguese consumers prefers heather
honeys Erica sp.) and they believe that this type of honey jsesior to other types produced

locally (Andrade et al., 1999; Martins et al., 20B8as et al., 2010).

The goal of the present study was to compare travkerry three honey samples widely
consumed nationwide which concerns it's in phydiemical parameters as well as the
presence of bioactive compounds. Besides, thernprefe level was also evaluated by a sensory
panel, in order to establish the degree of preterasi the strawberry tree honey as compared

with commercial honeys known and most consumeaditugal.
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5.2. Experimental

5.2.1. Honey samples

Four kinds of unifloral commercial honeys samplesc(ar honey, figure 5.1) were purchased
from a local shop. All the samples were kept inirttagiginal packages and left at room
temperature until further analysis. The expiratitate was the same for all honeys (December
2012). The four commercial brands of Portugueseeposamples were coded as follows
Arbutus (strawberry tree, B-1}lelianthus(sunflower, G-1) Citrus (orange blossom, L-1) and
Lavender (french lavender, R-1). The classifications of homeere performed by honey
producers. All analyses were carried out in trggic The data used for the characterization of

artisanal strawberry tree (was coded as MJ), has @ported in Chapter 4, section 4.2.

Strawberry tree honey (B-1)

Orange blossom honey (L-1) French lavender honey (R-1)

Figure 5.1 Types of commercial honey samples analyzed.
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5.2.2. Melissopalynology (pollen analysis)
The determination of the honey’s floral source wagformed according to the described in

Chapter 4, section 4.2.2.

5.2.3. Physicochemical parameters

The methods for determination of physicochemicatapeters (ash content, electrical
conductivity, moisture content, total soluble ssjidvater activity, reducing sugars, optical
rotation, pH, total acidity, colour by colorimetand absorbance, diastase activity with Schade
and HMF content) were performed as described inp@na3, section 3.2.2 and Chapter 4,

section 4.2.3.

5.2.4. Bioactive compounds
The determination if bioactive compounds (total mdlie and total flavonoid contents,

antioxidant activity) were performed as describe@hapter 3, section 3.2.3.

5.2.5. Sensory descriptive analysis

5.2.5.1.Panel selection

The panel consisted of 15 untrained subjects, cismgr4d men and 11 women (22 — 45 years
of age), who regularly participate in the sensagi@ation of foods. The panellists were mainly
the members of dffaand students of the Food Engineering Departmehiy wad good
experience in odour and flavour profiling of a numbgirfood products and had previously,

participated in other panels to evaluate honey.

5.2.5.2.Sample preparation

The different types of honeys were poured intodpament glass cups (15 g) and closed with a

sheet of plastic. These were coded with three-digitdom numbers and served at room
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temperature. Water and crackers were provided lier ganellists mouth-rinsing between

samples.

5.2.5.3 Evaluation

The sensory descriptive analysis was carried ouwvolstages. First stages, five attributes to
evaluate honey were selected: colour, aroma, vigcosrystal presence and flavor. Each
parameter was scored using a five levels scalée(&a). The second stages the preference and
acceptability of panellists between honeys wasuatat, according to the hedonic scale (nine
levels) presented in table 5.1. A set of 5 samf®e%, G-1, L-1, R-1 and MJ) were evaluated
using two sensory replicates assessed across 2adaythe presentation order was changed.
Sessions were performed in a testing room withntividual booths that were separated from

the area where the samples were prepared.

Table 5.1.Attributed evaluated in sensorial analysis witbitmespective scale.
Attribute Scale

Colour According to the Pfund scale (annexes figudel):
1 = extra white
2 = white
3 = extra light amber

4 = light amber
First stage

5 = amber
Aroma 1=none—> 5 =intense
Viscosity 1 =very liquid—> 5 =gummy
Crystal presence 1 = grainy> 5 = soft
Flavour 1 =bitter—> 5 = sweet
Preference/Acceptability According hedonic scale:

1 = disliked enormously

2 = disliked very

3 = disliked moderately

4 = disliked slightly
Second stage

5 = not like or dislike

6 = like slightly

7 = like moderately

8 = like very

9 = like enormously
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5.2.6. Statistical analysis

The results obtained for four commercial honey dampnd artisanal honey to all parameters
(physicochemical and bioactive compounds), werelyaad using analysis of variance
(ANOVA) and Student’s t-test used to examine déifees between diverse types of honey. The
results are expressed as mean valugsafid standard deviatiorSD). Differences were
considered significant g < 0.05. The data analyses were carried out ustatgi@phic8

Centurion XV (StatPoint, Virginia, USA).
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5.3. Results and discussions

5.3.1. Pollen analysis

The results of the microscopic analysis of the cemwial honey samples analyzed are
summarized in table 5.2. Unifloral status generadligrs to the presence of a single pollen type
in quantities higher than 45% of the total pollemtent in the spectrum; but there are some
exceptions (Bianchi et al., 2005; Valle et al., 20and some of the samples studied fit the
exception criteria. According to Von Der Ohe et §2004) to consider a honey as unifloral
from orange blossom, then the sample must ha@itras pollen content between 2-42%,
similarly strawberry tree origin, for which akrbutuspollen content between 8-20%. On the
other hand, some flowers can contain pollen whih lze under-represented in some cases, in
this included sunflower honey with should be prédmween 12-92% dflelianthuspollen
content and also the french lavander honey origimclhv must have present some pollen
belonging to the.amiaceaefamily which compriseRosmarinugwith 10-57% of this type of

pollen),Lavandula latifolia(15-42%) olavandulax intermedia(1-20%).

The analysis of the data in table 5.2, shows tleatan classify the honeys as: sample L-1 (with
30.2% of Citrus spp. pollen, figure 5.2a) was classified as sithoney; sample G-1 (with
24.6% ofHelianthus annuupollen, figure 5.2b) was classified as sunflowendyg sample R-1
(with 54.2% ofLavandula stoechagollen, figure 5.2c) was classified as french faler honey
and the last sample B-1 (with 20.4%Avbutus unedpwas classified as monofloral strawberry
tree honey (Pérez-Arquillué et al., 1995; Piazzéh Rarsano Oddo, 2004; Persano Oddo et al.,
2004). The results obtained after pollen analysisfiomed the identities of the honey sources

indicated by the producers in the labels.
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Table 5.2 Results of pollen analyzed for four commercial éwr(B-1, G-1, L-1 and R-1) samples
analyzed.

Honey sample Pollinic spectrum (%)

B-1 Arbutus unedo (20.4%; S) Lavandula stoechagl3.1%),Cistaceae(10.4%),Reseda luteola
(9.4%), Citrus spp. (7.8%),Ceratonia siliqua(7.8%), Echium plantagineun(6.3%), Olea
europea(5.7%),Erica sp. (5.2%)Rosmarinus officinali¢3.1%),Crataegus monogyng.6%),
Senecio vulgaris(2.1%), Calendula arvensis(1.5%), Anarrhinum bellidifolium (1.0%),
Trifolium arvensg1.0%),Crepis capillaris(1.0%),Cytisus scopariug0.5%),Anthemis arvensis
(0.5%).

L-1 Citrus spp. (30.2%; S) Echium plantagineunil1.4%), Rubusspp. (7.0%)Cytisus scoparius
(6.8%), Pistacia terebinthug5.1%), Olea europea4.8%), Reseda luteold4.4%), Quercus
spp-(4.0%)Lavandula stoechaf.2%),Crataegus monogyng.0%),Raphanuspp./Sinapsis
spp-(1.7%),Eucalyptusspp. (1.5%),Rosmarinus officinali1.1%), Erica sp. (1.1%),Acacia
spp. (1.0%)Oxalis corniculata(0.6%).

G-1 Helianthus annuus (24.6%; S, Echium plantagineun{14.1%), Pistacia terebinthu$6.9%),
Lavandula stoechags.4%), Olea europea5.3%), Quercusspp. (5.1%),Rubusspp. (3.5%),
Rosmarinus officinalig3.0%), Eucalyptusspp. (3.0%),Citrus spp. (2.9%),Crepis capillaries
(1.3%),Campanulaspp. (1.1%)Senecio vulgari¢l.1%),Raphanuspp./ Sinapsispp. (0.9%),
Lotus creticug0.7%),Reseda luteolé).7%),Crataegus monogyn@®.5%).

R-1 Lavandula stoechas (54.2%; D), Echium plantagineung8.0%), Rubusspp. (5.6%),Cytisus
scoparius(5.5%), Campanulaspp. (2.9%)Myrtus spp. (1.7%),0Olea europeg1.5%), Acacia
spp. (1.4%),Eucalyptusspp. (1.4%),Rhamnusspp. (1.3%),Quercusspp. (1.3%),Senecio
vulgaris 0.9%).

o Predominant pollen (D) > 45% of the pollen
0 Secondary pollen (S): 1645 %

o Important minor pollen (M): 3—15 %;

0 Minor pollen (T): less than 3%.

Citrus spp. Helianthus annuus Lavandula stoechas
- (a) (b) - o ()
< Teef L A O

U _t."‘*_, ¢ L)

L-1 sample G-1 sample { R-1 sample

Figure 5.2 Photography of the microscopy at 40x of pollenspré in the commercial honey samples
analyzed Citrus spp. (a)Helianthus annuugb) andLavandula stoechag), respectively).
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5.3.2. Physicochemical parameters results

Visually, none of the commercial honey samples stbwany signs of deterioration
(fermentation), or granulation before initiatingettphysicochemical determinations. Only
sample MJ (artisanal strawberry tree honey) shaaveehall amount of little crystals (figure 4.1,
chapter 4). The following tables (from 5.3 to 5djow the mean values obtained for each

physicochemical parameter analyzed in each homaplsa

« Colour

The colour by colorimeter (table 5.3) measured taedcorresponding values bf, a” andb’ of
honey obtained. Only sample B-1 showed the preseies components (positi). The rest
of the samples (G-1, L-1, R-1 and MJ) had green yeitbw components (negativeé and
positive b", respectively); however, honey samples G-1 and slidwed a more marked
influence of the yellow components. For the ligissi¢." value) of the samples B-1, G-1, L-1
and R-1 showed the lower values (< 33) and do agt lany significant differences; but the
darker sample was B-1'(= 29.09). On the other hand, the artisanal strawtieee honey (MJ)
showed they higher lightnesk’ (= 42.03). The colour of the honeys was also detezthiby
absorption (table 4.3), where were classified atiogrto the Pfund scale (White, 1984). Two
samples were classified as dark amber (> 114 mmdpfinese were honeys B-1 (mean value
173.2 mm Pfund) and G-1 (mean value = 145.6 mmdfuBamples L-1 (mean value 44.9 mm
Pfund) and R-1 (mean value 76.6 mm Pfund) weresified as light extra amber (30-50 Pfund
mm) and light amber (50-80 Pfund mm), respectividigney MJ was classified as white (18—

34 Pfund mm) with a mean value of 23.0 mm Pfund.
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Table 5.3Results for the colour parameters (colorimeter alngbrbance) of the commercial honey (B-1,
G-1, L-1 and R-1) analyzed and artisanal strawbies honey (MJ).

Honey samples
Parameters B-1 G-1 L-1 R-1 MJ

Colour by colorimeter

L’ 29.09+£1.38 31.07 £0.29 32.62+£0.18 32.69 £ 1.682.03 £ 10.05
a 155+0.32 -0.07+0.29 -1.17+0.15  -1.00+0.15 -0.27+0.18
b’ 357+1.76 10.01+0.47 4.77+0.28 6.30+0.886 12.42+3.91
Colour by absorbance (mm Pfund) 173.9+19 1456+2.8 449+2.4 76.6 3.1 23.07 £5.56
dark amber dark amber light extra amber  light amber  white

Results with letters shown significant differen@es 0.05)for each parameter.

A comparison of the colour parameters of the twoeys with the same floral origin (B-1 and
MJ samples) showed that these were completelyrdiife The colour in honey depends on
various factors, with their mineral content beimgimportant one. Light-colored honeys usually
have low ash contents (below 0.1%), while dark-@lohoneys generally have higher ash
contents (Gomes et al., 2010a); our results werg déferent in some aspects. For example

found that the honey classified as white (MJ) vesdne showing the higher ash content.

* Moisture content (MC)

MC varied from 15.49% (R-1 sample) to 18.19% (Bainple) for commercial honeys (table
5.4). The maximum amount of water content in hongyregulated for safety against
fermentation by moldsRenicillium andMucorg that reduce its quality. All samples contained
mean values lower than the 20%, the value allowethé European Union (2001) and Codex
Alimentarius Commission (2001). The water contdrtianey depends on the harvest season, of
the maturity reached in the hive, moisture contehtthe original plant, the processing
techniques and storage conditions. A high mois(ere21%) honey indicates a premature
extraction or an extraction under high humidity ditions (Feas et al., 2010). The strawberry
tree honeys (B-1 and MJ) had a higher of waterertnat 18.19% and 19.87%, probably because

they are winter honeys; this could accelerate atysation which, if fact, had began in the
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artisanal strawberry tree samples, at this levekatier content two phases start to appear and

the lower one, which is richer in glucose contéatts to crystallization (Gomes et al., 2010a).

Table 5.4Results for the moisture content (MC, %), totdubte solids (TSS, °Brix) and water activity of
the commercial honey (B-1, G-1, L-1 and R-1) anatlyand artisanal strawberry tree honey (MJ).
Honey samples

Parameters B-1 G-1 L-1 R-1 MJ

MC (%) 18.19+0.11 16.68+0.4% 16.96+0.12 1549+0.38 19.87+0.57
TSS (°Brix) 79.87 £ 0.06 81.30 +0.44 80.93+0.12 2.68+0.10 73.64+4.12
ay 0.620 £ 0.004 0.564 +0.000 0.592 +0.000 0.568 +0.000 0.65+0.00

Results with letters shown significant differenges 0.05) for each parameter.

* Total soluble solids (TSS)

Total soluble solids content (table 5.4) of the nwercial honey samples analyzed showed mean
values between 79.87 °Brix (B-1) and 82.60 °Brix1{R The moisture and TSS are strictly
correlated; high values of total soluble solidsrespond to a loss of MC; an anomalous
correlation may be a reliable index of adulterati@onti, 2000; Silva et al., 2009). The
differences in these two parameters can be attribiat harvesting season, the beehive handling
practices applied by beekeepers and the degreeatfritg reached in the hive (Feés et al.,

2010; Silva et al., 2009).

e Water activity (a,)

Water activity is one of the most important parametin microorganism development
inhibition and enzyme activity. The osmophilic y&sagre only able to grow above a minimal
water activity of 0.60 and are specialists to stgvin conditions of high sugar concentrations.
Such osmophilic yeastSéccharomycespp.) are responsible for causing honey fermemtati
resulting in the formation of ethanol and carbooxiie. The alcohol can be further oxidized to
acetic acid and water resulting in a sour tastxd@a et al., 2009). The commercial honeys

analyzed showed values between 0.564 (G-1 samplé)0s620 (B-1 sample; table 5.4).
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Fermentation processes are indeed virtually anthulleen the moisture content is < 17.1%,
while for higher values they are dependent on tirabrer of osmotic yeasts (> 1000/g of honey
for 17.1 < moisture < 18% and > 10/g of honey f8rll< moisture < 19%). The four honeys
analyzed should be regarded as safe with respebistphenomenon, since they showed lower

values ofa,, < 0.62 and moisturg 18.20% (Conti, 2000).

» Electrical conductivity (EC)

The electrical conductivity represents a paramitereasingly used in routine honey quality
control, and can be considered as a valid critefaorthe determination of honey’s botanical
origin or, more specifically, for the differentiati between nectar honey or honeydew. The
International legislations (EU, 2001; Codex Alimemits Commission, 2001) establishes the
limits for the EC values as a function of the kwfdhoney, normally nectar honey (with some
exceptions), should have values below 0.8 mS/cmhandydew values higher than 0.8 mS/cm.
The EC values of the honeys analyzed (table 5rg)e@d between 0.113 to 0.481 mS/cm (R-1
and B-1 samples, respectively). Electrical conditgtiof honey may be explained by taking
into account the ash and acid contents, which atsflthe presence of ions, organic acids and
proteins; the higher their contents, the highaghéresulting conductivity. Results obtained for
the samples in this study were in accordance teeddimentarius Commission (2001) that

establishes a maximum value for nectar honey (¥rB&m).

Table 5.5Results for the electrical conductivity (mS/cmydaash content (%) of the commercial honey
(B-1, G-1, L-1 and R-1) analyzed and artisanalgbexrry tree honey (MJ).
Honey samples

Parameters B-1 G-1 L-1 R-1 MJ
EC (mS/cm) 0.481+0.066 0.334+0.00% 0.216 +0.001 0.113+0.001 0.64 +0.0%
Ash content (%) 0.300 + 0.0D6 0.149 +0.00f 0.108 +0.001 0.049+0.008 0.58+0.10

Results with letters shown significant differenges 0.05) for each parameter.
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* Ash content

One other parameter used for this purpose is GlBs@sh content. Both parameters (electrical
conductivity—ash) depend on the mineral conterthefhoney: ash gives a direct measure of the
inorganic residue after carbonization, while thectical conductivity measures all the ionizable

organic and inorganic substances (Pires et al9;28va et al., 2009; Gomes et al., 2010a).

The commercial honeys analyzed showed ash cor{tabte 5.5) ranging between 0.049% (R-1
sample) and 0.30% (B-1 sample). Ash values obtawere below 0.60%, as expected for
nectar honeys (Codex Alimentarius Commission 2@1;2001). The increase in ash content
of the honey from the South region was accompaaiethe increase of electrical conductivity,
as previously reported by Sancho et al., 1991b2198va et al., (2009), Pires et al., (2009),
Feas et al., (2010) and Gomes et al., (2010a).th@rhoneys analyzed obtained a linear
relationship (EC = 1.433 - ash content + 0.069) with a coefficient of determinatiof® =

0.952 (figure 5.4).
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"""" R?=0.952
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0.0 . . . . . . .
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Ash content [%]

Figure 5.4 Linear regression of ash content (%) and eledtdoaductivity (mS/cm) of commercial honey
(B-1, G-1, L-1 and R-1) analyzed.
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The Arbutus honeys (B-1 and MJ) showed significant differenbesween ash content and
electrical conductivity. The values obtained foedd parameters are dependent on geographical
conditions, soil composition, environmental pollutiand extraction techniques (Nanda et al,

2003; Conti, 2000).

e Optical rotation (OR)

The commercial honeys analyzed (table 5.6) prederdkies between -14.72° (B-1) to -12.50°
(L-1), these values are not significantly differépt< 0.05), so a nectar honey origin could be
established for all samples (levorotarory behayibave even MJ honey (value = -6.06°), since
honeydew and some adulterated honeys, normally texteorotatory optical activity. This is a

consequence of a normally higher percentage oftdsec(~38%), which shows a negative
specific rotation over glucose; the overall valoe the OR is a result of the values of the
different honey sugars present. The honeydew h@anelaracterized by higher concentrations
of oligosaccharides, mainly the trisaccharides mitdee and raffinose, which usually are not
found in nectar honey (Dinkov, 2003; Nozal et 2005). Measurements of specific rotation are
currently used in Greece, ltaly and UK to distirsuthe botanical origin (nectar honey or
honeydew) and adulteration of honey (Nanda et28l03). Similar results were obtained by
Sart et al., (2008) after the analysis of differentflanal Croatian honeys, when all the samples

showed a levorotatory behavior.
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Table 5.6Results for the optical rotation’), reducing sugar (mg/100 g of honey) of commerowiey
(B-1, G-1, L-1 and R-1) analyzed and artisanalgbexry tree honey (MJ).

Honey samples
Parameters B-1 G-1 L-1 R-1 MJ

OR (@3%) -14.72 +£2.63 -14.14 £0.62 -125+0.42 -13.22+0.28 -6.06 + 0.36
Reducing sugars

(mg/100g of honey) 71.17+388 78.89+35%7  7351+21%  7200+168  73.64+4.12

Results with letters shown significant differenges 0.05) for each parameter.

¢ Reducing sugars

For reducing sugars (fructose and glucose), fotandwney can not be less than 60 g/100 g of
honey, except for honeydew honeys, for which iig45 g/100 g of honey (EU, 2001; Codex

Alimentarius Commission, 2001). All the commerdiaheys showed mean values higher than
the legislation limit, as shown in table 5.6. Thémeels were also observed by other authors in

Portuguese honeys (Andrade et al., 1999; Pirds, @089; Gomes et al., 2010a).

. pH

Our commercial samples presented a pH that ramged3.75 (L-1) to 4.27 (B-1); these results
(table 5.7) are in accordance to what is with tbeeptable for nectar honeys. Similar values
were also obtained for other Portuguese honeyga(8tlal., 2009; Feas et al., 2010).

The low pH of honey inhibits the presence and ghoaftmicroorganisms, since most bacteria
grow in a neutral and mildly alkaline environmewthile yeast and moulds are capable of
developing in an acidic environment (pH 4.0-4.5) ato not grow well in alkaline media
(Khalil et al., 2010). The pH values of honey afegreat importance during extraction and
storage, since acidity can influence the texturahikty, and shelf-life of honey (Ajlouni and

Suijirapinyokul 2010).
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Table 5.7 Results for the pH and total acidity (meqg/kg) oframercial honey (B-1, G-1, L-1 and R-1)
analyzed and artisanal strawberry tree honey (MJ).

Honey samples
Parameters B-1 G-1 L-1 R-1 MJ

pH 4.27 £0.03 3.90 + 0.04 3.75+0.0% 3.99+0.09 4.52 +0.08

Total acidity (meq/kg) 17.36 +0.870  14.15+0.56 20.36 + 0.55 7.47 +0.82 26.76 + 2.28

Results with different letters shown significaritestences (p < 0.05) for each parameter.

* Total acidity

None of the samples studied exceeded the limit qep by the Codex Alimentarius
Commission (2001), which is no more than 50 med#yg.the honey samples in this study total
acidity (table 5.7) ranged from 7.47 to 20.36 mgqg(R-1 and L-1, respectively). High free
acidity values may indicate the fermentation ofassg(fructose or glucose) by yeasts, which

contribute to the level of free acidity in honey.

e Viscosity

Regarding viscosity, all commercial honeys analyztdwed a Newtonian behaviour at
different temperatures (table 5.8). These resulteevgimilar to those found by several other
authors (Yanniotis et al., 2006; Recondo et alg62@manalieva and Senge, 2009; Cohen and

Weihs, 2010).

Table 5.8Viscosity ), Pa s) and activation enerdy,( kJ/mol) of the commercial honey (B-1, G-1, L-1
and R-1) analyzed and artisanal strawberry treeyn@J) at different temperatures.

n (Pas)
Honey samples
Temperature (°C) B-1 G-1 L-1 R-1 MJ
20 23.86 52.76 33.00 57.70 30.11
25 11.73 21.44 12.94 26.67 15.66
30 6.69 11.46 7.13 14.63 8.67
35 3.24 6.42 3.99 7.73 3.48
40 1.68 3.59 2.42 4.26 1.45
Ea (kJ/mol) 100.51 100.51 97.83 98.43 115.24
R? 0.998 0.993 0.989 0.999 0.988
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All honey samples fit to the Arrehenius model, Bsyt showed linearity of the Lp with
1l/temperature (1/K), and decreased with an incrémietemperature. Cohen and Weihs (2010)
reported that the activation enerdy,) decreased with the increment of the moisture erant
this trend was also found for all the honeys urstedy. TheE, was observed reflects the
sensitivity of viscosity to temperature changegyhbr values mean that the viscosity is
relatively more sensitive to a temperature changedridou et al., 2004). Therefore, in the
honeys analyzed, the sensitivity increased in tilewing order: MJ > B-1, G-1 > R-1 > L-1
(table 5.8). The decrease in viscosity is due toveer molecular friction as hydrodynamic

forces decrease (Mossel et al., 2003; Recondo, &0416; Gomez-Diaz et al., 2009).

e Hydroxymethylfurfural (HMF) content

HMF and diastase activity (DA) are widely recoguizas parameters for the evaluation of
honey freshness and/or overheating (Ajlouni andr&uijpyokul, 2010; Kahraman et al., 2010;

Khalil et al., 2010).

Two of the commercial honey samples (B-1, 61.31kmaghd G-1, 68.13 mg/kg) showed levels
of HMF higher than the allowed limits of 40 mg/kgddex Alimentarius Commission, 2001,
EU 2001), which are indicative of temperature abdagng processing and/or bad storage
conditions é.g.temperature) (Ajlouni and Sujirapinyokul, 2010; &fihet al., 2010). Samples
L-1 and R-1 had values of 16.7 and 24.52 mg/kgé€t&l®), both within the limits established

by legislations.

Fresh honey is usually heated in order to fadditptocessing. However, excessive treatment
leads to the formation of HMF and reduces honeylityuaOther factors that influence the

formation of HMF in honey during storage conditi@rs: the use of metallic containers and the
physicochemical properties (pH, total acidity, antheral content), the presence of organic

acids and low water activities also favours HMFduetion (Ajlouni and Sujirapinyokul, 2010).
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From the results of the HMF content, it can be agied that honey samples B-1 and G-1 were
subjected to heating or pasteurization during ttealyction process, to facilitate the handling
process or to prolong their stability against passfermentations; possible the conditions of
storage were also not controlled. On the other hdre artisanal strawberry tree honey (MJ)

showed a high degree of freshness, with a meare wdll6.11 mg/kg.

Table 5.9Results for the hydroxymethylfurfural (mg/kg) agidstase activity (Gothe) of the commercial
honey (B-1, G-1, L-1 and R-1) analyzed and artisatmawberry tree honey (MJ).

Honeys
Parameters B-1 G-1 L-1 R-1 MJ
HMF (mg/kg) 61.31+3.30 68.13+1.63 16.7 +2.79 2452 +1.19 16.11 +2.36
DA(Gothe) 8.01+0.28 7.56 £0.02 10.68+0.04 7.60+0.01 3.58 £0.13

Results with letters shown significant differenges 0.05) for each parameter.

* Diastase activity (DA)

Diastase is a natural enzyme of honey; its levpedds upon the geographical and floral source
of the product; it decreases when the honey isestdgjl to certain thermal conditions or over
time (Babacan and Rand, 2005). Honey samples Gear{malue of 7.56 Gothe) and R-1 (mean
value of 7.60 Gothe), showed the lower values efdiastase activity (table 5.9) with respect to
the limit established by the International Honeyn@aission (Bogdanov, 2002), the European
Union (2001) and the Codex Alimentarius Commisg@®01); which states that it must not be
less than or equal to 8 Gothe. Legislations hatabished the minimum diastase activity value
of 3 Gothe, for honeys with natural low enzyme eois. In honeys with a DA lower than 8 and
higher than or equal to 3, the HMF content musth®higher than 15 mg/kg. If DA is equal to
or higher than 8, the HMF limit is 60 mg/kg (Togiad., 2008). Under this criterion of low
diastase activity, only honey R-1 was found to lhiw the limits, but the HMF content was
higher than 15 mg/kg; therefore this sample didhete the quality and freshness established

by regulations.
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Aljouni and Sujirapinyokul (2010) reported the effe of the thermal treatment in the diastase
activity of the honey samples, and concluded tmateinzyme activity decreased after subjecting

the samples to a heat treatment.

After analyzing the physicochemical parameters lbfttee commercial honeys; it may be
concluded that only sample L-1 was within the lsniff freshness and quality established for
nectar honey. For the rest of the samples (B-1, & R-1), they were found to be off the
limits established by regulations for the HMF camitend diastase activity, which are indicative
of temperature abuse during processing and/or bautittons of storage. Clearly, the
legislations is not being enforced, may be, duthéodifficulty or capacity of the authorities to

verify quality and authenticity.

Simple methods and preferably faster ones wouldeleired. A protected denomination of

origin (POD) denomination would probably help ts@e quality.
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5.3.3. Bioactive compounds results
The results obtained for all of the honey samplealyzed for the total phenol and total

flavonoid content are shown in the table 5.10.

e Total phenalic content (TPC)

The TPC of the four commercial honeys showed vaheteeen 22.11 and 91.83 mg of gallic
acid equivalents (GAE)/100 g of honey for sample$ Bnd B-1, respectively (table 5.10).
Similar results were obtained by Ferreira et 2000) for three unifloral honeys obtained from
the Northeast of Portugal, which showed values betn22.62 and 72.78 mg of GAE/100 g of
honey, with the darker honeys being the ones wgher concentrations. Other researches, for
example by Al et al., (2009) for Romanian uniflof@ney and honeydew showed values
between 2 and 125 mg of GAE/100 g of honey; as asMeda et al., (2005) which found that
floral honeys and multifloral honeys showed a higioéal phenolic range of 32.59-114.75 mg
of GAE/100g of honey. Jasicka-Misiak et al., (20i@)nd that Polish unifloral honeys had
values of phenolic contents between 59.9 to 121g4omGAE/100 g of honey for heather
honeys. Estevinho et al., (2012) after analyzirganic honeys from North of Portugal obtained
values of phenol content between 67.8 to 69.8 nigdLof honey. The concentration and type
of phenolic substances present depends on thé $lauece of honey, these are the major factors
responsible for biological activity of honey; itsal depends on seasonal and environmental
factors; processing may also have an effect onyhoomposition and antioxidant capacity (Al
et al., 2009; Lachman et al., 2010; Silici et &010) It is important to note that Folin-
Ciocalteu’s method (FCM) is a general method fer eélstimation of the TPC; is method of
determination can include other compounds suclpegtides, vitamins C and E, carotenoids,
sugars, amino acids, enzymes and melonoidins conaiso(Maillard reaction products) that
would increase the real value (Rufidn-Menares andaMs, 2007; Alvarez-Suarez et al., 2009;

Ferreira et al., 2009; Brudzynski and Miotto 2012@] 1¢).
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The samples with same floral origin (B-1 and MJ)w&d similar values (91.83 and 97.47 mg
of GAE/100 g of honey), which may lead to the casin that honeys fromrbutus source

will have higher amounts, of phenolic contentscdmparison with other types, this honey has a
higher concentration of phenols, this is a chareties that is not been addressed commiently

in commercial terms.

Table 5.10 Results of total phenolic content (TPC, mg of GXE) g of honey) and total flavonoid
content (TFC, mg of QE/100 g of honey) of the conmuia honey (B-1, G-1, L-1 and R-1) analyzed and
artisanal strawberry tree honey (MJ).

Honey samples
Parameters B-1 G-1 L-1 R-1 MJ

TPC
(mg of GAE/100 g of honey) 91.83+0%1 39.54+0.18 27.37+0.06 22.11+0.13 97.47+2.37
TFC

(mg of QE/100 g of honey) 4.49+0%7 4.31+0.06 267+088  262+068 533+068

* Samples without significant differences (p < 0.@% the same parameters

* Flavonoid content (TFC)

The TFC (table 5.10) of all commercial honeys shbweaues from 2.62 to 4.49 mg of quercitin
equivalents (QE)/100 g of honey for samples R-1 Brll, respectively. These results are
similar to those obtained by Meda et al., (2005)skveral types of honey and Al et al., (2009).
Normally, the values they have obtained researas dmiom 0.17 to 8.35 mg of QE/100g of
honey €.g. multifloral) and from 0.91 to 15.33 mg of QE/1000§ honey é.g. acacia and
sunflower), respectively. Normally, the TFC is detaed by using the HPLC method (Yao et
al., 2004a; 2004b; Ferreira et al., 2009); witts timethodology Yao et al (2004b) and Tomas-
Barberan et al., (2001) found that total flavonoahtent for Australian sunflower honey and
Portuguese rosemary honey to range between 1.79.4hang/100 g of honey, respectively. In
the honey analyzed a spectrophotometric methodused for the quantification of flavonoids

with AICI;, which is specific for flavones and flavonols, astibwed the real content of total
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flavonoids present in the honey (Chang et al., 2088veral researchers (Ferreira et al., 2009;
Estevinho et al., 2012) used standard solutiorsatédquin to determine the flavonoid content,
found values for Portuguese honeys with valuesr(ftbe North), between 12.3-58.7 mg of
catequin equivalents (CEs)/100 g of honey and 4&%48- mg of CEs/100 g of honey,

respectively.

* Antioxidant capacity

Regarding the antioxidant capacity results (tablelh the commercial honeys analyzed by as
exhibited lower values in comparison with otheid#s (Meda et al., 2005; Saxena et al., 2009).
The samples in this study showed antioxidant céipacin the range of 3.02-21.49 mg of
ascorbic acid equivalents antioxidant capacity (A&B/A00 g of honey and 1.45-11.51 mg of
quercitin equivalents antioxidant capacity (QEAQYP1g of honey (L-1 and B-1, respectively),
with the sample with higher capacity being samplé @trawberry tree), which coincides with
the honey sample that showed the higher value Hertdtal phenolic and total flavonoid
contents. Components in honey responsible for nisodant effect are mostly phenolic
compounds (Viuda-Martos et al., 2008; El Gharrad3092 Pyrzynska and Biesaga, 2009;
Lachman et al., 2010). In one other study, Silicile (2010) analyzed the antioxidant capacity
of samples fronRhododendramoney obtained from Turkey, with results rangiranf 12.76 to
80.80 mg of AEAC/100 g of honey, which are higheart those from our study. Also, Meda et
al., (2005) analyzed different honeys obtained fi®ankina Faso, which showed values from

4.27 (multifloral) to 33.34 mg of QEAC/100 g of leynfromVitellaria.
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Table 5.11 Results of antioxidant content of commercial ho@@yl, G-1, L-1 and R-1) analyzed and
artisanal honey (MJ).

Honey
Parameters B-1 G-1 L-1 R-1 MJ

Antioxidant capacity
(mg of AEAC/100 g of honey) 21.49+0%1 6.05+0.09 3.02+0.33 3.74+0.08 18.15+0.12
(mg of QEAC/100 g of honey) 11.51+006 3.06+0.08 145+0.18 1.83+0.08 9.72+0.07
DPPH scavenging (%) 30.80 +3160 26.27 +2.65 19.73+3.18 21.84+1.78 43.46+4.85

* Samples without significant differences (p < Q.6% the same parameters.

A highly linear correlation (figure 5.5) was fourmtween the antioxidant capacity for two
determinations (ascorbic acid and quercitin eqeivaantioxidant), radical scavenging (DPPH),
and TPC, with a regression 8 = 0.965,FR° = 0.964 and®’ = 0.948, respectively, which
indicated that the phenolic compounds were theigafed in the antioxidant effects and radical
scavenging activity; this results are in accordanmitle the findings of other authors, whilst Al et
al., (2009) found a correlation 8¢ = 0.94 for the antioxidant activity and TPC. Beaett al.,
(2005) found a correlation of 0.918 between DPPId phenol content, whilst Aljadi and

Kamaruddin (2004) obtainedR& = 0.75.
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Figure 5.5 Relationship between antioxidant activity (mg &EAC/100 g and mg of AEAC/100g) and
radical scavenging (%) and total phenolic cont@®E, mg of GAE/100 g) for commercial honey (B-1,
G-1, L-1 and R-1) and artisanal strawberry treeelyqiMJ).
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Many authors (Aljadi and Kamaruddin 2004; Ferrataal, 2009; Lachman et al2010) had
established that the higher antioxidant activitiese found in darker honey samples as well as
in honey with higher water contents; this can dlsoobserved in sample B-1 (dark amber
according to the Pfund scale; 21.49 mg of AEAC/0éf honey, 11.51 mg of QEAC/100 g of
honey and 18.19% moisture), which presents thisawieh in comparison with other

commercial samples.

Studies have very clearly indicated that not alnplproducts bear the same antioxidant
capacity. It is not the quantity but the qualitytiké polyphenolic compounds, some of which do
not possess functional antioxidant properties, tvtderves as the major determinant of the
antioxidant capacity of food. This may explain thassible differences between the honey

samples analyzed (Saxena et al., 2009).

The strawberry tree honeys (samples B-1 and MJg l&down highest values for bioactive
compounds (phenols and flavonoids) as well as sdaot activity. The comparison between
these two samples with the same floral origin hadlar values of bioactive compounds and
antioxidant capacities. However, the honey B-1 slaghtly higher values; this difference can
be explained by a higher concentration of melamoodimpounds, which have demonstrated to

also have an antioxidant capacity (Wang et al.128tudzynski and Miotto, 2011b, 2011c).

Melanoidins are brown polymers which generate darg with the increment of its

concentration; the formation of these polymers énagated during thermal processing or
storage time (Antony et al., 2002). Turkmen et &006) and Bertoncelj et al., (2007)
demonstrated that dark honeys showed a highendddiat capacity. Therefore, the commercial
honey (B-1) showed a higher antioxidant activitystilikel because it was to subjected thermal
processing, generating changes in the colour paeasérowning), an increment in the HMF

content (above limit), and a higher of bioactivenpounds concentration and antioxidant
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capacity (Turkmen et al., 2006); where comparedh &itisanal strawberry tree honey, where

there was browning and the hydroxymethylfurfal emtitwas below the legal limit.

5.3.4. Sensorial results

The results are summarized into the spider-welrdimag (figures 5.6 and 5.7) with of the scores

of five attributes: colour, aroma, viscosity, cglgtresence and flavor are showed.
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Figure 5.6 Spider-web diagrams of commercial honey sampleg, B-1, L-1 and R-1) showing the five attributesleated.
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Crystal
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Viscosity
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Figure 5.7 Spider-web diagram of artisanal strawberry treeelydMJ) showing the five attributes evaluated.

After of analysis of variance (ANOVA) between graupVe can conclude that all honey were

significantly differentp < 0.05.

Honey B-1 (commercial strawberry tree, figure 5.6&s characterized by an amber colour,
moderate aroma intensitg & SD; 3.5 + 1.1) detected by the panellists, fiscosity was more

gummy (3.1 + 0.8) than liquid, for crystal presemneas mild (4.0 £ 0.9) and the flavor has more
sweet influence (3.7 + 0.9) than bitter. Some comevritten by panelists, were that this sample
had caramel, smoke, burned and toffee notes intakie and odor; these are typical products

generated by thermal processing.

Honey G-1 (commercial sunflower, figure 5.6b) wédmracterized by a between extra white to

white colour (1.8 £ 0.5); with a slightly intensiagoma (3.2 + 1.3), a more gummy viscosity (4.5 +

0.7), slightly grainy crystal presence (1.7 + 0aB)d the flavor was moderatly sweeter (4.3 £ 0.8).
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Honey L-1 (commercial orange blossom, figure 5v8&$ characterized by an extra white colour by
all panellists (1 £ 0), the aroma was slightly péved (2.4 + 1.2), the viscosity was lightly gummy

(3.7 £ 1.0), with a slightly soft crystal preserf2es + 1.0), and slightly bitter flavor (3.9 + 1.0)

Honey R-1 (commercial french lavender, figure 5.8ds characterized by an extra white colour
(1.1 £ 0.3), a scightly perceived aroma (2.2 + 1d)slightly gummy viscosity (4.3 + 0.9), a

virtually absent crystal presence (4.9 + 0.4), amighly influenced sweet taste flavor (4.5 £ 0.5).

Honey MJ (artisanal strawberry tree, figure 5.75wharacterized by an extra white colour (1.4
0.7), an aroma that was moderately intense (3.3} 4 middle viscosity between liquid to gummy
(3.4 £ 0.9), crystal a slightly soft crystal preser(3.8 + 0.8) and an extremely bitter flavor (%.3

0.6). This sample is locally denominated as “bitteney” in Algarve (South Portugal).

Figure 5.8 shows the overall preference/acceptabdi the panellists. Preferences were as
following: honey coded was R-1(7.7 £ 1.6) > G-11(& 1.7) > B-1 > L-1 (5.3 = 1.9). The last

appreciated place was MJ, with the lowest sco@£2..2).
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Figure 5.8 Spider-web diagrams of preference/acceptabilitpayallists of the different commercial honeys
(B-1, G-1, L-1 and R-1) and artisanal strawberegthoney (MJ).

Honeys B-1 and MJ had the same floral origin (srenmy treeArbutus unedp but showed a
significantly differences in the preference/accbititst by the panellist, which may be explained by
the fact that the commercial honey (B-1) had bé&enntally processed generating compounds that

might mask the bitter taste intensity (Galan-Sailtkeet al., 2005).

Anupama et al.,, (2003) reported a good correlatimtween sensory and physicochemical
parameters. In our study, with the sensory analysigas possible to identify some compounds
(aroma and taste), that were thermally generatemhgltemperature abuse or bad conditions of
storage (Castro-Vazquez et al., 2008), and onlyldcdie¢ determined with physicochemical

characterization (hydroxymethylfurfural content atidstase activity).
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5.4. Conclusions

The commercial samples of honey B-1 and R-1 didihatithin the European legislation standards
relative to diastase activity and hydroxymethylfual content, respectively. Honey G-1 shows
higher values for both parameters (DA and HMF),olkare not compliant with current regulations,
reflecting inadequate sample manufacture and/alagto conditions; the other physicochemical
parameters are within the limits established byslation; therefore only honey L-1 is within the

limits established by the regulations (EU, 2001 @odex Alimentarius Commission, 2002).

From the other results obtained in this study saagtelectrical conductivity, ash content and optica
rotation and pollen analysis it can be establistied the four commercial samples were nectar

honeys, which coincides with the information praddn the label.

The present study also demonstrated that honegstfre botanicahrbutus uneddloral origin (B-
1 and MJ) contains an important source of phermdimpounds (phenols and flavonoids), showing
a substantial antioxidant capacity in comparisothwhe remaining honeys (G-1, L-1 and R-1),

which are best known and consumed locally.

Through the use of sensorial analysis it was ptesgib identify some compounds (aroma and
flavor) generated by thermal processing. Prefeem@re established, between the honey samples

used in this stady. The ranking of the honeys &cicordance to local consuming habits.

Taking into account the results obtained for theabiive compounds, iArbutus uneddoney, it is
possible to add value to this type of honey, gdireraa higher consumer and preference; since it
was proved that it represents a good source ofcti@acompounds, which may be directly

consumed.
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Another aspect, eventually less obvious, is thiébhoney should not be competing for the same
market. It should be treated as an exquisite produth highly relevant bioactivity and

commercialized as a gourmet product.
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Chapter Six: Non-invasive determination of honey botanical arigan approach based in

chemometrics and fusion of e-tongue and opticattspscopy.

6.1 Introduction

Honey is generally considered one of the most ajgiske natural products. The composition
depends of various factors, one of the most imporbeing its botanical source, which give to
honeys unique and individual organoleptic charasttes, physicochemical properties and
bioactivy. Modern consumers, seek high quality potsl with a clear regional identify, with
certification of the provenance areas and floragjinor(Castro-Vazquez et al., 2010; Wei et al.,
2010). The traditional technique used to identifydéy botanical origin is the melissopalynological
method (Von Der Ohe et al., 2004; Stanimirova gt2810), that is, the analysis and identification
of pollens contained in honey (Iglesias et al., £0Bianchi et al., 2005; Maia et al., 2005).
Nevertheless, this method is not being absolutelgclusive, is extremely tedious, has some
limitations, is time-consuming and requires trairsthlysts (Escriche et al., 2011b). Alternative
methods to establish honey origin are currentlyeurattive research (Cotte et al., 2003; Nozal et
al., 2005; Bertelli et al., 2007; Wei and Wang, P01Therefore several studies have turned up
efforts to use non-invasive techniques to deterrnaraposition, quality, geographical and botanical
origin of honeys (Dias et al; 2008; Aliferis et,&010; Wei and Wang, 2011). New techniques are
being widely used for quality control as well detération of physicochemical parameters in the
field of foods analysis. These techniques have lsa#ed as non-invasive techniques, because they
do not generate transformation and/or destructfothe sample. Further advantages include short
analysis time, easy or even no necessary previaapmtion of the sample to analyze (Gallardo et
al., 2005; Cavaco et al., 2011). Some of the ngasive methods used to the determination or
classification of honeys are spectrophotometry (@iual., 1999; Garcia-Alvarez et al., 2002;
Batsoulis et al., 2005; Bertelli et al., 2007), mapectrometry (Aliferis et al., 2010; Bertoncdlj e

al., 2011), emission spectroscopy and electromisieg (Wei et al., 2010; Major et al., 2011).
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Near-Infrared (NIR) Spectroscopy is based on thectedmagnetic absorption by organic
compounds in the wavelength range of 780 nm to 2&®0(Qiu et al., 1999; Osborne, 2006;
Woodcock et al., 2007; Cavaco et al., 2009). Tlishnique has been applied to food and
agricultural industries. NIR spectroscopy has besad to analyze chemical composition and
physical properties to diverse foodstufésg(. grains, meat, fruits, milk, beer, and dairy prdagdyc
and to detect adulteration of various food ingretlie(Osborne, 2006; Bertinelli et al., 2007).
Finally, some studies have used this method fordéermination of chemical composition in
honeys. Qiu et al., (1999) determined some chendoalposition (moisture, fructose, glucose,
sucrose, maltose, free acidity, lactone and HMReth and the results obtained showed that this
method was feasible for rapid analysis of the watemtent and sugar composition with good
correlation coefficients. Garcia-Alvarez et alQ@R; 2002) analyzed the fructose, glucose, moisture
and polarimetric parameters with NIR transflectagpectroscopy, for determination of the sugars
(fructose/glucose), water content, and polarimgidtameters. This technique provided good tools
for the prediction of the values for most quartitielowever, it was not a suitable technique for
guantitative determination of sucrose content imdys samples with lower content (< 3% of
sucrose). Batsoulis et al., (2005) investigated Fbarier Transform (FT)-Raman spectroscopic
technique for the determination of fructose andcgde content in honey samples. The sugars
content was measured by the HPLC classical methddg the FT-Raman method and the results

showed similar values for the two methods.

The electronic sensing refers to the capabilityepioducing human senses using sensor arrays and
pattern recognition systems that can be analyzéu agipropriate statistical softwai@enedetti et

al., 2004; Cavaco et al., 2011); for example: ettt nose (e-nose) and electronic tongue (e-
tongue) (Escuder-Gilabert and Peris, 2010). Theseris can detect odours or flavours; basically
the instruments consist of head space samplingosemray and pattern recognition modules. The

more commonly used sensors include metal-oxideemrdiuctor devices, conducting polymers,
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guartz crystal microbalance and surface acousti@wavices (Ampuero et al., 2004; Cavaco et al.,
2011). On the other hand, the e-tongue can beatkfis a “multisensory system analysis based on
chemical sensor arrays and a suitable pattern mémy method” (Escuder-Gilabert and Peris,
2010; Wei et al., 2010). The information on tasibstances is transduced into an electrical signal,
which is input to a pattern recognition algorith&@nsors are entered directly into solution without
any preparation. There are three types of e-tongh&h are based on potentiometric electrodes,
impedance spectroscopy, amperometric, conductinatril voltammetric electrodes (Scampicchio
et al., 2008; Winquist, 2008; Escriche et al., 2f)15everal works presented investigation using e-
tongue for the determination and classificatiomatfanical origin of honey. In the research by Dias
et al., (2010) an array with 20 all-solid-stategmtometric electrodes with polymeric membranes,
was constructed and evaluated for differentiatibncemmercial honeys with different pollen
profiles. The chemometric tools used were principaimponents analysis (PCA) and linear
discriminant analysis (LDA). It was found that te¢ongue had a reasonable efficiency (84% and
72% of success in calibration and cross-validatiespectively) for classification of monofloral
honey samples according to melissopalynology. Wel ®Wang (2011) used six voltammetric
electrodes (gold, silver, platinum, palladium, tsigm, and titanium) to classify seven kinds of
monofloral honey. The databases were analyzed R@A, discriminant function analysis (DFA)
and cluster analysis (CA). The results showedgigmtal obtained with different electrodes, after of
analysis with PCA, DFA and CA were able to clasdi®p% of honeys. Wei et al., (2009) used an
e-tongue with seven potentiometric chemical senocdassify eight honeys of different botanical
and geographical origin. The data were analyzeB®#, CA and artificial neural network (ANN).

It was found that all honey samples were discringidavith good result by PCA (97.4%), CA
(90%) and ANN (93.7%) with respect to the idenéfion of the botanical origin, in the other hand
to determine of the geographical origin, the ANNswvilae best method (95%) for the determination

of the geographical origin.
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Other important aspect related with the use ofahesw techniques is the mathematical analysis of
the signal obtained from electric or optical sosrc€hese signals are usually constituted by a
wealth of data, distributed among dozens to thadsaf variables. To deal with this problem
several methods of multivariate analysis are usdtdch involves the use of mathematic and
statistical techniques to extract information froomplex data sets. The data is usually analyzed in
the form of a matrix, the rows being the samplabsthe columns being the measured variables (one
variable may be, in an example with spectrophotométe absorbance at 600 nm the next variable
the absorbance at 601 nm). The analysis is perfibonethe whole matrix (that is, on all variables
at the same time) and not just at a single comporidms allows to untangle all the complicated
interactions between the constituents and undetdtagir combined effects on the whole matrix.
Nowadays, the application of supervised patterngeition and multivariate statistical techniques,
like PCA, LDA, ANN, partial least square (PLS) cisctiminant analysis (DAs), provides the
possibility of analyzing the entire food sample mxaand to make a classification (Corbella and

Cozzolino, 2006; 2008; Major et al., 2011).

Multivariate analysis may be applied either to destve, non-destrutive or a combination of both

types of measurements. Any set of samples and mezasuot variables may be used to perform

prediction and/or classification models. For exampkntabol et al., (2011) differentiated among

nectar and suspected honeydew honey using physiciocal parameters (moistures, water activity,

electronic conductivity, color, hydroxymethylfurlr acidity, pH, proline, diastase and invertase
activities), sugar composition (fructose, glucoseltose, isomaltose, trehalose, turanose and
melezitose) and pollen analysis. The results obthshowed a high percentage of correct nectar
and suspected honeydew honey classifications (96affér cross-validation) by applying

multivariate data.
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There is also recent investigation on the probléreemsor fusion. This question arises when one
tries to combine the data coming from differentssgs into one single matrix for analysis. The
simple concatenation of data is rarely the bestragmh. There are then the so calledvay
methods, a branch of multivariate analysis thatsdedth this kind of problems. One of the most

used methods in this context is the multy-way PGWCA, Namikos et al., 1994).

The goal of the research described in this chapéer to investigate the potential of non-invasive
techniques to determine the botanical origin ofrféind honeys from South Portugal. The
technigues used were the electronic tongue, the/MNHdRspectrophotometry and UV/Vis
spectrophometry. These were used together with atmetrics, specifically PCA, which is one of
the most fundamental techniques in chemometriex] afone or as a first stage in a more complex
analysis. We have also investigated some pos#hilitf performing the PCA analysis in different
ways. This included analyzing the fit coefficietsthe data instead of analyzing the data by itself
This procedure has shown a spectacular resuleicdbe of e-nose, although the same effect could
not be retrieved for the optical spectra. Finalig, have tried a new approach to the analysis af dat

fusion, through a variation of MPCA.
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6.2 Experimental

6.2.1 Honey samples

The analysis was performed on four kinds of honeiis different floral origin (samples studied in
Chapter 5); which were orange blossom hor@irs spp.), french lavender honelkayandej,
sunflower honeyHelianthug and strawberry tree honefrbutug. The honey samples were coded
using its name in Portuguese: citrus was named’,'fr@nch lavender was named “Ros”, sunflower
was named “Gir” and to strawberry tree was nameddMPrior to use, samples were kept at room

temperature (20 + 3 °C).

6.2.2 Electronic tongue (e-tongue) measurements

The e-tongue developed in the electronics laboyataiuded four working electrodes (figure 6.1),
and a reference electrode (gold). The four worldgtegtrodes consisted of small plates (length 10
mm, width 5 mm) made of aluminum (Al), gold (Au)apnum (Pt, small basket) and indium thin
oxide (ITO). All electrodes were embedded in conitgosmaterial placed around the reference
electrode (figure 6.1). The electrodes were comuktd an Agilent 4284A Precision LCR Meter
(Santa Clara, CA, USA). The honey samples werdatilin deionised water to obtain a solution
with a final concentration of 1 g/mL. All samplees assayed in a volume of 30 mL, which
allowed the four electrodes to be fully immersedcltelectrode was set at a voltage of 50 mV and
was frequency scanned from 20 to 2000 Hz. The dateeyed by the e-tongue contained two
physically independent variables: capacitance, esged in nanofaradio (nF), and conductance,
expressed in microSiemens (US). We have also usegrived quantity, which is the ratio
conductance/(z log frequency) and designated hereafter by (GAN)measures were carried out

at room temperature 20 + 3 °C. Prior to each samm@asurement the sensor was conditioned in
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honey in order to obtain stable sensor responsess@nsors were rinsed with deionized water after

each analysis.

Figure 6.1 Photography of places of the sensors e-tongue.

6.2.3 UV-Vis Spectroscopy measurements

Honeys were diluted with deionised water to obftaifinal concentration of 0.17 g/mL (w/v).
Absorbencies of the honey solutions were analyzedl icm path—length quartz cell. The
spectroscopic measurements were taken with an WibMi Spectrophotometer (Cary 50 Bio,
Varian, Australia). The absorbance spectrum prafileoney solutions was scanned in the range of

wavelengths between 200 and 400 nm. The measuremverg made in triplicate for each honey.

6.2.4 Vis-NIR Spectroscopy measurements

Honey samples were diluted with distilled water7b°Brix (Kelly et al., 2004; Woodcock et al.,
2007) prior to the measures. The samples werevadsmed in a water bath to a maximum of 50 °C

with the aim of melting the crystals.
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The honey samples were then placed into 1 mL platiiposable cuvettes (1 cm wide). The
absorption spectra were taken with a Vis-NIR smeotter (USB4000-VIS-NIR Spectrometer,
Ocean Optics, Dunedin, FL, USA) with an averageltg®n of 1.4 nm (optical resolution imposed
by the entrance slit of 25 um). Spectra spannewvéwvelength range from 345.26 to 1036.70 nm in
a total of 3648 data points with an average seiparaf about 0.19 nm. The first and the last points
showed pronounced instrumental oscillations ancewemoved from the analysis. We have then
kept only the range from 403.85 to 1032.2 nm, fotal of 3347 data points. All the measurements
were taken in the transmittance configuration, kacipg the cuvettes in a specific support cell
(Ocean Optics, USA). Light from a tungsten halogemrce (HL-2000-FHSA, Ocean Optics,
Dunedin, FL, USA) was sent to the sample througlogtical fiber and the light re-emerging from
the sample collected by a second fiber and setttie¢cspectrometer. All Vis/NIR measurements
were carried out in the dark at room temperature 30°C. The measurements were performed in
triplicate for each honey solution against a blahKistilled water. For acquisition, processing and

calibration, specific software was used (SpectiteS@cean Optics, Dunedin, FL, USA).

6.2.5 Data analysis

The data analysis obtained with the diverse tealssqe-tongue, UV-Vis spectroscopy and Vis-
NIR spectroscopy) were performed with the aid of Rui Guerra and Dra. Ana Cavaco. The
analysis of the results through PCA was carried waihg the program Matlab R2010b (The
MathWorks, Inc, Natick, USA) and the program PLSIbox version 6.0.1 (Eigenvector Research,

Inc, Wenatchee, WA, USA), which is Matlab toolbox.

169



Chapter 6: Non-invasive techniques...

6.3 Results and discussion

Principal Components Analysis (PCA) is one of thestnused multivariate techniques. PCA is
applied to a set of measurements that are mathmattiransformed in order to relate common
factors, to reduce the dimensionality of multivegidate and to provide a quick preview of the data
structure. It is a way of identifying patters in athseems, at first, scattered dispersed data

(Lazarevic et al., 2012).

In practical terms it differs from classical phymibemical characterization in the way that it is no
looking or treating a specific property easily itited. In short, PCA analyses a large number of
signals, that are statistically treated to obtaifinal dominant picture where the main factors of
variability are identified and sequenced by impact& These main factors are called principal
components and correspond to transformations oimifi@ variables. The new variables allow to
condensate the behavior of the large number ofiniariables in a small number of principal
components. Hence, the first principal compone@1{Hs the variable explaining the larger part of
the variability, the second component (PC2) comest in importance, and so on. A problem
containing thousands of variables, as may arisgpettroscopy, may be reduced to less than tem

PC's.
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6.3.1 Electronic tongue (e-tongue) data

The structure of the e-tongue data is depicteterfdallowing form (figure 6.2).

Al Pt Au ITO Al Pt Au ITO Al Pt Au ITO | 4 electrodes
1...21| 1...21| 1...21| 1..21 1...21| 1...21| 1...21| 1..2 1...21| 1...21| 1...21| 1...21 | 21 frequencies

Capacitances Conductances Glw 3 measures

Figure 6.2 Structure of the e-tongue data.

The e-tongue measurements gave a total of 252blesiper honey sample (in total there were 13
honey samples: 3 sunflower, 3 orange blossom,avberry tree, 3 french lavender). This number
corresponds to 3 readings (capacities, conductam /W) x 4 electrodes (Al, Pt, Au and ITO) x

21 frequencies (from 20 to 2000 Hz, in intervalgwibgarithmic spacing). Therefore were obtained

3 x4 x 21 =252 variables.

The figures 6.3 (a, b, c) show one example of teagures obtained for the 13 honey samples with
the electronic tongue using the Aluminum electroige plots show the capacitance, conductance

and G/W, respectively.
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Figure 6.3 Example of the plots of the 3 readings (capaatyconductivityb; G/W, c) obtained with e-

tongue for 13 all honey samplessfnflower; corange blossomgstrawberry tree andfrench lavender)
using the Aluminum electrode.
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In the previous figures it is clear that the fourds of honey have different behaviours: strawberry
tree (“Medronho”) has always the higher values #mh in descent orders there are sunflower
(“Girassol”), orange blossom (“Laranjeira”) andrfol lavender (“Rosmaninho”). The remaining

electrodes (Pt, Au and ITO) showed the same behgviarticularly the clearer separation of the

honey samples with higher frequencies.

At first sight it seems possible to separate thepas just by a simple visual inspection of the
figures. However, it is necessary statistical fatiwh. For this reason was applied a PCA analysis

for all measurements obtained with e-tongue.

Prior to any PCA analysis there is a step caflexbrocessingln this step the data is transformed
by some mathematical operation with the aim of mwprg the global quality of the results obtained
through PCA. The most common preprocessing proesdurclude filtering (to remove noise
present in the signals) and derivation (in ordereimove simple background effects). There are
more sophisticated preprocessing techniques, hiudead with them here. For the analysis of results

were considered three different types of preprangss

. Option 1: were having assumed the measures asntbiey In other words, this means that
were not performed any preprocessing. This alscm#aat the shifts were accepted as meaningful
(and not due to offset effects).

. Option 2: were having removed the effect of thesetffand constant/linear background by
the application of derivatives to the raw data.

. Option 3: were having fitted the shape of the csitve physically meaningful mathematical
expression and apply the PCA procedure to the netwof variables (the fitting parameters)
describing the shape of the curves. This methoddvbave the advantage of being more robust

against instrumental offset drifts.
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In practice, the consistent operation of the estienust rely on the calibration of the instrument
with a known substance. This procedure is necessargmpensate for any instrumental offset drift
or background. As explained above, offset may beiedhted by the use of derivatives. However,
complex background effects (variable with frequgrase not fully eliminated by derivation and
hence calibration against a known standard is tie way to take them into account. The bottom
line here is that any of the preprocessing optiescribed above does not eliminate the need of a

rigorous calibration.

6.3.1.1 PCA on the electronic tongue (e-tongue)
The data matrix to PCA analysis for electronic tomgonsisted of 13 rows (honey samples) and

252 columns (variables). In this step the matris wapplied as:

Orange blossom Strawberry tree French Lavender Sunflower
(“Laranjeira”) (“Medronho”) (“Rosmaninho”) (“Girassol”)
Line/sample 1: Line/sample 4: Line/sample 8: Line/sample 11:

Lar L1 Med MJ Ros R1 Gir G1
Line/sample 2: Line/sample 5: Line/sample 9: Line/sample 12:
Lar Bravura Med Brito Ros Brito Gir Brito2011
Line/sample 3: Line/sample 6: Line/sample 10: Line/sample 13:
Lar Brito Med Pb2009 Ros SerraMel Gir Brito2014

Line/sample 7:
Med Pb2010

The figure 6.4 shows a two dimensional PCA plotrf&inds of honey samples: Ros (french
lavender), Lar (orange blossom), Gir (sunflower)d aled (strawberry tree) measurements
performed by the e-tongue. The most important dveds the first, and referred to as “Principal

Component 1" (PC1). Next, in importance, comes absly the “Principal Component 2" (PC2).
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Figure 6.4 PCA scores plot for the e-tongue raw data of agasigssom l(ar ---); strawberry treeMed --9;
frech lavenderRos---); sunflower” ( ) measurements. The number of honey samples is rd&ach
point represents one sample.

The first two principal components (PC1 and PCRyesent 91.12% of the total variation between
samples measurements. As shown in figure 6.4, @& &halysis groups the honey samples into
four distinct clusters (Ros, Lar, Gir and Med) adbag to their botanical origin. The discrimination
was made essentially by the first component (PCB832 of the variance). It may be seen that the
high frequencies variables in G/W and the capacé&anith gold electrode were the most important
contributions to PC1 (plot of PC1 loading; chafefigure 9.6.1). The Med (strawberry tree, four
honey samples) and Ros (french lavender, threeyheamples) align along this direction in
opposite sides, the first loading positively whife second loads negative. On the other side, Lar
(orange blossom, three honey samples) and Gir I¢suerf, three honey samples) have basically
zero loading along PC1. On the other side, the mkcmmponent (PC2-8.24% of the variance)
does not allow for any kind of discrimination (figu6.4). The Ros cluster seems to be the most
homogeneous, while the Med cluster was the mostrbgeéneous. In the latter case some samples
were disposed in the plot much apart, meaningttiet have different electrical characteristics in

spite of pertaining to the same group.
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Since the measurements span a large range andatieeseveral orders of magnitude (specifically

for capacity values), was applied logarithm to ithigal raw data matrix. That is, X is the matrix

of the raw data, then have simply taken:

X1 = log(X) (6.1)

SamplesfScores Plot of XLingua_log
T T T T T

Scores on PC 2 (5.17%)

i I I L | I I L 1

-40 -30 -20 -10 i 10 20
Scores on PC 1 (8§3.53%)

Figure 6.5 PCA scores plot for the logarithm of the e-tongae data matrix. Orange blossofma( ---);

strawberry treeNled ---); frech lavenderKos ---); sunflower” ( ). The number of honey samples is
N=13 and each point represent one sample.

The result of this mathematic operation on the BRtAis shown in figure 6.5. The conclusions are
essentially the same as before (figure 6.4), ahothe plot becomes a little more compact
(especially Med cluster); this indicates that thepdrsion observed in the raw data matrix was
overestimated and due to the large dynamic rangthefmeasurements. The new PCA plots
represent 94.70% of the total variance betweenyhsamples measurements, PC1 (89.53%) and

PC2 (5.17%); maintaining four clusters.
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Derivation of the raw matrix usually leads to bestults by removing any constant offset present in
the signal. However, this process has the disadgantf generating a new matrix with a relative

higher content of noise. Hence the new matrix is:

_dx

2=%F (6.2)

whereX is the raw data matrix arictands for frequency.

In order to perform the derivation it was necessarymake a pre-processing of the raw data,
included an interpolation of the data to a setmfadly spaced frequency points (from 20 to 2000

Hz in steps of 5 Hz).

Samples/Scores Plot of XLingua_deriv
T T T T T
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&
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Figure 6.6 PCA scores plot for the derivative of the e-tondaé. Orange blossorhg ---); strawberry tree

(Med --9); frech lavenderKos---); sunflower” ( ) measurements. The number of honey samples N=13
is and each point represents one sample.

The new structure of the PCA plots (figure 6.6) riewnore elaborate than before (figures 6.5 and
6.4). Recall that in the raw data analysis thertgiignation was afforded by PC1 only. Now the PC2

(9.72% of the variance) plays some role. For exaniRds (french lavender) and Gir (sunflower)
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may be distinguished better by PC2, because of sifgptnading in PC2. In whole, the analysis
based on the derivative seems more robust thaanidgsis based on the raw data. The new role for
PC2 may be understood as follows: the analysiawfdata was dominated by the offset. Therefore,
the process of derivation removes any constaneéad hence the PCA will look for sources of
variability other than offset. This means that R@R bring new information which allows better

classification between samples.

In whole, this section demonstrates that the ettergpta contains more information than simply
offset. And what is more, removing the offset corsva more convincing separation of honey types
through PCA. The next step will be explore thist fac more detail and will be able to further

improve the PCA clustering of honey types.

Was proceed then to another way of looking into thsults, which consists of using data
transformed by curve fitting. This means that weehitted analytical expressions to the curves and
used the fit parameters as “shape indicators”. Tthege fit parameters were analyzed with PCA

rather than the raw data by itself.

The first model used for the capacitance may ba&doon the classical paper Pething and Kell

(1987) and Kuang and Nelson (1998):

Cs—Coo
1+w2t2

C(w) = Co + (6.3)

wherew = 2rf is the angular frequency i€ the frequency)s is a relaxation timeCs is the steady
state capacitance, that is, the capacitance takdn=a0, andC, is the capacitance taken at

frequencies much larger than IR

178



Chapter 6: Non-invasive techniques...

The expression above is derived from basic phygidatiples. However, there are in the literature
some empirical deviations from this basic law, deped in order to achieve a better adjustment
with the experimental data. One of the widest spraaproximations is the Cole equation 6.4, in
which the exponent 2 is replaced byo{lta being an empirical fit parameter) in the exprassib

the permittivity. Following the same trend, weredased the following expression for the fits:

Cs—Coo
1+(wt)@

C(w) = Co + (6.4)

The second model for conductance was, again acapieéethig and Kell (1987) and Kuang and

Nelson (1998),

w?t?

1+w2t2

G(w) = Gg+ (G, — Gy) (6.5)

where G stands for conductance and the subscripts havesahee meaning as befor&.( =
conductance at frequencies IffrandGs = conductance dt= 0). Again, were having adopted an

empirical variation of this expression:

wn)“

1+(wt)®

G(w) =Gs+ (Gy — Gy) - (6.6)

Finally, the third model for relation G/W. Here wemdopted a purely empirical expression, on the
basis of the shape and not on any physical assomgtiturned out that the better fitting function
was of the type:

WP
A+Bw+Cw?

G/W (w) = (6.7)
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Here all the parameters are purely empirical, whizbans that they do not bear any physical
significance. These fits were applied successitelhe 13 honey samples for each electrodes (Al,
Pt, Au and ITO) and for each type of measure (dégraee, conductivity and G/W). Hence, each
dataset of 21 frequencies was substituted by sidfitlyparameters. The initial 252 variables were

replaced by 48 variables, as shown in figure 6.7.

Al Pt Au ITO Al Pt Au ITO Al Pt Au ITO 4 electrodes
1.4 | 1...4| 1...4| 1.4 1...4| 1...4| 1...4| 1.4 1...4| 1...4| 1...4| 1..4 | 4fit coefficients

Capacitances Conductances Glw 3 measures

Figure 6.7 The structure of the e-tongue data when deschiyatie coefficients of the fits.

The new matrix for the PCA has with 13 rows (hongegmples) and 48 variables (4 fit parameters x
3 measures x 4 electrodes). This matrix was agdimited to the PCA procedure and the result

showed in figure 6.8.
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Figure 6.8 PCA scores plot for the fit coefficients of théomgue data. Orange blossoba ---); strawberry
tree (Med --); frech lavenderRos---); sunflower” ( ).

This new PCA plot provides better separation betwke clusters (66.35% of total variance):
- each kind of honey samples occupies one quadrant

- Lar (orange blossom honey) is in the negative regidPC1 and positive region of PC2.
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- Ros (french lavender honey) is in the negativeoreg)of the both (PC1 and PC2).
- Gir (sunflower honey) is in the positive regiondtuth (PC1 and PC2).

- Med (strawberry tree honey) is in the positive oegdf PC1 and negative regions of PC2.

This means that the samples may be distinguishédebgombination of PC1 (50.67% of variation)
and PC2 (15.68% of variation). These results atetbthan the ones obtained through the raw data
analysis (figure 6.4), where the classification vimsed only on PC1. In the PCA on the fit
coefficients both PC1 and PC2 are important whintrdases the discrimination ability of the
analysis. As stated already above, in the casehefraw data analysis, the PCA translates
quantitatively the impression one has by diregbétsion of the curves, that is: the honey types may
be distinguished by the offset of the curves. Hertbe PC1 of the raw data has basically the
meaning of offset. On the other side the fit cadffits matrix has intrinsic information about the
shape of the curves and PC1 was more related tébes not with offset. Hence, this PCA analysis

becomes more robust and better allows classificatidhe honey samples.

Looking specifically at the scores plot it is ptdsito see that the samples within each kind of
honey became closer to each other. Indeed, thesplmivs (figure 6.8) less dispersion among
samples of the same class. However, not everyikingplace. The sample number 5 (identified in

the plot by “Med misplaced”) is closer to the Giugflower) cluster than Med (strawberry tree).

Looking back at figure 6.3, it is possible to idgnbne of the red curves (strawberry tree) with

shape similar to the green ones (sunflower). Froenviewpoint of the electrical properties this

sample is actually behaving like a sunflower sample
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The conclusions of the tests with the e-tongue sthathe analysis of the e-tongue data in the raw
form was not the best approach. The raw data wasndded by an offset between the different
curves (capacity, conductivity and relation G/W)iethmay be meaningful but which was not the
best way to discriminate among different kinds ohdéy. In other words, looking directly into the
data it was not the correct way to classify thedyotypes, although it seems easy and appealing at
the first sight (figure 6.4). The reason for thiasathat the border between kinds of honey was not
clearly defined. However, the values of the curwdgere the transitions take place were not
obvious. On the other side, there was always tissipiity of having extraneous offsets introduced
by the instrumentation and consequent misinterpoetaf the results. Hence, it is highly advisable
to have a means of classifying the samples indeperaf offset or, at least, the most independent

as possible.

The first attempt was made in this direction byadticing the derivative preprocesses. As is well
known, the derivative removes constant offset aagt mmprove the robustness of the analysis. This
happened indeed. The derivative analysis yieldeéttbelustering of the honey types in the PCA

plot (figure 6.6).

Looking further into the classification based ore tehape of the curves, were tried a new
preprocessing. This was based on performing fiteeccurves with semi-empirical expressions and
four fitting parameters; then we have executed R procedure on the matrix of the fitting

parameters. This method proved to give the besitseproviding the best clustering in the PCA

plot and achieving a separation of the clustersraieg to the botanical origin honeys (figure 6.8).

Several researches have used the electronic tomegheique to determination of the botanical
classification of honey. Dias et al., (2008) anaty52 commercial honey samples obtained from

different regions of Portugal with multi-sensorahgh 20 sensors with voltage measurements. The
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results obtained demonstrated that e-tongue haasomable efficiency for classification of honey
of the most common three kindsr{ca, EchiumandLavandulg. Wei et al., (2009) used e-tongue
method with seven potentiometric chemical (tas&)sers to classify eight kinds of honeys of
different floral origin and five kinds of Acacia heys of different geographical origin. The results
showed that e-tongue with PCA could classify arehiidy different honey samples. Major et al.,
(2011) used a commercial electronic tongukstree, Alpha M.0O.S) for botanical classificatiamda
physicochemical characterization on 12 honey sasnf@eAcacia, 4 honeydew and 3 chestnuts).
The e-tongue was comprised of seven potentiometemical sensors. Botanical classification was
performed by PCA (79.57% of total variance), Acdidil Neural Network (ANN), Canonical
Correlation Analysis (CCA) and physicochemical ctaerization by ANN. After multivariate
analysis the e-tongue technique showed the potesdiaa tool rapid honey classification and
characterization. Other study, Wei et al., (2018edu a voltametric e-tongue based on
multifrequency large amplitude pulses to classifynofloral honey of seven kinds of floral origin.
The e-tongue was composed by six electrodes (Ay,PAgPd, W and Ti) and with the help of
multivariate analysis it was possible to discrinnghe seven kinds of honey of different floral
origin. The last research was by Escriche et @D12), who evaluated the effectiveness of a
potentiometric electronic tongue, made of variowstats (Au, Ag, Cu) and metallic compounds
(Ag20, AgQCl, AgCO;, CwO) to the differentiation of honey in three stafesmw, liquefied and
pasteurized). The potentiometric values do not seaitable for discrimination between state
honeys but showed efficiency to classify honey wdifferent floral origin (PCA 85% of total

variance).
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6.3.2 UV-Vis spectroscopy data

The absorption spectra taken in the UV spannedvinelength range from 200 to 400 nm, in a

total of 201 data points with an average separadioabout 1 nm. The raw data for 35 honey

samples were shown in figure 6.9:

4.0 .
Girassol

Laranjeira
Medronho

Rosmaninho

35

Absorbance

200 220 240 260 280 300 320 340 360 380 400

-0.5 - Wavelength (nm)

Figure 6.9 Data points for UV-Vis Spectroscopy. The honeyetygidentified by a color scheme, Girassel (
-, sunflowe); Laranjeira {--, orange blossojn Medronho {--, strawberry trege Rosmaninho -(-, french

lavendey.

The curves show an increase of absorption towéeldJl/ (200-300 nm). There is a more or less
pronounced intermediate peak (310-400 nm) and timerabsorption tends to zero. It should be
noted that the concentrations of the samples usddVi and Vis-NIR spectroscopies were very
different (much lower in the UV measurements, OglifiL) and hence the absolute values of

absorbance in this section and in the Vis-NIR sactiannot be compared directly.

184



Chapter 6: Non-invasive techniques...

6.3.2.1 PCA on the UV-Vis spectroscopy

The honey samples for the UV-Vis analysis wereshme of the e-tongue, but were have made
some additional replicate measurements (a replivei@surement is a measurement performed on
the same type of honey, but extracting the sampla 1 different bottle/production batch). Hence,

the input for the PCA analysis is a matrix of 3&sqhoney samples) and 201 columns (variables =
absorbance at each measured wavelength). In gpstls¢ matrix is supplied as is. The lines were

attributed as follows:

Orange blossom Strawberry tree French Lavender Sunflower
(“Laranjeira”) (“Medronhao”) (“Rosmaninho”) (“Girassol”)
[class 1] [class 4] [class 8] [class 11]
Lines/samples 1-3: Lar L1 Line/sample 10-12: Med MJ Line/sample 18-20: Ros R1 Line/sample 27-29: Gir G1
(3 replicates) (3 replicates) (3 replicates) (3 replicates)
[class 2] [class 5] [class 9] [class 12]
Line/sample 4-6: Lar Bravura Line/sample 13-15: Med Brito Line/sample 21-23: Ros Brito Line/sample 30-32: Gir
(3 replicates) (3 replicates) (3 replicates) Brito2011 (3 replicates)
[class 3] [class 6] [class 10] [class 13]
Line/sample 7-9: Lar Brito Line/sample 16: Med Pb2009 Line/sample 24-26: Ros SerraMel Line/sample 33-35: Gir
(3 replicates) (1 replicate) (3 replicates) Brito2014 (3 replicates)
[class 7]

Line/sample 17: Med Pb2010
(1 replicate)

Between square parentheses indicated the classenmwséd in the e-tongue analysis. For example:
the first 3 samples were all Lar L1 (orange blos$mmey) and in the e-tongue analysis the sample

#1 was precisely Lar L1. The same applies to theheing classes.

The application of the PCA procedure to all honaygles produces the plot shown in figure 6.10.
It may be observed some dispersion, even amongetiicates of the same kind of honey. The

dispersion in the UV was larger than in the Vis-Njpectra, as we shall see in the next sections. It
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is possible that the compounds that absorb in MevBre more sensitive to storage conditions than
those that absorb in the Vis/NIR. Hence, bad stmanditions alter more significantly the UV
spectra; for example increment of the melanoidimstent (product of Maillard reaction) that are

brown compounds or oxidations of polyphenols (Jiezeet al., 1994; Gonzales et al., 1999).

Samplas/Scares Plot of AlILY

Scores on PC 2 (11.84%)

=30 -20 -10 0 10 2o 30 40
Scores on PC 1 {84.73%)

Figure 6.10PCA on the raw UV-Vis data and all the samples.n@eablossom honeyL&r ---); strawberry
tree honeyNled ---); french lavender honeyrps---) and sunflower honey=r ---).

The PCA (96.57% of total variance) plot of UV-Vikiasvs clearly that there is no obvious
distinction between orange blossom (Lar) and frelaslender (Ros); these clusters are mainly
located in negative region of both quadrants (P@d BRC2). However, sunflower (Gir) and
strawberry tree (Med) were reasonably separated fhe other classes. The strawberry tree honey

was mainly located in positive region for PC1 a@PP

In order to perform a comparison with the resuliiamed with electronic tongue was created a new

matrix of 13 rows (honey samples) and 201 columasidbles). The 13 rows were the averages of

the replicates. The PCA plot of the new matrix X1201) is shown in figure 6.11.
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Samples/Scores Plot of AUV _mean_of_replicates

Scores on PC 2 (16.69%)

-40 -30 -20 -10 0 10 20 30 40
Scores an PC 1 (79.06%)

Figure 6.11PCA on the raw UV-Vis data and one the averagéemdplicates. Orange blossom honlegr
--); strawberry tree honeyied ---); french lavender honeyrps---) and sunflower honey=(r ---).

The first two components (PC1 and PC2) represent597 of the total variance between all
samples measurements. With the new matrix the atiarof the Med and Gir clusters is clearer;
on the other hand for the other two clusters (Lzat Ros) this separation is not evident (figure

6.11).

Following the same steps done in the e-tongue sisalyere have applied next the derivative
preprocess in order to remove any constant slopkgbaund or offset. Were have calculated the
first and second derivatives of the spectral daiagithe Savitsky-Golay method (Kelly et al.,

2004; Woodcock et al., 2007) filter with width of points for each side, polynomial order 2 and
derivative order 1; with this procedure one obtan®oth curves. After this pretreatment a new
PCA plots were (90.03% of total variance, figurg2j.for the first and second derivatives. This plot
was very similar to the one obtained with the raatad(figure 6.11). Hence, the same problem
remains it is not possible to clearly distinguibk tifference between orange blossom honey (Lar)

and french lavender honey (Ros).
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Scores on PC 2 (20.32%)

-30 -20 -10 0 10 20 30
Scores on PC 1 (59.71%)

Figure 6.12PCA plot for the first derivative of the UV-Vis sgieoscopy data. Orange blossom horiegr--
); strawberry tree honeyied ---); french lavender honeyrps---) and sunflower honey(r ---).

From the second derivate was obtained a new PCA§ilo47% of total variance, figure 6.13) that
does not seem to improve the PCA results obtairitdthe first derivative. On the contrary, there
is a clear increment of the dispersion to Gir @usprobably due to the noise that comes with the

derivative operation.

Samples/Scores Plot of AlIUY_g2

Scores on PC 2 (25.60%)

Scores on PC 1 (35.687%)

Figure 6.13 PCA plot for the second derivative of the UV-Visesproscopy data. Orange blossom honey
(Lar---); strawberry tree honeyed --); french lavender honeyr(s---) and sunflower honey(r ---).
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Following the steps taken for electronic tonguereneave preceded to the parametrization of the

UV data curves through curve fitting.

All the curves show a tendency to increase in twve Wavelength range (220-290 nm), but the
suggested peak is not observed in spectra, lyilga200 nm (figure 6.9). Hence, this general
tendency was assumed as a baseline. This basealmétied to the first 10 points and to the last 50

points. The shape of the fitting curve was:

_ 1
W)= A+ Bx+ CxX+ DX ©8)

The choice of this function does not have any ugiey physical assumption. It was chosen simply
because it adjusted well to all spectra. To easepthcess of fitting we have made all the fits in

reduced variables such that:

A=A
x=——" i=1..201 (6.9)
}“201_11

where thée); are the 201 measured wavelengths. In the endattiables were transformed back to
the original wavelength scale. The next figure shdhe results obtained after the first step of

baseline fitting. This is an example for one speut(figure 6.14),

Baseline fit Residuals
3 0.4

Baseline  A=0.35276 0.35
25 parameters B=51413 |
C=22.9594

D=-2.0339 03

z spectum 025
*  fitted points

fitted baseline 02

Ahsorhance
@

015

Residual ahsorbance

01

003

t -0.03 t
o 0.5 1 o 0.2 1

% [adimensional # (adimensional)

Figure 6.14Plot of parametrization of the UV data for one shar(feft). The initial data is shown in yellow,
the points used for the fit in black and the bamefit in red. Plot of the residual spectrum (rjght
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The left plot shows the original spectrum in yellaire points used to perform the fit are shown in
black and the fit to the baseline is shown as ained On the right were plot the residual, that is

the initial spectrum minus the baseline:

residual = spectrum — baseline (6.10)

The residual shows one positive peak and one negatinaller peak. In the second step of the fit

we adjust Gaussians to the positive and negatiakspe

A 2,15 2
A)= —\A=—u) 1207, :
peal( ) o2n eXF[ ( :“) o ] (6.11)

This process was repeated three times (baselinstag2s of peak fitting) to each curve. Therefore
each curve was then parametrized by a total obdgline) + 12 (Gaussians) = 16 parameters (one
example in figure 6.15); with this procedure we édnabtained a new matrix to use in PCA that has

then the following dimension: 13 (honey samples)sand 16 (variables) columns.

Fit -- Znd iteration

3 T T T T T T T T T
Fitt spectrum
ittirg
- parametars fitted curve
haseline peak 1+ peak 1- peak 2+ peak 2-
Zr A=0.3926 A1=1681 AZ=-0.2315 A3=1.069 Ad=-0.9343 T
- B=5.141 pe=2514  po=2121 =295 py =286
o C=27 94 o=21.29  o,=4.077  o=1067  o,=6.297
i =
£ 45t D=-2.034 4
(=]
=
=
o
1k 4
0ar b

1]
z00 zZz0 z40 Z60 za0 300 320 340 360 380 400
A ()

Figure 6.15Example of the parametrization of one UV-Vis spactr(baseline + two stages of peak fitting)
with 16 fit parameters.
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The results to new PCA plot after parametrizatibthe UV curve is shown in figure 6.16.

Samples/Scores Plot of UVcoefs_av

Scores on PC 2 (20.74%)

0
Scores on PC 1 (45.93%)

Figure 6.16 PCA plot for parametrization of UV-Vis spectrum.dBapoint represents one sample. Orange
blossom honeylr---); strawberry tree honeywied --9); french lavender honeyR¢s ---) and sunflower
honey ( ).

The result is disappointing when compared to tkelte obtained from the electronic tongue (figure

6.8). The parametrization of the curve was a wapg®oach than using the first and second derivate
transformation (figures 6.12 — 6.13) and or evenm data average (figure 6.11). An example is the

Gir (sunflower) cluster which is now partially medywith Lar (orange blossom) and Ros (french

lavender) clusters. Only the Med (strawberry tida$ter is positively identified. There is, however

a new and positive point: the criterion to idenfified cluster is PC1>0. This is a strong condition,

since PC1 (45.93% of variance) is the most impoitamponent. On the other side, the scores plot
obtained for the first derivative of the spectragygest a criterion PC2>0 (20.32% of variance),

which is not so strong (figure 6.16). Hence, if thain goal was to separate strawberry tree honey
from the other types of honey the parametrizatippreach is the best choice. For a general

application however, it seems that the first deiveais the best approach, and we will keep it.
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6.3.3 Vis-NIR spectroscopy data

The absorption spectra taken in the Vis-NIR sparthedvavelength range from 345.26 to 1036.70
nm, in a total of 3648 data points with an aversggaration of about 0.19 nm. The first and the last
points showed pronounced instrumental oscillatemms were removed from the analysis. Therefore
were have used the range from 403.85 to 1032.2mantotal of 3347 data points. The raw data are

depicted in figure 6.17:

1.8 - )
Girassol

Laranjeira

1.6 - )
Rosmaninho

Medronho

1.4 &
12 -
1.0 -

0.8 -

Absorbance

0.6 -

04 -

0.2 ~

0.0

-0.2 -

Wavelength (nm)

Figure 6.17 Vis/NIR spectra from 403.85 to 1032.2 nm (totai33®oints). The honey type is identified by a
color scheme, Orange blossom honkegrénjeira --}; strawberry tree honeyedronho--}; french lavender
honey Rosmaninhe--) and sunflower honey=(rassol --).

All the curves show more intense absorption in bhee (420-440 nm), suggesting even more
absorption in the UV. The blue peaks were large dadrease to an approximately constant

background. The exception to this trend comes fiteenMedronho (strawberry tree honey) spectra,
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which were characterized by high plateaus acrossetitire visible region (400-750 nm). It is
possible that the origin of these plateaus is esdayg rather than absorption. Indeed, if the
Medronho honey samples would have more or larggpended particulates, than the extinction of
the beam due to scattering effects would incresamatically. The next result of this effect would

be an observable increase in absorbance, althatglansed by absorption itself.

The other interesting aspect was the dip obsenvede spectra around 960 nm. In some cases the
absorbance goes negative, indicating that the blardter) absorbs more than honey in this
wavelength. To understand why, it is useful to l@kplot of the absorption coefficient of water

(figure 6.18) obtained from the data of Hale ané@u(1973) and Palmer and Williams (1974).

0.6 -
——+—— Hale and Querry (1973). Optical constants of waterin the 200nm to
200um wavelength region
o~ Palmer and D. Williams (1974). Optical properties of water in the
05 - near infrared AN
° Q
0.4 -
E
o
> 0.3 A
C
R
s
2
2 02 -
0.1 -
((4/6//&
0 nﬂ»ﬁww O;tm'(&;
400 500 600 700 800 900 1000

Wavelength (nm)

Figure 6.18Data of Hale and Querry (1973) for Vis-NIR (400400hm) and Palmer and Williams (1974) for
Vis-NIR (690-1042 nm) measurements of water.
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The figure 6.18 was obtained from the data of Hadd Querry (1973) and Palmer and Williams

(1974). The absorption by water has a pronouncedl lpeak around 970-975 nm (absorption =
0.45 cm') and 973 nm (absorption = 0.514 &nrespectively (data experimental in annexes table
9.6.2). The organic compounds of honey should agehhe same behavior in this wavelength and

hence the absorption of honey decreases relative¢hat of water around 960-970 nm.

6.3.3.1 PCA on the Vis-NIR spectroscopy

The honey samples for the Vis-NIR analysis werestdmae used in the UV-Vis analysis, but with
some additional replicate measurements (the répicare not exactly the same of the UV-Vis).
Hence, the input for the PCA analysis was a matiri34 rows (honey samples) times 3347 columns
(variables = absorbance at each measured wave)ehgthis step the matrix is supplied as is. The

lines were attributed as follows:

Orange blossom Strawberry tree French Lavender Sunflower
(“Laranjeira”) (“Medronho”) (“Rosmaninho”) (“Girassol”)
[class 1] [class 4] [class 8] [class 11]
Lines/samples 1-3: Line/sample 10-12: Med MJ Line/sample 18-20: Line/sample 26-28:
Lar L1 (3 replicates) (3 replicates) Ros R1 (3 replicates) Gir G1 (3 replicates)
[class 2] [class 5] [class 9] [class 12]
Line/sample 4-6: Line/sample 13-15: Line/sample 21-23: Line/sample 29-31:
Lar Bravura (3 replicates) Med Brito (3 replicates) Ros Brito(3 replicates) Gir Brito2011 (3 replicates)
[class 3] [class 6] [class 10] [class 13] Line/sample 32-34:
Line/sample 7-9: Line/sample 16: Line/sample 24-25: Gir Brito2014
Lar Brito (3 replicates) Med Pb2009 (1 replicate) Ros SerraMel (2 replicates) (3 replicates)
[class 7]

Line/sample 17:
Med Pb2010 (1 replicate)
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Between square parentheses were indicated the mlasber used in the e-tongue analysis. For
example: the first 3 samples were all Lar L1 (ombtpssom honey) and in the e-tongue analysis

the sample #1 was precisely Lar L1. The same apfai¢he remaining classes.

The application of the PCA (99.10% of total varienprocedure to all honey samples produces the
plot shown in figure 6.19. As expected, replicaibthe same floral origin honey stay close to each
other. The exception was Med Brito (samples 13aad 15), where it can be seen that honey
sample 13 was far away from the other two. It wis® &lear that there is no clear distinction
between Lar (orange blossom) and Ros (french laandHowever, Gir (sunflower) and Med

(strawberry tree) were reasonably separated frenotiher classes.

Samples/Scores Plot of AIINIRZ

50

b ] LBravura
\\ LBrito R$rito

Scores on PC 2 (10.82%)
o
\

-150 -100 -50 0 50 100 150 200
Scores on PC 1 (88.28%)

Figure 6.19PCA on the raw Vis-NIR data and all the samplesn@e blossom honeydr ---); strawberry
tree honeyNiled ---); french lavender honeyrps---) and sunflower honey=r ---).

In order to perform a comparison with the resulitamed with the e-tongue and UV-Vis results,
were have performed the average over the repliGaidsobtain the same 13 classes used in the

previous analysis. The PCA plot to new matrix isvgh in figure 6.20.
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Figure 6.20PCA on the raw Vis-NIR data and averages of tipfic&tes. Orange blossom honeyal ---);
strawberry tree honeyled ---); french lavender honeyrps---) and sunflower honey( ).

The result obtained by the new PCA (98.72% of tatalance) plot after average of the replicates
shows basically basically the same informatiorhasprevious PCA plot (figure 6.19). The Lar and
Ros clusters were not distinguishable, Gir clustas clearly different from the others and Med

cluster had a large dispersion: especially 6 asaniples.

In the remaining of this section, were analyzedydhle data consisting on the average of the
replicates, because were have seen that the infiorm& basically the same with or without

averaging.

Following the steps taken in the e-tongue and U¥-8ata, we presented nest the results obtained
after derivative preprocessing. The derivativesangitained through the application of the first and
second derivative Savitzky-Golay filter (Kelly dt,2004; Woodcock et al., 2007) with width of 50
points for each side, polynomial order 2 and deiresorder 1. After this pretreatment the PCA was

run and the plot obtained is shown in figure 6@first derivate.
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Samples/Scores Plot of AIINIRZ _g

Scores on PC 2 (34.61%)

Scores on PC 1 (45.50%)

Figure 6.21PCA plot for the first derivative of the Vis-NIR sgtroscopy data. Orange blossom honey ¢-
-); strawberry tree honeyed ---); french lavender honeyrps---) and sunflower honey=r ---).

The PCA plot for the second derivative is showdigure 6.22. The dispersion of the clusters is
reduced the separation between Med and Gir imptoMetice, the new PCA (63.69% of total
variance) plot is slightly better than the averem® data analysis and the first derivative analysis
(figure 6.20 and 6.21, respectively). However, itheossibility of separating the Lar cluster and

Ros cluster is still obvious.

Best results were obtained by Woodcock et al., @fter using this technique at the wavelength
range of 1100-2498 nm, to confirm the geographicajin of the different honey samples. This
study identified and classified honey from diffeareountries (Ireland, Mexico, Spain, Argentine,
Czech Republic and Hungary) with analysis of datdgomed PCA plots (96% of total variance).
Ruoff et al., (2006) used the Fourier transform-Kg¢Bhnique to evaluate the authentication of eight
unifloral and polyfloral honey, with the help of@hometric evaluations. The results established

that NIR spectroscopy combined with chemometricgersf a promising approach for the
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authentication of certain unifloral honeys and tolgems related with the determination of the

composition of polyfloral honeys.

Samples/Scores Plot of AlNIRZ_g2

Scores on PC 2 (20.52%)

Scores on PC 1 (4317%)

Figure 6.22 PCA plot for the second derivative of the Vis-NIRestroscopy data. Orange blossom honey
(Lar ---); strawberry tree honeyied ---); french lavender honeyrps---) and sunflower honey(r ---).

Finally were proceed to the last step obtain patdpeel curves and the corresponding fitting

coefficients to be used as the PCA matrix.

First of all, a baseline was determined. This basetorresponds to the linear fit of data between
750 and 850 nm, where a linear slope was obsenred|fthe spectra. The baseline is hence of the

form:

baseline mi +b, (6.12)

wherel represents the wavelength.
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The linear fit was then extrapolated across th@eemtavelength range and was used as baseline.
Figure 6.23 shows an example for orange blossomyhdrhe baseline is represented in the insert,

as the black straight line.

After this first step, the baseline was subtradtedn the spectrum. The remaining curve shows

prominent peaks on the left and on the right. Thesks are fitted by Gaussian curves of the form:

peak))= 0\/% exp{— (21-u) 1 202], (6.13)

whereA is the amplitudey is the central wavelength of the peak arnte standard deviation.

Figure 6.23, shows the peaks that are superimpmséioe background. The most important peak is
on the left and it is fitted by a first Gaussiam.the insert this Gaussian is represented in red li
Usually one Gaussian alone is not enough, andandeauxiliary Gaussian is used to improve the
fit. This second Gaussian is represented by theentadine in the inserts. Finally, the dip in the
NIR part of the spectrum (related to the shapéefwtater absorption curve, as explained before) is

fitted by a third Gaussian. The latter is represéifi blue in the insert of the figure.
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Figure 6.23Fit for one of the samples of orange blossom. Erpntal data ( ) and fitted curve (---). In the
insert: experimental data {), baseline (---), Gaussian 4-}, Gaussian 2-{(-) and Gaussian 3-f). The fitting
coefficients are written in the same color code.

From the previous explanation it is now clear thatVis-NIR curves were parameterized by eleven
coefficients (slope and ordinate at the origmandb; and the 3 amplitudes, 3 center wavelengths
and 3 standard deviations from the Gaussians)n&hematrix for use in the PCA has then 13 rows
(honey samples) and 11 columns (variables). Weve laalded a twelfth variable, which is the

squared sum of errosse
sse= ) (v, - ) (6.14)

wherey; represents the experimental data ancepresents the fitted curve. The sum runs over all

the 3347 variables.
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Applying the PCA algorithm to this new matrix orlgt@ins the result depicted in figure 6.24.

Samples/Scores Plot of NIRcoefs_av

Scores on PC 2 (25.12%)

Scores on PC 1 (43.82%)

Figure 6.24PCA plot obtained through the Vis-NIR fitting cdefénts; total of 13 samples with 12 variables.
Orange blossom honey.dr ---); strawberry tree honeyMed ---); french lavender honeyRps ---) and
sunflower honey® ).

Contrary to the results obtained with the e-tongaed similarly to the UV-Vis results, the
parametrization of the VIS-NIR curves did not yibletter PCA (68.94% of total variance) results
than the derivative approach. This was probablytdube fact that the Vis-NIR (and also the UV-
Vis) spectra are complex curves, and a simple patrézation scheme such as the one employed
here, fails to capture all the important featuMsre robust fitting procedures should be developed

in a future work.

It was also interesting to note that the paramation approach yielded worst results for the optica
spectroscopic techniques (UV and NIR) and bettertlie electrical spectroscopic technique (e-
tongue). However, one must have in mind that tleetetal spectroscopic technique is actually
conveying three types of curves for each samplpagitance, conductance and G/w) and each of
the optical techniques was conveying only one ci(ive absorbance). The electrical spectroscopy

data benefits from the beginnifiggm more “contrast” between the samples due tdhitee-fold
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nature. In this perspective it would be more enégng to compare the e-tongue data with the
aggregate of UV-Vis and Vis-NIR data. One couldnthenderstand this ensemble as the
spectroscopic data, with two output curves (UV &isNIR). In order to create that ensemble we
have simply joined the UV fit parameters matrix [(Boney samples) x 16 (4 baseline + 12
Gaussians)] with the Vis-NIR fit parameters maffi8 (honey samples) x 12 (11 coefficients +
ssg], creating a matrix for the spectroscopic fitgraeters (13 x 28). The new PCA analysis on this

matrix resulted in the scores plot shown in figbr2s.

Samples/Scores Plot

Scores on PC 2 (19.75%)

Scores on PC 1 (37.80%)

Figure 6.25PCA plot join of UV-Vis and Vis-NIR spectrum datar the 13 honey samples and 28 variables.

This scores plot was indeed much better than arlgeocores plotted obtained from the individual
UV and Vis-NIR data. The separation between Medwgberry tree honey) cluster, in the positive
region of PC1, and the other classes was very deegative region PC1), as for the Gir
(sunflower) cluster of honey samples. There wds ati overlap between Ros (french lavender
honey) and Lar (orange blossom honey) clusterswagythis was the best scores plot obtained so

far from spectroscopic data.

202



Chapter 6: Non-invasive techniques...

This last result shows clearly that the specificitghe PCA (57.55% of total variance) cluster
improves with the addition of independent sourdeaformation. The final goal will be to merg

all the information available, and this will be thgbject of the last sectic

6.4 PCA analysis performed with sensor fusio

The next goal is the merging of all the informatavailable and be able to extract the best

The first approach was what one could describebasté force" approach: simply merge all

available matrices and apply PCA to this globalrimafThis approach is shown schematically

figure 6.26.
E-tongue E-tongue uv uv NIR NIR
Derivate data coefficients Derivate data coefficients Derivate data coefficients
13 x 252 13x48 13 x201 13 x 252 13 x 3347 13 x 252

Comalan 2 or more PC’s
oballdata | describing global
matrix PCA i

behavoiur
13 x 4352 13x2

Figure 6.26 Schematic diagram for the fusion he data coming from the three technique-tongue, UV-
Vis and Vis-NIR) —the “brute force” approac

In this approach we have used all the fitting pat@ms matrices and the most promising “sp-

like” matrices (for example, for the \-NIR analysis hat the second derivative yielded best res
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than raw data and first derivative data). The tesak a global matrix with 13 lines (samples) and
4352 columns (variables). One again a PCA was eghplh this matrix and the scores plot is shown

in figure 6.27.

Samples/Scores Plot of FINALTOTAL

T
A

100

Scores on PC 2 (31.70%)

Scores on PC 1 (42.63%)

Figure 6.27PCA plot of “brute force” according diagram scheimat figure 6.25.

The result was essentially the same as obtainpreirious PCA scores plots. And it was not one of
the best: the dispersion on Med (strawberry treeehp cluster was large; so large indeed that
sample 7 should be classified as sunflower honey di@ster). The overlap between Lar (orange
blossom honey) and Ros (french lavender honeyjaeskiassume the worst possible form, with the

Lar ellipse totally surrounded by the Ros one.

In brief, the brute force approach did not yielddaesults. One of the main reasons for this ig eas
to understand: the dimensionality of the severaltrdoutions (that is, of each matrix) is very
different. The Vis-NIR second derivative spectratcbute alone with 3347 of the 4352 variables.
So, the PCA analysis was biased towards the NIRribotion, and explains mainly the variability
associated with this contribution. So, it is impmttto place all the contributions on the sameljeve

that is, with the same dimensionality.
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In the case of ViNIR derivative data, we could pick, for examplejn1200 points, obtainin
reduced spectra of about 60 points. But then samstipns would be raised. For example, it
not obvious whashould be the good choice of dimensionality: 6hfsowill be sufficient? or les
would be better? And dropping 199 points out of 2@fuld surely lead to loss of informatic-

most probably, the most important wavelengths wieldost
Hence, an arbiary reduction of dimensionality is not a good ansue the problem. In the
following, was proposedn approach that solves the problem of dissimilaredsionalities while

keeping the fundamental information of each countidn.

The graphical descriptioof the proposed approach is depicted in figu28.

-

E-tongue E-tongue uv uv NIR NIR
Derivate data coefficients Derivate data coefficients Derivate data coefficients
13 x 252 13x48 13x 201 13 x 252 13 x 3347 13 x 252

| PCA | | PCA | | PCA | PCA | PCA | | PCA |

Scores Scores Scores Scores Scores Scores
Matrix Matrix Matrix Matrix Matrix Matrix
13x2 13x2 13x2 13x2 13x2 13x2

==

2 PC
Global data deseribing glabal
matrix PCA g-g
i behavoiur
X 13x2

Figure 6.28Schematic diagram for the new approach proposedditar fusior
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The idea is simple: each contribution (each matgxanalyzed by PCA separately. The output of
each PCA analysis is a 13 x 2 scores matrix (génetrd x N, where N is the number of principal
components, but we retain only the first two). Tingt two components of each contribution retain
its essential information. And after the PCA alhttbutions are represented by the same number of
variables: the two principal components. The seatad is the so called group scaling: each scores
matrix is scaled independently. The third and kep is the merging of all the scores matrices
(instead of merging the entire matrices as befdrb® global matrix obtained in this way has 12
variables, two per contribution. After a final PQ#ocedure on this global matrix one obtains a
scores plot describing the global behavior of thenges under e-tongue, UV and Vis-NIR
measures. The method described is essentially mtioar of MPCA (Multi-way Principal

Component Analysis). The MPCA scores plot is showfigure 6.29.

Samples/Scores Plot of tensor
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\
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l
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Figure 6.29MPCA plot with new approach according to figure&.2

The clusters are finally fully separated. The safian between the Ros and Lar clusters is not as
obvious as in the PCA scores plot obtained with fitieng coefficients of the e-tongue data.
However, all the samples were in the right slotee Med cluster appears to be very different from

the other honey types, which was materialized legy distance between the Med ellipse and the
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other three ellipses. It was also clear that therea significant dispersion within the Med
(strawberry tree honey) group. This means thasttevberry tree honey samples were not uniform
and show a large variation from sample to samptendh lavender honey (Ros) and orange
blossom honey (Lar) were the closest types, asdelil by the proximity of the respective ellipses.
One of the reasons causing this similarity may Hee fact that both honeys are produced in the
spring with partial overlap of the production peso(the peak production for both occurs around
April). On the other side, sunflower (Gir) is a suer variety and hence has properties that differ
clearly from those of spring honeys. Hence, theeBipse appears clearly separated from Ros and
Lar. It is also worth notice that Med is an autupmoduction, a fact which stresses again the

difference between the honey types.

The PCA scores plot (figure 6.8) obtained with titting coefficients of the e-tongue data seems
more appealing than the final plot obtained throMfPCA. Should we expect a better plot with
MPCA than that obtained for a particular PCA? FoBfll, it is important to say that the PCA
scores plot obtained with the fitting coefficierd$ the e-tongue data gives a relatively weak
criterion for PC2. This is because PC2 in this aaisly explains about 15.68% of the observed
variability (figure 6.8). This means that the adpeavisual aspect of the plot is based on a weak
foundation. The PC2 for the MPCA plot, on the otlemd, explains about 28.77% of the
variability, that is, almost the double of the P@lst. And the percentage of variability explained
by both PC1's were similar and close to 50%. Puitier words, the PCA plot of the e-tongue
fitting coefficients (figure 6.8), while appealingnly explains about 66.35% of the whole
variability. The MPCA scores plot explains aboufw&igure 6.29). This means that the MPCA
plot is more reliable. Furthermore, the PCA platefh to classify correctly one of the strawberry
tree honey samples (Med cluster). So, the MPCA anspas the most reliable method to classify the

samples.
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Now, what were the more important variables in MCA prediction? In order to see that one
must look into the loadings plot. The loadings mlotes the loading each variable has along the

first and second principal components. It is deuiéh figure 6.30.

o
PCZ-BT-C

06 . — . .
PC1-UV-d e-tongue (ET)
uv
04t \ NIR l
C2-NIR-
RC2-NIR-d2 £ ¢

Dz

Loadings on PC2

| \
-02f §
Ce-U-
FCTNR-12 CI-NR-c
04 . . . ‘ ‘ \
03 -0z 01 0 01 0z 03 04 05 06

Loadings on PC1

Figure 6.30Loadings plot for the MPCA results.

Each one of the 12 MPCA variables was labeled aaogto the following convention: (PC1/PC2)-

(ET/UVINIR)-(c/d1/d2)

where: (PC1/PC2) = identification of the principgalmponent (1 or 2);

(ET/UVINIR) = identification of the method: e-tongET), UV-Vis spectroscopy (UV) or NIR-

Vis spectroscopy (NIR),

(c/d1/d2) = identification of the type of data tséarmation: fit coefficients (c), first derivatiyel)

or second derivative (d2).
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In order to improve the readability of the plotg(fre 6.30), red dots identify variables associated
with PC1 (in PCA). The variables farther away frtme origin have more weight in the definition
of the PC's in MPCA. Hence PC1-ET-d1 was most ingmdrvariable loading positively in PC1,
followed closely by PC1-ET-c and PC1-UV-c. On thbeo side, PC1-NIR-d2 was the variable
loading more negatively on PC1. This variable wlas $ading heavily PC2, together with PC1-
NIR-c (negative load) and PC1-UV-dl (positive laald) general the red dots were distributed in
the outer part of the plot, while the open ciraglesain mainly in the inner part. This means that th

PC1 related variables were more important in tHanidien of PC1 and PC2, and this was expected.

Another way of analyzing the plot (figure 6.30) wasdraw a polygon joining the four points
corresponding to each diagnostic. The green polygms the e-tongue points; the violet polygon
joins the UV-Vis points and the dark red polygomgothe Vis-NIR points. From here was seen that
the e-tongue data is mostly associated with the (RCIMPCA) because the polygon was stretched
in the horizontal direction. The PC2, on the otside is mainly defined by the optical diagnostics.
The Vis-NIR contribution was always the most impattin the negative loadings, both for PC1 and

PC2.

As a final remark was compared the output of MPO#hhe output of another popular method of

classification, which is the generation of dendamgs through clustering methods. For this purpose
were have used the PLS toolbox cluster functioettogr with the Ward's method for measuring the
samples distance. This function was applied tostdmae 13 x 12 matrix used in the last step of

MPCA. The result is shown in figure 6.31.
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Figure 6.31Dendrograms.

It is clear in the dendrogram that the Med andd@isters have been clearly identified, but that Ros
and Lar were not fully separated. Looking back i@ MPCA scores plot (figure 6.29), shown that
sample 1 is very close to the Ros cluster. Theeefooth methods are in agreement here. However,
there is one difference between the classificatfond/ed. The dendrogram pairs samples 4 and 5,
but in the MPCA scores plot (figure 6.29) the sasg@, 6 and 7 are very different from sample 4.
Globally both methods gave approximately equal ltestiowever, one must stress that the basis
for the clustering technique was the previous PQécegssing that led to the ultimate 13 x 12
matrix. It is then more appropriate to consides tassification technique as a hybrid between PCA

and clustering.
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6.5 Conclusions

We evaluated three non invasive techniques togettleiPCA, a fundamental tool in chemometric

analysis. Were established that these technigues hahigh potential as easy alternative or
complementary methods directed to the classifinadiod identification of honeys of different floral

origin. These methods are fast and reliable in @ispn with the melissopalynology (analysis

pollen) which has a great demand in the time nacgde prepare and analyzed the samples. But it
is clear that this study using the e-tongue, UV-afi&l Vis-Nir spectroscopy has to be expanded
with more samples and more kinds of honey. Nevhrtise the results obtained so far are
sufficiently encouraging as a starting point foe ttlevelopment of new methods for the quality
control and in the honey industry. Their use cdulithg several advantages: low cost, continuous
monitoring, non-destructive assays: simple sampdparation procedures, no chemicals involved

and no additional costs in skilled manpower.
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Chapter Seven:General Conclusions

7.1

Conclusions

The conditions of storage have a high impact infteghness of honey. After more of than
year of shelf life; the parameters that defineHness (hydroxymethylfurfural content and
diastase activity), were wide away from the limdtgablished by International regulations,
although most of the other parameters remained ri@bly unchanged. Therefore the
optimum period for storage to honey is less thag\ter months, but the time of shelf-life

can be increment maintained controlled conditidrstarage €.g.temperature, light).

The physicochemical characterization and deteriginabf bioactive compounds in
strawberry treeArbutus unedd..) honey, obtained directly from the producer, wathin

of limits established by International regulatiorssd showed a very good source of
antioxidant compounds (phenolic compounds) sinyilaylwhat is reported for homologous
Italian honey. The results found can be used toraptlemand for this exquisite type of
honey. Ideally, strawberry tree honey should babtishing as a typical regional product

with added commercial value.

For commercial honey samples currently marketesuipermarket, some were not within
the limits of freshness parameters (hydroxymethfufal and diastase activity) established
by regulations. This demonstrates a lack of confemm those who produce and market
honey, as well as the will or capacity of authestito control the quality of this very

valuable product — honey.

213



Chapter 7: Conclusions

Non-invasive technique®.(g. electronic tongue and spectroscopy analysis)a anmgortant
and complementary tools, fast, effective and wiaikbws to establish and determine of the
botanical origin of honey with good correlation.€Ble new types of analysis, in the short
time can, in due time, replace in the first ins@anthe tedious and complex
melissopalynological analysis. Although this wageay exploratory project, it was crystal
clear the two types of honey, including the strampetree honey, can be easily

differentiated by these techniques.

Strawberry tree honey, due to its properties, hagpbtential to become a reference product
in the region and since its commercial value caimbeeased up to four times, as indicated
by the value of strawberry tree from Italy, it ies$ likely to find it adulterated in
supermarket shelves. A proper recognition shouldecthrough certification and creation

of a protected denomination of origin (PDO).
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Chapter 9: Annexes

Chapter Nine: Annexes
9.1Annexes to Chapter 3

Table 9.3.1Results for physicochemical parameters of honegsyaed in 2006 and 2009.

Ash [%] EC [mS/cm] pH
2006 2009 2006 2009 2006 2009

Sample  Mean SD Mean SD Mean SD Mean SD Mea8D Mean SD

9 0,114 0,001 0,120 0,040 0,253 0,001 0,184 0,003 ,034 0,01 4,09 0,03

Ameixal 6 0,060 0,001 0,036 0,001 0,140 0,002 0,107 0,001 453 0,02 363 0,01
31 0,050 0,000 0,066 0,016 0,234 0,001 0,119 0,000 349 0,04 369 0,01

12 0,050 0,002 0,069 0,002 0,129 0,003 0,114 0,000 3,77 0,01 3,79 0,03

13 0,070 0,005 0,067 0,003 0,144 0,001 0,114 0,000 33 0,01 359 0,03

4 0,050 0,001 0,062 0,006 0,198 0,001 0,131 0,001 ,603 0,02 379 0,02

3 0,050 0,000 0,061 0,003 0,196 0,001 0,138 0,001 ,503 0,00 3,76 0,00

Cachopo 2 0,048 0,000 0,017 0,006 0,199 0,001 0,353 0,001 /573 0,02 381 0,00
AREA 1 0,050 0,000 0,050 0,007 0,162 0,001 0,122 0,000 ,643 001 373 0,02
B 26 0,050 0,000 0,118 0,002 0,440 0,003 0,224 0,001 355 0,00 378 0,01
11 0,050 0,002 0,069 0,002 0,180 0,002 0,134 0,001 357 0,01 365 0,02

7 0,080 0,003 0,087 0,005 0,193 0,000 0,149 0,001 ,284 0,02 384 0,02

27 0,070 0,000 0,129 0,007 0,400 0,001 0,216 0,001 355 0,03 386 0,00

21 0,060 0,002 0,085 0,001 0,345 0,001 0,157 0,000 3,46 0,01 3,74 0,03

8 0,060 0,003 0,065 0,010 0,177 0,002 0,128 0,000 ,753 0,02 3,74 0,01

Martinlongo 22 0,070 0,000 0,114 0,000 0,487 0,001 0,210 0,001 353 0,05 373 0,00
29 0,070 0,000 0,049 0,001 0435 0,001 0,127 0,001 337 0,10 372 0,01

20 0,070 0,000 0,078 0,002 0,233 0,000 0,153 0,002 3,27 0,24 3,76 0,01

10 0,050 0,005 0,065 0,006 0,158 0,001 0,123 0,001 3,79 0,01 379 0,01

Average 0,06 0,02 0,07 0,03 0,248 0,114 0,158 0,059 361 024 3,76 0,10

16 0,180 0,000 0,168 0,003 0,537 0,000 0,296 0,001 339 0,00 410 0,02

32 0,050 0,000 0,055 0,013 0,528 0,001 0,118 0,001 341 0,00 364 0,00

33 0,050 0,000 0,066 0,003 0,560 0,001 0,146 0,001 3,27 0,03 363 0,01

Sta. 28 0,050 0,006 0,090 0,000 0,242 0,001 0,174 0,000 3,35 0,01 360 0,00
Catarina 18 0,070 0,000 0,182 0,004 0,628 0,021 0,272 0,000 3,84 0,04 427 0,03
30 0,070 0,000 0,077 0,015 0,234 0,001 0,148 0,000 349 0,04 3,72 0,00

ARDEA 19 0,050 0,000 0,216 0,007 0,245 0,000 0,319 0,001 3,99 0,01 422 0,02
17 0,080 0,000 0,080 0,003 0,528 0,001 0,174 0,001 3,84 0,04 367 0,02

25 0,070 0,000 0,130 0,008 0,350 0,001 0,234 0,002 343 0,02 372 0,01

Tavira 15 0,010 0,002 0,079 0,000 0,537 0,001 0,171 0,000 3,82 0,00 365 0,02
24 0,060 0,000 0,146 0,004 0,526 0,001 0,262 0,001 341 0,03 368 0,01

23 0,100 0,000 0,172 0,007 0,477 0,001 0,257 0,002 3,88 0,02 414 0,01
Average 0,07 0,04 0,12 0,05 0,449 0,141 0,214 6D,0 359 026 384 0,26

*2006 results unpublished by Figueira et al.
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Table 9.3.1(Continued).

Total acidity [meqg/kg] MC [%] TSS [° Brix]
2006 2009 2006 2009 2006 2009
Sample Mean SD Mean SD Mean SD Mean SD Mea8D Mean SD
9 19,34 0,81 22,05 0,07 1420 0,00 14,85 0,01 84,00 85,15 0,01
Ameixal 6 19,95 0,01 19,33 0,02 16,20 0,26 16,24 0,04 81,8526 83,76 0,04
31 15,80 0,28 20,22 0,06 1590 0,00 1529 0,20 082,0,00 84,71 0,20
12 13,41 0,28 16,59 0,63 16,36 0,48 16,58 0,92 381,8,58 8342 0,92
13 1500 0,28 19,60 0,64 16,20 0,00 1582 0,01 782,0,29 84,18 0,01
4 20,00 0,04 1983 0,77 17,01 0,02 1501 0,07 82,00 84,99 0,07
3 1890 0,36 19,66 0,67 15,40 0,00 15,75 0,28 82,9M00 84,25 0,28
Cachopo 2 1899 0,36 26,82 0,67 15,80 0,00 16,65 0,13 82,8M00 8345 0,13
AREA 1 19,58 0,48 18,07 0,54 16,08 0,00 1590 0,10 82,00 84,10 0,10
B 26 17,00 0,18 3256 1,28 16,50 0,00 1542 0,04 082,0,00 84,58 0,04
11 22,77 0,26 2392 0,68 17,27 0,02 16,82 0,05 081,0,00 83,18 0,05
7 19,45 1,16 21,37 0,46 15,05 0,39 15,32 0,00 82,9826 84,89 0,00
27 15,80 0,02 22,72 0,84 16,50 0,00 1510 0,23 082,0,00 84,90 0,23
21 17,00 0,28 23,75 0,40 15,80 0,00 1582 0,11 082,9,39 84,18 0,11
8 19,13 1,38 21,68 0,77 14,80 0,00 1557 0,04 82,8M00 84,43 0,04
Martinlongo 22 17,00 0,28 26,92 0,74 16,60 0,00 16,02 0,47 081,9,39 84,00 047
29 1758 0,21 19,83 0,71 16,00 0,00 15,28 0,09 081,9,00 84,72 0,09
20 16,00 0,28 2481 0,73 16,20 0,00 1579 0,20 082,0,00 84,21 0,20
10 17,04 098 18,01 1,36 1551 0,18 1526 0,07 382,9,30 84,74 0,07
Average 17,88 2,21 2199 3,85 1597 0,75 1571 056 82,20 0,65 8431 0,57
16 1550 0,28 31,20 1,64 17,00 0,00 16,29 0,29 081,m,39 8371 0,29
32 17,10 0,32 21,27 0,5 16,60 0,00 15,67 0,09 081,m,12 84,33 0,09
33 1594 0,13 2781 0,75 16,60 0,00 16,63 0,20 081,m,46 8314 0,20
Sta. 28 1580 0,01 39556 0,80 16,50 0,00 1529 0,30 082,0,00 84,71 0,30
Catarina 18 17,00 0,19 2526 1,66 15,80 0,00 1526 0,05 082,0,00 84,74 0,05
30 16,50 0,21 2459 0,72 1590 0,00 16,07 0,44 082,0,00 8393 0,44
ARDEA 19 17,00 0,28 28,72 0,76 1580 0,00 1565 041 082,9,00 8435 041
17 16,00 0,28 28,77 2,26 16,60 0,00 1573 0,11 781,®©,39 84,27 011
25 1580 0,32 34,63 0,12 16,50 0,00 1513 0,38 082,0,00 84,87 0,38
Tavira 15 16,50 0,28 30,16 0,02 16,20 0,00 16,05 0,04 381,39,14 8395 0,04
24 16,15 0,25 33,93 0,80 16,60 0,00 1532 1,08 781,®©,29 84,68 1,08
23 17,00 0,20 26,25 1,83 16,50 0,00 1574 0,50 082,0,00 84,26 0,50
Average 16,36 0,57 29,34 5,00 16,38 0,38 15,74 460, 81,68 0,49 8425 0,50

*2006 results unpublished by Figueira et al.
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Moisture [%)] TSS [° Brix] Moisture [%] TSS [°Brix]
Honeys 2006 2009
samples Mean SD Mean SD Mean SD Mean SD
1 16,08 0,00 82,00 0,00 15,90 0,10 84,10 0,10
2 15,80 0,00 82,50 0,00 16,65 0,13 83,45 0,13
3 15,40 0,00 82,90 0,00 15,75 0,28 84,25 0,28
4 17,01 0,02 82,00 0,00 15,01 0,07 84,99 0,07
6 16,20 0,26 81,85 0,26 16,24 0,04 83,76 0,04
7 15,05 0,39 82,93 0,26 15,32 0,00 84,89 0,00
8 14,80 0,00 82,50 0,00 15,57 0,04 84,43 0,04
9 14,20 0,00 84,00 0,00 14,85 0,01 85,15 0,01
10 15,51 0,18 82,53 0,30 15,26 0,07 84,74 0,07
11 17,27 0,02 81,00 0,00 16,82 0,05 83,18 0,05
12 16,36 0,48 81,83 0,58 16,58 0,92 83,42 0,92
13 16,20 0,00 82,17 0,29 15,82 0,01 84,18 0,01
15 16,20 0,00 81,33 0,14 16,05 0,04 83,95 0,04
16 17,00 0,00 81,00 0,39 16,29 0,29 83,71 0,29
17 16,60 0,00 81,67 0,39 15,73 0,11 84,27 0,11
18 15,80 0,00 82,00 0,00 15,26 0,05 84,74 0,05
19 15,80 0,00 82,50 0,00 15,65 0,41 84,35 0,41
20 16,20 0,00 82,00 0,00 15,79 0,20 84,21 0,20
21 15,80 0,00 82,50 0,39 15,82 0,11 84,18 0,11
22 16,60 0,00 81,50 0,39 16,02 0,47 84,00 0,47
23 16,50 0,00 82,00 0,00 15,74 0,50 84,26 0,50
24 16,60 0,00 81,67 0,29 15,32 1,08 84,68 1,08
25 16,50 0,00 82,00 0,00 15,13 0,38 84,87 0,38
26 16,50 0,00 82,00 0,00 15,42 0,04 84,58 0,04
27 16,50 0,00 82,00 0,00 15,10 0,23 84,90 0,23
28 16,50 0,00 82,00 0,00 15,29 0,30 84,71 0,30
29 16,00 0,00 81,50 0,00 15,28 0,09 84,72 0,09
30 15,90 0,00 82,00 0,00 16,07 0,44 83,93 0,44
31 15,90 0,00 82,00 0,00 15,29 0,20 84,71 0,20
32 16,60 0,00 81,00 0,12 15,67 0,09 84,33 0,09
33 16,60 0,00 81,00 0,46 16,63 0,20 83,14 0,20

*2006 results unpublished by Figueirakt
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Proline content [mg/kg] Water activity DA [Gothe]
2006 2009 2006 2009 2006 2009

Sample Mean SD Mean SD Mean SD Mean SD Mea8D Mean SD

9 202,3 27,6 4464 4,2 0,490 0,003 0,487 0,001 616,10,00 7,60 1,08

Ameixal 6 1398 75 288,0 8,9 0,530 0,001 0,508 0,002 23,00 811 1,97
31 190,3 14,6 502,1 0,0 0,540 0,002 0,486 0,006 5726,0,00 7,32 0,77

12 1026 7,8 326,5 10,2 0,550 0,020 0,540 0,002 49,6000 7,03 0,96

13 1153 8,7 326,5 0,0 0,520 0,007 0,503 0,001 123,m0,00 819 0,07

4 44,5 0,9 4179 93,0 0,510 0,001 0,503 0,001 11,1000 531 048

3 435 285 4843 14,2 0,510 0,000 0,521 0,001 013,2,00 8,15 0,19

Cachopo 2 1158 12,6 676,2 34,0 0,520 0,000 0,527 0,003 9639, 0,01 9,62 0,11
AREA 1 76,5 129 3705 15,5 0,520 0,000 0,510 0,001 918,9,00 12,71 0,63
B 26 243,3 24,8 8463 35 0,520 0,006 0,509 0,004 3617,0,00 9,15 0,49
11 1458 7,2 380,0 10,2 0,540 0,000 0,546 0,002 0410, 0,00 6,97 0,63

7 169,8 18,9 420,7 3,5 0,520 0,001 0,513 0,002 21,900 7,58 0,74

27 189,1 33,1 4508 1,0 0,520 0,003 0,498 0,003 05,6000 355 0,46

21 182,1 11,8 559,6 19 0,530 0,002 0,519 0,003 6914, 0,00 7,71 0,25

8 85,5 54 4374 17,7 0,520 0,003 0,512 0,001 16,6800 6,42 0,20
Martinlongo 22 196,3 335 4129 1,0 0,560 0,001 0,504 0,004 5726, 0,00 10,38 0,05
29 94 1,1 515,0 19 0,520 0,004 0,503 0,002 12,1400 0 8,67 0,18

20 141,3 20,3 3817 3,3 0,530 0,001 0526 0,001 6615, 0,00 7,62 0,23

10 140,3 48 252,3 19 0,510 0,010 0,509 0,003 616,10,00 6,66 0,30
Average 137,8 555 447,11 138,11 0,52 0,02 0,51 0,02 17,78 784 7,83 1,92

16 3176 29,1 6806 2,6 0,540 0,002 0,533 0,001 1814,0,00 8,86 0,05

32 200,3 16 706,3 1,7 0,540 0,001 0,515 0,002 16,8700 9,04 0,14

33 180,3 15,7 7888 1,0 0,540 0,001 0,536 0,001 6716, 0,00 951 0,24

Sta. 28 190,1 4055 4018 0,0 0,570 0,002 0,493 0,001 249000 2,64 0,03
Catarina 18 169,6 2,3 463,1 69,1 0,530 0,003 0,516 0,003 298000 6,72 0,11
30 148,8 10 488,8 1,7 0,540 0,002 0,507 0,005 15,3200 8,12 0,29

ARDEA 19 260,6 49 557,4 0,0 0,530 0,003 0,514 0,001 13,900 8,23 0,00
17 190,3 15,6 561,3 59 0,530 0,001 0,517 0,003 1816, 0,00 10,88 0,57

25 204,3 97 624,9 1,0 0,550 0,004 0,505 0,003 015,2,00 9,63 1,38

Tavira 15 181,3 4,7 438,0 19 0,540 0,001 0,514 0,001 511,,00 8,20 0,20
24 269,6 104 9149 19 0,530 0,003 0,516 0,002 8725,0,00 12,16 0,30

23 2331 37,3 5942 1,7 0,530 0,006 0,509 0,003 2512,0,00 6,26 0,27
Average 212,2 48,8 601,7 151,7 0,54 0,01 0,51 10,0 14,39 4,94 8,35 2,42

*2006 results unpublished by Figueira et al.
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Table 9.3.1(Continued).

HMF content [mg/kg] 2006 COLOR 2009
2006 2009 L a b L a b
Sample Mean SD Mean SD Mean SD Mean SD Mean D S Mean SD Mean SD Mean SD AE

9 1,32 0,02 107,38 2,10 33,08 042 -117 012 7,820,29 3000 029 -068 009 715 031 3,19

Ameixal 6 099 0,00 87,35 5,76 31,26 042 -130 006 522 300 3233 017 -106 010 6,76 056 1,89
31 11,21 0,00 131,64 0,00 28,22 233 -1,13 0,09 852 0,79 30,17 021 -085 020 584 0,73 205

12 221 0,00 106,93 4,65 33,76 169 -103 0,08 3510,03 31,04 024 -098 013 713 025 4,53

13 0,02 0,00 109,16 3,49 3446 047 -103 0,08 3510,03 31,16 045 -093 0,13 648 031 444

4 11,51 0,00 99,02 0,82 32,00 0,00 -100 0,05 7,000,21 313 049 -062 014 7,03 042 0,75

3 12,53 0,00 101,24 0,60 32,21 032 -095 005 739044 3361 0,74 -064 020 6,18 122 187

Cachopo 2 823 0,00 106,20 2,46 31,09 0,09 -099 0,07 657021 29,72 0,10 054 004 7,79 0,16 2,39
AREA 1 2,71 0,00 179,51 2,97 3364 024 -132 020 7,490,16 31,67 039 -100 007 799 062 2,06
B 26 11,80 0,00 127,52 1,62 31,34 067 -097 009 733 0,70 3054 031 -007 014 807 056 485
11 2,04 0,02 13519 0,64 3147 025 -1,12 0,02 7,260,553 3192 023 -123 0,16 742 030 049

7 2,36 0,00 103,00 0,20 31,72 024 -091 008 7,280,32 3080 043 -0,75 0,18 800 056 1,18

27 592 0,00 7657 530 29,44 066 -097 0,09 3,400,80 31,27 151 -094 009 866 029 557

21 11,22 0,00 100,03 5,93 29,22 167 -095 0,09 745 0,79 3228 040 -099 0,10 7,44 045 419

8 1,14 032 77,87 087 3362 042 -122 008 579 320 3026 011 -105 012 6,13 016 3,38

Martinlongo 22 11,21 0,00 130,20 2,09 28,22 0,00 -098 0,09 733 0,88 31,77 006 045 007 801 051 6,01
29 1290 0,00 10444 3,33 2598 089 -0,79 0,00 254 0,54 32,17 061 -122 0,12 824 0,67 681

20 1459 0,00 113,40 1,10 32,22 067 -096 0,00 743 0,79 3386 048 -106 0,11 842 0,18 4,37

10 1,32 002 7421 1,32 32,74 030 -1,18 0,13 7,26 0,33 3046 044 -096 011 669 042 236
Average 659 521 108,99 24,71 31,35 223 -1,05 40,1557 1,66 31,39 114 -074 051 734 083 1,79

16 0,01 0,00 7047 501 3044 045 -089 0,09 823079 3042 039 006 014 844 061 0,96

32 12,21 0,00 126,36 0,00 28,22 047 -1,17 012 854 0,63 3090 024 -108 0,12 6,78 034 298

33 14,21 0,00 138,64 431 34,12 067 -092 0,00 743 057 3028 014 -017 019 846 025 566

Sta. 28 28,29 0,00 331,71 1044 2522 067 -096 009433, 0,00 2507 017 230 024 228 030 3,46
Catarina 18 570 0,00 77,04 0,88 33,12 067 -1,17 0,01 437044 31,15 034 -090 015 754 017 3,74
30 11,43 0,00 16,77 0,00 29,87 001 -1,17 010 4,380,79 30,14 126 -074 011 7,38 128 3,04

ARDEA 19 816 0,00 7142 7,50 3422 1,00 -09 0,09 4,870,779 3043 0,26 140 018 934 042 6,32
17 n.d. 61,96 0,65 3322 167 -1,16 0,09 537 0,7931,26 029 -083 0411 799 031 3,29

25 17,87 0,00 103,84 8,20 2395 044 098 0,00 733 0,79 2998 0,22 091 014 875 022 830

Tavira 15 n.d. 67,82 3,84 31,74 047 -124 0,07 5,60 0,043227 034 -007 011 468 052 1,58
24 26,98 0,00 75,04 10,03 28,20 1,00 -096 0,09 753 0,00 3214 036 -064 014 798 036 4,74

23 980 0,00 6549 0,65 32,21 1,00 -097 0,09 4,47 0,00 30,34 023 056 019 839 020 461
Average 13,47 8,89 100,55 79,39 30,38 340 -1,08,12 4,94 1,27 30,36 183 0,07 104 7,33 199 264
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9.2 Annexes to Chapter 4

Table 9.4.1Pollen frequency (%) of strawberry tree honey dasp

Pollen type Mean (%) SD
Acaciaspp. 0,34 0,02
Anarrhinum bellidifoliun 0,17 0,01
Anthemis arvens 0,17 0,01
Apiaceae 0,17 0,01
Arbutus uned 31,9¢ 3,5C
Calendula arvens 1,53 0,08
Calluna vulgaris 0,17 0,01
Campanula sp| 0,51 0,0¢
Centaurea calcitrap 0,17 0,01
Ceratonia siliqua 5,37 0,28
Cistacea 20,4¢ 1,0¢
Citrusspp 3,92 0,20
Crataegus monogyna 0,68 0,04
Crepis capillaric 0,17 0,01
Cytisus scoparit 511 0,26
Echium plantagineum 4,52 0,23
Erica spp 0,51 0,0
Eucalyptus sp| 0,17 0,01
Frangula alnus 0,17 0,01
Lavandula stoech: 15,0¢ 0,64
Myrtusspp 1,36 0,07
Olea europea 1,87 0,10
Pistacia terebintht 1,9¢ 0,1C
Plantagospp 0,17 0,01
Raphanuspp/ Sinapsispp 0,51 0,03
Reseda luteo 3,92 0,2C
Rhamnuspp 0,34 0,02
Rosmarinus officinalis 0,85 0,04
Rubusspp 0,51 0,0
Senecio vulgar 0,17 0,01
Trifolium arvense 0,17 0,01
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Table 9.4.2Color expressed in Pfund scale (from Naab eR8Dg8)

Honey color Pfund scale (mm)
Water white <8

Extra white 9-17

White 18-34

Extra light amber 35-50
Light amber 51-85
Amber 86-114
Dark amber > 114

Figure 9.4.1Color table according Pfund scale (from Pajuei94).
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Table 9.4.3Data of flow behaviour of strawberry tree deteredifby viscometer.

Temperature (°C) RPM % torque n (mPas) Shear stress (N/f Shear rate (1/s)
20 0 0,3 0 0,05 0
0,3 16,5 33000 2,8 0,08
0,5 26,7 32160 45 0,14
0,6 31,7 31700 53 0,17
1 50,3 30180 8,5 0,28
15 75,5 30200 12,7 0,42
2 98,7 29640 16,6 0,56
25 0 -0,7 0 0 0
0,3 8,9 18000 15 0,08
0,6 16,7 16700 2,8 0,17
1 27,4 16440 4,6 0,28
15 40,3 16160 6,8 0,42
2 52,6 15780 8,8 0,56
3 77 15380 12,9 0,84
30 0 - - - -
0,3 4,1 8200 0,69 0,08
0,6 8,5 8500 14 0,17
1 14,5 8700 2,4 0,28
2 29,5 8850 4,9 0,56
2,5 36,7 8808 6,2 0,7
3 44,6 8900 75 0,84
4 59 8865 9,9 1,12
5 72,3 8864 12,2 1,4
6 84,7 8460 14,2 1,68
35 0 -0,4 0 0 0
0,5 2,3 2760 0,39 0,14
1 5,8 3480 0,97 0,28
2 11,8 3570 2 0,56
2,5 14,8 3528 25 0,7
3 18,2 3640 31 0,84
4 24,4 3660 4,1 1,12
29,9 3588 5 14
6 35,2 3500 5,9 1,68
10 57,6 3456 9,7 2,8
12 68,8 3435 11,5 3,36
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Table 9.4.2(continued).

Temperature (°C) RPM % torque n (mPas) Shear stress (N/f Shear rate (1/s)
40 0 -0,1 0 0 0

0,3 1 2000 0,17 0,08

15 3,7 1480 0,62 0,42

3 7,8 1540 1,3 0,84

5 12,8 1536 2,2 1,4

10 24,5 1470 4,1 2,8

20 48,2 1446 8,1 5,6
30 71,9 1440 12,1 8,4
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9.3 Annexes to Chapter 5

Table 9.5.1Results of pollen spectrum of commercial honeysam

Commercial honeys samples

Pollen types L-1 (%) G-1 (%) R-1 (%) B-1 (%)
Anacardiaceae 0,00 0,00 0,00 0,00
Pistacia terebinthus 5,15 6,86 0,00 0,00
Apiaceae 0,00 0,48 0,23 0,52
Aquifoliaceae 0,00 0,00 0,00 0,00
llex aquifolium 0,00 0,00 0,00 0,00
Asteraceae 0,00 0,00 0,00 0,00
Anthemis arvensis 0,04 0,32 0,00 0,52
Calendula arvensis 0,08 0,16 0,23 1,57
Carthamus lanatus 0,00 0,00 0,00 0,00
Centaurea calcitrapa 0,00 0,00 0,00 0,00
Crepis capillaris 0,00 1,27 0,45 1,04
Senecio vulgaris 0,51 1,06 0,86 2,09
Helianthus annuus 0,00 24,60 0,00 0,00
Betulaceae 0,00 0,00 0,00 0,00
Alnus glutinosa 0,00 0,00 0,00 0,00
Boraginaceae 0,00 0,00 0,00 0,00
Borago oficinallis 0,00 0,16 0,00 0,00
Echium plantagineum 11,43 14,10 8,05 6,27
Lithodora fruticosa 0,00 0,00 0,00 0,00
Brassicaceae 0,00 0,00 0,00 0,00
Raphanus spp. / Sinapsis spp. 1,73 0,90 0,00 0,00
Caesalpiniaceae 0,00 0,00 0,00 0,00
Ceratonia siliqua 0,00 0,16 0,00 7,83
Campanulaceae 0,00 0,00 0,00 0,00
Campanula spp. 0,00 1,11 2,90 0,00
Caryophyllaceae 0,00 0,00 0,00 0,00
Silene spp. 0,00 0,00 0,00 0,00
Chenopodiaceae 0,00 0,00 0,00 0,00
Chenopodium album 0,08 0,53 0,00 0,00
Cistaceae 10,92 16,16 30,54 10,44
Clusiaceae 0,00 0,00 0,00 0,00
Hypericum perforatum 0,20 0,00 0,00 0,00
Crassulaceae 0,00 0,00 0,00 0,00
Sedum spp. 0,00 0,00 0,00 0,00
Ericaceae 0,00 0,00 0,00 0,00
Arbutus unedo 0,16 0,00 0,00 20,37
Calluna vulgaris 0,00 0,00 0,04 0,00
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Table 9.5.1(Continued).

Commercial honeys samples

Pollen types L-1 (%) G-1 (%) R-1 (%) B-1 (%)
Erica spp. 1,10 0,00 0,00 5,22
Euphorbiaceae 0,00 0,00 0,00 0,00
Fabaceae 0,00 0,00 0,00 0,00
Anthyllis lotoides 0,00 0,00 0,00 0,00
Cytisus scoparius 6,84 0,21 5,53 0,52
Medicago sativa 0,00 0,00 0,00 0,00
Lotus creticus 0,00 0,69 0,00 0,00
Ononis repens 0,00 0,00 0,00 0,00
Ornithopus compressus 0,00 0,00 0,00 0,00
Psoralea butiminosa 0,00 0,00 0,00 0,00
Trifolium arvense 0,00 0,16 0,45 1,04
Trifolium repens 0,00 0,00 0,00 0,00
Fagaceae 0,00 0,00 0,00 0,00
Castanea sativa 0,00 0,00 0,00 0,00
Quercus spp. 4,01 5,07 1,28 0,00
Fumariaceae 0,00 0,00 0,00 0,00
Fumaria officinalis 0,00 0,00 0,00 0,00
Geraniaceae 0,00 0,00 0,00 0,00
Geranium molle 0,00 0,00 0,00 0,00
Graminea 0,24 0,69 0,00 0,00
Lamiaceae 0,00 0,00 0,00 0,00
Lavandula stoechas 2,24 5,44 54,18 13,05
Marrubium spp. 0,00 0,00 0,00 0,00
Thymus spp. 0,00 0,00 0,00 0,00
Rosmarinus officinalis 1,14 3,01 0,00 3,13
Liliaceae 0,00 0,00 0,00 0,00
Aspargus spp. 0,00 0,00 0,00 0,00
Asphodelus albus 0,08 0,00 0,00 0,00
Muscaris comosum 0,00 0,00 0,00 0,00
Malvaceae 0,00 0,00 0,00 0,00
Mimosaceae 0,16 0,00 0,08 0,00
Acacia spp. 0,98 0,00 1,39 0,00
Moraceae 0,00 0,00 0,00 0,00
Morus alba 0,00 0,00 0,00 0,00
Myrtaceae 0,00 0,00 0,08 0,00
Eucalyptus spp. 1,45 2,96 1,39 0,00
Myrtus spp. 0,00 0,00 1,69 0,00
Oleaceae 0,00 0,00 0,00 0,00
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Table 9.5.1(Continued).

Commercial honeys samples

Pollen types L-1 (%) G-1 (%) R-1 (%) B-1 (%)
Fraxinus angustifolia 0,00 0,00 0,00 0,00
Olea europea 4,75 5,28 1,47 5,74
Onagraceae 0,00 0,00 0,00 0,00
Oxalidaceae 0,00 0,00 0,00 0,00
Oxalis corniculata 0,63 0,05 0,00 0,00
Papaveraceae 0,00 0,00 0,00 0,00
Papaver rhoeas 0,00 0,00 0,00 0,00
Plantaginaceae 0,00 0,00 0,00 0,00
Plantago spp. 0,39 0,21 0,00 0,00
PinaceagPinus spp.) 0,00 0,00 0,00 0,00
Polygonaceae 0,00 0,00 0,00 0,00
Rumex spp. 0,43 0,00 0,08 0,00
Rafflesiaceae 0,00 0,00 0,00 0,00
Cytinus hypocistis 0,00 0,00 0,00 0,00
Resedaceae 0,00 0,11 0,00 0,00
Reseda luteola 4,44 0,69 0,23 9,14
Reseda alba 0,00 0,00 0,00 0,00
Rhamnaceae 0,00 0,00 0,00 0,00
Frangula alnus 0,59 0,21 0,00 0,00
Rhamnus spp. 0,16 0,00 1,32 0,00
Rosaceae 0,00 0,00 0,00 0,00
Crataegus monogyna 2,04 0,53 0,71 2,61
Prunus spp. 0,55 0,00 0,00 0,00
Rubus spp. 7,03 3,48 5,57 0,00
Sanguisorba minor 0,00 0,00 0,00 0,00
Rutaceae 0,00 0,00 0,00 0,00
Citrus spp. 30,22 2,85 0,15 7,83
Ruta spp. 0,00 0,00 0,00 0,00
Salicaceae 0,00 0,00 0,00 0,00
Salix spp. 0,00 0,00 0,00 0,00
Scrophulariaceae 0,00 0,00 0,00 0,00
Anarrhinum bellidifolium 0,04 0,53 0,08 1,04
Scrophularia canina 0,00 0,00 0,00 0,00
Thymelaeaceae 0,00 0,00 0,00 0,00
Thymelaea villosa 0,00 0,00 0,00 0,00
Tiliaceae 0,00 0,00 0,00 0,00
Tilia spp. 0,20 0,00 0,00 0,00
Violaceae 0,00 0,00 0,00 0,00
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Table 9.5.1(Continued).

Commercial honeys samples

Pollen types L-1 (%) G-1 (%) R-1 (%) B-1 (%)
Viola spp. 0,00 0,00 0,00 0,00
Others (crystal, ash, bees parts, spores, etc) 0,00 0,00 0,00 0,00
Honeydew elements 0,00 0,00 0,00 0,00
Total pollen types 0,00 0,00 0,00 0,00
Total pollen grains 100,00 100,00 100,00 100,00

Table 9.5.2Data for linear regression ash content (%) andtédal conductivity (EC; mS/cm).

Ash content EC

Honey Sample (%) (mS/cm)
B-1 0,304 0,475
0,295 0,486

0,300 0,483

G-1 0,145 0,330
0,154 0,337

0,149 0,334

L-1 0,108 0,217
0,107 0,216

0,108 0,217

R-1 0,043 0,112
0,055 0,113

0,049 0,113

MJ 0,631 0,636
0,465 0,628

0,640 0,645
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Honey B-1 Honey G-1 Honey L-1
T (°C) Torque ] Shear stress  Shear rate Torque ] Shear stress  Shear rate Torque 1 Shear stress  Shear rate
RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
20 0 18 0 0 28 0 0,47 0 0
0,3 134 26800 2,3 0,08 0,3 27,5 55000 4,6 0,08 0,317,6 35200 3 0,08
0,5 20,4 24480 3,4 0,14 0,5 44,3 53160 7,4 0,14 0,528,1 33720 4,7 0,14
0,6 24 24000 4 0,17 0,6 52,8 52800 8,9 0,17 0,6 33 33100 5,6 0,17
1 39,9 23940 6,7 0,28 1 87,7 52560 14,7 0,28 1 54,532700 9,2 0,28
15 60,5 24200 10,2 0,42 15 82,1 32840 13,8 0,42
2 79,3 23790 13,3 0,56
2,5 98,7 23680 16,6 0,7
T (°C) Torque n Shear stress  Shear rate Torque n Shear stress  Shear rate Torque n Shear stress  Shear rate
RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
25 0 08 0 0,13 0 0 0 1 0 0 0
0,3 6,4 0 11 0,08 0,3 12,6 25200 2,1 0,08 0,3 7 00a4 1,2 0,08
0,6 11,8 11800 2 0,17 0,5 19,3 23160 3,2 0,14 05 091 13080 1,8 0,14
1 19,7 11820 3,3 0,28 0,6 21,7 21700 3,7 0,17 06 291 12900 2,2 0,17
2 38,4 11520 6,5 0,56 1 36 21480 6 0,28 1 21,4 a284 3,6 0,28
25 48,7 11680 8,2 0,7 15 53,2 21320 9 0,42 15 32 12800 5,4 0,42
3 59,2 11840 10 0,84 2 70,8 21240 11,9 0,56 2 42,612780 7,2 0,56
4 78,6 11790 13,2 1,12 2,5 89,4 21450 15 0,7 25 952 12720 8,9 0,7
5 96,9 11610 16,3 1,4 3 64,7 12940 10,9 0,84
T (°C) Torque ] Shear stress  Shear rate Torque ] Shear stress  Shear rate Torque 1 Shear stress  Shear rate
RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
30 0 07 0 0 0 0 32 0 0,54 0 0 02 0 0,02 0
0,3 3,2 6600 0,55 0,08 0,3 5,4 10800 0,92 0,08 0,3 3,8 7600 0,64 0,08
0,6 5,6 5600 0,94 0,17 0,5 8,1 9720 1,4 0,14 05 7 4, 5640 0,79 0,14
1 9,6 5760 1,6 0,28 0,6 9,9 9900 1,7 0,17 1 10,1 2061 1,7 0,28
2 19,6 5880 3,3 0,56 1 17,2 10320 2,9 0,28 2 22,2 6606 3,8 0,56
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Torque ] Shear stress  Shear rate Torque ] Shear stress  Shear rate Torque 1 Shear stress  Shear rate
T(°C) RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
2,5 26,6 6384 4,5 0,7 15 27,2 10880 4,6 0,42 25 882 6912 4.8 0,7
3 33,7 6740 57 0,84 2 35,4 10620 6 0,56 3 35,8 0716 6 0,84
4 45,5 6825 7,6 1,12 3 57,4 10500 9,7 0,84 4 48,2 2307 8,1 1,12
5 56,6 6792 9,5 1,4 4 77,2 11590 13 1,12 5 59,7 4716 10 1,4
6 67,3 6740 11,3 1,68 5 96,2 11540 16,2 14 6 71,6 7160 12,1 1,68
Torque n Shear stress  Shear rate Torque n Shear stress  Shear rate Torque n Shear stress  Shear rate
T(C) RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
35 0 02 0 0 0 0 52 0 0,81 0 0 18 0
0,5 2,6 3120 0,44 0,14 0,3 4.8 9600 0,79 0,08 0,5 3 3600 0,5 0,14
1 55 3300 0,92 0,28 0,5 49 5880 0,82 0,14 1 6,1 6603 1 0,28
2 11,2 3360 1,9 0,56 1 9,5 5700 1,6 0,28 15 9,6 4038 1,6 0,42
4 225 3375 3,8 1,12 2 19,8 5940 3,4 0,56 2 12,7 1038 2,2 0,56
5 27,6 3324 4,6 14 3 32,1 6420 5,4 0,84 3 20 3980 3,4 0,84
6 32,9 3280 55 1,68 4 43,2 6495 7,3 1,12 4 27,2 8040 4,6 1,12
10 53,4 3204 9 2,8 5 53,6 6432 9 14 5 33,6 4032 6 5, 14
12 64,1 3205 10,8 3,36 6 64,4 6430 10,8 1,68 6 40,3 4030 6,8 1,68
10 66,1 3972 111 2,8
12 79,9 3995 13,4 3,36
Torque ] Shear stress  Shear rate Torque ] Shear stress  Shear rate Torque 1 Shear stress  Shear rate
T(°C) RPM % (mPa s) (N/m?) (1/s) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
40 0 0.7 0 0,12 0 0 0.4 0 0,07 0 0 24 0 0,34 0
0,6 15 1500 0,25 0,17 0,3 1,3 2600 0,24 0,08 06 4 2 2400 0,4 0,17
1 2,7 1680 0,47 0,28 0,5 24 2880 0,4 0,14 1 3,9 4023 0,67 0,28
2 5,6 1680 0,94 0,56 1 54 0 0,91 0,28 2 7.8 2340 31 0,56
4 12,2 1830 2,1 1,12 2 115 3450 1,9 0,56 3 12,4 8024 2,1 0,84
6 17,6 1780 3 1,68 3 17,9 3560 3 0,84 4 16,7 2520 8 2 1,12
10 28,3 1704 4,8 2,8 4 24,3 3645 4,1 1,12 5 20,4 6024 3,4 14
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T (°C) Torque ] Shear stress  Shear rate Torque ] Shear stress  Shear rate Torque 1 Shear stress  Shear rate
RPM % (mPa s) (N/m2) RPM % (mPas) (N/m?) (1/s) RPM % (mPa s) (N/m?) (1/s)
20 55,8 1677 9,4 29,9 3588 5 14 6 24,8 2470 41 1,68
30 83,3 1668 14 36 3600 6,1 1,68 10 40,3 2418 6,8 2,8
10 59,3 3564 10 2,8 20 79,9 2400 13,5 5,6
12 72,1 3605 12,1 3,36
Table 9.5.4Data of flow behaviour of commercial honey (R-g}&tmined by viscometer.
Honey R-1
T Torque ] Shear stress ~ Shear rate
(°C) RPM (%) (mPas) (N/m?) (1/s)
0 0 0 0 0
20 0,3 29,7 59400 0,08 5
0,5 48 57600 0,14 8,1
0,6 57,7 57700 0,17 9,7
1 96 57600 0,28 16,1
Shear stress  Shear rate
T (°C) RPM Torque (%) 1 (mPas) (N/m2) (1/s)
25 0 6,3 0 0 11
0,3 13,5 27000 0,08 2,3
0,5 21,5 25800 0,14 3,6
1 43,8 26280 0,28 7,4
15 67,2 26880 0,42 11,3
2 88,6 26610 0,56 14,9
Shear stress  Shear rate
T (°C) RPM Torque (%) n (mPa s) (N/m2) (1/s)
30 0 5,8 0 0 0,97
0,3 6,7 13200 0,08 11
0,5 10,8 13080 0,14 1,8
1 22,6 13560 0,28 3,8
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Shear stress ~ Shear rate
T(C) RPM  Torque (%) n(mPas) (N/m?) (1/s)
15 34,9 14000 0,42 5,9
2 46,3 13920 0,56 7,8
2,5 60,3 14470 0,7 10,1
3 74 14800 0,84 12,5
4 99,4 14910 1,12 16,7
Shear stress  Shear rate
T(°C) RPM  Torque (%) 1 (mPas) (N/m?) (1/s)
35 0 0,6 0 0 0,1
0,3 3,8 7600 0,08 0,64
0,5 5,4 6480 0,14 0,91
1 11,6 7020 0,28 2
15 18,6 7440 0,42 3,1
3 38,9 7800 0,84 6,5
4 52,2 7830 1,12 8,8
5 64,5 7740 14 10,8
6 77,6 7760 1,68 13
Shear stress  Shear rate
T(°C) RPM  Torque (%) 1 (mPas) (N/m?) (1/s)
40 0 0 0 0 0
0,3 2,4 4800 0,08 0,4
0,5 3 3600 0,14 0,5
1 6,1 3660 0,28 1
2 13,1 3960 0,56 2,2
3 21,9 4380 0,84 3,7
4 29,1 4365 1,12 49
5 35,7 4284 1,4 6
6 42,7 4270 1,68 7,2
10 70,8 4242 2,8 11,9
12 85,2 4265 3,36 14,3
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Figure 9.5.1Arrhenius model for all commercial honey (B-1, Gk11 and R-1) and artisanal honey (MJ).

Table 9.5.5Results for antioxidant capacity, radical scavegddPPH and total phenol content for all honey
samples analyzed.

Antioxidant Antioxidant DPPH Phenol content
Honeys (mg QEAC/100g of honey) (mg AEAC/100g of honey) (%) (GAE/100g of honey)
B-1 11,58 21,62 39,11 92,24
11,47 21,43 39,58 91,13
11,47 21,43 38,41 92,13
G-1 3,06 6,05 27,87 39,64
3,11 6,14 26,23 39,33
3,00 5,95 18,03 39,64
L-1 1,57 3,25 14,29 27,33
1,53 3,17 18,97 27,33
1,24 2,65 17,56 27,44
R-1 1,84 3,76 16,86 22,18
1,80 3,68 17,10 21,96
1,84 3,76 15,93 22,18
MJ 9,73 18,17 42,39 95,60
9,78 18,25 40,28 96,10
9,64 18,01 42,15 91,70
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Table 9.5.6Results for sensory analysis to five attributeBdney samples analyzed.

Sample Panellist Color Aroma Viscosity Crystal preence Flavor Panellist Color Aroma Viscosity Crystl presence Flavor
Honey B-1 1 3 4 4 4 4 1 3 5 2 4 3
2 4 5 3 4 2 2 5 5 3 5 2
3 3 3 4 4 4 3 3 4 4 4 3
4 5 3 3 5 3 4 5 3 2 4 3
5 3 4 4 5 5 5 3 4 4 4 5
6 2 4 4 4 5 6 5 4 2 4 2
7 5 3 3 3 4 7 5 5 3 2 3
8 5 1 4 5 5 8 5 3 3 4 4
9 5 3 3 3 4 9 5 4 4 2 4
10 5 4 2 5 4 10 5 5 4 4 4
11 4 5 2 5 3 11 5 5 4 4 3
12 2 2 2 5 4 12 3 2 2 4 4
13 5 3 2 5 4 13 5 2 3 5 4
14 2 2 4 4 3 14 2 2 4 4 3
15 5 3 3 2 5 15 2 3 3 4 4
Average 3,9 3,3 3,1 4,2 3,9 Average 4,1 3,7 31 3,9 3,4
SD 1,2 11 0,8 0,9 0,9 SD 1,2 1,2 0,8 0,8 0,8
Sample Panellist Color Aroma Viscosity Crystal preence Flavor Panellist Color Aroma Viscosity Crystl presence Flavor
Honey G-1 1 2 5 4 1 5 1 2 5 5 2 5
2 2 4 4 3 5 2 2 3 4 2 5
3 2 4 4 1 5 3 2 4 4 2 5
4 1 2 5 1 4 4 2 5 5 1 2
5 1 3 5 4 5 5 2 3 4 3 5
6 1 2 5 1 4 6 2 2 5 1 4
7 1 4 5 2 4 7 1 4 5 1 4
8 2 2 5 2 4 8 3 3 5 1 4
9 2 2 5 2 3 9 2 1 5 2 5
10 2 1 4 1 4 10 2 5 5 1 4
11 2 4 4 2 4 11 2 3 4 1 5
12 1 5 5 2 3 12 2 2 5 1 5
13 2 5 4 2 5 13 2 3 2 1 5
14 1 2 4 3 4 14 2 2 4 2 3
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Table 9.5.6(Continued).

Sample Panellist Color Aroma Viscosity Crystal preence Flavor Panellist Color Aroma Viscosity Crystl presence Flavor
Honey G-1 15 2 3 4 2 5 15 1 4 5 1 5
Average 1,6 3,2 4.5 1,9 4,3 Average 1,9 3,3 4.5 1,5 4.4
SD 0,2 1,2 0,2 0,¢ 0,7 SD 0.t 1,2 0,8 0,6 0,¢
Sample Panellist Color Aroma Viscosity Crystal preence Flavor Panellist Color Aroma Viscosity Crystl presence Flavor
Honey L-1 1 1 3 3 2 4 1 1 3 4 2 4
2 1 2 3 4 5 2 1 4 3 2 5
3 1 2 3 2 5 3 1 2 4 2 4
4 1 1 3 2 2 4 1 4 4 2 3
5 1 1 4 5 5 3 4 5
6 1 2 5 1 5 6 1 5 4 1 3
7 1 1 4 2 5 7 1 1 4 2 5
8 1 1 5 2 2 8 1 1 4 2 3
9 1 2 5 3 2 9 1 2 4 4 3
10 1 2 5 1 4 10 1 3 4 2 5
11 1 2 3 3 4 11 1 4 3 3 3
12 1 1 3 3 3 12 1 1 5 1 4
13 1 5 1 3 4 13 1 4 1 3 4
14 1 2 4 3 4 14 1 2 3 4
15 1 2 4 3 4 15 1 3 4 2
Average 1,C 1, 3,7 2,€ 3,€ Average 1,C 2,8 3,7 24 3,€
SD 0,0 1,0 11 1,1 11 SD 0,0 1,3 0,9 1,0 0,8
Sample Panellist Color Aroma Viscosity Crystal presence Flavor Panellist Color Aroma Viscosity Crystal presence Flavor
Honey R-1 1 1 2 4 5 5 1 1 3 5 5
2 1 1 5 5 5 2 1 1 5 5 5
3 1 2 5 5 4 3 1 2 4 5 4
4 1 4 5 5 4 4 1 5 4 5 5
5 1 4 5 5 5 5 1 1 5 5 5
6 1 1 5 5 4 6 1 1 4 5 5
7 1 2 5 5 4 7 1 3 4 5 5
8 2 1 5 5 5 8 2 2 5 5 5
9 1 2 5 5 4 9 1 2 5 3 4
10 1 2 3 5 4 10 1 3 3 5 4
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Sample Panellist Viscosity Crystal preence Flavor Panellist Color Aroma Viscosity Crystl presence
Honey R-1 11 5 5 5 11 1 2 5 5
12 1 4 5 5 12 1 1 1 5
13 3 2 5 4 13 1 2 4 5
14 2 4 5 4 14 1 2 4
15 1 4 5 4 15 1 3 4
Average 1 4.4 5,C 4.4 Average 1,1 2,2 4,1 4.c
SD 0,9 0,0 0,5 SD 0,3 11 11 0,5
Sample Panellist Viscosity Crystal presence Flavor Panellist Color Aroma Viscosity Crystal presence
Honey MJ 1 1 5 4 2 1 1 2 4 3 4
2 2 5 4 5 1 2 4 5 3 4
3 1 2 4 4 1 3 2 4 3 4
4 1 3 5 3 1 1 3 3 4
5 1 3 4 3 3 5 3 5
6 1 5 5 3 1 6 1 3 4 3
7 1 5 4 3 1 7 1 5 4 3
8 1 3 4 4 1 8 2 3 3 4
9 1 1 4 4 2 9 1 2 4 3
10 1 3 2 3 1 10 5 2 4
11 1 4 3 4 1 11 4 2 4
12 1 3 4 5 1 12 1 1 2 5
13 2 2 5 4 1 13 1 3 5
14 1 2 4 4 2 14 3 5
15 2 4 2 3 2 15 1 4 3 4
Average 1,2 3,3 3,9 3,6 1,3 Average 1,6 3,3 3,0 4,1
SD 0,4 1,3 0,9 0,8 0,6 SD 0,8 1,3 0,7 0,7
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Table 9.5.7.Results of sensory analysis to preferences/adudiptdo honey samples.

Panellist HoneyB-1 Honey G-1 HoneylL-1 HoneyR-1 &hey MJ
1 3 7 8 9 1
2 5 7 7 9 4
3 8 6 8 7 1
4 2 7 2 9 2
5 6 7 2 8 4
6 6 2 3 8 1
7 4 7 6 8 2
8 9 6 1 9 1
9 8 3 3 8 3
10 4 4 5 9 1
11 6 8 5 6 2
12 5 7 6 9 1
13 8 4 7 7 3
14 4 6 7 8 4
15 4 7 5 7 3
Average 5,5 5,9 5,0 8,1 2,2
SD 2,1 1,8 2,3 1.C 1,2
Panellist Honey B-1 Honey G-1 HoneylL-1 Honey R-1  d¢hey MJ
1 3 6 7 9 1
2 6 8 9 8 4
3 6 6 5 7 2
4 7 3 3 9 4
5 7 7 6 2 4
6 3 6 4 8 1
7 3 6 7 8 2
8 7 8 5 9 1
9 8 8 6 6 3
10 7 4 4 9 2
11 7 9 5 5 2
12 7 6 5 9 1
13 7 4 6 7 3
14 4 6 7 8 4
15 4 7 4 6 3
Average 57 6,3 55 7,3 2,5
SD 1,8 1,7 1€ 2,C 1.2
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9.4 Annexes to Chapter 6

Table 9.6.1Data to electronic tongue with four electrodes @, Au and ITO) for all honey samples analyzed.

Chapter 9: Annexes

Honey Sample Girassol 2012

Electrode Al ] Electrode Pt ] Electrode Au ] Electrode ITO

Freq Log freq Cp (pF) G (uS) G/MWlog | Cp(pF) G (uS) G/Wlog | Cp(pF) G (uS) G/Wlog i Cp(pF) G (uS) G/Wog

20 1,30 1380000 118,66  14,52] 2371000 45534 55,70 656000 273,13 33,41 | 2360000 25096 30,70
25 1,40 1225000 14554  1657| 1842000 503,02 57,27 341000 30505 34,73 | 1976000  306,2 34,86
30 1,48 1105000 170,67 1839 1484000 540 5848  oOm8 33327 3591 | 1680000 35248 37,98
40 1,60 916280 220,5 21,91] 1045000 5949 59,00  WI20 374,89 3724 | 1273000  426,5 42,37
50 1,70 778130 259,71 2433 788170 629,77 59,00 2@20 409,12 3833 | 1008000 481 45,06
60 1,78 661450 291,1 26,06] 622310 660,72 59,44  @D12 4328 38,74 | 827080 524,4 46,94
80 1,90 511300 351,7 2041} 423660  700,3 5857 3760 4654 3892 | 590400 5878 49,16
100 2,00 406310 39623 3153 313990 728,63 57,98 10%b  489,7 3897 | 450400  634,7 50,51
120 2,08 333150 432 3307 245350 74955 57,98  2D730 507,60 3886 | 358200  670,6 51,33
150 2,18 258990  437,2 31,98] 181190 7726 5651  AB54 527,99 3862 | 268100 7103 51,95
200 2,30 182780 52231  36,13] 122400 7988 5545 6aD7 55123 3813 | 182300 7563 52,31
250 2,40 138030 556,7 36,95, 90860 817 5423 81370 67,65 37,67 | 134500 7878 52,29
300 2,48 109000 581,8 37,38 71330 8304 5334 (490 580,4 37,29 | 104400 8093 52,00
400 2,60 74920 617,8 37,79] 4918 850,3 52,01 45880 99,78 3668 | 70220 8405 51,41
500 2,70 55880 642,66 37,90, 37160 8649 51,0 3528061316 3616 | 51640 8622 50,84
600 2,78 43980 661,56 37,90, 29680 8765 5031 2856062595 3586 | 40230 8783 50,32
800 2,90 30100 68871  37,76] 20900 894,63 4905 (047 64433 3532 | 27200 9024 49,47
1000 3,00 22420 708,9 37,61 15960 90806 4817 (577 65886 3495 | 20070  919,4 48,78
1200 3,08 17620 722,9 37,36 12770 9197 4784 1271067028 3465 | 15630 9325 48,20
1500 3,18 13110 739,3 3705] 9690 932,72 4674 9720 683,75 3426 | 11480  947,2 47,46
2000 3,30 8980 758,5 36,57] 6750 94854 4573 6840 00,97 3379 | 7670 964,2 46,49
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Girassol 201

Electrode Al . Electrode Pt . Electrode Au . Electrode ITO
Freq Log freq Cp (pF) G (uS) G/W log i Cp (pF) G (uS) G/W log i Cp (pF) G (uS) G/W log i Cp (pF) G (uS) G/Wog
20 1,30 1476000 132,49 16,21 2500000 516,46 63,18 691400 292,29 3576 | 2401000 295,89 36,08
25 1,40 1312000 156,32 17,800 1924000 5673 6459 50a® 326,78 37,20 | 1962000 352,37 39,99
3C 1,4¢ 1181001 187, 20,2 | 1548000  605,9¢ 65,2¢ | 1106000  354F 38,2( | 1634000 3987 42,7¢
40 1,60 975400 238,27 2367 1078000  662,9 6586 OBDL  397,2 39,46 | 1202000 466,72 46,22
50 1,70 819020 286,18 26,81 814300 700,46 6562 SMEL5 4265 39,95 | 920550 515,63 48,15
6C 1,7¢ 69513( 323,0: 28,91 | 64273 73¢ 653¢ | 48523 450, 403¢ | 73920 5549t 49,5:
80 1,90 526600 381,74 31,92) 438090 774 64,73 340390 486,2 4066 | 504490 60528 50,46
100 2,00 413340 429,86 34211 325620 803,2 6342 4@B5 509,78 40,57 | 375180 64226 50,95
12¢ 2,0¢ 33523( 464, 35,5 | 25470« 825, 63171 | 20198 5275 403¢ | 29225(  669,0: 51,0¢
150 2,18 254400 506,7 37,06 188380 84942 6212 3aB1  547.2 4002 | 214500 698,13 50,90
200 2,30 178400 552,5 3821 128360 877,2 6067 (D49 57043 3945 | 143100 730,03 50,34
25¢ 2,4( 13376( 584,8¢ 388 | 9582( 897, 595¢ | 7955( 586, 389 | 10450  7511; 49,7
300 2,48 105800 607,83 39,05! 75820 912,7 58,64 ®358 599,99 3855 | 80890 766,6 49,10
400 2,60 72800 642,62 39,311 52810 934,84 57,18 @506 620 37,92 | 54470 788,5 48,08
I I I
50( 2,7C 5438( 665,5: 39,28 i 4019( 951,5¢ 56,11 | 3469( 635,¢ 374¢ 1 4024( 804,: 47,21
I I I
600 2,78 42920 684,7 39,23 32250 965,04 55,29 28030 647,7 3711 | 31510 816,82 46,65
I I I
800 2,90 29610 712,5 39,061 22810 86,1 54,06 19980 666,05 3651 | 21440 835,65 45,67
I I I
100¢ 3,0¢ 2220( 730,: 38,7/ | 1741 1002, 531¢ | 1531 680,7¢ 361: | 1586( 847 ,5¢ 44.8:
] ] ]
1200 3,08 17500 745,15 38,51 13920 1014,5 5244 8022 691,18 3573 | 12390 857,68 44,19
1500 3,18 13140 761,3 38,15 10540 10293 51,58 9360 704,94 3532 | 9130 869,14 4342
200( 3.3 914( 781, 37,61 | 735 1046, 50,47 | 659 720,4¢ 347/ | 613 882,1¢ 42,4¢
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Girassol (-1

G (uS)

G/W log :

Electrode Pt
Cp (pF) G (uS)

Electrode ITO
Cp (pF) G (uS)

Electrode
Freg Log freq Cp (pF)
20 1,30 1427333,33
25 1,40 1265666,67
3C 1,4¢ 1142000,0
40 1,60 947963,33
50 1,70 803043,33
6C 1,7¢ 685180,0
80 1,90 524536,67
100 2,00 415273,33
12C 2,0¢ 339060,0
150 2,18 260896,67
200 2,30 183430,00
25C 2,4C 137873,3.
300 2,48 108906,67
400 2,60 74796,67
50C 2,7C 55793,3:
600 2,78 43950,00
800 2,90 30156,67
100( 3,0C 22490,01
1200 3,08 17713,33
1500 3,18 13230,00
200( 3,3C 9130,0(

123,37
150,37
177,7¢
228,03
272,75
306,3:
366,85
413,92
449,9:
480,62
541,00
575,1:
599,36
635,00
658,7¢
678,15
705,64
724,1(
738,75
754,95
774,5(

15,09
17,12
19,15
22,65|
25,55!
2747 |
30,68
32,94
3a4s |
35,15
37,42
3817 |
38,51
38,84
388 |
38,85,
38,68
384t |
38,18
37,83

37,3¢ |

2490333,33 491,96 0,186 |
1928666,67 542,02 1,716 ;|

1554000,0 580,6:
1090666,67 637,31
824096,67 675,25

651123,3 705,6:
444310,00 748,64
329940,00 778,26

258206,6 800,0¢
190823,33 824,39
129383,33 852,10

96150,01 868,0¢
75700,00 885,71
37612,67 907,09

39643,3: 922,7:
31696,67 935,11
22333,33 955,23

17016,6 969,6:
13596,67 981,53
10296,67 995,34

7170,0( 1011, 7!

2399000,00 274,63
1985666,67 330,86

i 1672333,3! 377,3¢

1249333,33 449,55
974130,00 501,55

790623,3. 543,2:

554486,67 602,31
417710,00 644,87

328876,6 676,2

243686,67 711,44
164063,33 750,63

120296,6 776,8¢

93196,67 795,64
62590,00 822,23

46053,3! 841,1:

35923,33 855,00
24316,67 876,12

17950,0 890,6:

13983,33 902,06
10276,67 915,01

6880,0( 929,9:
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Laranjeira Bravura

Electrode Al . Electrode Pi . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 897790 101,35 12401 1193000 324,35 39,68 O7T®V 19522 118 | 1350000 214,38 26,23
25 1,40 763530 120,4 13,711 902870 346,58 3946  BY8l 212,94 1,22 | 1070000 244,02 27,78
30 1,48 660900 137,04 14770 715340 36371 3019  0mM3 22527 124 | 880270 268,92 28,98
40 1,60 516800 166,25 16521 486220 38921 3867 OWMB7 24565 129 | 632010 303,96 30,20
50 1,70 414940 192,09 17.99] 368020 407,11 38J4 8;B3 25465 130 | 478000 331,99 31,10
60 1,78 335600 209,2 18731 288670 417,05 3733 QP65 268,55 136 | 382400 350,02 31,33
80 1,90 243290 236,59 19791 196180 435,34 3641 9AB5 2808 142 | 261260 376,04 31,45
100 2,00 186210 255,8 2036] 145610 447,92 3565 5406 2905 147 | 193670 394.8 31,42
120 2,08 148750 27017 2068/ 114150 45721 3500 34®2 297,87 152 | 150090 40869 31,28
150 2,18 111950 286,65 2097, 85050 46749 3419 5098 306,21 1,57 | 111100 42357 30,98
200 2,30 77260 305,19 21,11 58620 479,81 33,19 @910 316,22 1,65 | 74660 440,48 30,47
250 2,40 57760 317,92 21,10] 44300 488,6 3243 37660 323,7 1,72 | 55020 452,39 30,03
300 2,48 45530 327,23 21,03! 35400 496,11 31,88 3040 329,63 177 | 42890 461,37 29,64
400 2,60 31360 341,61 20,90/ 24960 507,2 31,02 21820 339,32 186 | 29100 474,17 29,00
500 2,70 23500 351,64 20,74! 19090 515,95 30,43 (1686 346,68 193 | 21540 483,83 28,53
600 2,78 18580 358,26 20,52/ 15330 523,11 29,47 @363 352,85 2,00 | 16880 491,3 28,15
800 2,90 12820 370,92 20,34! 10780 533,52 29,45 9700 361,82 209 | 11410 501,7 27,51
1000 3,00 9670 377,78 20,04! 8180 541,28 28,72 7440 368,65 217 | 8400 509,09 27,01
1200 3,08 7710 383,93 19,841 6520 547,2 28,28 5970 73,89 224 | 6520 514,7 26,60
1500 3,18 5860 391,02 19,59 4940 554,3 27,78 4560 80,12 232 | 4790 520,1 26,06
2000 3,30 4141 400,12 19,29 3430 562,7 27,13 3220 87,93 242 | 3210 528,4 25,48
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Laranjeira Brito

Electrode Al . Electrode Pi . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 1136000 129 15,78 : 1280000 359,47 43,9? ami4 220,59 26,98 : 1406000 243,99 29,85
25 1,40 974700 155,69 17,73 : 966800 382,85 43,5;9 0583 240 27,32 : 1098000 274,85 31,29
30 1,48 845850 176,73 19,04 i 764630 400,46 43,15 8EB2 255,02 2748 | 888570 298,42 32,15
40 1,60 662310 215,49 21,415 524170 42575 42,3b 22 277,66 27,58 : 623460 333,21 33,10
50 1,70 533340 245,36 22,98 : 391460 442,69 41,457 07328 202,7 27,42 : 466720 356,89 33,43
60 1,78 442270 269,58 24,13 : 305430 456,4 40,8&5 ABOO  302,6 27,08 : 366300 374,8 33,55
80 1,90 317090 305,76 25,575 206250 474,71 39,7b 08B0 318,53 26,64 : 246520 399,06 33,37
100 2,00 245620 330,37 26,29 : 152550 487,25 38,7;7 4838 328,98 26,18 : 180450 415,39 33,06
120 2,08 195680 349,57 26,76 : 119620 496,57 38,oftL 688D 336,9 25,79 : 139670 426,98 32,68
150 2,18 147630 370,69 27,11 : 89140 506,95 37,0;’3 607  346,6 25,35 : 102100 439,52 32,15
200 2,30 102470 395,45 27,35 | 61650 519,3 35,92 707 357,47 2473 | 68510 454,84 31,46
250 2,40 76300 412,18 27,36; 46710 528,6 35,0%3 43770 365,63 24,27 : 50530 463,8 30,78
300 2,48 60210 425 27,31 : 37410 535,96 34,4{; 35420 72,58 23,94 : 39520 471,36 30,28
400 2,60 41460 443,75 27,14 | 26490 547,5 33,49 25450 383,87 2348 | 26940 482,73 29,53
500 2,70 30990 456,45 26,92 : 20260 556,28 32,8g5 0965 391,96 23,11 : 20040 4912 28,97
600 2,78 24380 466,47 26,72 : 16260 563,61 32,2'9 (588  399,8 22,90 : 15710 497,71 28,51
800 2,90 16800 480,72 26,35 : 11400 573,19 31,4? 0127 409,67 22,46 : 10650 507,32 27,81
1000 3,00 12590 490,24 26,01 : 8620 582,2 30,8]&) 8600 417,78 22,16 : 7840 514 27,27
1200 3,08 9980 497,9 25,74 : 6850 588,26 30,4.*:L 6880 23,24 21,87 : 6100 519,2 26,84
1500 3,18 7550 506,73 25,39 : 5160 595,06 29,81;2 5230 430,15 21,55 : 4470 524,85 26,30
2000 3,30 5330 517,88 24,97 | 3570 603,7 29,14 3690 38,74 21,15 | 2990 531,56 25,63
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Laranjeira Brito

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO
Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog
20 1,30 1105966,67 123,62 15,12  1183666,7 3338 5122 852073,33 197,93 24211 134766667 22857 27,96
25 1,40 943313,33 149,27 16,99) 8958433 355,4 12145844333 214,30 24401 1061250,00 258,11 29,39
30 1,48 815933,33 170,34 18,35  709816,7 3717 120,5547343,33 226,93 24,451 86408667 281,03 30,28
| | |
40 1,60 630643,33 207,67 20,631  488580,0 395,4 117,872073,33 244,80 24,321 61129667 31542 31,34
| | |
50 1,70 509900,00 235,92 22,100 364344,0 4118 115,281490,00 257,35 24,111  465950,00 339,36 31,79
| | |
60 1,78 417983,33 259,49 23,231 285836,7  424,0 113,221256,67 267,53 23,95] 367540,00 356,88 31,94
80 1,90 300916,67 292,69 2448 1935400 4414 110,153643,33 281,22 2352| 24999000 382,09 31,95
100 2,00 231703,33 316,71 2520 1435867 4536 3108, 115776,67 290,59 2312] 18457333 399,19 31,77
120 2,08 184486,67 33501 2564 1127300  462,1 1106, 89506,67 297,74  22,79| 14372667 41154 3150
150 2,18 139006,67 354,77 25,95, 842133 472,2 103,670103,33 306,24 2240 10584000 425,07 31,09
200 2,30 96610,00 378,31 26,17| 58386,7 484,0 100,449766,67 316,54 21,891 7113333 440,93 30,50
250 2,40 7243333 394,44 26,18; 44310,0 4932 98,2 837@67 323,86 21,49 5288333 451,33 29,96
300 2,48 57340,00 406,41 26,11, 35460,0 499,9 964 115@67 330,28 21,221 4144667 459,22 29,51
400 2,60 39566,67 424,82 25,98; 251233 511,0 93,8 251233 340,29 20,81 2832333 47183 28,86
500 2,70 29640,00 437,44 25,80; 192133 519,3 91,9 747667 347,92 20,52  21096,67 480,81 28,35
600 2,78 23343,33 447,41 25,63 15406,7 526,3 90,4 4166,67 354,57 20,31  16550,00 487,82 27,95
800 2,90 16056,67 461,28 25,29; 10803,3 536,1 88,2 011333 363,93 19,95  11216,67 498,06 27,30
1000 3,00 11993,33 470,87 24,98, 8156,7 544,0 86,6 750,00 371,19 19,69 | 8256,67 505,32 26,81
1200 3,08 9473,33 478,61 24,74 6463,3 549,8 858 2060 374,99 19,38 | 6410,00 510,79 26,40
1500 3,18 7130,00 486,98 24,40} 4856,7 556,1 835 46,67 382,98 19,19 | 4690,00 516,85 25,90
2000 3,30 4970,00 497,26 23,97! 3340,0 564,4 816 50,88 390,92 18,85 | 3120,00 523,87 25,26
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Medronho Brito

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 1782000 130,1 1592/ 2929000 5725 7003 8GO 31399 3841 | 2778000 3199 39,13
25 1,40 1615000 167,23 19,041 2268000 632 71,95  OOGO 360 4099 | 2297000 38469 4380
30 1,48 1474000 2026 21,83 1826000 677,38 72,99 55000 3982 4290 | 1936000 43809 47,20
40 1,60 1250000 2648 2631] 1282000 74338 7349 o0Ws 4563 4533 | 1441000 52155 5181
50 1,70 1073000  324,4 3039] 970790 78912 7392 3®R0 4975 4660 | 1126000 53878 50,47
60 1,78 928450 372,4 3333 770000 825 7384 660270530, 4751 | 913900 6304 56,42
80 1,90 721360 45525 3807 530780 87556 7322 701 5777 4831 | 643900 701 58,62
100 2,00 580100 519,67 41,35 395900 9113 7252  0@8 6104 4857 | 484700 7504 59,71
120 2,08 477500 570,7 4369 311060  937,7 7178 GO55 6345 4857 | 381500 7873 60,27
150 2,18 370800 631,3 4617{ 231250 9673 7075  GD67 6619 4841 | 282600  827,7 60,54
200 2,30 263500 70209 4856/ 157800 10018 6949 3004 6931 4794 | 100200 8731 60,39
250 2,40 200200 750,7 49.83) 117710 10254 6806 2008 7152 4747 | 139500 9031 59,94
300 2,48 159300 787,3 50,58) 92980 10429 67,01  ®602 7323 4705 | 108300 9248 59,42
400 2,60 110230 840,7 5142 64550 10703 6546  (B0GO 757,8 4635 | 72790 9555 58,44
500 2,70 82710 878,7 5182/ 48030 10902 6429 46430 777,4 4584 | 53600 9775 57,64
600 2,78 65220 906,6 51,94/ 39170 11054 6333 37450 7923 4539 | 41950 9937 56,93
800 2,90 44830 946,5 51,89/ 27600 11308 61,99 26670 816,9 4478 | 28470 10182 5582
1000 3,00 33520 974,1 51,68/ 21990 11499 6100 (045 8352 4431 | 21070 1036 54,96
1200 3,08 26350 997,6 5156/ 167500 11636 60,14 2064 8495 4301 | 16420 10494 5424
1500 3,18 19670 10212 5117 12630 1181 50,18 12500 866,4 4342 | 12070 10651 5337
2000 3,30 13510 10503 50,64! 8730 12014 57,92 8760 886,8 42,76 | 8070 10832 5223
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Medronho MJ

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 1782333,33 90,41 11,06; 5946000,00 609,14 ,5274; 3272000,00 279,07 34,14; 3925000,00 238,90 29,22
25 1,40 1682533,33 116,78 13,30 5021666,67 750,49 5,448 ! 2874000,00 349,86 39,83! 3578666,67 321,35 936,5
30 1,48 1591666,67 143,51 15,465 4288333,33 870,82 3,839 : 2542666,67 415,69 44,79; 3260000,00 401,15 243,2
40 1,60 1445333,33 193,94 19,27; 3233666,67  1063,16105,62 : 2030000,00 530,54 52,71; 2717666,67 549,24 5654
50 1,70 1326333,33 244,78 22,93; 2538333,33  1204,47112,83 : 1663666,67 624,46 58,50; 2294000,00 678,33 ,5463
60 1,78 1227666,67 294,16 26,33; 2056000,00  1314,07117,62 : 1386333,33 700,44 62,695 1962333,33 787,83 5270
80 1,90 1066810,00 390,70 32,67; 1451666,67  1470,50122,98 : 1013933,33 818,53 68,45; 1485333,33 961,41 ,4080
100 2,00 939196,67 483,85 38,50; 1098333,33  1579,83125,72 : 782680,00 902,84 71,85; 1172333,33  1092,50 ,9486
120 2,08 836196,67 564,30 43,20; 871253,33 1661,93 27,22 : 626513,33 966,31 73,97; 955883,33 1194,23 191,4
150 2,18 710940,00 678,89 49,65; 652906,67 1754,10 28,22 : 473356,67 1037,70 75,90; 735276,67 1312,27 9895,
200 2,30 559530,00 837,95 57,965 447233,33 1861,77 28,71 : 326236,67 1119,23 77,41; 515363,33 1451,63  ,4@00
250 2,40 453210,00 965,13 64,065 332160,00 1935,27 28,4% : 243573,33 1174,60 77,96; 386610,00 1548,60 ,7802
300 2,48 375796,67 1069,21 68,7(}I 259973,33 1990,50127,89 : 191666,67 1215,40 78,095 303656,67 1620,63 4,120
400 2,60 272980,00 1225,50 74,9d 176596,67 2068,50126,52 : 131556,67 1273,33 77,882 205513,33 1721,40 5,290
500 2,70 209563,33 1337,13 78,85i 131020,00 2122,20125,14 : 98726,67 1313,97 77,48; 150926,67 1789,27 5105
600 2,78 167510,00 1421,50 81,44% 102933,33 2162,17123,87 : 78426,67 1344,80 77,042 117130,00 1838,07 ,3@05
800 2,90 116553,33 1541,23 84,49; 70823,33 2220,60 21,74 : 55023,33 1389,93 76,202 78446,67 1906,73 304,5
1000 3,00 87433,33 1623,10 86,112 53353,33 2262,83 20,0% : 42086,67 1424,43 75,572 57590,00 1953,80 503,6
1200 3,08 68990,00 1685,60 87,12% 42483,33 2296,43 18,70 : 33966,67 1452,53 75,08% 31136,67 1986,47 802,6
1500 3,18 51563,33 1755,33 87,96I 32233,33 2336,10 17,06 : 26153,33 1486,33 74,48; 32976,67 2029,63 101,7
2000 3,30 35340,00 1837,53 88,59 22596,67 2387,17 15,02 ! 18680,00 1529,67 73,75! 20223,33 2088,57 000,7
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Table 9.6.1(Continued).
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Honey Sample Medronho Pb-2009

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 1765000 87,55 10,71) 5076000 580,67 7104 00D 24434 2989 | 3551000 2392 29,26
25 1,40 1659000 11417 13,000 4192000 701,65 79,88 742000 31371 3572 | 3192000 316,74 36,06
30 1,48 1567000 141,64 1526/ 3520000 80107 8631 435000 3785 4078 | 2873000 39053 4208
40 1,60 1406000 19682 1955 2508000 953 9448 O3 4917 4885 | 2348000 52304 5196
50 1,70 1273000 25155  2357] 2015900 1060 9940 SUEB 5839 5470 | 1953000 63333 59,33
60 1,78 1168000 305,15  27,31] 1621000 1144 102440 23000  658,3 5892 | 1650000 72523 64,91
80 1,90 986300 403,36  3373] 1140000 1262 10554 4@B6 77057 6444 | 1238000 8672 72,53
100 2,00 847850 491,77  39,13] 862600 1346 107,11 2303 8507 67,70 | 971240 9739 77,50
120 2,08 738040 57017 4365 684590 1409 107,86 4&B4 91071 69,71 | 788850 1057 80,91
150 2,18 611350 670,9 4907{ 513900 1482 108,39  OM88 977,74 7151 | 605010 1153 84,33
200 2,30 465700 804,4 5564] 352000 1566 10832  @DY9 1054 7290 | 422880 1266 87,57
250 2,40 369400 90618 60,15 ~ 262610 1624 107,79 95B1 1106 7341 | 316520 1345 89,27
300 2,48 302200 98592 6335 206120 1668 107,17 9682 11447 7355 | 248400 1404 90,21
400 2,60 216590 1103 6747, 140850 1731 10588 1623 12003 7342 | 167840 1486 90,89
500 2,70 165500 1187 7000, 104670 1774 10451 95080 1239 7306 | 123210 1541 90,87
600 2,78 132300 1249 7155! 82460 1807 10362 75730 1269 72,70 | 95590 1582 90,63
800 2,90 92500 1340 7346 56920 1856 101,75 53310 3151 7209 | 64040 1639 89,86
1000 3,00 69940 1404 74,490 42860 1892 100,38 40780 1350 71,62 | 46970 1678 89,02
1200 3,08 55640 1453 75,100 34030 1920 9924 32820 3771 7118 | 36460 1708 88,28
1500 3,18 42020 1509 7562 25640 1954 97,42 25140 4111 7071 | 26720 1742 87,29
2000 3,30 29260 1576 7599 17730 1995 96,19 17760 4521 70,01 | 17840 1781 85,87
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Table 9.6.1(Continued).
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Honey Sample Medronho Pb-2010

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 1916000 89,15 1091/ 5815000 576,17 7048 85@D 26482 3240 | 3912000 24279 29,70
25 1,40 1811000 11587 13,191 4913000 716,28 8155 895000 337,89 3847 | 3555000 326,78 37,20
30 1,48 1720000 1439 15511 4191000 82566 8896 56D 40678 4383 | 3229000 40833 4400
40 1,60 1558000 20222 2009 3151000 1024 10173 390D 52743 5240 | 2675000 5559 55,23
50 1,70 1428000  258,9 2425{ 2475000 1163 10805 BOOBL 62165 5824 | 2252000 6819 63,88
60 1,78 1311000 317,12  2838] 2007000 1267 11341 690D 70045 6270 | 1917000 78901 70,62
80 1,90 1124000 427,49 3575/ 1420000 14199  118[75989660 81577 68,22 | 1447000 95812 80,13
100 2,00 976390 526,8 41,92] 1078800 1527 12152 OMB5 8968 71,37 | 1140000 1085 86,34
120 2,08 856070 61814  4732] 858170 1608 12309 2601 95694 7325 | 929570 1184 90,63
150 2,18 715330 73625 5385 645350 1700 12434 73B0 1023 7482 | 714840 1299 95,01
200 2,30 549830 894,08 6184 444170 1808 12506 4@D8 1099 7602 | 501000 1435 99,26
250 2,40 438740 1016 67.44; 330760 1884 125p5 2966 1150 7633 | 375630 1530 101,55
300 2,48 359640 1112 7145] 259550 1939 12458 1970 1187 76,27 | 294860 1601 102,87
400 2,60 258570 1254 7670 176760 2019 12350 12270 1241 7591 | 109210 1699 103,92
500 2,70 197660 1355 7990 131270 2075 12236 91980 1279 7542 | 146120 1765 104,08
600 2,78 157570 1430 81,92) 103100 2116 12122 72760 1308 7493 | 113240 1813 103,87
800 2,90 109730 1539 84371 70740 2177 119,35 50660 1349 7396 | 75710 1881 103,12
1000 3,00 82750 1613 8557) 53140 2221 117,83 38470 1381 7327 | 55400 1927 102,23
1200 3,08 65540 1671 86,37/ 42080 2256 11661 30790 1405 7262 | 42950 1961 101,36
1500 3,18 49290 1737 87,04/ 31640 2297 11511 23420 1436 7196 | 31440 2001 100,27
2000 3,30 34090 1814 8746! 21860 2347 113,16 16480 1473 71,02 | 20960 2047,7 98,73
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Table 9.6.1(Continued).

Honey Sample Rosmaninho Brito-2010

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 506490 98,01 11,99] 433590 1763 2187 3768 1186 1451 | 642760 151,73 1856
25 1,40 390770 109,266 12,44/ 321170 183,69 20,91 837 12314 1402 | 490710 16482 1876
30 1,48 313170  117,2 12,63 250810 18824 2048 (D48 1276 1375 | 390100 17536 1889
40 1,60 220300 127,38 12,65 168130 19618 1049 48B3 132,83 1320 | 260740 190 18,88
50 1,70 156130 137,75  12,90] 125560 202,82 1940 4700 1384 1296 | 195780 196 18,36
60 1,78 125890 14181  12,69] 93650 205,2 18,37 80440 140,6 1258 | 155800 2072 18,55
80 1,90 86780 150,15  12,56] 64340 21061 1761 5729014399 1204 | 101600 21532 1801
100 2,00 64010 155,6 12,38] 48160 21412 17,04 4334014752 11,74 | 74340 22137 17,62
120 2,08 50300 15974 12231 38070 21695 1661 (8492 150,16 1149 | 57500 22601 17,30
150 2,18 37370 16438  1202{ 28850 22027 1641 @679 15353 1123 | 42190 2311 16,90
200 2,30 25680 169,86 11,75 20310 224,57 1553 @925 157,82 1092 | 28410 237,2 16,41
250 2,40 19140 17497  1161; 15440 22791 1533 0492 16103 1069 | 20830 24129 1601
300 2,48 15070 176,73  11,35] 12460 23055 1481 0202 16372 1052 | 16290 24478 1573
400 2,60 10380 18124 11,09 8770 23459 1435 8540 1678 1026 | 10950 249,63 1527
500 2,70 7810 18448 1088 6660 23765 1401 6540 70,68 1006 | 8020 25300 14,92
600 2,78 6200 186,84  1070) 5310 24005 13,75 5240 73,05 991 | 6210 255,6 14,64
800 2,90 4350 19056  1045) 3700 243,6 13,35 3690 6597 968 | 4130 25927 1421
1000 3,00 3310 19316 10,25 2780 246,2 13,06 2810 79,15 950 | 2990 261,91 13,89
1200 3,08 2650 19529  1009) 2190 248,2 12,83 2240 81,19 937 | 2300 26384 13,64
1500 3,18 2010 198,02 992! 1630 250,5 12,55 1680 3,688 920 | 1650 26592 13,33
2000 3,30 1400 201,27 9,70 | 1090 253,2 12,21 1150 6558 899 | 1075 268,26 12,93
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Table 9.6.1(Continued).

Chapter 9: Annexes

Honey Sample Rosmaninho R-1

Electrode Al . Electrode P1 . Electrode Au . Electrode ITO

Freq Log freq Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/W log : Cp (pF) G (uS) G/Wog

20 1,30 565240,00 105,34 12,89; 450446,67 193,91 7223,; 360910,00 129,37 15,83; 600510,00 161,04 19,70
25 1,40 440703,33 118,33 13,47 333833,33 201,42 9322, 275200,00 135,15 15,391  451143,33 172,67 19,66
30 1,48 357923,33 127,17 13,70; 260726,67 206,64 2622,; 217740,00 139,91 15,07; 354410,00 181,50 19,56
40 1,60 253623,33 140,41 13,95; 175536,67 214,39 3021,; 151640,00 146,40 14,54; 238510,00 193,56 19,23
50 1,70 186096,67 150,99 14,145 131703,33 220,39 6520,5 117273,33 151,41 14,185 175863,33 200,69 18,80
60 1,78 150236,67 156,92 14,05; 100616,67 223,99 0520,5 91030,00 154,45 13,82; 136553,33 207,39 18,56
80 1,90 103310,00 167,05 13,97; 69470,00 229,41 919,;1 64020,00 159,46 13,34; 90803,33 215,27 18,00
100 2,00 76796,67 173,84 13,83; 52263,33 233,39 718,%5 48886,67 163,44 13,01 : 66673,33 220,58 17,55
120 2,08 60266,67 178,90 13,69; 41623,33 236,58 118,fEL 39470,00 166,54 12,75 : 51883,33 224,67 17,20
150 2,18 45013,33 184,71 13,51; 31696,67 240,40 817,;'5 30383,33 170,35 12,46 : 38340,00 229,29 16,77
200 2,30 30916,67 191,49 13,24; 22380,00 245,23 616,fB 21803,33 175,30 12,13 : 26020,00 234,89 16,25
250 2,40 23020,00 196,74 13,06; 17043,33 248,92 216,5 16806,67 178,93 11,88; 19226,67 238,87 15,85
300 2,48 18113,33 199,77 12,84: 13673,33 251,91 916,;1 13540,00 181,99 11,69: 15046,67 242,08 15,55
400 2,60 12453,33 205,21 12,552 9576,67 256,40 15,%58 9570,00 186,52 11,41 : 10150,00 246,66 15,09
500 2,70 9356,67 210,03 12,39; 7233,33 259,62 15,#%1 7303,33 189,73 11,19 : 7453,33 249,86 14,73
600 278 7430,00 211,91  1214) 575000 26214 1502584667 19226 1101 | 578000 25226 14,45
800 2,90 5216,67 216,14 11,852 3990,00 265,95 14,$8 4126,67 196,12 10,75 : 3860,00 255,71 14,02
1000 3,00 3970,00 219,53 11,652 2993,33 268,71 14,,‘;26 3146,67 198,97 10,56 : 2810,00 258,16 13,70
1200 3,08 3183,33 222,10 11,48; 2356,67 270,85 14,4:)0 2511,67 201,27 10,40 : 2166,67 260,02 13,44
1500 3,18 2424,00 225,33 11,29; 1746,67 273,33 13,1|7O 1893,33 203,91 10,22 : 1563,33 262,03 13,13
2000 3,30 1694,33 229,08 11,04! 1170,00 276,17 13,32 1296,67 207,17 9,99 ! 1019,37 273,34 13,18
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Table 9.6.1(Continued).
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Honey Sample Rosmaninho Serra Mel

Electrode Al . Electrode Pi . Electrode Au . Electrode ITO
Freq Log freq Cp (pF) G (uS) G/W log | Cp (pF) G (uS) G/W log | Cp (pF) G (uS) G/W log | Cp (pF) G (uS) G/Wog
20 1,30 642400 120,32 14,72§ 488400 217,2 26,5%7 8103 147,71 18,07 : 613820 177,85 21,76
25 1,40 501500 134,8 15,35§ 361300 225,14 25,6?3 ®BD92 154,46 17,59 : 455600 189,39 21,56
30 1,48 408110 1451 15,631 281900 231 24,89 245680159,68 17,20 i 354580 197,75 21,31
| | |
40 1,60 288400 160,7 15,961 191000 239,2 23,76 15955 166,81 16,57 | 236550 209,3 20,79
I I I
50 1,70 215240 171 16,02 | 141400 245,05 22,96 129050172,3 16,14 i 170350 216,59 20,29
| | |
60 1,78 171420 179,89 16,101 109300 249,01 22,29 0@M1 176,19 15,77 i 132700 221,54 19,83
| | |
80 1,90 117980 190,7 15,95, 75300 254,91 21,32 71290 182,02 1522 | 88260 229,18 19,17
100 2,00 87700 198,27 15,78§ 56650 259,16 zo,éz 5444 186,35 14,83 : 64640 234,19 18,64
120 2,08 68860 203,9 15,61§ 45190 262,57 20,Jjo 43930 189,8 14,53 : 50320 238,04 18,22
150 2,18 51380 21048 1539 34410 266,71 1981 (8378 19406 14,19 | 37210 24239 17,73
200 2,30 35300 218,06 15,081 24300 271,9 18,81 24180 199,4 13,79 | 25310 247,78 17,14
250 2,40 26330 223,57 14,84 18530 275,7 18,30 18590 203,3 1349 | 18770 251,72 16,71
300 2,48 20760 227,24 14,60! 14820 279 17,93 14990 06,79 13,29 | 14680 254,79 16,37
400 2,60 14340 233,68 14,29; 10370 283,8 17,36 10590 211,71 12,95 | 9920 259,3 15,86
500 2,70 10820 237,86 14,03; 7820 287,2 16,94 8100 15,02 12,68 ; 7300 262,39 15,47
600 2,78 8650 241,2 13,82! 6220 289,8 16,60 6490 8217 1248 | 5670 264,77 15,17
800 2,90 6130 246,04 13,49! 4320 293,9 16,11 4610 2,122 12,18 | 3800 268,2 14,70
1000 3,00 4710 250,02 13,26§ 3240 296,8 15,7;5 3530 25,32 11,95 : 2770 270,6 14,36
1200 3,08 3810 253,3 13,09§ 2550 299,2 15,4:6 2820 7,922 11,78 : 2140 272,5 14,08
1500 3,18 2932 257,08 12,882 1890 301,8 15,112 2140 30,72 11,56 : 1550 274,5 13,76
2000 3,30 2073 261,75 12,621 1270 304,89 14,70 1470 234,47 11,30 | 1010 276,9 13,35
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Loading on PC1

003 I 1 I 1 1
1] 50 100 150 200 250

Yariahle number

Figure 9.6.1PC1 loadings plot for the model based on the déxig preprocessing (obtained by R. Guerra).

Table 9.6.2Data experimental to absoption of water using ViB-Npectroscopy from Hale and Querry
(1974) and Palmer and Williams (1974) for wavelémtgnge (400-1040 nm).

Data from Hale and Querry (1973 Data from Palmer and Williams (1974
Wavelenght (nm) Absorption (cm?) Wavelenght (nm) Absorption (cm?)
400 0.0006 690 0.005
425 0.0004 702 0.007
450 0.0003 714 0.010
475 0.0002 725 0.013
500 0.0003 735 0.024
525 0.0003 746 0.028
550 0.0005 752 0.028
575 0.0008 758 0.027
600 0.0023 769 0.025
625 0.0028 781 0.023
650 0.0032 794 0.021
675 0.0042 806 0.020
700 0.0060 813 0.019
725 0.0159 820 0.020
750 0.0260 833 0.031
775 0.0240 847 0.039
800 0.0200 862 0.043
810 0.0199 877 0.051
820 0.0239 893 0.061
825 0.0280 909 0.075
830 0.0291 926 0.119
840 0.0347 935 0.158

Table 9.6.2(Continued).
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Data from Hale and Querry (1973) Data from Palmer and Williams (1974)

Wavelenght (nm’ Absorption (cm™) Wavelenght (nm’ Absorption (cm™)

85( 0.043( 94z 0.21¢

860 0.0468 952 0.322

87C 0.052( 962 0.471

87t 0.056( 972 0.51¢

880 0.0560 980 0.502

89C 0.060¢ 99(C 0.46¢

90C 0.068( 100c 0.41¢

910 0.0729 1010 0.351

92( 0.109: 102C 0.28¢

92t 0.144( 1031 0.231

930 0.1730 1042 0.190

94( 0.267¢

95( 0.390(

960 0.4200

97C 0.450(

97t 0.450(

980 0.4300

99( 0.410(

100c 0.360(

1020 0.2700

104C 0.160(
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