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RESUMO

As abelhas sem ferrdo sdo produtoras de méis com caracteristicas Unicas e elevado valor
comercial; no entanto, informacdes acerca do perfil volatil e sensorial dos meis produzidos
por Melipona ssp. sdo escassas. O presente estudo teve como objetivo caracterizar méis
monoflorais produzidos a partir da flora/fauna da regido semiarida nordestina, a fim de
determinar potenciais marcadores quimicos (compostos volateis) e sensoriais que auxiliem na
comprovacdo da autenticidade destes méis, 0 que consequentemente contribuira para a
valorizacdo da atividade melicultora. As amostras, em um total de doze méis, foram
produzidas pelas espécies jandaira (Melipona subnitida Ducke) e urugu (Melipona scutellaris
Latrelle), tendo sido coletadas em quatro meliponarios distintos, situados na regido do Serid6
do Estado do Rio Grande do Norte, e na regido do Agreste do Estado da Paraiba. Atravées da
analise melissopalinolodgica, as amostras coletadas foram classificadas como meis monoflorais
de juazeiro (Ziziphus joazeiro Mart.), velame branco (Croton heliotropiifolius Kunth), jurema
branca (Mimosa arenosa willd poir), chanana (Turnera subulata L.), malicia (Mimosa
quadrivalvis L.), angico (Anadenanthera colubrina) e algaroba (Prosopis juliflora Sw). A
pesquisa inicialmente envolveu o estudo das condi¢Bes 6timas da técnica de Micro Extracdo
em Fase Solida (MEFS) para extracdo de compostos volateis dos meis monoflorais.
Posteriormente, os méis foram avaliados aplicando-se trés técnicas analiticas: MEFS aplicada
a analise de volateis por CG-EM (HS-MEFS-CG-EM), Anélise Quantitativa Descritiva
(ADQ) e Cromatografia Gasosa Olfatometria (CG-0O). Os estudos de otimizacdo da técnica de
MEFS/CG/EM indicaram as seguintes condicBes otimizadas: tempo de equilibrio de 15
minutos, tempo de extracdo de 45 minutos e temperatura de extracdo de 45 °C. Um total de
161 compostos volateis, pertencentes a 13 classes quimicas, foi identificado nos doze méis
avaliados. O perfil de compostos volateis desempenhou um papel importante na determinacao
da origem floral do mel, uma vez que os resultados encontrados sugerem a existéncia de
compostos diferenciadores e potenciais marcadores referentes as fontes botanicas avaliadas.
Como exemplo, citam-se o linalol para méis de malicia, o D-silvestreno para méis de chanana,
rose-oxide para mel de algaroba e o benzenoetanol para 0 mel de angico. Os méis elaborados
a partir das floradas de juazeiro foram sensorialmente mais doces, apresentando aroma e sabor
de caramelo mais intenso. Esses méis também apresentaram um aroma mais caracteristico de
mel, que pode estar associado aos compostos benzaldeido e benzenoacetaldeido. Os méis
elaborados a partir das floradas de velame branco foram mais acidos e menos doces, sendo 0s
Unicos que apresentaram em sua composicdo o Vvolatil metil eugenol, considerado um
character impact compound. Os méis de jurema branca apresentaram maior aroma de cera de
abelha; além disso, os compostos hexanol, limoneno, a-farneseno e &-cardineno podem ter
contribuido para gerar os aromas herbaceos percebidos com maior intensidade nos méis
produzidos nessa florada. Através da técnica olfatométrica, detectou-se que 0s compostos
quimicos - pentanoato de etila, metil eugenol, safranal e B-damascenona - foram os volateis
que tiveram maior impacto odorifero no mel de velame branco elaborado pela abelha urugu.
Enfatiza-se que, em relagdo ao perfil sensorial e ao de volateis, ndo foram observadas
diferengas estatisticamente significativas (p < 0,05) entre os méis produzidos por abelhas
diferentes a partir da mesma origem botanica. Neste contexto, os resultados evidenciam a
forte influéncia da florada no perfil volatil e sensorial dos méis monoflorais analisados,
representando uma contribuicdo importante para o conhecimento relacionado a quimica de
aroma e sabor desse tipo de mel. Ademais, estes sdo resultados inéditos, que poderdo ser
utilizados na avaliacdo da conformidade do mel, agregando valor ao produto e a regido, alem



de contribuir para definir estratégias de comercializacdo e preservacdo da cultura e da
identidade locais.

Palavras-chave: aroma, CG-EM, CG-olfatometria, jandaira, sensorial, urucu.



ABSTRACT

Stingless bees are producing honey with unique and high-value features; nonetheless,
information about the volatile and sensorial profile of honeys produced by Melipona ssp. are
scarce. This study aimed to characterize Monofloral honeys produced from flora / fauna of the
northeastern semiarid region in order to determine potential chemical and sensorial markers
(volatile compounds) to assist in attesting the authenticity of these honeys, which
consequently contribute to the enhancement of melipoliculture activity. The samples, a total
of twelve honeys, were produced by Jandaira species (Melipona subnitida Ducke) and urugu
(M. scutellaris Latrelle) and were collected in four different meliponaries, located in the
region of Seridd, state of Rio Grande do Norte, and in the Agreste region, in the state of
Paraiba. Through melissopalinological analysis, the samples were classified as Monofloral
honeys of Juazeiro (Ziziphus joazeiro Mart.), velame branco (Croton heliotropiifolius Kunth),
jurema branca (Mimosa arenosa willd poir), chanana (Turnera subulata L.), malicia (Mimosa
quadrivalvis L.), angico (Anadenanthera colubrina) and algaroba (Prosopis juliflora Sw).
The research initially involved the study of optimal conditions of Solid Phase Microextraction
(SPME) technique for the extraction of volatile compounds of Monofloral honeys.
Subsequently, honeys were evaluated by applying three analytical techniques: SPME applied
to volatile analysis by GC-MS (HS-SPME-GC-MS), Quantitative Descriptive Analysis
(QDA) and Gas Chromatography Olfactometry (GC-O). The optimization studies of SPME
technique / GC / MS indicated the following optimized conditions: 15 minute equilibration
time, 45 minutes extraction time and 45 ° C extraction temperature. A total of 161 volatile
compounds, 13 belonging to chemical classes were identified in 12 samples evaluated. The
profile of volatile compounds played an important role in determining floral source of honey,
since the results suggest the existence of differentiators compounds and potential markers
related to evaluated botanical sources. As an example, linalool to honeys from malicia, D-
sylvestrene for honeys from chanana, rose-oxide for mesquite honey and benzeneethanol for
angico honey. Honeys made from the blossoms from Juazeiro were sensorially sweeter, with
aroma and flavor of more intense caramel. These honeys also showed a more characteristic
flavor of honey, which can be associated with benzaldehyde compounds and benzene
acetaldehyde. Honeys made from the velame branco flowerings were more acidic and less
sweet, and were the only ones who showed volatile methyl eugenol in its composition,
considered a character impact compound. Honeys from jurema branca showed higher aroma
of beeswax; furthermore, compounds hexanol, limonene, a-farnesene and &-cardinene may
have contributed to generate the herbaceous aromas perceived with higher intensity in honeys
produced in this bloom. Through olfactometry technique, it was found that chemical
compounds pentanoate acetate, methyl eugenol, safranal and f-damascenone volatiles had a
greater odor impact in white velame honey prepared by urugu bee. It is emphasized that, in
relation to the sensorial profile and volatile profile, statistically significant differences were
observed (p < 0.05) among honeys produced by different bees from the same botanical origin.
In this context, the results show the strong influence of flowering in the volatile and sensory
profile of monofloral honeys analyzed, representing an important contribution to knowledge
related to aroma and flavor chemistry of this type of honey. Moreover, these are new results,
which may be used in screening and evaluation of honey conformity, adding value to the
product and the region, as well as help define marketing strategies and preservation of local
culture and identity.

Keywords: aroma, sensory, GC-MS, GC-olfactometry, jandaira, urugu.
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1 INTRODUCAO

O Brasil apresenta destacavel potencial apicola, devido a sua flora diversificada,
ampla extensdo territorial e variabilidade climatica, que possibilitam a producdo de mel
durante todo o ano. Estes aspectos sdo um diferencial em relacdo aos demais paises onde,
normalmente, a producdo de mel ocorre apenas em determinado periodo do ano. Neste
cenario, o Semiarido nordestino se destaca por possuir condi¢cGes ambientais que favorecem a
atividade melicultora devido a existéncia de intensa floracdo natural. Nesse bioma ocorre uma
vegetacdo caracteristica da época chuvosa e outra da estiagem, que promovem um fluxo de
néctar e polen durante todo o ano, contribuindo para a manutencdo das coldnias de abelhas e
para a diminuicao da necessidade do uso de alimentacéo artificial (SANTQOS, 2009; SILVA et
al., 2014; SOUSA et al., 2016).

Quando se fala em abelhas produtoras de mel, a espécie mais conhecida é a Apis
mellifera, no entanto, no Brasil existe uma fauna diversificada de abelhas sociais, conhecidas
por abelhas nativas brasileiras, abelhas sem ferrdo, abelhas indigenas, abelhas nativas, ou
ainda, simplesmente por “meliponineos” ou “meliponas”. Essas abelhas sdo produtoras de
mel cujo relato de consumo data desde periodos pré-colombianos no continente americano, ao
qual sdo atribuidas propriedades medicinais (BILUCA et al., 2014; CHUTTONG et al.,
2016).

As abelhas nativas sem ferrdo sdo habitantes dos trépicos, existindo no Brasil
aproximadamente 192 espécies, algumas destas muito populares, cuja criacao recebe destaque
na regido Nordeste. As espécies domesticadas sdo criadas em meliponarios de forma empirica
por pequenos produtores, oferecendo beneficios ecoldgicos que incluem a preservacdo da
espécie e das plantas nativas pela polinizagdo. Embora produzam mel em menor quantidade,
as abelhas nativas sem ferrdo fornecem um produto diferenciado do mel de A. mellifera,
principalmente na docgura, sabor e aroma (CARVALHO, 2005; SILVA et al., 2014).

Apesar desta importancia, apenas escassos estudos visando a caracterizagdo do mel
das abelhas nativas sem ferrdo tém sido realizados com o objetivo de determinar sua
“identidade”, definir parametros de qualidade e inibir a propagacdo de produtos falsificados
no mercado, garantindo ao consumidor um produto de qualidade. Enfatiza-se que estes
estudos além de agregarem valor ao produto, contribuiriam para definir estratégias de

comercializacdo, com consequéncia direta sobre 0o manejo, desenvolvimento da criagdo e
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valorizagdo da regido pela promocdo e preservacdo da cultura e da identidade locais
(VERZERA et al., 2014; SPANIK et al., 2014; KARABAGIAS et al., 2014).

Comumente, a determinacdo da origem botanica do mel ¢é feita através de analises
baseadas na identificacdo do pdlen pelo exame microscépico (melissopalinologia). Estas
andlises sdo demoradas e requerem um analista experiente para interpretacdo dos dados e, em
algumas situaces, os resultados ndo permitem uma identificagdo confiavel da origem
botanica. Consequentemente, devido as dificuldades nas analises de pdlen, a identificacdo de
marcadores quimicos especificos para determinar a origem botanica do mel tornou-se
relevante para pesquisas relacionadas a este tipo de produto (BIANCHI, 2011; CASTRO-
VAZQUEZ et al., 2014).

A composicdo da fracdo volatil dos méis esta diretamente relacionada com sua origem
floral, com os habitats de coleta e a fisiologia das abelhas, além do processamento pos-coleta
e condicBes de armazenamento do produto. Assim, a analise da fracdo volatil do mel através
da caracterizagdo dos compostos volateis € uma das alternativas para sua tipificacdo
(caracterizacdo da origem floral), os quais podem ser usados como marcadores quimicos
especificos, fornecendo uma origem botanica (CASTRO-VAZQUEZ et al., 2007; DE LA
FUENTE et al., 2007; CASTRO-VAZQUEZ et al., 2009; GUYOT et al., 1999; JERKOVIC
et al., 2009; CASTRO-VAZQUEZ et al., 2014; KARABAGIAS et al., 2014; VERZERA et
al., 2014; SEISONE et al., 2015). Atualmente, mais de 600 compostos foram identificados e
descritos como volateis em méis de diferentes tipos florais. Contudo, um nimero cada vez
maior de novos compostos volateis surge em virtude de existirem muitos tipos de méis ainda
ndo estudados (MANYI-LOH et al., 2011; SEISONEN et al., 2015).

A avaliacdo sensorial do mel é outra ferramenta existente que permite distinguir a
origem botanica do mesmo, identificar e quantificar certos defeitos. Essa analise também
desempenha um papel importante na definicdo das normas do produto e sobre denominacdes
botanicas. Em particular, a avaliacdo sensorial é importante na verificacdo da conformidade
dos meis monoflorais, uma vez que pode revelar a presenca de componentes botanicos que
ndo sdo detectados por outros métodos analiticos, mas que podem alterar as caracteristicas
sensoriais tipicas, de tal forma que o mel ndo pode ser comercializado como monofloral
(PIANA et al., 2004; CASTRO-VAZQUES et al.,2012; TAHIR et al., 2016).

O mel produzido por abelhas sem ferrdo na regido do Semiarido nordestino vem sendo
pouco explorado cientificamente, apesar do potencial da flora apicola desta regido, da

valorizagéo deste produto com fins alimentares/medicinais e da popularizagcdo das meliponas,
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em especial as espécies jandaira (Melipona subnitida Duke.) e urucu (M. scutellaris L.). Neste
contexto, a presente pesquisa, que constitui um dos primeiros estudos exploradores dos
aspectos da qualidade aromatica (perfil de volateis e perfil sensorial) de méis monoflorais de
juazeiro (Ziziphus joazeiro Mart.), velame branco (Croton heliotropiifolius Kunth), jurema
branca (Mimosa arenosa Willd Poir), chanana (Turnera ulmifolia L.), malicia (Mimosa
quadrivalvis L.), angico (Anadenanthera colubrina) e algaroba (Prosopis juliflora (Sw.) DC)
produzidos por abelhas sem ferrdo, teve como finalidade a utilizacdo destes instrumentos
analiticos para a autenticacdo, discriminacdo e valorizagdo de méis produzidos a partir da

flora/fauna da regido semiarida nordestina.
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2 OBJETIVOS

2.1 OBJETIVO GERAL:

Caracterizar méis monoflorais produzidos a partir da flora/fauna da regido semiarida

nordestina, a fim de determinar pontenciais marcadores quimicos e sensoriais.

2.2 OBJETIVOS ESPECIFICOS:

a) Desenvolver e otimizar a metodologia de Micro Extracdo em Fase Sélida (MEFS)

para extracao de compostos volateis de méis monoflorais de abelha sem ferréo;

b) Caracterizar o perfil de compostos volateis dos méis monoflorais de Ziziphus
joazeiro Mart. (juazeiro), Croton heliotropiifolius Kunth (velame branco), Mimosa arenosa
willd Poir (jurema branca), Turnera ulmifolia L. (chanana), Mimosa quadrivalvis L. (malicia),
Anadenanthera colubrina (angico) e Prosopis juliflora (Sw.) DC (algaroba) produzidos pelas

abelhas sem ferrdo Melipona subnitida Ducke (jandaira) e M. scutellaris Latrelle (urugu);

c) Determinar o perfil sensorial dos méis de juazeiro, velame branco e jurema branca,
produzidos pelas abelhas jandaira e urucu através do método de Analise Descritiva
Quantitativa (ADQ);

d) Determinar a importancia odorifera dos compostos volateis presentes no mel

velame branco produzido pela abelha urugu através da técnica olfatométrica OSME;
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3 REVISAO BIBLIOGRAFICA

3.1 ABELHAS SEM FERRAO

As abelhas nativas brasileiras, conhecidas popularmente como abelhas sem ferréo,
abelhas indigenas, abelhas nativas, ou ainda, simplesmente por “meliponineos” ou
“meliponas”, possuem ferrdo atrofiado e pertencem a superfamilia Apoidea, que é subdividida
em 8 familias: Colletidae, Andrenidae, Oxaeidae, Halictidae, Melittidae, Megachilidae,
Anthophoridae e Apidae. A Apidae é subdivida em quatro subfamilias: Apinae, Meliponinae,
Bombinae e Euglossinae. A subfamilia meliponinae se divide em duas tribos: Meliponini e
Trigonini. A tribo Meliponini possui um Unico género, Melipona com aproximadamente 20
espécies, enquanto a tribo Trigonini possui, dez géneros, num total aproximado em 120
espécies (KERR; CARVALHO; NASCIMENTO, 1996).

A prética de criar abelhas meliponas (tribo Meliponini e tribo Trigonini) € chamada de
meliponicultura, sendo o nome dado ao criador destas abelhas de meliponicultor (AQUINO,
2006). Os indios foram os meliponicultores pioneiros desta pratica, mas com o passar do
tempo, cada vez mais tem se despertado o interesse de pequenos e médios produtores, assim
como agricultores de base familiar, em desenvolvé-la. Diferentemente da apicultura (criagéo
racional de abelhas com ferrdo), a meliponicultura é de facil manejo e necessita de pouco
investimento para a sua producdo. Pode ser integrada aos plantios florestais, de fruteiras e de
culturas de ciclo curto, podendo contribuir, através da polinizacdo, com o aumento da
producdo agricola e regeneracdo da vegetacdo natural (VENTURIERI; PEREIRA, 2003;
SILVA; PAZ, 2012). A criacao destas abelhas vai além dos lucros financeiros procedentes de
seus produtos, contribui para 0 meio ambiente na preservacao da vida vegetal e, também, na
manutencdo da variabilidade genética das espécies vegetais além de proporcionar lazer e
satisfacdo ao criador (DA SILVA et al., 2013).

As espécies da subtribo Meliponina ocupam grande parte das regifes tropicais do
planeta, especialmente a América do Sul, por se adaptarem as condi¢cdes ecoldgicas locais
(SOUZA et al., 2009; CHUTTONG et al., 2016). Essa adaptacdo esta relacionada com a
capacidade que essas abelhas tém de contrabalancar até certo ponto, nas regides onde sédo

nativas, os efeitos desfavoraveis da endogamia (SILVA; PAZ, 2012).
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E estimado que no Brasil existam aproximadamente 192 espécies de abelhas, algumas
destas populares e criadas especialmente para producdo de mel, com destaque para a regido
Nordeste (SILVEIRA et al., 2002). Nesta regido, é possivel encontrar aproximadamente 23%
das espécies de abelha do género Melipona Illiger, 1806 (ZANELLA, 2000; ALVES, 2005),
que inclui as espécies mais produtivas de mel, a citar, Melipona subnitida Duke (jandaira) e
Melipona scutellaris Latrelle (urugu do Nordeste).

A abelha jandaira (Figura 1) € um meliponineo tipico do sertdo, que costuma se alojar
em troncos de arvores tipicas da caatinga, como a imburana, catingueira, favela e umbuzeiro.
Seu ninho possui forma de disco composto por potes de cerume onde 0 mel é armazenado,
atingindo entre 3 a 5 cm de didmetro conforme o estado da col6nia. Por ser o meloponineo
mais popular na regido Nordeste, e se adaptar as condi¢es adversas do meio, sua criacao para
fins de producédo de mel é considerada viavel (AQUINO, 2006).

R T el
Figura 1 — Abelha jandaira (Melipona subnitida Duke)
Fonte: www.meliponariojandaira.blogspot.com.br (2015)

A abelha urucu (Figura 2) é caracterizada pelo tamanho semelhante a Apis, bem como
pela destacavel producdo de mel entre os meliponineos, alcancando a producédo de até 10

litros por colméia por ano, a depender da disponibilidade da flora apicola. O mel de urug,
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além de seu uso como alimento pelo homem, é utilizado na medicina popular no tratamento

de gripes, tosses, bronquites e pneumonias (AQUINO, 2006).

Figura 2 — Abelha urucu (Melipona scutellaris Latrelle)
Fonte: www.abelhasdobrasil.com.br (2015)

Atualmente, a criagdo de meliponineos tem alcancado um importante
desenvolvimento, tanto em nivel de espaco, quanto em tecnologia inovadora e investimentos
para uma criacdo racional mais produtiva. Além do mel, também cresceu o interesse
comercial pela producdo e caracterizacdo de outros derivados meliponicolas, tais como, a
propolis, o geoprdpolis e o polen (SEBRAE, 2006). A popularizacdo e a difusdo do
conhecimento e das técnicas meliponicolas tém sido alcancadas com a distribuigdo e a
publicacdo de algumas iniciativas, através de cartilhas e demais publica¢cbes (CARVALHO et
al., 2003; BLOCHTEIN et al., 2008; VENTURIERI et al. 2012; VILLAS-BOAS, 2012).

No entanto, apesar do desenvolvimento e do crescimento desta atividade, a
meliponicultura no Brasil ainda € carente de outras praticas tecnoldgicas que aprimorem o
processo de extracdo e caracterizacdo dos produtos, tornando-os mais Vvalorativos
(COLETTO-SILVA, 2005). Diferentemente do que ocorre no caso da apicultura, com a
criacdo de Apis mellifera e abelhas africanizadas, a meliponicultura sofre de um vazio legal, o
que dificulta a ampliacdo do mercado desse produto, especialmente no que se refere &
exportacdo e comercializacdo (LOPES et al., 2005; BILUCA et al., 2014).
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3.2 0 MEL DOS MELIPONINEOS

O mel é uma das mais complexas misturas de carboidratos produzida pela natureza,
sendo um alimento energético muito importante pelas suas propriedades nutritivas, pelo seu
aroma e sabor. Os diferentes sabores e aromas encontrados dependem fortemente das plantas,
flores e condicdes climéticas presentes na regido geografica onde esté localizada a colméia
(BILUCA et al., 2014; JANDRIC et al., 2015).

Ap0s serem coletadas pelas abelhas, o material passa pela faringe e o eséfago até
chegar a vesicula melifera. Na colmeia as abelhas regurgitam esse material na boca das
receptoras ou em um alvéolo vazio. No processo de entrada e saida da vesicula melifera o
material transportado sofre adicGes de enzimas como invertase e glicose oxidase, dentre
outras. A invertase converte a sacarose em glicose e frutose, e pode continuar atuando apds o
envasamento de méis ndo aquecidos. A glicose oxidase oxida a glicose no mel ndo maturado,
quando ele ainda possui um alto teor de &gua. Para maturar o mel as abelhas produzem uma
corrente de ar dentro da colmeia, fazendo com que o material coletado perca agua até que a
concentracdo dos acUcares esteja em torno de 75% e 87%. Neste ponto, o mel é operculado
nos favos, processo que marca o amadurecimento do mel (COUTO; COUTO, 2006;
MENDES et al., 2009; SILVA et al., 2016).

O mel dos meliponineos tem sido utilizado no Brasil ha séculos, de modo que antes da
colonizacdo foi Unica fonte de agUcar disponivel para os indigenas brasileiros, sendo utilizado
também como remédio e conservante de alimentos (CARVALHO et al. 2005). Atualmente,
devido a maior disponibilidade comercial do mel de abelhas com ferr&o, o consumo do mel de
abelhas sem ferrdo € inferior ao de outros méis, porém o interesse pela producéo deste tipo de
mel, em particular, tem se mantido ao longo dos tempos, tomando como justificativa suas
caracteristicas sensoriais diferenciadas, suas propriedades terapéuticas, bem como o0s
beneficios de carater ecoldgico no que diz respeito a polinizacdo das flores oferecido pelas
abelhas durante a sua producdo (BILUCA et al., 2014; CHUTTONG et al., 2016).

Segundo Bezerra e Souza (2002), de modo geral, o mel produzido pelas abelhas sem
ferrdo apresenta diferencas em alguns pardmetros fisico-quimicos quando comparados ao mel
produzido por A. mellifera, principalmente com relacdo a umidade, que é bastante elevada em
mel de meliponineos, tornando-o menos denso que o mel das abelhas africanizadas. Sua cor
varia do quase transparente ao &mbar, e 0 gosto e niveis de agucares dependem da espécie, da

época, da regido e, principalmente, da florada.
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O mel pode ser classificado em funcdo da matéria prima usada pelas abelhas na sua
elaboracdo, como: mel floral ou de flores, quando obtido dos néctares das flores; ou mel de
melato, quando formado a partir de secrecfes de partes vivas das plantas ou de excrecOes de
insetos sugadores de plantas. Ainda, pode ser classificado de acordo com o procedimento de
extracdo do favo em: mel escorrido, mel prensado ou mel centrifugado; bem como quanto a
sua apresentacao comercial em: mel liquido, cristalizado ou semi-cristalizado, mel em favos,
mel com pedacos de favo e mel filtrado (BRASIL, 2000).

Os méis florais classificados como unifloral ou monofloral, devem apresentar no
minimo 45% de polen das flores de uma mesma espécie, possuindo caracteristicas sensoriais,
fisico-quimicas e microscopicas proprias, podendo, ainda, ser tipificado com o nome da planta
ou da regido em seu rotulo (BARTH, 2005). A identificacdo da origem botéanica e geografica
do mel pode contribuir de forma significativa para o conhecimento da sua qualidade
nutricional e sensorial, considerando que as caracteristicas fisicas, quimicas e sensoriais do
produto estdo relacionadas a origem da matéria-prima utilizada pelas abelhas durante a sua
producdo (CASTRO-VAZQUES et al.,2012; VERZERA et al., 2014; TAHIR et al., 2016).

Os méis possuem aromas altamente especificos devido a presenca de constituintes
volateis, na sua maioria derivados do néctar de origem e das condicGes climaticas presentes na
regido geografica onde estd localizada a colmeia. O grande nimero de compostos volateis
presentes em méis faz com que o perfil de seu aroma possa ser usado como uma impressao
digital do produto, possibilitando que este seja usado para determinar sua origem floral.
Certos compostos especificos sdo caracteristicos de méis com origem floral e/ou geografica
determinada e 0 uso destes chamados marcadores € uma possibilidade para a determinacéao de
origem a partir da determinacdo da composicéo de sua fracdo volatil (CUEVAS-GLORY et
al., 2007; YANG et al., 2012; CASTRO-VAZQUEZ et al., 2014).

A delimitacdo da origem botanica do mel é um dos objetivos prioritarios da industria
apicola e é de grande importancia econémica, pois alguns tipos de méis sdo mais apreciados
por consumidores do que outros e os valores de mercado para cada tipo também sdo muito
diversificados. Dessa forma, a valorizacdo de meéis através da fixagdo de um padréo
diferenciado de qualidade e de sua certificacdo é, no contexto atual, uma alternativa
estratégica capaz de assegurar a plena expresséo do potencial dessa atividade no Semiérido e,
ao mesmo tempo, de preservar 0s recursos ecologicos e promover o bem estar das populacoes
que nela vivem e dela dependem. Entre os maiores beneficios da certificacdo de indicacéo

geogréfica estd a melhoria acentuada do produto, estabelecendo sua diferenciacdo em relacdo
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a produtos similares. Além disso, a certificagdo agrega valor ao mesmo, facilita a inser¢do do
produtor no mercado, protege o produto, fortalece as organizagfes dos produtores e,
sobretudo, valoriza a regido pela promocéo e preservacdo da cultura e da identidade locais
(VERZERA et al., 2014; SPANIK et al., 2014; KARABAGIAS et al., 2014)

No Brasil, devido a sua flora diversificada, ampla extensdo territorial e variabilidade
climética a producdo de mel ocorre durante todo o ano. Estes aspectos sdao um diferencial em
relacdo aos demais paises onde, normalmente, a producdo de mel ocorre apenas em
determinado periodo do ano. Neste cenario, 0 Semiarido nordestino se destaca por possuir
condigdes ambientais que favorecem a atividade melicultora devido & existéncia de intensa
floragdo natural. Nesse bioma ocorre uma vegetacdo caracteristica da época chuvosa e outra
da estiagem, que promovem um fluxo de néctar e polen durante todo o ano, contribuindo para
a manutencdo das colbnias de abelhas e para a diminuicdo da necessidade do uso de
alimentacéo artificial (SANTOS, 2009; SILVA et al., 2014; SOUSA et al., 2016).

Através do conhecimento da flora apicola local, o meliponicultor pode colher méis
com diferentes caracteristicas (cor, aroma, sabor e composicao) durante todo o ano em funcgéo
da origem floral e espécie de abelha produtora (SOUSA, 2006; SOUSA et al., 2016). Na flora
apicola da regido nordestina, destaca-se o velame branco (Croton heliotropiifolius Kunth),
jurema branca (Mimosa arenosa willd Poir), malicia (Mimosa quadrivalvis L.) e algaroba
(Prosopis juliflora (Sw.) DC), cuja floracdo ocorre no periodo chuvoso; angico
(Anadenanthera colubrina), e o juazeiro (Ziziphus joazeiro) que tem floracdo no periodo de
seca; e chanana (Turnera ulmifolia L.) que pode apresentar floracdo durante todo o ano,
dependendo da regularidade das chuvas (SILVA, 2012).

A floragéo do angico corre em massa e sua copa tem uma beleza exuberante durante a
estacdo seca. Suas inflorescéncias sdo formadas por flores pequenas, brancas e com odor
agradavel. Durante a estacdo seca, periodo com poucos recursos florais na caatinga, as flores
do angico fornecem pdlen e néctar para muitas espécies de abelhas sem ferrdo. O angico
possui crescimento rapido podendo ser utilizado para fortalecer a criacdo de abelhas em areas
de reflorestamento e também em areas urbanas (SILVA, 2012; SANTOS et al., 2015).

A jurema branca € uma arvore de porte médio que ocorre em solos arenosos e em
locais abertos. Suas inflorescéncias sdo reunidas em espigas, compostas por flores muito
pequenas, brancas e suavemente perfumadas. Por ser uma espécie adaptada a locais abertos e
de crescimento rapido, a jurema branca é ideal para reflorestamentos de areas degradadas
(SILVA, 2012).
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O juazeiro € uma arvore de porte medio, possui ramos tortuosos com espinhos e copa
verde durante o ano inteiro. Suas flores fornecem principalmente néctar para a manutengéo
das abelhas durante a estacdo seca. Por manter sua folhagem verde durante o ano inteiro, o
juazeiro é muito utilizado em projetos de arborizacdo visando o sombreamento (BRITO et al.,
2015).

A malicia é uma espécie herbacea ou subarbustiva que ocorre principalmente em areas
abertas. Possui ramos e frutos cobertos por aculeos (SILVA, 2012). O pdlen e néctar de suas
flores atraem muitos visitantes (abelhas e vespas) florais e, principalmente, as abelhas nativas
sem ferrdo (MAIA-SILVA et al., 2012). A espécie Chanana é perene e ocorre principalmente
em areas abertas. Suas flores possuem pétalas com coloragcdo creme e base de cor roxa escura.
A chanana é ornamental e pode ser utilizada em jardins de flora melifera com a finalidade de
fornecer néctar e pdlen para as abelhas nativas (QUEIROZ, 2009).

O velame branco é uma espécie endémica do nordeste do Brasil, e é encontrada
frequentemente em vegetacdo de caatinga, possui cerca de 1m de altura e inflorescéncias
alongadas na ponta dos ramos, trazem as flores masculinas acima e femininas abaixo, que
produzem os frutos. Possui folhas grossas, asperas e, quando maceradas, exalam um cheiro
agradavel devido ao 6leo essencial presente. O néctar oferecido as abelhas proporciona a
producdo de mel claro e aromatico. Na regido do Semiarido do nordeste, esta planta é também
utilizada no tratamento da tosse e gripe e contra infeccdes na pele, tlceras e sifilis (CASTRO,
2011).
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Figura 3 — (A) Angico, (B) Juazeiro, (C) Malicia, (D) Jurema branca, (E) Algaroba, (F)
Velame branco, (G) Chanana.
Fonte: Silva, (2015) e www.plantasdobrasil.com.br (2015)

3.3 COMPOSTOS VOLATEIS

A aceitacdo dos alimentos estd diretamente relacionada ao seu sabor. O sabor é
formado principalmente pelas sensacfes que o aroma e 0 gosto provocam, 0S quais Sdo
atribuidos aos compostos volateis e nao volateis presentes nos alimentos, respectivamente. Os
compostos nao volateis contribuem para a sensagao proveniente do gosto que pode ser doce,
azedo, salgado, amargo e umami. Ja os compostos volateis, responsaveis pelo aroma, sdo de
diferentes classes quimicas, termolabeis e presentes em quantidades extremamente diminutas
nos alimentos (FRANCO, 2004).

O aroma caracteristico dos alimentos é geralmente o resultado de dezenas ou centenas
de compostos volateis, encontrados em nivel de tracos. Mesmo 0s compostos volateis

presentes em concentragfes muito baixas, em nanograma ou picograma, influenciam na
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formagdo do aroma caracteristico do alimento. Porém, em alguns alimentos, existem 0s
compostos volateis considerados de impacto, que sozinhos sdo capazes de “lembrar” o aroma
do alimento, enquanto os demais compostos volateis sdo denominados contribuintes, que
juntos formam o aroma pleno do alimento (GARRUTI, 2001).

Os méis possuem aromas altamente especificos devido a presenca de constituintes
volateis derivados a partir da fonte da planta ou néctar, a partir da transformacdo de
compostos da planta pelo metabolismo de abelha, de aquecimento ou de manuseio durante o
processamento e armazenamento de mel, ou de contaminacdo microbiana ou ambiental.
(BIANCHE et al., 2011). Esse grande nimero de compostos volateis presentes em méis faz
com que o perfil de seu aroma possa ser usado como um fingerprint do produto,
possibilitando que este seja usado para determinar sua origem floral (ALIFERES, 2010;
VERZERA et al., 2014). Certos compostos especificos sdo caracteristicos de méis com
origem floral e/ou geogréafica determinada e o uso destes chamados “marcadores” é uma
possibilidade para a determinacdo de origem a partir da determinacdo da composicdo de sua
fracdo volatil (BONVEHI; COLL, 2003; KARABAGIAS et al., 2014). As classes quimicas
em que os compostos volateis do mel pertencem incluem: hidrocarboneto, aldeido, alcool,
cetona, acido, éster, benzeno e seus derivados, furano e pirano, norisoprenoides, terpenos e
seus derivados, e compostos ciclicos (BARRA et al., 2010). No entanto, apenas 0s compostos
derivados da planta e seus metabdlitos (terpenos, norisoprenoides, benzenos e seus derivados)
devem ser utilizados para discriminar a origem floral do mel (MANYI-LOH et al., 2011).

Além dos compostos volateis no mel serem uma ferramenta Util para a caracterizacdo
da sua origem botanica (OVERTON; MANURA, 1994; ANKLAM et al., 1998; RADOVIC et
al., 2001; RADOVIC et al., 2001; CASTRO-VAZQUEZ et al., 2014; KARABAGIAS et al.,
2014; SEISONEN et al., 2015), é possivel que sejam responsaveis por uma parte consideravel
da acdo terapéutica do mel. Derivados benzenos, por exemplo, sdo compostos heterociclicos
gue servem COmMO precursores essenciais para a sintese de produtos naturais e farmacos
dotados com acdo antiviral, antibacteriana, antifingica, antitumorais e efeitos de modulacao
da resposta imunoldgica. Ja compostos hidrocarbonetos aromaticos presentes no mel podem
servir como marcadores de poluicdo ambiental (MANY1-LOH et al., 2011).

Varios autores tém usado o perfil de compostos volateis para tipificar a origem floral
ou mesmo apontar os odorantes potentes de cada mel (CASTRO-VAZQUEZ et al., 20009,
CASTRO-VAZQUEZ et al., 2007, DE LA FUENTE et al.,, 2007, GUYOT et al., 1999,
GUYOT et al., 2002, JERKOVIC et al., 2009, PIASENZOTTO et al., 2003, SEISONEN et
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al., 2015). Alissandrakis et al. (2005) identificaram 15 compostos como marcadores potentes
para 0 mel de algoddo, entre os quais: cinamaldeido (0,44 %), alcool cinamico (1,79 %),4acido
cinamico (1,13 %) e acido (Z)-p-metoxi-cinamico (0,48 %), benzenopropanol (0,5 %), alcool
homovanilico (0,6 %), coniferaldeido (0,47 %), acido p-cumarico (1,77 %), acido ferulico
(0,51 %).

Em um extrato analisado de mel de citrus proveniente da Greécia, lilac aldeidos foram
detectados como 0s compostos volateis predominantes. Além disso, dihidroxi éxidos de linalol,
lavender lactona, dill éter, os quarto isdmeros do 1-p-menthen-9-al, antranilato de metila e
nerolidol também foram detectados. Os quatro isdmeros de 1-p-menten-9-al, antranilato de metila
e nerolidol poderiam ajudar na discriminacdo botanica. Entre os compostos identificados, cinco
foram relatados como componentes de mel pela primeira vez: isdbmeros do hidroxi Oxidos de
linalol, 1,8-mentadien-4-ol, limonen-1-ole metilantranilato metila (ALISSANDRAKIS et al,
2007). Em meis de cardo da Italia, a sua impressao digital foi atribuida a 16 compostos: nonanal,
furfural, decanal, 3,6-dimetil-hexahidrobenzofurano, benzaldeido, linalol, lilac aldeido (isbmero
IV), hotrienol, fenilacetaldeido, 4-oxoisoforona, &lcool benzilico, 2-feniletanol, &cidos octandico e
nonandico e antranilato de metila (BIACHI et al., 2011).

A analise da composicdo volatil de méis europeus da regido de Cdrsega mostrou que 0
acido quinurénico € um biomarcador do mel de castanha doce. J& os compostos alfa-isoforona e o
acido 2,5-dihidroxifenil-acético foram confirmados como marcadores do mel de morango
(DONASRSKI et al., 2010). Spéanik et al., 2013 observaram que o mel de framboesa €
caracterizado pela presenca de 2-etenil-2-butenal, 3-metil-hexano, 3-methylnonane, 3-
piridinometanol, B-mirceno, ciclopentanometanol, norbornano, e undecanal.

Segundo Anklan (1998), uma analise cuidadosa da composicdo de volateis pode ser
uma ferramenta poderosa para caracterizacdo da origem floral e pode auxiliar no
entendimento dos fatores que causam as diferencas de sabores. Mais de 600 compostos ja
foram identificados e descritos em méis de diferentes origens florais, entretanto, ainda é
esperado que um grande nimero de outros compostos seja identificado no futuro (BARRA et
al., 2010; SEISONEN et al., 2015).

Embora o mel seja uma matriz, aparentemente, pouco complexa, existem dificuldades
para o isolamento de compostos volateis responsaveis pelo aroma do mel. A mais comum € a
grande quantidade de monossacarideos que favorece as reagGes de escurecimento nao
enzimatico. Portanto, o isolamento e o enriquecimento da fracdo volatil ndo deve ser realizado
com aquecimento, sob risco de se obter compostos que nédo estdo presentes no aroma original
do mel (ALIFERIS et al., 2010).
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Os resultados das analises dos compostos dos aromas de méis dependem das técnicas
de isolamento e dos modos de deteccdo, ressaltando que o isolamento dos componentes de
uma mistura complexa como o mel, para obtencdo de um extrato representativo, € muito
dificil. Além disso, o aroma do mel depende dos métodos de processamento e estocagem, em
adicdo a origem botanica (BIANCHIN et al., 2014; CHENG et al., 2015).

Muitas técnicas, quase sempre combinadas & cromatografia, tém sido empregadas para
analise dos compostos volateis de méis, dentre as quais pode-se citar: extracdo por solventes,
extracao-destilacdo simultaneas em aparato de Likens-Nickerson, extracdo em fase sélida e
headspace dindmico (BIANCHI, et al., 2005; ALIFERES et al., 2010; BIANCHIN et al.,
2014). No entanto, todas essas técnicas citadas apresentam algumas caracteristicas que
podem ser vistas como desvantagens; dentre elas, pode-se citar a necessidade de grandes
guantidades de amostra (15 g a 50 g) e a utilizacdo de solventes extratores como
diclorometano (CUERVAS-GLORY et al., 2007), o que implica em maior risco ocupacional

para os analistas e necessidade de tratamento dos residuos gerados.

3.4 MICROEXTRAGAO EM FASE SOLIDA

A microextracdo em fase sélida (MEFS) é uma técnica de extracdo de analitos que tem
sido extensivamente aplicada em procedimentos de extracdo e pré-concentracdo de espécies
volateis associadas a aromas e fragrancias. Desde a invencao dessa técnica, a sua aplicacdo
tem sido intensificada em diversos campos da quimica e da biotecnologia, sendo seu uso na
caracterizacdo de fragrancias e aromas intensificado a partir do final da década 90, no sentido
de melhorar as analises da fragdo volatil ou “headspace” (PAWLISZYN, 2000).

A microextracdo em fase solida apresenta uma série de vantagens, em relacdo aos
outros métodos de extracdo de volateis: ndo requer instrumentacdo analitica sofisticada, nao
utiliza solvente organico ou pequena quantidade de solvente organico, rapido processo
operacional, permite automacdo das anélises, a reutilizacdo das fibras extratoras, e integra em
um Unico sistema a extragdo, concentracdo e introdugdo da amostra no cromatégrafo. Consiste

de um amostrador (uma espécie de seringa) com uma fibra de silica fundida revestida com um
fino filme de um polimero ou de um sélido adsorvente (fase extratora) (BIANCHIN et al.,

2014; DA SILVA et al., 2015).
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O processo de MEFS pode ser resumido em trés fases: na primeira, os analitos alvos
sdo extraidos de uma matriz para o headspace até formar o equilibrio, na segunda os volateis
sdo capturados pela fibra exposta e na terceira fase a fibra é removida da amostra e os analitos
retidos sdo dessorvidos em um instrumento analitico para serem separados e quantificados. As
etapas para 0 procedimento de extracdo e dessorcdo podem ser observadas mais
detalhadamente na Figura 4. Com a fibra retraida na agulha, o septo do frasco de amostra é
perfurado e a fibra é exposta a amostra. Terminando o tempo de extracdo, a fibra é novamente
retraida, a agulha é retirada do septo e levada para insercdo no CG. Com a fibra retraida, o
septo do injetor é perfurado, a fibra é exposta para dessor¢do térmica e, terminado esse
processo, € retraida e retirada do injetor (VALENTE et al, 2000; PLUTOWASKA et al.,
2010; DA SILVA et al., 2015).

Figura 4: Extragdo no modo direto e dessor¢do por MEFS. (1) perfuracdo do septo com a agulha; (2)
exposicdo da fibra de MESF diretamente na amostra liquida; (3) ap6s um determinado tempo de
extracdo; (4) recolhe-se a fibra e remove-se do frasco de amostra; (5) agulha introduzida no injetor
aquecido do GC; (6) fibra exposta ao injetor (analitos dessorvidos termicamente) e (7) fibra recolhida
e agulha retirada do injetor (analitos arrastados para a coluna) (AUGUSTO, 2007).

Na extracdo por MEFS, as moléculas do analito tém que se deslocarem da matriz e
penetrarem no recobrimento e, para isto, resisténcias a transferéncias de massa devem ser

vencidas, até que se estabeleca um equilibrio entre a fibra e meio que a envolve. Na
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microextracdo em fase sélida ndo ocorre extracdo exaustiva, mas sim, equilibrio entre a fase
aquosa e a fase organica estacionaria (VALENTE et al., 2000; BURIN et al., 2013).

A natureza da matriz e da cobertura da fibra, a volatilidade e a polaridade dos
analitos
sao os principais fatores a serem considerados nessa técnica de extragao. Devido a
complexidade de algumas matrizes, a escolha do recobrimento da fibra e a
otimizacdo dos parametros relacionados a extragdo devem ser feitos
experimentalmente. Um passo fundamental no desenvolvimento do método MEFS é
a determinacao do melhor tempo necessario para atingir o equilibrio dos analitos
entre fibra, a amostra e o “headspace”. O tempo de equilibrio depende de diversos
fatores: afinidade entre o analito e a fibra; espessura do recobrimento da fibra (o
equilibrio é atingido mais rapidamente quanto menor for a espessura); condigdes de
agitacdo da amostra (maior agitagdo diminui o tempo). O desenvolvimento do
método analitico MEFS envolve também a determinagdo de diversas outras
condigdes operacionais como ajuste do pH e da forga iGnica; volume e quantidade
da amostra; temperatura da extragao; tempo e temperatura de dessor¢ao (CUEVAS-

GLORY etal., 2007; MA etal., 2013; DA SILVA et al., 2015).

O pH da amostra € importante para a extracdo de analitos que possuem grupos
dissociaveis, dependentes do pH do meio. Somente as formas nao-dissociadas dos analitos sdo
extraidas pelos revestimentos MEFS. A agitacdo da amostra diminui 0 tempo necessario para
atingir o equilibrio, porque ele aumenta a difuséo dos analitos em direcéo as fibras, contudo,
deve ser mantida constante na solu¢cdo da amostra, para que se reproduza o experimento
(BURIN et al., 2013).

A associacdo adequada do tempo e temperatura de dessorcdo da fibra do injetor e a
programacédo de temperatura da coluna, é de vital importancia para analise em MEFS, uma

vez que esta associacdo pode encaminhar os analitos através de uma condicdo adequada ao
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detector para obtencdo de um melhor sinal (OLIVARES, 2006). Uma dessorcao eficiente e
rapida transferéncia dos analitos para o injetor e coluna, requerem alta velocidade de fluxo

linear do gés carreador ao redor do recobrimento (MA et al., 2013).

3.5 ANALISE SENSORIAL EM MEL

A avaliacdo sensorial dos alimentos € uma fun¢do priméaria do homem, atraves da qual
ele aceita ou rejeita alimentos e bebidas de acordo com a sensacdo que experimenta ao
analisa-los. De acordo com a literatura, a sequéncia de avaliagdo de um alimento pelo ser
humano ocorre da seguinte forma: em primeiro lugar a aparéncia, depois o0 aroma, o sabor e a
textura. Apesar disso, no processo global de percepc¢éo, os atributos se sobrepdem uma vez
que todas as impressdes surgem quase que simultaneamente e s6 o treinamento tornara as
pessoas capacitadas a avalia-los de forma isolada (MEILGAARD; CIVILLE; CARR, 2006).

A Anédlise Sensorial é definida como a ciéncia usada para evocar, medir, analisar e
interpretar reacdes das caracteristicas dos alimentos e materiais como sdo percebidas pelos
sentidos da visdo, olfato, gosto, tato e audicdo. A avaliacdo sensorial enfatiza a base
comportamental da percepcdo humana, incluindo a fisiologia, a psicologia, a estatistica na
analise dos resultados e o conhecimento da ciéncia e tecnologia dos alimentos (STONE;
SIDEL, 2004).

A analise descritiva é uma metodologia sensorial que fornece informacg6es qualitativas
e quantitativas de produtos, baseada na percep¢do de um grupo de individuos qualificados,
considerando-se todas as sensacOes que sdo produzidas: visuais, olfativas, gustativas, tateis e
auditivas (MURRAY et al.,, 2001; STONE e SIDEL, 2004). Os resultados da analise
descritiva fornecem uma descricdo completa das similaridades e diferengas das propriedades
sensoriais de um conjunto de produtos, bem como permitem identificar quais sdo os atributos
importantes e que dirigem a aceitacdo do produto pelo consumidor, se associados a testes
afetivos (MURRAY et al., 2001; MEILGAARD; CIVILLE e CARR, 2006;).
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Em meéis produzidos a partir de abelhas a analise sensorial tem demonstrado ser uma
importante ferramenta para avaliar sua qualidade por varios motivos. Pode ser usada como um
guia para o processamento, a fim de conservar o sabor e aroma de mel fresco, para classificar
mel monofloral de acordo com a origem botanica e para identificar a adulteracdo desse
mesmo mel (FERREIRA et al.,, 2009; CASTRO-VAZQUEZ et al., 2009; CASTRO-
VAZQUEZ et al., 2010). Sua producdo, propriedades fisicas, composi¢do quimica, utilidade e
aplicacdes tém sido discutidas comumente, uma vez que suas caracteristicas sensoriais sdo
muito importantes para a sua aceitacdo (PIANA et al., 2004).

Na extracdo e manejo de méis deve-se ter muito cuidado para que ele ndo sofra
contaminacédo por parte de residuos, fuligens de fumaca ou armazenamento em recipientes e
locais inapropriados, pois tudo isso influenciara nas suas caracteristicas sensoriais (ARNAUD
et al., 2008). O uso do controle de qualidade sensorial considera atributos como cor, aroma,
consisténcia e sabor. Estes atributos estdo sempre interligados e dependem de substancias
volateis que se relacionam a fragrancia original das flores onde o néctar foi coletado. O aroma
e sabor estdo relacionados diretamente com a cor do mel e dependem majoritariamente de sua
origem floral. Contudo, o envelhecimento, armazenamento e temperatura sdo fatores que
alteram todos os atributos sensoriais (ALVES; DELLA MODESTA; SOUZA, 2005; SOUZA
etal., 2016; SILVA et al ., 2016).

A avaliagdo sensorial do mel permite distinguir a origem botanica do mesmo e
identificar e quantificar certos defeitos (fermentacdo, impurezas, odores e sabores diferentes).
Essa andlise também desempenha um papel importante na defini¢do das normas do produto e
sobre denominacfes botanicas ou outros rétulos especificos. Além disso, é uma parte
essencial dos estudos de preferéncia/aversdo do consumidor. Em particular, a avaliagédo
sensorial é importante na verificacdo da conformidade dos méis uniflorais, uma vez que pode
revelar a presenca de componentes botanicos que ndo sdo detectados por outros métodos
analiticos, mas que podem alterar as caracteristicas sensoriais tipicas, de tal forma que o mel
ndo pode ser comercializado como unifloral (PIANA et al., 2004).

As caracteristicas fisico-quimicas constantes tais como consisténcia, cor, odor, sabor e
aromas, ocorrem somente em méis chamados monoflorais ou uniflorais, como, por exemplo,
mel de laranjeiras, mel de eucalipto, entre outros. Estes meis sdo cada vez mais procurados
pelo consumidor. De outro lado, estdo os méis multiflorais ou pluriflorais ou heteroflorais,
também chamados de silvestres, cuja composi¢do e cujas caracteristicas variam de acordo

com as floradas, ndo sendo constantes as suas caracteristicas, sendo menos apreciados pelos
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consumidores (BARTH, 2005; TENORE et al., 2012; OZCAN; OLMEZ, 2014; SOUZA et
al., 2016).

3.6 TECNICAS DE CROMATOGRAFIA GASOSA OLFATOMETRICA (CG-0)

Um conjunto de técnicas que podem ser utilizadas para determinar a importancia
individual de cada odor num sistema aromatico, que combina analise sensorial com
cromatografia gasosa, é chamado de cromatografia gasosa — olfatometria (CG-O). Nesse tipo
de anélise o nariz humano é usado como um detector, uma vez que os individuos cheiram os
efluentes cromatograficos que emergem da coluna, e registram a impressdo sensorial que
tiveram de cada composto eluido (VAN RUTH; O’CONNOR, 2001; SAMPAIO et al., 2013).

A CG-0O, é uma técnica analitica que associa o poder de resolucdo do CG-capilar com
a seletividade e sensibilidade do nariz humano e quantifica 0 impacto de compostos
odorantes. O nariz humano é, geralmente, mais sensivel do que qualquer detector instrumental
e a olfatometria € considerada uma ferramenta poderosa para a medida de compostos
odoriferos (POLLIEN et al., 1999; SAMPAIO et al., 2015).

Os métodos de CG-O podem ser classificados em trés categorias: métodos de diluicéo,
métodos de intensidade e métodos de frequéncia de deteccao.

As técnicas de diluicdo, CHARM (Combined Hedonic Response Measurement)
(ACREE et al., 1984) e AEDA (Aroma extract dilution Analysis) (SCHIEBERLE; GROSCH,
1987; ULRICH; GROSCH, 1987) sdo baseadas em medidas de limiar para estimar a
percepcao de intensidade do odor. A técnica CHARM (ACREE et al., 1984) é realizada com
uma serie de diluicBes do extrato da amostra, apresentadas em diferentes sessdes, até que o
odor ndo seja mais percebido pelo julgador. Durante a andlise, o provador devera registrar o
inicio e o final da deteccdo sensorial de cada composto eluido da coluna. A anélise AEDA é
similar & analise CHARM e é também baseada na avaliacdo sensorial do efluente da coluna
cromatogréafica de extratos diluidos, que determinam um novo parametro, o fator de diluicdo
FD. Compostos com altos valores de FD séo os que possuem maior intensidade de aroma. Os
resultados sdo expressos em fatores de diluicdo plotados contra os indices de retencdo de
Kovats (ULRICH; GROSCH, 1987).

A diferenca entre CHARM e AEDA ¢é que enquanto AEDA simplesmente determina a

méaxima diluicdo em que um composto ainda pode ser detectado no efluente cromatogréfico,
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CHARM mede adicionalmente, o impacto de vérias diluicbes sobre o tempo com que o
composto pode ser percebido no efluente cromatografico. Ambas utilizam dilui¢Ges
sucessivas do isolado original, fundamentando-se assim, no conceito de threshold para
estimar o poder odorifero de cada volatil nele presente.

A técnica OSME (Oregon State Method), baseia-se nos modernos conceitos de
psicofisica. Consiste numa avaliagcdo sensorial de tempo—intensidade, em que o individuo
avalia sensorialmente os efluentes da coluna cromatogréfica, descrevendo a qualidade do
odor, o tempo durante o qual o odor de cada volatil é percebido no efluente cromatogréafico e
a intensidade do odor de cada composto volétil, através de uma escala de 9 a 15 cm,
estruturada ou ndo. Essa técnica fornece um aromagrama onde 0s picos mais altos e/ou com
maior area sugerem compostos de maior importancia odorifera, que pode ser diretamente
correlacionado com o cromatograma, facilitando a avaliacdo da importancia dos compostos
odoriferos (DA SILVA et al., 1993; GARRUTI et al, 2003; SAMPAIO et al., 2013).

A técnica de frequéncia de deteccdo do odor NIF/SNIF (Nasal Impact
Frequency/Surface of Nasal Impact Frequency) proposta por Pollien et al. (1997) fornece a
medida da intensidade baseada no numero de julgadores que detectam um mesmo odor
simultaneamente (frequéncia de deteccdo), ou seja, h& uma soma dos aromagramas
individuais gerando um aromagrama normalizado em formato de cromatograma, onde a altura
normalizada ou superficie dos picos é chamada de NIF/SNIF. Essa técnica necessita um

namero minimo de 8-10 julgadores diferentes ndo-treinados.
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4 MATERIAL E METODOS

4.1 AMOSTRAS

As doze amostras de mel de abelhas nativas sem ferrdo, utilizados neste estudo, foram

produzidos pelas espécies jandaira (Melipona subnitida Ducke) e urucu (Melipona scutellaris

Latrelle) em quatro meliponarios distintos situados na regido do Semiarido nordestino. Dois
meliponarios localizados na regido do Seridd do Estado do Rio Grande do Norte (-

06°46°14°’S, -36°44°00°°W), e dois na regido do Agreste do Estado da Paraiba (7°10°15”’S,

35°51°14°W). A colheita das amostras em cada meliponario foi realizada ao final de duas

estacdes climaticas distintas. A primeira colheita foi realizada ao final da estacéo de estiagem

(dezembro de 2013) e a segunda ao final do periodo chuvoso (agosto de 2014). O mel foi

coletado diretamente das colméias, por suc¢cdo com auxilio de seringas descartaveis (uma para

cada coldnia) e em seguida foram armazenados a temperatura de aproximadamente 7 °C, em

potes de vidro esterilizados e devidamente identificados até 0 momento das analises.

- Jurema branca

Jandaira —
_ — - Velame branco
Zona Rural de Santana do Serido - BN
Urucu . - Jurema branca
- Velame branco
- Juazeiro
. .
Jandaira > Malicia
Zona Rural de Alagoa Grande - PB
Uracn - Juazeiro
— ¢ - Malicia
» Jandaira — - Chanana
Zona Rural de Lagoa Seca - PB
» Urugu — - Chanana
> Jandaira — - Algaroba
Zona Rural de Itatuba - PB
» L_m,;;u —_— - AﬂgiCD

Figura 5 — Regides onde estdo localizados os meliponarios, abelhas sem ferrdo produtoras e

floradas predominante das dozes amostras de méis utilizadas na pesquisa.
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4.2 ANALISE MELISSOPALINOLOGICA

A andlise melissopalinoldgica foi realizada para confirmacao da classificacdo e origem
monofloral das amostras de mel, conforme método descrito por Barth (1989). Aliquotas de
10g de cada amostra foram dissolvidas em 20 mL de agua destilada e centrifugadas a 4000
rpm durante 20 min. Apo6s 1h de repouso o sobrenadante foi separado e 0s sedimentos
concretados em glicerina e envelopados entre laminas seladas por parafina. A caracterizacao
polinica foi determinada pela contagem e identificagdo minima de 500 grdos de poélen em 4
campos distintos da lamina, utilizando Microscépio Optico (Nikon Optiphot 11, 400x e 1000x)
em comparacdo a imagens de referéncias de pdlen de plantas apicolas disponibilizadas pelo
Laboratério de Insetos Uteis/Entomologia da Escola Superior de Agricultura “Luiz de
Queiroz” Universidade de Sdo Paulo ESALQ/USP. Foram classificadas, como méis
monoflorais, as amostras com uma representacdo polinica de mesma origem superior a 45 %
conforme Barth (1989). Todas as analises foram realizadas em triplicata para trés amostras

distintas de cada um dos doze méis analizados.
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Tabela 1: Composicao palinoldgica, estacdo climética e analises realizadas nos méis produzidos por abelhas sem ferrdo em diferentes regides do
Semiarido brasileiro.

Abelha Composicéo palinolégica do mel Estacdo Climatica Analises realizadas
Nome comum — Nome cientifico — Percentual de P6len

Urucu Velame branco (Croton heliotropiifolius) = 65 % Chuvosa CG-EM
Jurema Branca (Mimosa arenosa) = 22% ADQ
Vassourinha de botdo (Polygala violacea) = 5,30% CG-Olfatometria
Chanana (Turnera subulata) = 7,4%

Jandaira Velame branco (Croton heliotropiifolius) = 69% Chuvosa CG-EM
Jurema Branca (Mimosa arenosa) = 21% ADQ
Marmeleiro (Croton sonderianus) 4,3%
Vassourinha de botdo (Polygala violacea) = 5,0%
Outros = 3,7%

Urugu Jurema Branca (Mimosa arenosa) = 67,5% Chuvosa CG-EM
Amargosa (Pavania Cancellata) = 24,46% ADQ
Velame (Croton heliotropiifolius Kunth) = 8%

Jandaira Jurema Branca (Mimosa arenosa) = 72,34% Chuvosa CG-EM
Marmeleiro (Croton sonderianus) = 20% ADQ
Velame (Croton heliotropiifolius) =7,6%

Urugu Juazeiro (Ziziphus juazeiro Mart.) = 69,% Estiagem CG-EM
Vassourinha de botéo (Polygala violacea) = 21,3% ADQ
Sabia (Mimosa caesalpinifolia) = 9,6%

Jandaira Juazeiro (Ziziphus juazeiro Mart) = 71% Estiagem CG-EM
Caja (Spondias mombin L.) = 26,7% ADQ

Sabia (Mimosa caesalpinifolia) = 2,3%

40



Jandaira

Urucu

Jandaira

Urugu

Jandaira

Urucu

Malicia (Mimosa quadrivalvis L.) = 67,45%
Jurema Branca (Mimosa arenosa) = 22,9%
Algaroba (Prosopis juliflora _ Sw) = 6,5
Outros = 3,1%

Malicia (Mimosa quadrivalvis L.) = 81,04%
Jurema Branca (Mimosa arenosa) = 17,3%
Outros = 1,6%

Chanana (Turnera subulata) = 76,6%
Marmeleiro (Croton sonderianus) = 6,2%
Sabia (Mimosa caesalpinifolia) = 4%
Outros = 13,2%

Chanana (Turnera subulata) = 73,6%

Velame branco (Croton heliotropiifolius) = 7,9%
Marmeleiro (Croton sonderianus) = 6,2%
Outros = 12%

Algaroba (Prosopis juliflora (Sw.) DC) = 68%
Juazeiro (Ziziphus juazeiro Mart.) = 13,4%
Angico (Anadenanthera colubrina) = 11%
Outros = 7,6%

Angico (Anadenanthera colubrina) = 75,3%
Juazeiro (Ziziphus juazeiro Mart.) = 9%
Chanana (Turnera subulata) = 5,5%

Outros = 10,2%

Chuvosa

Chuvosa

Chuvosa

Chuvosa

Chuvosa

Estiagem

CG-EM

CG-EM

CG-EM

CG-EM

CG-EM

CG-EM
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4.3 ANALISE SENSORIAL

O perfil sensorial das amostras de mel foi determinado através do método de
Analise Descritiva Quantitativa (ADQ), desenvolvido por Stone et al. (1974). O
trabalho foi submetido ao Comité de Etica e Pesquisa do CCS — Centro de Ciéncias da
Saude da Universidade Federal da Paraiba junto a plataforma Brasil, onde foi emitida
certiddo para execucdo das atividades CAAE: 06371012.8.0000.5188 (Anexo 1).

a) Pré-Selecdo e Selecdo

Inicialmente foram recrutados alunos e funcionéarios da Universidade Federal da
Paraiba, entre 22 e 38 anos, que foram pré-secionados com base no interesse e
disponibilidade para participar dos testes sensoriais, familiaridade e habilidade em
utilizar escalas de intensidade (Apéndice 1).

Cada candidato interessado em participar da equipe treinada respondeu a um
questionario (Apéndice 2) contendo questdes sobre o consumo de mel, seu estado de
salde, disponibilidades de horério, dentre outras. Juntamente as questfes, também foi
apresentado um Termo de Consentimento Livre e Esclarecido — TCLE (Apéndice 3),
que foi assinado pelo candidato concordando em participar voluntariamente dos testes,
conforme exigido pela Resolucdo n.466 de 12/12/2112 do Conselho Nacional de Saude.

Na sequéncia, os voluntarios foram submetidos a uma serie de trés testes
triangulares (ASTM, 2004), realizados afim de avaliar a capacidade dos individuos em
discriminar, através do aroma, amostras de mel apresentando diferencas moderadas
entre si. O teste foi realizado utilizando mel de abelha sem ferrdo e mel de abelha Apis
melifera, sendo aprovados os candidatos que tiveram 100% de acerto. O modelo da
ficha utilizada é apresentado no Apéndice 4.

Em seguida, os candidatos selecionados realizaram o teste de reconhecimento de
odores (MEILGAARD; CIVILLE; CARR, 2006) (Apéndice 5) utilizando-se as
seguintes substancias aromaticas sugeridas por Bruneal et al. (2000) na Roda de Aroma
de Mel: mel, caramelo, agucar queimado, lambedor, mel de engenho, cravo, canela,
malva, eucalipto, menta, gengibre, boldo, cha preto, horteld, fumaca, limédo, abacaxi,
morango, uva, maracuja, solvente, vinagre, cachaca e floral. As substancias aromaticas

foram colocadas em frascos pretos recobertos com papel aluminio perfurado e vidro
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relégio, e codificadas com nameros aleatdrios de trés digitos. Foram selecionados 0s
candidatos que atingiram pelo menos 80% de acerto.

Os 20 julgadores selecionados pelos testes ja descritos participaram do
levantamento da terminologia descritiva das amostras de mel, realizado através do
Método de Rede descrito em Moskowitz (1983). Todas as amostras foram servidas em
copos descartaveis, codificadas com numeros aleatorios de trés digitos, a 25 °C, e
oferecidas aos julgadores para que indicassem termos que melhor descreviam as
similaridades e diferencas entre elas, com relacdo aos atributos de aroma e sabor. Em
sequida, os julgadores reunidos em grupo, sob a supervisdo de um moderador,
reportaram os termos gerados individualmente, sendo escolhidos de forma consensual
os termos que melhor descreviam as similaridades e diferencas entre as amostras. Cada
termo foi definido por escrito e associado a referéncias posteriormente utilizadas no
treinamento da equipe (Apendice 6). Foi também elaborada uma ficha de avaliagdo
onde os descritores gerados em consenso pela equipe sensorial foram associados a
escalas ndo-estruturadas de 9 cm, ancoradas nas extremidades com termos de

intensidade (fraco/forte) (Apéndice 7).

b) Treinamento e Selecao

Foram conduzidas varias sessfes de treinamento, utilizando-se amostras de meis
de abelha sem ferrdo. Nas sessbes de treinamento, inicialmente era solicitado aos
julgadores a leitura das definicbes de cada descritor, seguido da avaliacdo e
memorizacdo das referéncias. Na sequéncia o julgador era solicitado a avaliar trés
amostras de mel, utilizando a ficha descritiva anteriormente desenvolvida. Ao final de
cada sessdo os resultados de cada julgador eram discutidos pela equipe sensorial e
serviam de base para alteracdes nas referéncias e suas definigdes.

Para avaliar se a equipe encontrava-se adequadamente treinada, todos o0s
julgadores foram solicitados a avaliar, com a ficha consensualmente desenvolvida, seis
amostras de mel em trés repeticOes. Foram realizadas duas sessfes, sendo trés amostras
avaliadas em cada. Essas amostras apresentavam diferencas moderadas entre si com
relacdo a quase todos os descritores julgados.

Os dados gerados por cada julgador foram avaliados através da Analise de
Variancia (ANOVA) de dois fatores (amostra e repeticdo) por julgador, para cada

descritor avaliado. Para compor a equipe descritiva final, foram selecionados aqueles
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julgadores que apresentavam bom poder discriminativo (pF amostras < 0,1), boa
reprodutibilidade nos julgamentos (pF repeticbes > 0,05) e consenso com a equipe em
no minimo 80% dos descritores (ASTM, 2004).

c) Avaliagéo das amostras de mel

A equipe de julgadores para a avaliacdo final do perfil sensorial dos méis foi
composta de oito individuos, sendo seis do sexo feminino e dois do sexo masculino,
com idades variando entre 22 e 38 anos. Os julgadores avaliaram as amostras utilizando
a Ficha de Avaliacdo desenvolvida na etapa anterior. Nessa etapa foi disponibilizado
aos julgadores as referéncias e defini¢cbes dos termos previamente geradas pela equipe
sensorial. Os julgadores avaliaram em triplicata, seis amostras de mel em seis sessdes
distintas de teste. Em cada sesséo trés amostras foram avaliadas.

Os dados sensoriais foram avaliados por ANOVA tendo como fontes de
variacdo: abelha, florada e a interacdo entre elas (abelha*florada). Um teste de Tukey
foi utilizado para comparacdo das médias. Foi aplicada também a Andlise de
Componentes Principais (ACP) usando o programa Statistical Analysis System (SAS®,
2015).

4.4 ANALISE DE VOLATEIS DO MEL DE ABELHA NATIVA SEM FERRAO

441 OTIMIZACAO DA EXTRACAO, SEPARACAO E IDENTIFICACAO DE
VOLATEIS POR HS-MEFS-CG-EM

Para a otimizagdo da técnica de HS-MEFS foi utilizada uma amostra de mel de
abelha sem ferrdo. Como a técnica de MEFS é baseada no equilibrio dos analitos entre
trés fases (revestimento de fibra, headspace e amostra), a ferramenta de planejamento
experimental e analise de superficie de resposta foram utilizadas para investigar a
influéncia das variaveis, a forma de interagcdo entre estas variaveis, bem como o valor
das variaveis que maximizem os resultados esperados no processo de extracdo de
volateis. As etapas para a otimizacdo do processo de extracdo envolveram os seguintes

passos:
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a) Escolha do revestimento da fibra

Antes da otimizacdo das condicdes de MEFS para a andlise de componentes
volateis foi realizada uma triagem para escolha da fibra. As fibras foram adquiridas da
Supelco (Bellofonte, PA, EUA). Quatro fibras de MEFS foram testadas e comparadas:
divinilbenzeno/carboxen/polidimetilsiloxano ~ (DVB/CAR/PDMS),  50/30  pm;
polidimetilsiloxano (PDMS) 100 pm; Poliacrilato (PA) 65 pm e
polidimetilsiloxano/divinilbenzeno (PDMS/DVB), 65 pm. Preliminarmente as
extracOes, cada fibra extratora foi condicionada de acordo com a prescricdo do
fornecedor.

b) Delineamento experimental

Para a otimizacdo da extracdo por HS-MEFS foi utilizado um Delineamento
Composto Central Rotacional (DCCR), no qual trés variaveis independentes foram
analisadas: Tempo de equilibrio (X1), Tempo de extracdo (X2) e Temperatura de
extragdo (Xs) (Tabela 2). O delineamento 22 incluiu dezessete ensaios sendo: oito pontos
fatoriais, seis pontos axiais e trés repeticbes do ponto central para que se conheca o erro
experimental associado as medidas. A Tabela 3 ilustra a matriz do planejamento
utilizado nesse trabalho. O modelo de superficie de resposta foi elaborado usando a

seguinte equagéo (1):

Y = Yo+ YBiXi + YBiXi? + YPiXiX (Ea- 1)

onde Y é o valor de resposta previsto pelo modelo; Bo € uma constante, e i, Bii ¢ Bij S40
os coeficientes lineares, quadraticos e de interacdo, respectivamente. Neste modelo, X1 ,
X2 e X3 sd0 as variaveis independentes. O modelo determinado foi testado para falta de
ajuste fazendo teste F atraves da Analise de Variancia (ANOVA), coeficiente de
determinacdo (R?) e teste t dos coeficientes relativos aos seus erros padrdes. As
respostas ou variaveis dependentes utilizadas foram area total (Y1), nUmero de picos
(Y2), hotrienol (Y3) safranal (Y4) e acetato de etila (Y5). Para confirmar as previsoes
do modelo matematico para o perfil de volateis, foram realizados experimentos

utilizando os parametros otimizados via MSR. O delineamento experimental e analise
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de dados foram realizadas utilizando o programa Statistica v. 7 (Statsoft Inc., Tulsa,
OK, USA)

Tabela 2- Fatores e niveis utilizados no planejamento experimental

Fatores -0l -1 0 +1 +a
Tempo de equilibrio (X1) 7 min 10 min 15 min 20 min 23 min
Tempo de extragéo (X>) 5 min 15 min 30 min 45min 55 min
Temperatura de extracdo(Xs) 20°C 30°C 45 °C 60 °C 70°C
o=1,68
Tabela 3 - Matriz padrdo para os experimentos conduzidos no planejamento fatorial
completo 23
Codificado Real
ENSAIOS X1 X2 Xz Teg(Min) Tex(Min) Tex(°C)

1 - - - 10 15 30

2 + - - 20 15 30

3 - + - 10 45 30

4 + + - 20 45 30

5 - - + 10 15 60

6 + - + 20 15 60

7 - + + 10 45 60

8 + + + 20 45 60

9 0 0 0 15 30 45

10 0 0 0 15 30 45

11 0 0 0 15 30 45

12 -0, 0 0 7 30 45

13 +a 0 0 23 30 45

14 0 -0, 0 15 5 45

15 0 +a 0 15 55 45

16 0 0 -0, 15 30 20

17 0 0 +a 15 30 70

c¢) Extracdo dos compostos volateis por HS-MEFS

As amostras foram preparadas misturando 10 g de mel monofloral a 10 ml de
Milli-Q, em frascos de 60 ml hermeticamente fechados com septo de silicone de
politetrafluoretileno (PTFE) (Supelco, Bellenfont, PA, EUA). O sistema foi submetido a
aquecimento de Tex (30 — 60 °C) em banho-maria por teq (10 — 20 minutos) antes da
exposicdo da fibra. Preliminarmente as extragdes, a fibra extratora foi condicionada no
injetor do cromatdgrafo a gas na temperatura de 250 °C por 30 min. Apds o periodo de

aquecimento, a fibra de MEFS foi exposta ao headspace, fase gasosa acima da amostra
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de mel, por text (15 — 45 minutos) sob agitacdo magnética de 700 rpm. Em seguida, a
fibra foi retraida para dentro da agulha e transferida para o injetor do cromatografo a

gas, onde os analitos foram dessorvidos.

d) Separacéo e Identificacdo dos compostos volateis

Os compostos volateis extraidos nos ensaios da otimizacdo da técnica de HS-
MEFS-CG-EM foram separados por um cromatografo a gas Agilent 7890A acoplado a
um detector de massas Agilent 5975C e uma coluna HP-5 (30 m x 0,25 mm x 0,5 um).
A programacédo da temperatura do forno do cromatégrafo gasoso foi iniciado a 40 °C
por 2 min, seguida de rampa de 2 °C/min até atingir 60 °C, 3 °C/min até 90 °C e 4
°C/min até atintir 240 °C, mantendo-se nesta temperatura por 10 minutos. A
temperatura do injetor foi mantida a 250 °C e o detector a 250 °C . Helio foi utilizado
como gés de arraste a uma vazdo constante de 1.0 mL/min. O espectrdmetro de massa
foi operado por impacto de elétrons com uma temperatura da fonte de 200 °C, e com
energia de ionizacdo de 70V, variacdo de scan de m/z 29 a m/z 400 a 3.33 scans/s.

Os compostos foram identificados por: (1) comparacdo de seus espectros de
massa obtidos experimentalmente com espectros de compostos fornecidos pela
biblioteca NIST (NIST/EPA/NIH Mass Spectral Database, version 2.0, 2008), (2)
comparacdo dos indices de retencdo linear (IRL), obtidos utilizando o tempo de
retencdo de uma série homologa de n-alcanos Cs - Cos analisada nas mesmas condicoes
anteriormente descritas, com aqueles reportados na literatura para colunas de mesma
polaridade (ADAMS, 2008; RIVELLINO et al., 2013; KARABAGIAS et al., 2014;
JERKOVIC et al., 2014) e (3) comparacdo dos espectros de massas com espectros de
padrées puros, analisados no mesmo equipamento e sob as mesmas condicdes
metodoldgicas.

Os compostos foram considerados positivamente identificados, quanto apresentaram
espectros de massas e indices de retencdo linear compativeis aos dos padrfes puros
injetados e analisados nas mesmas condi¢des do isolado. Foram considerados como
compostos identificados, aqueles que apresentaram espectros de massas compativeis
com os fornecidos pela biblioteca do equipamento e indices de retencdo linear similares
aos encontrados na literatura. Foram considerados como compostos tentativamente
identificados, aqueles cujos indices de retencdo linear ndo foram encontrados em

literatura, sendo a identificacdo baseada somente nas informacOes geradas pelo
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espectrometro de massas. Os compostos volateis foram agrupados em classes quimicas,
sendo as abundancias médias calculadas para cada pico presente no cromatograma, € 0
percentual de area calculado para cada classe quimica. Cada amostra foi injetada em
triplicata.

Ap0s a otimizacdo das varidveis potencialmente relevantes para a extracdo por
HS-MEFS, as condicbes consideradas adequadas foram adotadas para o estudo dos
perfis volateis das amostras de méis produzidos por abelhas nativas sem ferrdo. Nesta
fase, para a separacdo e identificacdo dos compostos extraidos dos méis foi utilizado um
cromatdgrafo a g&s Varian Saturn 3800 acoplado a um detector de massas Varian Saturn
2000R e uma coluna VF-5MS (60 m x 0.25 mm x 0.25 pm) operando nas mesmas

condicdes utilizadas na etapa de otimizacdo por HS-MEFS.

4.5 CG - OLFATOMETRIA

a) Selecéo e treinamento dos julgadores

Para compor a equipe sensorial foram selecionados 20 alunos voluntérios de
graduacdo e pos graduacdo da Universidade Federal do Ceara — UFC. A avaliacdo da
sensibilidade dos julgadores foi realizada através do teste triangular utilizando soluc¢des
padrdo de linalol como amostra estimulo e &gua como amostra referéncia. As amostras
foram apresentadas aos julgadores nas 6 possiveis combinacbes (AAB; BAA; ABA;
BBA; BAB; ABB).

Os cinco julgadores selecionados participaram de duas sessdes de 23 minutos de
treinamento, em que foram familiarizados com a amostra, com a andlise tempo
intensidade, com a utilizacdo da escala visualizada na tela do computador e a gerarem
termos descritores relacionados a qualidade dos odores percebidos no efluente

cromatografico.

b) OSME

A técnica utilizada para determinagdo da importancia odorifera dos compostos
volateis do mel foi a OSME (McDANIEL et al., 1900; DA SILVA et al., 1992;
GARRUTI et al., 2003; SAMPAIO et al., 2013). A técnica de MEFS, descrita no item
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4.4.1, foi utilizada para extrair os compostos volateis do headspace do mel. A fibra com
os analitos foi dessorvida em um cromatografo gasoso da marca Shimadzu, modelo
2010, adaptado com um sistema para olfatometria. O sistema de cromatografia gasosa -
olfatometria utilizado esta esquematizado na Figura 5. O cromatografo operou nas
mesmas condi¢bes empregadas para anélise de volateis em mel citadas no item 4.4.1,
porém a coluna cromatografica estava conectada a um divisor de fluxo, que direciona o
efluente da coluna simultaneamente para o Detector de lonizagdo em Chamas (DIC) e
para o julgador detector olfatério. O sistema ODP, marca Gerstel, foi o responsavel por
direcionar o efluente da coluna até o nariz do julgador, além de umidificar e aquecer o
tubo por onde passava a coluna desativada. Os compostos eluidos da coluna eram
carreados pelo fluxo de ar até as narinas do julgador, os quais responderam ao estimulo
utilizando uma escala tempo-intensidade de 10 pontos com o0 uso do mouse, a0 mesmo
tempo em que descreveram a qualidade do odor percebido. Os julgadores foram
instruidos a respirar normalmente, enquanto estivessem inalando os efluentes
cromatograficos, e uma analista registrava a qualidade dos odores descritos verbalmente
pelo julgador.

Os cinco julgadores previamente selecionados avaliaram o efluente do CG em
trés repeticdes. Foi utilizado o programa SCDTI (Sistema de Coleta de Dados Tempo-
Intensidade), desenvolvido pelas Faculdades de Engenharia de Alimentos e Engenharia
Elétrica e Computacdo, da UNICAMP, que registra diretamente no computador o tempo
de duracdo, a intensidade de cada odor e integra os dados, originando uma
representacdo grafica chamada Aromagrama. Os dados fornecidos pelo programa
SCDTI compreendem: pico do odor, tempo de duracdo do odor percebido (tempo inicial
e final), intensidade méxima desse odor, tempo correspondente a intensidade maxima e
area sob o pico. O tempo final da corrida foi definido como o tempo maximo onde os
julgadores ainda percebiam odor no efluente cromatografico, o qual constituiu-se a 46
minutos. Para ndo provocar fadiga sensorial nos julgadores, o tempo total de avaliagcdo
foi divido em duas partes de 23 minutos realizadas em dias diferentes.

Com os dados olfatométricos gerados por cada julgador, em cada uma das
triplicatas realizadas, foi construido um aromagrama médio de cada individuo. Nesses
aromagramas médios de cada individuo, foram incluidos apenas os picos reportados
pelo menos em duas repeticbes. Da mesma forma, um aromagrama representativo da
equipe sensorial foi gerado a partir dos odores reportados no minimo duas vezes por,

pelo menos, trés julgadores. Por fim, comparando-se 0s aromagramas com 0S
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cromatogramas obtidos por CG-DIC, juntamente com a identificacdo dos volateis feita

no CG-EM, foi possivel determinar a importancia odorifera de cada composto volatil

presente no mel monofloral.

filtro molecular

oarvdo ativo
tubo de vidro siliconizado

saida da coluna

3gua aquecida

Figura 7 - Analise olfatométrica através da técnica de Osme

50



4.6 ANALISE ESTATISTICA
Os resultados da andlise descritiva quantitativa e dos compostos volateis foram

avaliados através de ANOVA, teste de Tukey para comparacdo das médias e Andlise de
Componentes Principais (ACP), utilizando Statistical Analysis System (SAS®, 2015).
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5. RESULTADOS E DISCUSSAO

ARTIGO 1:

VOLATILE PROFILE OF MONOFLORAL HONEYS PRODUCED BY
STINGLESS BEES FROM THE BRAZILIAN SEMIARID REGION

ABSTRACT

The aim of this work was to characterize the volatile profile of monofloral honeys
produced by Melipona subnitida (jandaira) and Melipona scutellaris (urucu), from
native floral sources that are typically found in the Brazilian semiarid region. The work
also involves the optimization of SPME technique for volatile extraction using the
response surface methodology. Through the results obtained, it was observed that the
botanical source had a strong influence on the volatile profile of monofloral honeys
produced by two stingless bees from the semiarid region of Northeastern Brazil. The
results obtained suggest the existence of differentiator compounds and potential markers
for the botanical sources evaluated, such as linalool for malicia honey, D-sylvestrene for
chanana honey, rose oxide for algaroba honey and benzenethanol for angico honey. The
optimal condition for the extraction of volatile compounds was: equilibration time of 15
minutes, extraction time of 45 min and extraction temperature of 45°C.

Keywords: Aroma; Honey; Stingless bees; Solid Phase Microextraction; Semiarid,;
Volatiles
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1 INTRODUCTION

Honey is a complex mixture of carbohydrates produced by nature and is
considered a very important energetic food due to its nutritional properties as well as its
aroma and flavour, all of which strongly depend on the types of plants, flowers and
climatic conditions present in the region where the beehive is found (Seisonen, Kivima
& Vene, 2015).

Traditionally, the botanical origin of honey can be determined through a series
of techniques known as melissopalinology. However, this type of analysis is expensive,
requires a large amount of time and depends a great deal on the qualification and
judgment of the analyzer. Therefore, there is a tendency to replace pollinic analysis with
analytic markers through the discrimination of volatile compounds and of other
physicochemical parameters of honey (Manyi-Loh, Ndip & Clarke, 2011). Thus,
research has been conducted giving priority to the study of volatile honey profile having
been identified to date more than 600 volatile compounds of different chemical families,
arising from various biosynthetic pathways (Verzera, Tripodi, Condurso, Dima &
Marra, 2014 and Cacho, Campillo, Vifias & Hernandez-Cdérdoba, 2015).

The volatile compounds of bee honey can be derived from a variety of sources:
from the plant or nectar; from the transformation of plant compounds by bee
metabolism; from the heating or handling during processing and storage of honey, or
even from microbial or environmental contamination. The volatile compounds found in
honey belong to various classes, including hydrocarbons, aldehydes, alcohols, ketones,
acids, esters, benzene and its derivatives, furan and pyran, norisoprenoids, terpenes and
its derivatives, and cyclic compounds (Barra, Ponce-Diaz & Venegas-Gallegos, 2010).
However, only compounds derived from plants and its metabolites (terpenes,
norisoprenoids, benzenes and its derivatives) should be used to identify the floral origin
of honey (Manyi-Loh, Ndip & Clarke, 2011).

Although this matrix is apparently little complex, there are difficulties in the
isolation of volatile compounds responsible for the honey aroma. The most common is
the large amount of monosaccharides that favour non-enzymatic browning reactions
(Aliferis, Tarantilis, Harizanis & Alissandrakis, 2012 and Bianchin, Nardini, Merib,
Dias Martendal & Carasek, 2014). Therefore, the results of the analysis of the aroma

compounds of honey depend heavily on the isolation and detection techniques.
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A well-accepted methodology for sample preparation and isolation of volatile
compounds is the Solid Phase Micro Extraction (SPME). It has been used when there is
need to create a link between the sample matrix and the analytical tool, i.e., the SPME
technique does not require steps for sample preparation for introduction into the
analytical instrument, since it extracts volatiles directly from the sample. SPME is a
sample preparation technique that requires no use of organic solvents and has few steps
in its procedure (Bianchin et al., 2014 and Soria, Martinez-Castro & Sanz, 2008).

Brazil possesses the greatest vegetal genetic diversity in the world, which,
combined with its vast territory and climatic variability, enables the production of honey
throughout the year (Silva et al., 2013). The Brazilian semiarid region stands out for
having a type of vegetation which is adapted to the typical climatic conditions of the
rainy season and the dry season, thus providing a continuous flux of nectar and pollen
during the whole year and favouring the production of different types of honey with
singular properties (Sousa et al., 2016).

This region is home to endemic species of stingless bees, also known as
meliponas or Meliponini. Among these, two stand out: Melipona subnitida Ducke
(jandaira) and M. scutellaris Latrelle (urucu). These bees produce honey which has been
consumed since before the arrival of European colonizers in the American continent.
Furthermore, some medicinal properties have also been accredited to this type of honey
(Enriquez, Yurrita, Aldana, Ocheita, Jauregui & Chau, 2005 and Biluca et al., 2014).
However, information about the use of SPME and the volatile profile of honeys
produced by stingless bees are still missing.

In this context, this study aimed to characterize the volatile profile of monofloral
honeys produced by stingless bees - jandaira (Melipona subnitida Ducke) and urucu
(Melipona scutellaris Latrelle), from native floral sources that are typically found in the
Brazilian semiarid region. The work also involves the optimization of SPME technique
for volatile extraction using the response surface methodology (RSM). This type of
information will shed more light on the chemistry of these natural resources, which are
still relatively unknown, and will also help with the characterization of the floral and

geographical identities of the honeys which are produced exclusively in this region.

63



2 MATERIAL AND METHODS

2.1 Sample Acquisition

The samples of honey obtained from stingless bees M. subnitida Ducke
(jandaira) were produced by the floral sources of chanana (Turnera ulmifolia L.),
malicia (Mimosa quadrivalvis L.) e algaroba (Prosopis juliflora (Sw.) DC). Meanwhile,
the samples of honey produced by stingless bees urucu (Melipona scutellaris Latrelle)
used the floral sources of chanana (Turnera ulmifolia L.), malicia (Mimosa quadrivalvis
L.) and angico (Anadenanthera colubrina). The honey was obtained directly from
meliponary located in the semiarid region of Northeastern Brazil (Serido region, state of
Rio Grande do Norte (-06°46°14”’°S, -36°44°00°°W) and Agreste region of state of
Paraiba (7°10°15°’S, 35°51°14°’W). The honey was collected directly from beehives by
suction with the aid of disposable syringes. After collection, the honey was stored for a
period not exceeding 30 days in sterilized glass jars at 4°C until analysis.

2.2 Melissopalynological Analysis

For this analyses, 10 g of each honey sample were diluted in 20 mL of distilled
water and then centrifuged at 4000 g for 20 min. The sediment was dried at 40 °C and
then mounted with Entellan Rapid (Merck, 1.07961). The honeydew elements and
pollen grains (n ¥ 500) were counted and identified in 20 distinct optical areas using an
optical microscope (Nikon Optiphot Il microscopio; 400 and 1000) (Barth, 1989). The
pollen grains were compared to reference images of the University of S&o Paulo, Sdo
Paulo, Brazil. All samples contained more than 65% pollen grains of the same botanical

origin.

2.3 Selection of fibre coating and reagents

Prior to the optimization of SPME conditions for the analysis of volatile
components, screening was performed to select the fibre. Fibres were purchased from
Supelco (Bellofonte, PA, USA). Four fibres were tested and compared: divinyl benzene
| Carboxen / Polydimethylsiloxane (DVB / CAR / PDMS) 50/30 pm;
polydimethylsiloxane (PDMS) 100 um; Polyacrylate (PA) 85 um and
polydimethylsiloxane / divinylbenzene (PDMS / DVB), 65 um. Prior to extractions,
each extraction fibre was conditioned according to manufacturer’s prescription. To test

the ionic strength of the extraction medium, which was performed under optimized and
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validated conditions, sodium chloride (NaCl) (Ecibra, Brazil) was used at
concentrations of 1, 5, 10 and 20%.

2.4 Experimental design

To optimize the extraction by HS-SPME, a central composite rotational design
(CCRD) was used, in which three independent variables were analyzed: equilibrium
time (X1), extraction time (X2) and extraction temperature (X3): The design included
seventeen trials which comprised eight factorial points, six axial points and three
replicates of the central point for knowing the experimental error associated with
measurements. Table 1 illustrates the planning matrix used in this study. The response

surface model was elaborated using the following equation:

Y =Y Bo+ YPiXit LRiXi+ YBiiXiX; 1)

where Y is the response value predicted by the model; B o is the mean coefficient and 3
i, P ii and P i are the linear, quadratic and interaction coefficients, respectively. In this
model, X1, X2 and x3 are the independent variables. The model was tested for lack of fit
using the F test through the Analysis of Variance (ANOVA), determination coefficient
(R?) and t test of coefficients relating to their standard errors. Responses or dependent
variables used were total area (Y1), number of peaks (Y2), hotrienol (Y3) safranal (Y4)
and ethyl acetate (Y5). To confirm the predictions of the mathematical model for the
profile of volatile compounds, experiments were performed in quadruplicate using the
optimized parameters via MSR. The experimental design and data analysis were

performed using Statistic software v. 7 (Statsoft Inc., Tulsa, OK, USA).

2.5 Extraction of volatile compounds by HS-SPME

Samples were prepared by mixing 10 g of honey in 10 ml of Milli-Q in 60 ml
vials sealed with polytetrafluroethylene silicone septum (Supelco, Bellenfont, PA,
USA). The system was submitted to heating of Tex (30-60°C) in water bath for teq (10-
20 minutes) before fibre exposure. Prior to extractions, the extraction fibre was
conditioned to the gas chromatograph injector at temperature of 250°C for 30 min. After
the heating period, the SPME fibre was exposed to the headspace, gas phase above the

honey sample, text (15 - 45 minutes) under magnetic stirring at 700 rpm. Then, the fibre
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was retracted into the needle and transferred to a gas chromatograph injector where
analytes were desorbed.

2.6 Gas Chromatography Mass Spectrometry

For separation and identification of compounds extracted from honeys, Agilent
7890A gas chromatograph coupled to Agilent 5975C mass detector and HP-5 column
(30m x 0.25 mm x 0.5 um) was used. The temperature programming of the gas
chromatograph oven started at 40°C for 2 min, followed by a 2°C / min ramp up to
60°C, 3°C / min up to 90°C and 4°C / min up to 240°C, maintaining this temperature for
10 minutes. The injector temperature was maintained at 250°C and detector temperature
at 250°C. Helium was used as carrier gas at constant flow rate of 1.0 mL / min gas.
Mass spectrometer was operated by electron impact at source temperature of 200°C and
ionization energy of 70V and scan range from m/z 29 to m/z 400 at 3.33 scan/s. The
identification of volatile compounds was based on the comparison of their mass spectra
with spectra of compounds previously analyzed, with NIST / EPA / NIH Mass Spectral
Database (Version 2008), or spectra published in journals. To confirm the identity of
each component, the linear retention index (LRI) was calculated using the retention
times of a homologous series of n-alkanes Cs - Cos (Fluka, Sigma-Aldrich, Switzerland)
and also by comparing the LRI of authentic compounds analyzed under similar
conditions (Adams, 2008, Rivellino, Hantao, Risticevic, Carasek, Pawliszyn &
Augusto, 2013, Karabagias, Badeka, Kontakos, Karabournioti & Kontominas, 2014 and
Jerkovic & Kus, 2014).

2.7 Statistical Analysis

The statistical analysis of the volatile data was performed using an analysis of
variance (ANOVA), the Tukey test was used to compare variation among the means
using the Statistical Analysis System (SAS®, 2015). Principal component analysis
(PCA) was used in order to visualise the variation between the analyzed compounds and
samples, using the Multi-Variate Statistical Package (MVSP v.3.13).
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3 RESULTS AND DISCUSSION

3.1 The SPME fibre choice

Four SPME fibres were tested: PDMS, PDMS/DVB, DVB/CAR/PDME and PA.
The PDMS/DVB fibre was selected considering the significant amount of extracted
volatile compounds, since fifty-seven compounds were extracted, eluted and identified
in this fibre, compared to only seventeen compounds in PDMS fibre, thirty-two
compounds in PA fibre and thirty-nine in DVB/CAR/PDMS fibre.

The PDMS/DVB fibre was also desorbed at different times (1 min, 5 min, 10
min) in the injector at 250°C in order to determine the best desorption time through the
comparison of the peak areas of some compounds, performing a blank after each
analysis to verify the presence of some residual analyte in the GC-MS system. A
desorption time of 5 minutes is enough to completely remove all volatiles from the
fibre.

3.2 Optimization of SPME parameters using response surface

The HS-SPME technique is based on the equilibrium of analytes between the
three phases (fibre coating, headspace and sample), greatly influenced by the vapour
pressure of the sample in the vial (Ma, Hamid, Bekhit, Robertson & Law, 2013). The
main factors that influence the vapour pressure and equilibrium of volatile compounds
are: extraction temperature, equilibrium time and extraction time (Zhang, Gao, Zhang,
Shi & Xu, 2009). Thus, these three factors were chosen and optimized based on the total
area, number of peaks, and area of some important volatile compounds.

The regression coefficients and R? estimated for the response variables as well
as the proposed models are shown in Table 2. Each response (Y) was evaluated for the
main, quadratic and interaction effects of equilibration time (X1), extraction time (X2)
and extraction temperature (X3).

For the number of peaks (Y1) and total area (Y2), the results showed that the
linear terms of variables extraction time and extraction temperature were statistically
significant at significance level of 5% (p <0.05). ANOVA showed significance (p
<0.05) for the regression models obtained and the lack of fit was not significant,
showing that the models are predictive. The determination coefficients (R?) obtained

indicate that the model can explain up to 89% of the variability of responses of the two
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dependent variables, suggesting that the empirical model fits the actual data
satisfactorily, defining the actual behaviour of the system.

For response variables Hotrienol (Y3), Safranal (Y4) and Ethyl Acetate (Ys), the
analysis of variance indicated that the proposed model were significant and the
determination coefficients (R?) obtained for the responses were 0.94, 0.92 and 0.93,
respectively, indicating a good fit of data to regression models. Interactions between
variables were not observed.

With respect to the equilibrium time (X1), the results showed that in the domain
studied (7-23 min), this independent variable showed no significant change at
significance level of 5% (p <0.05) in the analytical signal generated, that is, area of
chromatographic peaks and number of peaks. Apparently, sample volatilization and the
analyte equilibrium between phases (liquid sample and headspace) occurred quickly,
but the enrichment in the headspace is slow and the concentration differential of this
enrichment in the gas phase is small, not significantly contributing to increase the total
area of the chromatogram. So, for this factor, the level of the centre point (15 min) was
adopted for the construction of response surfaces. This time is sufficient to ensure that
the sample reaches the operating temperature and to ensure the equilibrium of the
analyte between the liquid and gas phases of the sample prior to exposure of the fibre to
the sample headspace.

On the other hand, the extraction time (X2) showed significant linear effects for
most responses studied, except for ethyl acetate. According to results, the extraction
time is shown a variable with positive effect, i.e., responses increase when the variable
goes from the lowest level to the highest level. However, for Ethyl Acetate, within the
domain studied, there was no significant change in the analytical signal generated.

The extraction temperature (Xs) was the most significant parameter (p <0.05)
with a strong positive influence on the linear terms, on the total area of the
chromatogram and number of peaks. The extraction temperature was an important
parameter that influences the desorption of analytes from the matrix to the headspace,
especially in the case of heavier / semi-volatile compounds, and also influences the
diffusion of analytes through the fibre coating.

As can be seen through the response surfaces (Figure 1), the different
compounds present in the sample showed different behaviour with respect to
temperature. For the most volatile compound, ethyl acetate, only the extraction

temperature showed significant effect at 95% confidence level (p <0.05), and the best
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responses were obtained using lower temperatures. For hotrienol and safranal, the linear
and quadratic effects were significant. These compounds are more difficult to be
released from the sample matrix, thus requiring higher temperature and longer
extraction time to be efficiently extracted. It is well known that heating provides energy
for analyte molecules to overcome the barriers that bind it to the matrix, improving the
mass transfer process by increasing the vapor pressure of analytes and favoring their
release into the headspace. However, as the absorption of analytes by the fibre coating is
an exothermic process, the partition coefficient decreases with increasing temperature,
adversely affecting the absorption of analytes (Ma et al., 2013).

Lower extraction temperatures favour the capture of more volatile compounds
by SPME fibre and higher temperatures lead to an increase in the concentration of semi-
volatile compounds in the headspace (Bianchin et al., 2014). Thus, an intermediate
temperature is usually adopted as the best condition, even with a consequent reduction
in the amount extracted for both groups of volatile and semi-volatile compounds.

The estimation of the optimal conditions for the extraction of volatiles in honey
from stingless bees using the HS-SPME technique was performed based on the
proposed statistical models and with the aid of the simultaneous optimization technique
called "desirability function”. According to Figure 2, the point determined by the
desirability function to obtain the maximum value of responses was: extraction
temperature of 45°C, extraction time of 45 min and equilibration time of 15 minutes.
The vertical dashed lines, as can be seen in the last row of graphs, indicate the best
conditions for maximum overall desirability, which reached 0.529.

3.3 Model validation and effect of the ionic strength

From the determination of the optimum conditions for extraction of volatiles by
HS-SPME for the matrix under study, the optimal points were reproduced in
quadruplicate, and the predicted results and those observed by experimental validation
trials are shown in Table 3. For variables Y1, Y2, Y4 and Y, the experimental results are
similar to predicted results. However, for variable Y3, greater imprecision of the model
in predicting the experimental data was observed. This prediction error is mainly due to
the simplicity of the statistical model that had extraction temperature factor (X3) as only
significant term. Despite the existence of deviations between experimental and
predicted results, it could be considered that the results obtained in the validation test

were satisfactory.
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Results regarding the effect of the ionic strength on the extraction efficiency of
volatiles showed that salt had no expected effect in the salting-out, i.e., to saturate the
sample and decrease the solubility of hydrophobic compounds in the aqueous phase,
favoring the extraction of analytes (Table 3). Thus, it was decided not to include NaCl
in the HS-SPME process. The addition of salt is only advantageous in the determination
of some individual analytes, in particular alcohols and acids, especially if they occur as
trace amounts (Plutowaska, Chmiel, Dymerski & Wardencki, 2011).

3.4 Profile of volatile compounds

The use of gas chromatography associated with mass spectrometry (GC-MS)
allowed the detection of 114 compounds in the headspace of honey from stingless bees.
Terpenes were the main class of volatile compounds found in honey — a total of 48 were
detected. The terpenes were accompanied by the following compounds: 14 esters, 11
norisoprenoids, 11 benzene compounds, 7 furans, 5 ketones, 4 hydrocarbons, 4 alcohols,
4 aromatic aldehydes, 3 aldehydes, 2 acids and 1 sulfur compound. There were terpenes
in all of the honeys evaluated, while the acids and the sulfur compound were only found
in the honey obtained from algaroba (Figure 3).

Among the 114 identified volatile compounds, only the monoterpenes hotrienol
and cis-linalool oxide, both derivatives from linalool, were found in all honey samples.
The hotrienol may occur in a natural manner in the honey; however, due to the beehives
conditions, such as temperature, pH and enzymatic action, its concentration may
increase very significantly during the honey production by oxidative degradation of
linalool or even by the cleavage of glycosidic linkages. Hotrienol can also be derived
from 2,6-dimethyl-3,7-octadien-2,6-diol, from the allylic rearrangement of 3,7-
dimethyl-1,7-octadien-3,6-diol or the dehydration of (E)- and (Z)-8-hidroxilinalol
(Alissandrakis, Tarantilis, Harizanis & Polissiou, 2007 and Jerkovi¢ & Marijanovié,
2010). The cis-linalool oxide is formed from the 6,7-linalool via epoxilinalol. This
transformation requires the action of an enzyme secreted by bees, probably a
hydroxylase. Some linalool derivatives, as the linalool oxide, can also be produced
during the storage of honey (Alissandrakis, Mantziaras, Tarantilis, Harizanis &
Polissiou, 2010 and Gasi¢ et al., 2015).

In the sample of honey produced by urugu bees from malicia, a total of 33
compounds were identified. The volatile chemical profile of this samples is

characterized primarily by the presence of terpenes (90.9 % of the total chromatogram
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area), followed by norisoprenoids (2.8 %), alcohols (2.2 %) and other minority
compounds. Meanwhile, in the sample of honey produced by jandaira bees, also from
malicia sources, 35 compounds were identified. Once more, the predominant class of
compounds were terpenes (85.5 % of the total area). The two different honeys produced
using malicia (by jandaira bees and by urucu bees) had a total of 21 compounds in
common.

As for the analysis of the honeys produced using chanana as the floral source, 41
compounds were detected in the honey produced by jandaira bees, while the honey
generated by urucu presented 55 compounds in total. Those two honeys had 36
compounds in common. It can be observed that terpenes were once again predominant,
occupying 54.5 % and 70.3 % of the total chromatogram area, in the urugu and jandaira
honeys, respectively. The chemical profile of these samples was also characterized by
the class of norisoprenoids, which represented 17.8 % of the total area in urugu-made
honey, and 7.5 % in jandaira-made honey.

In the analysis of the honey sample produced by jandaira bees from algaroba
sources, 32 compounds were detected. Terpenes accounted for 42% of the total
chromatogram, while norisoprenoids and alcohols occupied 16 % and 11 %
respectively.

In the honey generated by urucu bees from angico plants, 15 compounds were
identified. They belonged to the following classes: benzene derivatives (41.4 %),
terpenes (22.3 %), furans (18.9 %) and aromatic aldehydes (17.4 %).

The chemical classes present in the aroma of the honey samples analyzed were
submitted to principal component analysis (PCA) (Figure 4). The principal components
(PC) I e Il accumulated 71% of the variation which took place between the samples. In
this figure, the chemical classes are represented by vectors whose size is associated with
the importance of that class to the segmentation of samples. The direction of the vectors
indicates in which samples that chemical class displays a greater influence (Biasoto,
Netto, Marques & Silva, 2014). The samples are represented by black circles.

Figure 4 reveals the separation of honeys with different botanical origins. The
honey produced by urucu bees using angico, located in the negative axis of PC I,
distanced itself from the other samples and was characterized by a higher concentration
of furans and aromatic aldehydes. The sample of honey produced by jandaira bees using

algaroba as a floral source also distanced itself from the other honeys, being mostly
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influenced by the class of sulfur compounds and being located in the negative axis of
PC land Il.

The honeys produced by the different bee species using chanana plants were
located in the positive axis of PC I and Il, drawing closer due to the influence of
terpenes, norisoprenoids, esters, alcohols and hydrocarbons. However, the fact that the
urugu-made sample occupies the farthermost region to the right of axis 1 in Figure 4
indicates that this sample displayed a higher concentration of the aforementioned
compounds, when compared to the jandaira-made honey.

The honeys obtained from malicia plants displayed very similar profiles to one
another, which were distinct from the profiles of honeys produced using other botanical
sources. The malicia honeys were characterized by the high influence exerted by the
ketone class.

The volatile compounds found in honey belong to various classes, including
hydrocarbons, aldehydes, alcohols, ketones, acids, esters, benzene and its derivatives,
furan and pyran, norisoprenoids, terpenes and its derivatives, and cyclic compounds
(Barra et al., 2010). However, only compounds derived from plants and its metabolites
(terpenes, norisoprenoids, benzenes and its derivatives) should be used to identify the
floral origin of honey (Manyi-Loh et al., 2011).

The honeys generated from malicia plants were marked by a number of different
compounds; for urucu-made honey, the most abundant compounds were linalool (53.1
%), cis-Linalool oxide (23.7 %) and hotrienol (4.3 %). Meanwhile, in the jandaira-made
honey, the most plentiful compounds were linalool (47.6 %), cis-Linalool oxide (16.4
%), nerol oxide (8.2 %) and hotrienol (5.2 %). These compounds have been frequently
reported in studies as being the main constituents of the volatile profile of honey,
regardless of the geographical origin (Castro-Vazquez, Pérez-Coelho & Cabezudo,
2003, Soria, Martinez-Castro & Sanz, 2003 and Spanik, Pazitna, Siska & Szolcsanyi,
2014). Cis-linalool oxide (furanoid) detected in honeys from cashew and quince trees
native to Northeastern Brazil (Moreira, Trugo, Pietroluongo & Maria, 2003). Linalool
and its derivatives, such as hotrienol, cis-linalool and trans-linalool oxides (piranoid),
and lilac aldehydes were all mentioned as volatile compounds which can mark the floral
origin of citric honeys collected in Greece (Alissandrakis et al., 2007). In a similar
study, Castro-Vazquez, Diaz-Maroto and Pérez-Coelho (2007) characterized 10 Spanish
citric honeys based on their volatile profile, and suggested compounds such as linalool,

linalool oxide, p-terpineol, lilac aldehyde and lilac alcohol isomers, methyl anthranilate
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be considered floral markers for citric honeys. High levels of linalool oxides, linalool,
hotrienol, epoxylinalool, and 2,6-dimethyl-3,7-octadiene-2,6-diol, whose concentrations
exceed their detection threshold, are responsible for sweet and floral notes in honey
(Castro-Vazquez, Diaz-Maroto, Torres & Pérez-Coelho, 2010).

The monoterpene D-Sylvestrene was the main compound in the two different
honeys produced from chanana. Even though this floral origin monoterpene is not
commonly found in honeys, its presence may not be a differentiator for honeys made
from chanana because this terpene was also found in the honeys produced using the
botanical source malicia. Possibly a study with a larger number of samples from various
crops, could validate the results of this study, considering that the concentrations could
be as significant as found here. The compounds 4-methyl-1-methoxybenzene and
formamidobenzene are benzene derivatives not described in the Brazilian honeys, they
were compounds only detected in honeys obtained in flowering chanana. Terpenes such
as eucarvona, a-copaene, f-elemene, B-eudesmeno, 6-selinene, globulol and humulano-
1,6-dien-3-ol were also found only in chanana honeys produced by two species of bees.

Rose oxide (22.9 % of the total chromatogram) was the most abundant
compound found in algaroba honey. This monoterpene is found in flowers, fruit and in
essential oils from Eucalyptus citriodora, Dracocephalum heterophyllum, Damask rose,
geranium, Laggera spp., and tropical fruit (Babu, Sing, Joshi & Sing, 2002, Taneja,
Sethi, Andotra, Koul & Qazi, 2005 and Nonato et al., 2012). It contributes to the fruit
and floral notes found in fruit such as lychee and grapes, and has also been synthesized
from citronellol for industrial purposes, due to its characteristic rose aroma (Alsters,
Jary, Nardello-Rataj & Aubry, 2010). Cis-rose oxide has been proposed as a marker for
honey from Tilia cordata (Santos, Moreira & de Maria, 2015). This is the first time that
rose oxide has been reported in Brazilian honey. Even though in literature no data were
found regarding the volatile composition of algaroba honey, rose oxide can be
considered a differentiator for this particular honey, since it is not commonly found in
other honeys (being absent in the other samples analyzed) and it also comes from a
botanical source and appears in high concentrations.

Cinnamaldehyde, isobutyl isothiocyanate, 4-oxoisoforone, f3-ionone epoxide, 1-
adamantanol and verbenone were detected only in the algaroba honey and may be
indicated as possible markers. Floral compounds such as a-terpinene, ocimene, 1,1,6-

trimethyl-1,2-diidronaftaleno and ethyl linalool were also only detected in alagaroba
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honey mesquite, however they are not considered markers for the algaroba honey, since
they have been detected in other honey varieties.

The main compound in the honey made from angico was benzenethanol, which
reached 40% of the total chromatogram area. While studying tropical honeys produced
by Apis mellifera bees using angico plants native to the Atlantic Forest, Santos, Moreira
and de Maria (2015) detected benzenethanol as the second most abundant compound,
contributing to floral and spicy notes. Benzenethanol has been considered an important
odorant for the aroma of tilia honey (Tilia sp.) and haze honey (Corylus sp.), both from
Europe (Blank, Fischer & Grosch, 1989), it also contributes to the aroma of honeys
made from cashew trees found in the Caating biome (Moreira et al., 2003) and to the
aroma of honey made using morrdo de cadeia (Atlantic Forest biome) and assa-peixe
(Cerrado biome) (Matos, Moreira, Maria & Trugo, 2002).

The compounds 5-hydroxymethylfurfural, 2,5-dimethyl furan, furfural, 2-
furanmetanol and furaneol were only present in the angico and/or algaroba honeys.
These compounds are considered a negative indicator of the honey’s quality, possibly
having been generated by the excessive heating of the sample. However, some authors
state that HMF can naturally occur in honey, especially in regions with a hot climate
(Castro-Vézquez, Diaz-Maroto & Pérez-Coello, 2012).

4. CONCLUSION

Through the results obtained, it was observed that the botanical source had a
strong influence on the volatile profile of monofloral honeys produced by two stingless
bees (jandaira and urucu) from the semiarid region of Northeastern Brazil. The chemical
profiles were marked primarily by the classes of terpenes, norisoprenoids and benzene
derivatives. Furthermore, the results obtained suggest the existence of differentiator
compounds and potential markers for the botanical sources evaluated, such as linalool
for malicia honey, D-sylvestrene for chanana honey, rose oxide for algaroba honey and
benzenethanol for angico honey. These reports represent a valuable contribution to
certifying the authenticity of those honeys and provides for the first time, information
intended for the construction of chemical knowledge of the aroma and flavor that
characterize these honeys produced in Brazil. In addition, we recommended as the

optimum conditions for the extraction of volatiles using SPME in honey from native
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stingless bees were: fibre coating PDMS / DVB,; equilibrium time of 15 minutes;
extraction time of 45 min and extraction temperature of 45°C.
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Table 1 - Standard Matrix for experiments conducted in the 2* full factorial design

Coded Uncoded
Experiments Teg(min)  Tex(Min)  Tex(®C)  Teg(Min)  Tex(min)  Tex(°C)
1 - - - 10 15 30
2 + - 20 15 30
3 - + - 10 45 30
4 + + - 20 45 30
5 - - + 10 15 60
6 + - + 20 15 60
7 - + + 10 45 60
8 + + + 20 45 60
9 0 0 0 15 30 45
10 0 0 0 15 30 45
11 0 0 0 15 30 45
12 -0 0 0 7 30 45
13 +a 0 0 23 30 45
14 0 -ol 0 15 5 45
15 0 +a 0 15 55 45
16 0 0 -a 15 30 20
17 0 0 +a 15 30 70
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Table 2 - Models proposed and R? of the final reduced models

Variables Regression Equation R?
Number of Peaks (Y1) 44,64 + 11,03x2 + 12,02x3 0,89
Total Area (Y?2) 1,72E9+6,38E+8x2+ 7,70E+8xX3 0,89
Hotrienol (Y3) 1,54E8+4,40E+7x2+5,14E+7x3-2,31E+7x5? 0,94
Safranal (Y4) 1,95E+8+5,71E+7x2+3,6 TE+7X3-3,68E+7xX3? 0,92
Ethyl Acetate (Ys) 1,51E+8-7,36E+7x3 0,93
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Table 3 - Predicted and experimental results obtained in optimum process conditions and with the addition of different NaCl concentrations

Predicted Result (*)

Experimental Results

Response Variable

-95% +95% Validation NaCl 1% NaCl5% NaCl 10% NaCl 20%
Number of Peaks (Y1) 45,93 59 72,15 60 57 60 58 63
Total Area (Y2) 154E+9  2,50E+9  3,32E+9 2,12E+9 2,12E+9 2, 10E+8  3,06E+9  3,01E+9
Ethyl Acetate (Y3) 1,05E+8 151E+8 1,97E+8 8,82E+7 7.82E+7  9.08E+7  1,11E+8  4,00E+7
Hotrienol (Y4) 168E+8 2,11E+8  2,52E+8 1,82E+8 1,69E+8  2,29E+8  2,52E+8  2,42E+8
Safranal (Y5) 2,2 E+8 2,75E+8  3,29E+8 2,57E+8 2,A5E+8  3,00E+8  3,06E+8  3,13E+8

(*) Reparametrized models constructed only from statistically significant parameters.
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Table 4 — Volatiles of monofloral honeys produced by diferente stingless bees (jandaira
and urucgu) in the semiarid region of northeastern brazil from diferente floral sources

“Peak Area Count X 1061

Compounds LRI? Urugu Jandaira p-Values
Angico Malicia Chanana Algaroba Malicia Chanana
ACIDS
Ethanoic acid? <800 - - - 0,29 - -
Decanoic acid* 1375 - - - 0,61 - -
Total 0 0 0 0,902 0 o 00001
% of the chromatogram 0 0 0 4,45 0 0
ALCOHOLS
2-Heptanol* 906 - - - 0,40 - -
Octanol 1050 - 4,45 4,07 - 1,10 3,94
Nonanol* 1162 - - 6,26 1,57 - 1,52
2-Hexadecanol* 1388 - - - 0,35 - -
Total 0 445bc 10,32 23184 1,00¢ 546> 00001
% of the chromatogram 0 220 3,53 1152 056 2,63
ALDEHYDES
2-Hexenal* 847 - - - 0,22 - -
Nonanal* 1098 - - - 1,52 - 0,839
Decanal* 1192 - - 1,02 - - 0,763
Total 0 0 1,02 1,742 0o 1602 00001
% of the chromatogram 0 035 8,67 0 077
AROMATIC ALDEHYDES
Benzaldehyde* 961 1,37 - - - - -
Benzeneacetaldehyde* 1031 - - 1,08 - - 3,44
Lilial* 1522 14,8 - - - - -
Cumaldehyde* 1232 - - - 0,21 - -
Total 16,2 0 1,08 2,050 0 344> 00001
% of the chromatogram 17,36 0 037 1,020 1,65
BENZENOID COMPOUOS
Styrene* 875 - - 0,54 - - -
4-Methyl-1-methoxybenzene* 1007 - - 4,44 - - 4,51
1-(1-methylethyl)-4-methylbenzene * 1010 - 0,83 - - 0,95 -
1-Methyl-3-isopropylbenzene 4 1014 - 0,02 - - - -
o0-Xylene * 1089 - 0,78 - - - -
Durol 4 1110 - 0,69 - - 1,14 -
Benzeneethanol* 1118 37,3 - - - - -
Naphthalene* 1174 1,3 - - - - -
Formamidobenzene* 1200 - - 26,40 - - 9,54
Ethyl Guaiacol* 1285 - 0,86 0,64 - 0,28 -
i2n,\’éléli:af;ydro-l,l,5,6-tetr,31methyl-1H- 1305 ) ) ) ) 0,01 )
Total 386% 319" 32,090 328> 1402 00059
% of the chromatogram 41,39 1,58 10,94 1,65 6,67



ESTERS
Ethyl acetate?
Ethyl Benzoate*
Ethyl Octanoate*
Ethyl 2-phenylethanoate*
Phenylethyl Acetate?
Ethyl Nanoate*
Nonanyl Acetate?
Methyl anthranilate*
Ethyl Decanoate?
Ethyl 3-phenyl-2-propenoate*
Ethyl Dodecanoate*
Ethyl Tetradecanoate*
Ethyl Hexadecanoate*
Ethyl Octadecanoate*
Total
% of the chromatogram
FURANS
Furan, 2,5-dimethyl®
Furfural*
2-Furanmethanol*
Furan, 2-pentyl*
Furaneol*
5-Hydroxymethylfurfural*
6-Methyl-6-(5-methylfuran-2-
yl)heptan-2-one*
Total
% of the chromatogram
HYDROCARBONS
Hexane®
Octane*
Hexadecane*
Heptadecane*
Total
% of the chromatogram
KETONES
3-Buten-2-one, 3-methyl®
2 Heptanone*
2 UOecanone4
2 Tridecanone*
2 Pentadecanone?
Total
% of the chromatogram
SULFUR HETEROCYCLES

Isobutyl isothiocyanate*

<800
1158
1186
1233
1236
1280
1296
1325
1396
1447
1595
1782
1994
2190

<800
836
860
998

1052
1234

1432

<800
800

1598

1693

<800
881
1280
1492
1688

925

0,00

8,26
0,386

2,28
6,71

17,62
18,90

1,68
0,08
0,20
0,07

2,04¢
1,01

1,97

1,970¢
0,98

1,13

1,13°
0,56

1,40
12,70

8,35

1,64
2,98
0,54
3,67
1,03

0,67
0,65

33,72
11,52

2,07
0,89
2,962b
1,01

0,14

0,44

0,58¢
2,90

0,07

0,17
0,12

0,71
1,07°
5,34

0,20

0,12

0,32b¢

1,60

0,82

0,81°
4,06

0,21

4,04

2,35

0,62

0,46
0,36
0,72

8,55°¢
4,31

1,76

1,76°
0,89

0,07
0,92
0,59
0,74
2,328
1,17

0,684

2,08

3,15
0,989
1,38
2,88
1,55
2,81
11
16,6°

8,00

4,98

4,082
2,39
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0,0001

0,0031

0,0005

0,0001



Total
% of the chromatogram
NORISOPRENOIDS
a-lsophorone*
4-Oxoisophorone*
Safranal 4
B-Cyclocitral*
Edulan 114

B -lonene*

1,1,6-Trimethyl-1,2-
dihydronaphthalene*

B-Damascenone®
B-lonone epoxide*
Megastigmatrienone*
Megastigma-4,6(E),8(E)-triene*
Total
% of the chromatogram
TERPENOIDS
3-Carene*
a-Terpinene*
D-Sylvestrene*
Limonene*
Ocimene*
y-Terpinene*
1,2-Epoxylinalool*
Terpinolene*
Cis-Linalool oxide*
Limonene oxide*
Linalyl anthranilate*
Trans-Linalool oxide*
Linalool*
Hotrienol*
Cosmene*
Rose oxide*
Lilac aldehyde A*
Nerol oxide*
Eucarvone?
1-Adamantanol*
p-Menth-8-en-2-ol*
Ethyl linalool*
a-Terpineol*
Verbenone*
Eugenol*
a-Copaene *

B-Elemene*

1123
1137
1184
1208
1247
1268

1336

1368
1458
1440
1582

1004
1006
1024
1028
1035
1045
1050
1073
1076
1083
1088
1090
1091
1092
1134
1116
1135
1143
1151
1159
1164
1169
1196
1205
1341
1357
1373

0,10
1,47
2,33

0,66

1,08
5,64¢

2,79

0,90

46,10
1,39

2,14

1,37

51,92
17,75

1,58
12,30

0,54
1,24
2,12

0,218
1,06

0,43
1,24

0,67

0,23

0,74

3,32¢d
16,51

0,17
0,16
0,51

0,21

1,99
1,03
6,08

1,57

0,45
0,55
11,7°

5,89

o

9,5
341

1,14

1,45

15,5°
7,46

2,55
2,29

0,213
3,07
0,998

85

0,0001

0,0001



trans-Geranic acid* 1380 - -
Isoledene? 1389 - -
Cedrene* 1393 - -
cis-Caryophyllene* 1399 - -
p-Menth-1(7)-en-9-ol* 1403 - -
a-Caryophyllene? 1418 - -
a-Gurjunene* 1421 - -
Cyclosativene* 1424 - -
Geranyl acetone* 1435 - 0,39
B-Famesene* 1438 - 0,51
a-Muurolene* 1461 - -
a-Curcumene* 1463 - 0,52
B-Eudesmene* 1466 - -
5-Selinene* 1472 - -
y-Muurolene* 1493 - -
a-Farnesene? 1498 - 0,41
3-Cardinene* 1503 - -
cis-a-Bisabolene? 1526 - 0,71
Globulol* 1573 - -
Humulane-1,6-dien-3-ol* 1611 - -
a-Eudesmol* 1647 - -
Total 2090 184,02
% of the chromatogram 2234 9088

7,75
1,05
1,16
15,40
0,95
10,90
1,29
1,40

0,78
1,13

3,68
0,86
0,66

2,93
0,66
0,27
0,62
1,80
159,02

54,52

8,61
42,87

1,12
0,68

0,397
0,651

170,02

85,53

1,67
1,65
8,38

12,2

2,19
0,726

3,18
1,35

8,96
0,566

146,02

70,34

0,0001

Y valour of peak area count x 10, average data from triplicate injections
2 LRI: Linear retention index

3 Compounds tentatively identified by MS

4 Compounds identified by MS and LRI

-2 not detected
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Figure 1 — Response surface obtained by optimizing variables extraction time and
temperature through CCRD for responses
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ARTIGO 2

SENSORY AND VOLATILE PROFILES OF MONOFLORAL HONEYS
PRODUCED BY NATIVE STINGLESS BEES OF THE BRAZILIAN SEMIARID
REGION

ABSTRACT

Monofloral honeys produced by stingless bees M. subnitida Ducke and M. scutellaris
Latrelle in typical flowering of the Brazilian semi-arid Ziziphus juazeiro Mart
(Juazeiro), Croton heliotropiifolius Kunth (velame branco) and Mimosa arenosa willd
Poir (jurema branca) were characterized in relation to volatile and sensorial profile. It
identified 11 sensory descriptors and 96 volatile compounds. It was noticed a strong
effect of flowering in sensorial profile and volatile of honeys. Juazeiro honey stood out
with a higher characteristic aroma, taste sweet, caramel flavor and levels of aromatic
aldehydes; jurema honey has been described with herb and beeswax aroma and the
presence of sulfur compounds and ketones; volatile acids associated with acid taste,
medicinal taste and clove aroma characterized the velame branco honey. These results
demonstrate that the knowledge of the sensory and aroma profile of these honeys can
contribute to characterization of its floral and geographical identity.

Keywords: Aroma; Honey; Stingless bees; QDA; Semiarid; Volatiles
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1 INTRODUCTION

Brazil has a diverse fauna of social bees known as Brazilian native bees,
stingless bees, indigenous bees, or simply “meliponini” or “Meliponinae” bees.
Approximately 192 species of stingless bees are found in Brazil, including Melipona
subnitida Ducke (jandaira) and M. scutellaris Latrelle (urucu), which are species endemic
to the Brazilian semiarid region. In addition to producing honeys with excellent sensory
qualities that are highly appreciated for their distinctive flavors, these bees also offer
ecological benefits, including the conservation of native plants through pollination
(Silva, et al., 2013, Biluca et al., 2014, Sousa, et al., 2016 and Chuttong, Chanbang,
Sringarm & Burget, 2016).

The Brazilian semiarid region is noted for environmental conditions that favor
meliponiculture. The region has intense and diverse natural flowering, a vast land area
and climate variability that enable honey production throughout the year. Its biome has
distinct typical vegetation in both the rainy and dry seasons; together, they promote
nectar and pollen flow and enable bee colony maintenance throughout the year (Silva,
Silva, Camara, Silva, Santos & Silva, 2014 and Sousa et al., 2016). These aspects
differentiate the region because honey production is restricted to specific seasons in
other Brazilian regions and countries.

The climate variability and extremely rich flora of the Brazilian semiarid region
have enabled the production of a wide variety of honeys from stingless bees with unique
sensory qualities. However, studies characterizing these honeys are relatively recent and
are insufficient to establish their “identities” and quality standards. The lack of data has
undermined the competitiveness of the honeys in national and international markets.

Honey composition is closely associated with the botanical origin and
geographic area of production because the soil and climate determine the bee flora
(Verzera, Tripodi, Co-Urso, Dima & Marra, 2014 and Silva et al., 2016). Monofloral
honeys differ from one another in their volatile fraction compositions, which in turn
greatly affect the individual sensory characteristics of each type of honey, among other
characteristics. Volatile compounds, which primarily account for food aroma and flavor,
are present in honey at very low concentrations as complex mixtures of different
chemical classes, including monoterpenes, norisoprenoids, sesquiterpenes, benzenoids,
alcohols, esters, ketones and aldehydes (Manyi-Loh, Anip & Clarke, 2011 and Silva et
al., 2016).
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The volatile compounds present in honey usually come from flower nectar and
may be considered markers of bee-visited plants. Thus, characterization of the volatile
compound profile of monofloral honeys has been used for product classification (floral
origin characterization), and some volatile compounds may be used as specific chemical
markers for the botanical origin of the honey (Castro-Vazquez, Diaz-Maroto & Pérez-
Coello, 2007, Fuente, Sanz, Martinez-Castro & Stashenko, 2007, Castro-Vazquez,
Diaz-Maroto, Gonzalez-Vifias & Peérez-Coello, 2009, Jerkovic & Kus, 2009, Castro-
Vazquez, Leon-Ruiz, Alafion, Pérez-Coello & Gonzéalez-Porto, 2014, Karabagias,
Badeka, Kontakos, Karabournioti & Kontominas, 2014, Verzera, Tripodi, Co-Urso,
Dima & Marra, 2014 and Seisonen, Kivima & Vene, 2015).

The honey sensory profile is another tool that enables the identification of the
honey’s botanical origin. This approach has been used to complement the results from
chemical and physical analyses of honey and to assess the compliance of monofloral
honeys because it may detect botanical components untraceable by analytical methods
that change the characteristic sensory traits of the products (Piana, Persano, Bentabol,
Bruneal, Bogdanov & Declerck, 2004, Castro-Vazquez, Diaz-Maroto & Pérez-Coello,
2012 and Tahir, Xiaobo, Xiaoweli, Jiyong & Mariod, 2016).

Thus, the progress of knowledge on the sensory and chemical aspects of the
aroma and taste of monofloral honeys from the Brazilian semiarid region has made key
contributions to the establishment of the floral and geographical identities of these
honeys and the improvement of their trade competitiveness. Accordingly, the present
study aimed to characterize the volatile and sensory profiles of honeys produced by
jandaira and urugu meliponini in Ziziphus joazeiro Mart. (juazeiro), Croton
heliotropiifolius Kunth (velame branco) and Mimosa arenosa willd Poir (jurema
branca) blossoms, which stand out among the typical Brazilian semiarid region

vegetation.
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2 MATERIALS AND METHODS

2.1 Samples

Six honey samples from native stingless bees produced by the jandaira
(Melipona subnitida Ducke) and urucu species (Melipona scutellaris Latrelle) from
three different blossoms Ziziphus juazeiro Mart (juazeiro), Croton heliotropiifolius
Kunth (velame branco) and Mimosa arenosa willd Poir (jurema branca)] juazeiro
(Ziziphus juazeiro Mart), velame branco (Croton heliotropiifolius Kunth) and jurema
branca (Mimosa arenosa willd Poir)] were analyzed in a complete block design to
assess “bee species” and “blossom type” effects. Samples were collected from
meliponaries located in the Seridd region of Rio Grande do Norte state (-06°46°14°’S, -
36°44°00°°W) and the Agreste region of Paraiba state (7°10°15°’S, 35°51°14°°W), both
in the Brazilian semiarid region. Honeys were directly collected from the hives by
suction using syringes (one per colony) and then stored at a temperature of
approximately 7 °C in sterile and properly labeled glass jars prior to the tests. All
samples were produced in 2014 in the seasons specific for each blossom; thus, juazeiro
blossom honey was collected in the dry season of 2014, and the other blossom honeys

were collected in the rainy season of the same year.

2.2 Melissopalinological analysis

The melissopalinological analysis was performed to confirm the classification
and monofloral origin of the honey samples. For this purpose, 10 g of each sample was
dissolved in 20 ml of distilled water and centrifuged at 4000 rpm for 20 min. The
sediment was dried at 40 °C and then mounted on a slide with Entellan (Merck,
1.07961.0500). Pollen characterization was determined by the 500-pollen grain count
and identification in at least 4 different fields of the slide using an optical microscope
(Nikon Optiphot Il microscope; 400x and 1000x). The pollen grains were compared
with reference images from the University of Sdo Paulo (Universidade de Sao Paulo -
USP), S&o Paulo (SP), Brazil. All samples contained more than 65% pollen grains

derived from the same botanical origin.
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2.3 Extraction and volatile compound analysis

Volatile compounds were extracted by Head Space Solid Phase Micro-
Extraction (HS-SPME) using polydimethylsiloxane/divinylbenzene (PDMS/DVB)
fibers (Supelco, Bellefonte, PA, USA). The samples were prepared by mixing 10 g of
honey with 10 ml of Milli-Q water in 60-ml headspace vials sealed airtight with
polytetrafluoroethylene silicone septa (Supelco, Bellefonte, PA, USA). The system was
subjected to heating at 45 °C in a water bath for 15 minutes. After cooling, the fiber was
exposed to the sample headspace for 45 minutes under 700 rpm magnetic stirring and
then transferred to the gas chromatograph injector wherein the analytes were desorbed
for 5 minutes.

A Varian Saturn 3800 gas chromatograph coupled to a Varian Saturn 2000R
mass detector and a VF-5MS capillary column (60 m x 0.25 mm x 0.25 pm) was used to
separate and identify the honey volatile compounds. The gas chromatograph oven
temperature was set to and maintained at 40 °C for 2 min, followed by a 2 °C/min ramp
to 60 °C, a 3 °C/min ramp to 90 °C and 4 °C/min ramp to 240 °C; this temperature was
maintained for 10 minutes. The temperature was maintained at 250 °C in the injector
and detector. Helium was used as the carrier gas at a constant flow rate of 1.0 ml/min.
The mass spectrometer was operated in electron impact with a 200 °C ion source
temperature and 70 V ionization energy with a scan-to-scan variation from 29 m/z to
400 m/z at 3.33 scans/s.

The compounds were identified using the following methods: (1) comparing
their experimental mass spectra with the spectra of compounds supplied by the National
Institute of Standards and Technology/Environmental Protection Agency/National
Institutes of Health virtual library (NIST/EPA/NIH Mass Spectral Database, version
2.0, 2008), (2) comparing the linear retention indices (LRI) assessed using the retention
time of a homologous series of n-alkanes (Cs - Cas) analyzed under conditions
previously described in the literature for columns with the same polarity (Adams, 2008,
Rivellino, Hantao, Risticevic, Carasek, Pawliszyn & Augusto, 2013, Karabagias,
Badeka, Kontakos, Karabournioti & Kontominas, 2014 and Jerkovic & Kus, 2014) and
(3) comparing the mass spectra with the spectra of pure standards analyzed in the same
device under the same methodological conditions.

Compounds with mass spectra and linear retention indices compatible with the

injected pure standards analyzed under the same conditions as the isolate were
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considered positively identified. Compounds with mass spectra compatible with the
spectra provided by the device library and linear retention indices similar to those found
in the literature were considered identified compounds. Compounds with no linear
retention index available in the literature whose identification was based on the data
generated by the mass spectrometer alone were considered tentatively identified
compounds. The volatile compounds were grouped into chemical classes by calculating
the average abundances for each peak present in the chromatogram and the area

percentage for each chemical class. Each sample was injected in triplicate.

2.4 Sensory profile

The aroma and flavor profile of each honey sample was developed according to
the fundamentals of the Quantitative Descriptive Analysis (QDA®) proposed by Stone,
Sidel, Oliver, Woosley & Singleton (1974). The study was previously submitted to the
Research Ethics Committee of the Federal University of Paraiba (Universidade Federal
da Paraiba — UFPB) and approved under Certificate of Presentation for Ethical
Consideration (Certificado de Apresentacdo para Apreciacdo Etica — CAAE) number
06371012.8.0000.5188.

2.4.1. Recruitment of judges and development of descriptive terminology

Students and staff of the Federal University of Paraiba (Universidade Federal da
Paraiba) were initially recruited. We selected 20 volunteers who showed the highest
interest and willingness to participate in the sensory tests, product familiarity, ability to
use intensity scales, memory of 25 aromas from the honey Aroma Wheel suggested by
Bruneau, Barbier, Gallez & Guyot-Declerck, (2000), and ability to differentiate the
aroma of honey samples of different origins produced by stingless and stinging bees
using a series of triangle tests (ASTM, 2004 and Meilgaard, Civille & Carr, 2006).

The 20 judges selected using the previously described tests developed the
descriptive terminology for honey samples using the Repertory Grid Keily’s Method
reported in Moskowitz (1983). All samples were served in disposable cups coded with
random three-digit numbers at 25 °C. The samples were offered to the judges to allow
them to indicate the terms that best described the similarities and differences in the
aroma and flavor traits between samples. Then, the judges met in groups under the

supervision of a moderator and consensually defined the terms describing the samples.
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This process generated 7 aroma descriptors, 2 flavor descriptors and 2 taste descriptors
and a list with the definitions of each term and references. A sample descriptive
assessment form was also prepared wherein the descriptors consensually generated by
the sensory panel were associated with 9-cm non-structured scales anchored with the

intensity terms “none/weak” and “strong” on the left and right ends of the scale.

2.4.2 Training and selection

Several judge training sessions were conducted using the references generated in
the previous step, the descriptor definitions, stingless bee honey samples and a fact
sheet. All judges were asked to evaluate six honey samples in four replicates at the end
of the training step using the fact sheet. The samples were evaluated in different
sessions, with only three samples served in each session.

The data generated by each judge in each trait were evaluated by a two-factor
(sample and replicate) analysis of variance (ANOVA). Judges with suitable
discriminative powers (pF samples < 0.1), good reproducibility in trials (pF replicates >
0.05) and a consensus with the team in at least 80% of the descriptors were selected to
form the final descriptive team (ASTM, 2004).

2.4.3 Sample evaluation

The 8 judges selected and trained as described in the previous steps evaluated
the honey samples of interest in the present study in 3 replicates using the descriptive
evaluation form developed in the previous step. Only 3 samples were evaluated in each
session, which balanced the order of presentation between judges and sessions.

2.5 Statistical analysis

The sensory data were evaluated by ANOVA with the following sources of
variation: bee, blossom and interaction between the bee*blossom effects. Tukey’s test
was used to compare the means. Principal component analysis (PCA) was applied to the
chemical and sensory data using the statistical software Statistical Analysis System
(SAS®, 2015).
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3 RESULTS

3.1 Sensory profiles of “Melipona” honey

Table 1 outlines the F and pF values of each sensory descriptor of honey
regarding the “blossom”, “bee species” and “blossom*bee” interaction effects. The
“blossom” variable had a significant (p<0.0001) effect on all aroma and flavor sensory
descriptors, whereas the “bee” variable only had a significant effect on the following
descriptors: characteristic (p=0.0016), floral (p<0.0001), medicinal (p=0.0042), clove
(p<0.0001) and herbaceous aroma (p=0.0001).

Table 1 indicated that the caramel aroma and beeswax, acid and sweet tastes,
and caramel flavor scores were only affected by the blossom because both pFbee and
pFblossom*bee were higher than 0.05 for these descriptors. The blossom effect on each
descriptor is shown in Table 2. The juazeiro blossom honeys were significantly (p<0.05)
sweeter and had stronger aromas and caramel flavors than the other blossom honeys. In
contrast, the velame blossom honeys were more acidic and less sweet (p<0.05).

The aforementioned results corroborate the results reported by Sousa et al.
(2016), who examined monofloral honeys produced by jandaira and urucu bees in
juazeiro, sensitive plant, velame branco and jurema branca blossoms from all Brazilian
semiarid regions and verified that the bee species had no significant (p<0.05) effect on
the sweet taste, characteristic honey flavor, and aroma and acid taste intensity of honeys
of the same floral origin. These researchers also observed that the juazeiro honeys had a
stronger honey aroma and sweeter taste than the other honeys, whereas the sensitive
plant and velame branco blossom honeys had stronger aromas and acid tastes in both
bee species (jandaira and urugu).

Table 1 indicates the occurrence of a significant interaction between the
blossoms and bee species regarding the following descriptors: characteristic (p=0.0014),
floral (p<0.0001), medicinal (p=0.0003), clove (p<0.0001) and herbaceous aroma
(p=0.0279), and medicinal flavor (p=0.0099). This finding indicated that the blossom
had a different effect on each bee species for these sensory descriptors, as shown in
Figure 1.

Figure 1 clearly shows that the blossom had a much stronger effect on the honey
aroma and flavor scores, even for scores significantly (p<0.05) affected by the bee

species. The only exception was the floral aroma, which was stronger in the velame
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blossom honey produced by the jandaira bees than in the honey produced by the urucu
bees.

Table 3 outlines the average intensity of each descriptor for each sample
evaluated by the sensory panel. Table 3 and Figure 1 show that the juazeiro blossom
honeys had a significantly (p<0.05) stronger characteristic aroma, caramel aroma, sweet
taste and caramel flavor than the jurema branca and velame branco blossom honeys
regardless of the bee species. The jurema branca blossom honeys had a significantly
(p=<0.05) stronger beeswax and herbaceous aroma, whereas the velame blossom honeys
had significantly (p<0.05) higher medicinal aroma, medicinal flavor and acid taste
scores than the honeys produced from the other blossoms, regardless of the bee species.
The herbaceous aroma of the jurema branca blossom honey produced by the urucu bees
was significantly (p< 0.05) stronger than the herbaceous aroma of the honey produced
by the jandaira bees.

Figure 2 shows the results from the principal component analysis (PCA) of the
sensory data, which accounts for 93.5% of the total sensory profile variation between
samples. In this figure, sensory descriptors are represented by vectors, which indicate
their importance for sample segmentation and the direction of the increase in descriptor
intensity when decomposed in each axis. The samples are represented by triangles
whose vertices correspond to each replicate performed by the sensory panel. Similar
samples occupy nearby regions, whereas samples with different sensory profiles occupy
regions farther apart from one another. The sample position in relation to the axis and
vectors indicates descriptors with higher or lower scores in each sample compared with
the other samples (Biasoto, Netto, Marques & Silva, 2014).

The analysis in Figure 2 shows a visible separation between the honeys of three
botanical origins. The honeys produced by the same blossom occupy regions close to
one another regardless of the bee species. The juazeiro blossom honeys had sensory
profiles that were quite similar to one another and were different from the samples
associated with the other blossoms, as shown in Figure 2. Their positions in Figure 2
suggest that they typically have a stronger characteristic and caramel aroma, sweet taste
and caramel flavor. These differences from the other samples were significant at
p<0.05, as shown in Table 3.

Figure 2 also suggests that the jurema branca blossom honeys had sensory

profiles that were very similar to one another and were different from the profiles of the
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other blossoms regardless of the bee species; these honeys showed higher herbaceous
aroma and beeswax scores. The significant differences at p<0.05 are outlined in Table 3.

The velame branco blossom honey samples also occupied regions close to one
another in Figure 2, which indicated that they had sensory profiles that were similar to
one another and different from the other samples. Figure 2 suggests that these honeys
typically have a significantly (p < 0.05) stronger clove aroma, medicinal aroma and
flavor and acid taste than the other samples, as outlined in Table 3. However, the
distance between the velame blossom honey produced by jandaira bees and the honey
produced by urucu bees suggested that the bee species had a significant effect on the
honey sensory profile, as shown in Figure 2. The sample produced by the jandaira bees
occupied the rightmost position in axis 1 of Figure 2, which indicated that this sample
had a stronger floral and clove aroma, medicinal aroma and flavor, and acidity than the
honey produced by the urucu bees. All differences are significant at p<0.05 with the

exception of the acid taste, as shown in Table 3.

3.2 Volatile profile of “Melipona” honey

A total of 96 different volatile compounds belonging to the following chemical
classes were identified in the six samples of stingless bee honey tested: terpenes (28
compounds), esters (17), norisoprenoids (9), acids (9), alcohols (6) hydrocarbons (5),
benzene compounds (5), furans (5), sulfur compounds (5), ketones (4) and aldehydes (3;
Table 4). Only two of the 96 compounds (hotrienol monoterpene and safranal
norisoprene) were present in all of the tested honey samples.

A total of 44 compounds were detected in the honey samples from the jurema
branca blossoms produced by the urucgu species, whereas 33 compounds were detected
in the honey produced by the jandaira bees; thirty-two of the compounds were detected
in both honeys as shown in Table 4. All of the compounds detected in the honey
produced by the jandaira bees were also present in the urugu honey with the exception
of the a-pinene monoterpene. A total of 38 and 29 compounds were detected in the
velame blossom honey samples produced by the urucu and jandaira bees, respectively,
including 21 compounds detected in both honeys. A total of 26 and 28 compounds were
detected in the blossom juazeiro honey samples produced by the urugu and jandaira

bees, respectively, including 19 compounds detected in both honeys.
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The volatile compound profiles mostly varied from sample to sample (Table 4);
the qualitative diversity was clearer in honeys of different botanical origins than in
honeys produced by different bee species from the same blossom. However, these
profiles were not uniform for samples from the same blossom produced by different bee
species, possibly because by definition honey could be considered monofloral when it
contained 45% pollen from the same plant. Thus, the honey can maintain the same
melissopalinological classification even if 55% of the pollen composition varies, which
will result in different compositional profiles (Jerkovic & Kus, 2014).

The sources of variation for the “blossom™, “bee” and “blossom*bee” interaction
effects on the sample volatile compound profiles are outlined in Table 5. The analysis of
the table showed that the “bee*blossom” interaction had a significant (p<0.05) effect on
nearly all of the chemical classes identified in the honeys, including acids (p=0.0027),
alcohols (p=0.0306), aldehydes (p=0.0109), esters (p<0.0001), hydrocarbons
(p<0.0001), norisoprenoids (p<0.0001), terpenes (p<0.0001) and sulfur compounds
(p<0.0001). This result indicates that the effect of the blossom on the chemical classes
in the honey volatile profile is uneven and varies according to the bee species and vice-
versa for almost all chemical classes (Table 5).

The ketone and furan classes were affected by the bee species and blossoms,
albeit without the bee*blossom interaction. In this case, the “bee” and ‘“blossom”
variables were independent [i.e., the effect of one variable on the honey volatile profile
(e.g., the bee species) was not affected by variation in the other variable (e.g., the
blossom type)]. Indeed, Table 4 shows that the honeys produced by urucu bees had a
higher ketone content than the honeys produced by jandaira bees in all botanical origins.

Most compounds belonging to the furan class (particularly furfural and 5-
hydroxymethylfurfural) have been used as classic indicators of heating, inadequate
storage and honey adulteration with inverted sugar because these compounds are found
at very low quantities in fresh honeys (Risner, Kisser & Dube, 2006, Amri & Ladjama,
2013 and Karabagias et al., 2014). However, tropical honeys may be naturally rich in
these compounds without honey overheating or adulteration. This effect results from the
unique climatic characteristics of the tropics region (Marchini, Moreti & Otsuk, 2005),
where the ambient temperatures reach up to 40 °C. In honey, the formation of furans
(particularly the aforementioned furans) depends on the type of sugar, pH, water activity
and beehive conditions (Rizelio, Gonzaga, Borges, Micke, Fett & Costa, 2012). Castro-

Vazquez et al. (2012) found a significant increase in the furaneol and 2-furanmethanol
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concentrations in honeys stored at 40 °C when studying volatile profile changes in
honeys stored at different temperatures.

The chemical class of benzene compounds was unaffected by the bee species
(p=0.1171) or “blossom” type (p=0.3222).

The juazeiro blossom honey produced by jandaira bees had higher alcohol,
aldehyde, hydrocarbon and norisoprenoid contents than the other samples (Table 4).
According to Moreira, De Maria, Pietroluongo, Luiz & Trugo, (2010), the hydrocarbons
present in honey may derive from flower nectar, insect exudates collected by the bees
and transformed into honey, or even beeswax. The aldehyde chemical class was only
found in juazeiro blossom honeys and was present at higher concentrations in the
samples produced by jandaira bees. Benzaldehyde and benzeneacetaldehyde, which are
present in both samples, reportedly have a pleasant “honey” aroma according to several
studies. Benzeneacetaldehyde is a volatile compound with a strong odorous power and
low threshold (4 ppb) (Blank, Fischer & Grosch, 1989, Castro-Vazquez et al., 2007 and
Karabagias et al., 2014). The occurrence is relevant because the juazeiro blossom
honeys had a stronger “characteristic aroma” according to the trained sensory panel,
suggesting a relationship between these aromatic aldehydes and the perception of the
characteristic honey aroma in the present study.

The honey produced by the urugu species in jurema branca blossoms had a
higher concentration of sulfur compounds, which differentiated this honey from the
other samples. The 2-propyl thiazole and 2-butyl thiazole compounds present in the
honey produced by the urugu species and the presence of safranal, hexanol, limonene,
a-farnesene and 4-cardinene may have contributed to the herbaceous aromas perceived
by the sensory panel in the honeys produced in the jurema branca blossoms. These
compounds reportedly have an ‘“herbaceous”, ‘“green”, or ‘“grass” aroma
(www.odour.org.uk).

Velame blossom honeys typically have higher concentrations of acids than other
honeys (Table 4), which may explain why these honeys have a stronger acidic taste than
other honeys (Table 3). In honeys, acids have different aromas that range from spicy to
rancid depending on the length of the molecule’s carbon chain. Short-chain acids,
including acetic acid, have spicy flavors and aromas, whereas long-chain acids are
associated with a rancid aroma (Barra, Ponce-Diaz & Vengas-Gallegos, 2010 and
Manyi-Loh et al., 2011). Honey acidity derives from two sources: organic acids of

different nectar origins and D-glucose oxidase enzymatic activity, which catalyzes the
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conversion of D-glucose into gluconic acid (Abadio Finco, Moura & Silva, 2010 and
Belay, Solomon, Bultossa, Adgaba & Melaku, 2013). Honey acidity may also be caused
by bacterial activity during the product maturation stage and its mineral content
(Algarni, Owayss & Mahmound, 2012 and Pasini, Gardini, Marcazzam & Carboni,
2013).

The sensory analysis of the velame honeys showed that they typically had a
stronger clove aroma than the other samples in addition to a stronger acidic taste (Table
3). The volatile profile outlined in Table 4 showed that the velame honeys were the only
honey with methyl eugenol in their compositions. This volatile compound is considered
a characteristic impact compound that accounts for the “clove”, “spicy” and ‘“hot”
aromas of several products (www.odour.org.uk). Although the data on the chemical
composition of flower extracts or essential oils of the Croton heliotropiifolius (velame)
species are scarce, several species of the same genus, including Croton adamantinus,
Croton zehntneri, and Croton malambo, have shown that this phenyl terpenoid is one of
the main chemical constituents of essential oils (Colorado, Duarte, Munoz & Stashenko,
2010, Ximenes et al., 2013 and Cabral, Campos, Fonteles, Santos, Cardoso &
Nascimento, 2014).

Figures 3A and 3B show the results from the principal component analysis that
was applied to the abundance data on the chemical classes of the volatile compounds of
the honey samples in the present study. Together, both figures account for 76% of the
variation between samples. Figure 3A shows the position of the velame blossom honey
produced by jandaira bees and suggests that this honey stands out among the other
honeys due to its higher concentration of esters, as shown in Table 4. In turn, the honey
produced by jandaira bees from juazeiro blossoms differed from the other honeys
because it had a higher concentration of aliphatic hydrocarbons, norisoprenoids,
aldehydes and alcohols, as shown in Table 4. The differences between the sensory
profiles of both honeys produced by jandaira bees highlight the blossom effect on the
product’s volatile composition.

Figure 3B shows the variation of samples based on principal component 111 (PC
IIT) of the PCA. In the present study, PC III is strongly associated with the sample’s
acid, ketone and sulfur compound concentrations. Figure 3B shows that the more
positive PC 1l values are indicative of higher sample acid and ketone concentrations.
Thus, the results shown in Figure 3B indicate that the velame and juazeiro samples

produced by the urugu bees have higher acid and ketone concentrations, as shown in
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Table 4. Similarly, Figure 3B also suggests that the Jurema blossom honey produced by
the urucu bees has a higher sulfur compound concentration, as shown in Table 4.

The maintenance of the same volatile compound profiles in honeys from the
same floral origin was previously reported by Bicchi, Belliardo & Frattini, (1983), who
observed the same chromatographic profile of volatile compounds of honeys from the
Piedmont region in different harvest years. However, the accumulation of
phytochemicals and the precursors of volatile components, including carbohydrates,
phenols and volatile organic compounds, depends on the climatic conditions and soil
characteristics. Thus, differences between honeys with the same botanical origin
produced by different species in different regions are presumably associated with
different nectar or pollen compositions, which have the strongest effects on the
chemical composition of the honey (Castro-Vazquez, Leon-Ruiz, Alafion, Pérez-Coello
& Gonzalez-Porto, 2014 and Jerkovic & Kus, 2014).

Few studies have correlated the chemical constituents of flower extracts or
nectar with their compositions in honeys. Generally, only partial similarities between
the volatile constituents of nectar, flower extracts, and honeys have been found.
Differences between honey and flower extracts are expected because the honey aroma
compounds are constituents of various flower and plant parts. Partial qualitative
similarities were also found in studies evaluating the nectar and essential oil

compositions in honey (Jerkovic & Kus, 2014).

4 CONCLUSION

In the present study, the blossom botanical origin had a stronger effect on the
aroma and flavor profile of the honeys than the producing bee species. The juazeiro
blossom honeys had a higher sweetness and stronger caramel aroma and flavor. These
honeys also had a more characteristic honey aroma, which might be associated with the
benzaldehyde and benzeneacetaldehyde compounds that were only present in the
honeys produced in this blossom. Future studies should corroborate that both volatile
compounds may be markers of this blossom and desirable compounds in honey.

The velame blossom honeys typically showed a strong medicinal taste, clove
aroma and higher acid concentration than the other honeys. The velame blossom honeys
were the only honeys that had the volatile compound methyl eugenol in their
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composition regardless of the bee species (jandaira or urucu). This volatile compound is
considered a characteristic impact compound that accounts for the “clove” aroma of
several products and is considered a candidate chemical marker of velame blossom
honeys; this finding needs to be confirmed in future studies.

Finally, the compounds hexanol, limonene, a-farnesene and &-cardinene, which
are usually reported to have a “green” and “grass” aroma, may have contributed to the
generation of the herbaceous aromas perceived with higher intensity by the sensory
panel in the jurema branca blossom honeys. Future studies should assess whether these

compounds are chemical markers of that blossom.
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Table 1 - F and pF ANOVA values of the sources of variation in the “blossom”, “bee
species” and “blossom*bee” interaction for each descriptor of “Melipona” honey from

the Brazilian semiarid region

Sensory Blossom Bee species Blossom*Bee
descriptors F p F p F p

AROMA

Characteristic 32410 <.0001 10.31 0.0016 6.82 0.0014
Caramel 315.86 <.0001 041 0.5239 1.55 0.2154
Beeswax 615.43 <.0001  0.06 0.8092 0.62 0.5381
Clove 282.89 <.0001 138.33 <.0001 121.20 <.0001
Floral 152,12 <.0001 110.54 <.0001 118.02 <.0001
Herbaceous 272.05 <.0001 15.60 0.0001 3.65 0.0279
Medicinal 49441 <.0001  8.40 0.0042 8.35 0.0003
FLAVOR/TASTE

Acid 225.00 <.0001 0.23 0.6319 1.27 0.2836
Caramel 423.31 <.0001 1.19 0.2765 0.43 0.6524
Sweet 703.12 <.0001 0.30 0.5819 0.21 0.8104
Medicinal 621.56 <.0001 0.04 0.848 4.73 0.0099
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Table 2 - Blossom effects on the mean intensity’? of the aroma, flavor and taste scores

of “Melipona” honey from the Brazilian semiarid region

Blossom Aroma Flavor/Taste

Caramel Beeswax Acid Caramel Sweet
Velame branco  1.471c 0.946 b 6.837a 0.437c 5.131c
Juazeiro 4.384 a 0.865b 1420c 4.332a 8.814 a
Jurema branca 2.943 b 4,920 a 3.465b  2.078Db 6.462 b

IMeans with the same letters in the same column are not different from one another at p<0.05.
2For the beeswax trait: 0 = none and 9 = strong. For the caramel aroma, acid taste, sweet taste, and
caramel flavor traits; 0 = weak and 9 =strong.
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Table 3 - Mean intensity of the aroma and flavor/taste descriptors of honeys produced

by two “Melipona” species from three blossoms of the Brazilian semiarid region

Sensory descriptors

Velame branco

Juazeiro

Jurema branca

Urucu Jandaira Urugu Jandaira Urucu Jandaira
Aroma! Characteristic® 39c¢ 3.1d 66a 6.6a 49b 49D
Caramel® 16¢c 13c 44a 43a 29b 3.0b
Beeswax? 09b 1.0b 09b 08b 49a 50a
Clove? 12b 39a 04c 05c 05¢c 05¢c
Floral® 24c 49a 31b 3.0b 20d 21d
Herbaceous? 1.7¢ 0.8d 0.7d 0.6d 43a 38D
Medicinal® 43b 53a 09c 10c 11c 11c
Flavor/Taste’ Acid® 71a 6.6b 1.3d 1.5d 35¢c 34c
Caramel® 05c 03c 44a 42a 21b 21b
Sweet® 51c 5l1lc 88a 88a 6.4b 65b
Medicinal® 39b 43a 13c 1.0c 0.7d 0.6d

IMeans with the same letters in the same row are not different from one another at p<0.05,

2For the beeswax, clove and herbaceous trait: 0 = none and 9 = strong,

3For the caramel aroma, floral aroma, medicinal aroma, acid taste, sweet taste, and caramel flavor traits: O

= weak and 9 =strong.
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Table 4 — Volatile compositions of the velame, elegant mimosa and jua blossom honeys

produced by the true urucu and jandaira species.

“Peak Area Count x 10%”1

Compound LRI? Velame branco Juazeiro Jurema branca
Urucu  Jandaira Urugu  Jandaira Urucu Jandaira
ACIDS
Ethanoic acid® <800 11.20 6.72 - 1.56 2.26 0.63
Propanoic acid°® <800 - 1.11 - - - -
Octanoic acid® 1186 - - - - 0.30 -
Decanoic acid® 1375  0.22 - - - - -
Dodecanoic acid® 1530  0.45 - - - - -
Tetradecanoic acid® 1764  2.02 0.80 - - - -
Pentadecanoic acid® 1862  0.17 - - - - -
Hexadecanoic acid® 1967  6.88 5.91 - - - -
Octadecanoic acid® 2167 1.36 - - - - -
Total area 22.3 14.54 - 1.56 2.56 0.63
% area 35.40 12.13 - 0.70 3.82 3.20
Number of compounds n=7 n=4 n=0 n=1 n=2 n=1
ALCOHOLS
2-Methyl-1-Butanol® <800 0.70 - - - 0.32 -
Pentanol® <800 0.65 - - - 0.65 0.35
2,3-Butanediol® 807 - - 0.89 9.39 0.33 -
Hexanol® 850 - - - - 3.91 0.27
Octanol® 1075 1.25 0.47 - - 1.71 0.46
Nonanol® 1162 0.72 - - 26.3 1.55 0.50
Total area 3.32 0.47 0.89 35.69 8.47 15
% area 5.27 0.39 1.87 15.91 12.62 8.04
Number of compounds n=4 n=1 n=1 n=2 n==6 n=4
ALDEHYDES
Benzaldehyde? 961 - - 0.14 0.84 - -
Benzeneacetaldehyde® 1031 - - 0.29 2.53 - -
Lilial® 1522 - - - 1.69 - -
Total area - - 0.43 5.06 - -
% area - - 0.90 2.26 - -
Number of compounds n=0 n=0 n=2 n=3 n=0 n=0

BENZENOID COMPOUNDS

Toluene® <800 0.36 - - - - -
p-Xileno® 850 0.15 - - - - -
Styrene® 875 - - - - 0.54 0.73
4-Methyl-1- 1007 1.62 15.40 - - - -
methoxybenzene®

2,5-dimethy-phenollP 1020 - - 0.81 8.64 - -
Total area 2.13 15.40 0.81 8.64 0.54 0.73
% area 3.38 12.85 1.70 3.85 0.80 3.71
Number of compounds n=3 n=1 n=1 n=1 n= n=1
KETONES

2-Heptanone® 881 - - - 0.49 - -
4-Undecanone® 1202 - - - - 0.24 0.07
2-Tridecanone® 1492  0.94 - 1.35 - - -
2-Pentadecanone® 1688  0.58 0.31 - - - -
Total area 1.52 0.31 1.35 0.49 0.24 0.07
% area 2.42 0.26 2.84 0.22 0.36 0.36
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Number of compounds

ESTERS

Methyl Etanoate®
Ethyl acetate®

Ethyl Propanoate®
Propyl Acetate®

Ethyl Butanoate®
Ethyl Pentanoate®
Ethyl Benzoate”
Ethyl Octanoate®
Ethyl 2-
phenylethanoate®
Phenylethyl Acetate®
Ethyl Nanoate®
Nonanyl Acetate®
Ethyl Decanoate®
Ethyl 4-
methoxybenzoate®
Ethyl Dodecanoate®
Ethyl Tetradecanoate®
Ethyl Hexadecanoate®
Total area

% area

Number of compounds

FURANS
Furfural®
2-Furanmethanol®
Isomaltol®
Furaneol®

5_

Hydroxymethylfurfural®

Total area
% area
Number of compounds

HYDROCARBONS
Pentane®

Heptane®

OctaneP

Hexadecane?
Tricosane®

Total area

% area

Number of compounds

NORISOPRENOIDS
a-Isophorone®
Safranal®

Edulan 11°

Edulan | dihydro®
a-lonene®
1,1,6-Trimethyl-1,2-
dihydronaphthalene®
B-Damascenone®
B-lonone epoxide®
B-lonone®

Total area

% area

<800
<800
<800
<800
802

891

1158
1186
1223

1236
1280
1296
1396
1420

1595
1782
1994

836
860
989
1052
1234

<800
<800
800

1598
2398

1123
1184
1247
1267
1274
1336

1368
1458
1477

1.42

0.19
0.88

0.41

0.15

0.23

0.18

0.34
3.8

6.03
n=38

0.68

0.68
1.08
n=1

4.89

27.66
23.08
n==6

8.18
5.01

3.39
2.50
19.08

15.92
n=4

2.50
2.57
5.07

10.66
n=2

0.09

0.09
0.19
n=1

7.04
0.78

242
1.44

4.80
2.00

18.48
38.86

5.18
1.09
4.34

10.61
4,73
n=3

2.58

2.11
1.61
6.3

2.81
n=3

33
6.5
10.2
251

25.2
5.27

105.27
46.93

n=1

0.36

0.28
0.34
2.61
0.73
1.36

2.03
0.58
2.30

0.68

2.19
0.32
0.47
14.25
21.24
n=13

3.87

0.57

4.44
6.62

n=1

0.46
0.08
0.38
0.53
0.80
1.02
0.82

1.29

0.76

0.33
6.47
32.91
n=10

0.06

0.06
0.31
n=1

1.24

0.53

1.77
9.00

113



Number of compounds

SULFUR

Thioacetic S-acid®
Methanethiol®
Thiazolidine®
2-Propylthiazole®
2-Butylthiazole®

Total area

% area

Number of compounds

TERPENOIDS
a-Pinene®
a-Terpinene?
D-Sylvestrene®
Limonene?
Ocimene®
y-Terpinene®
Cis-Linalool oxide?
Trans-Linalool oxide®
Linalool?
Hotrienol?
Isothujol®
2,6-Dimethyl-1,3,5,7-
octatetraene®

Nerol oxideP
1-Adamantanol®
a-Terpineol®
Pulegone®
2,6-Diemtyl-3,7-
Octadiene-2,6-diol®
a-Copaene®
Cedrene®

Methyl EugenolP
a-Caryophyllene?
B-Caryophyllene?
a-Aromade-reneP
B-Selinene®
a-Farnesene®
5-Cardinene®
Eremophylene®
B-Guaiene®

Total area

% area

Number of compounds

<800
<800
902
980
1040

926

1004
1024
1028
1035
1045
1076
1088
1091
1092
1128
1134

1143
1159
1196
1238
1330

1357
1393
1341
1418
1421
1439
1440
1498
1503
1526
1485

16.79
26.66
n=7

n=2

33.01
27.54
n=10

n=6
8.32
8.32

17.49
n=1

n=6
2.47
2.47

1.10
n=1

n=2

6.33
5.07
7.60
19
28.32
n=3

n=2

0.08
0.16

0.33
0.78
0.17
2.59
0.50

8.35
42 .47
n=13

! Peak area count values, mean data from triplicate sample injection;

2 LRI: Retention index in the VF-5MS column;

-2 Undetected compound;

@ Positively identified compounds;

b 1dentified compounds;

¢ Tentatively identified compounds.
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Table 5: F and pF ANOVA values of the sources of variation for the “blossom”, “bee”

and “blossom*bee” interaction

Atributos Blossom Bee Blossom*Bee
F P F p F P

Acids 169.05 <.0001 10.00 0.0082 10.05 0.0027
Alcohols 2.71  0.1072 1.87 0.1970 4.73 0.0306
Aldehydes 9.48 0.0034 6.74 0.0234 6.74 0.0109
Benzenoids 1.25 0.3222 2.85 0.1171 0.82 0.4650
Ketones 578 0.0175 12.45 0.0042 2.04 0.1721
Esters 65.78 <.0001 21.86 0.0005 71.72 <.0001
Furans 3.95 0.0481 6.92 0.0219 3.24 0.0752
Hydrocarbons 19.13  0.0002 19.17 0.0009 26.02 <.0001
Norisoprenoids ~ 53.82 <.0001 29.73 0.0001 34.01 <.0001
Sulfur 66.13 <.0001 129.81 <.0001 83.35 <.0001
Terpenoids 4797 <.0001 95.85 <.0001 79.52 <.0001

115



4 Characteristic
B o«
g 74 .
= + # Juazsiro
5 b 4
E 5 [ 4 Jor=ma
Bod
g, “‘-—‘__\__‘ Velame
3
E 71
1 4
0=
URUCU JANDATRA
Floral
]
& 8 1
5 1
£ o
é 54 Valams
2o /
% 3 * :]t.a.za-ir{}
E 24 ( l Jurama
14
D + -
URUCU JANDAIRA
. Medicinal Aroma
5 ¥
Brd
5
ER
E3 r/—"‘-—ﬂlﬂla
25
ENE
=
o 34
11 Jurama
14 ¥ Wazeivo
0+ - :
URLUC JANDAIRA

Intensity descriptor

Intensity descriptor

Intensity descriptor

Clove

Velame
Juazairo
» - A luramaz
URUCU JANDATRA
Herbaceous
—
—8 Jurema
‘\‘ Valame
hd ¥ Juazsiro
URUCU JANDATRA

Medicmal Flavour

A —A " zlame
—
— Juazsiro
[ Jurama
URUCU JANDAIRA

Figure 1 — Effects of bee and blossom species on descriptors with significant

blossom*bee interactions.
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Figure 2 — Principal component analysis of the aroma, flavor and taste descriptors of the

elegant mimosa, jua and velame blossom honeys produced by the jandaira and true

urugu stingless bees.
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components | and Il and (B) sample variation regarding principal components | and I11.
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ARTIGO 3:

IDENTIFICATION OF IMPORTANT VOLATILE COMPOUNDS FOR
MELIPONA HONEY AROMA

ABSTRACT

The quality and power of each odorous volatile present in the headspace of unifloral
honey velame branco (Croton heliotropiifolius Kunth) prepared by stingless urucu (M.
scutellaris Latrelle) were evaluated using the GC-olfactometry Osme technique. Five
trained panelists evaluated the sensory chromatographic effluent in three replications,
and the results were integrated by SCDTI software. Of the 42 compounds identified in
the chromatogram, 17 odorous stimuli were detected by the sensory panel. Among these
compounds, the most odoriferous impact were pentanoate acetate "ripe fruit" safranal
"green, medicinal plant” and methyl eugenol "clove, tea." Acetic acid was volatile
odoriferous identified denied single impact. The furanel compounds hotrienol and
benzaldehyde showed aroma notes associated with honey. These results are important
since, in addition to reveal the presence of compounds which are not identified by other
analytical methods, can also assist in the verification of monofloral honeys compliance.

Keywords: GC-O, Osme, urugu, velame branco
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1 INTRODUCTION

Brazil has a noteworthy beekeeping potential due to its typical, diversified flora,
large area and climatic variability. The semiarid northeast region of Brazil is notable for
its favourable environmental conditions for beekeeping as well as its endemic stingless
bee species, also known as Melipona, including the Melipona scutellaris Latrelle
species (‘urugu’). The honeys produced by these bees have unique characteristics and
high commercial value due to their bioactive compounds, which are widely used in
traditional medicine. However, quality standards for these honeys in regard to their
physicochemical and sensory characteristics have yet to be established, as the quality
standards currently available for honey are based on the characteristics of the honey
from Apis bees (SOUSA et al., 2013; SOUSA et al., 2016).

Each type of honey has a highly specific aroma profile due to its volatile
composition, which includes tens to hundreds of compounds derived from the original
nectar and the climatic conditions of the geographic region where the beehive is located.
Currently, more than 600 volatile compounds have been identified, and their different
profiles have been studied by many authors for use as a digital fingerprint of the product
when determining its floral and/or geographic origin (KARABAGIAS et al., 2014;
SEISONEN et al., 2015; SILVA et al., 2016).

Among the volatile compounds identified in food products, many are odourless,
and only a small fraction has a significant impact on the aroma and flavour of the
product (SAMPAIO et al., 2015). Hence, to complement the identification of volatiles
through instrumental methods such as gas chromatography (GC) or mass spectrometry
(GC-MS), the identification of important volatiles for the aroma and flavour of food
products requires the use of techniques that associate chromatography with
olfactometry, known as GC-olfactometry or GC-O. Among the different GC-O
techniques, the Osme technique enables quantification of the perceived aroma intensity
over time, i.e., the rate, duration and intensity of the aroma, using a time-intensity scale
(GARRUTI et al, 2003; SAMPAIOQ et al., 2013).

Studies performed by our research group on the sensory and volatile profiles of
monofloral honeys produced by stingless bees from typical flowers of the semiarid
northeast region of Brazil indicated a strong effect of the flowers on the sensory and
volatile profiles of the honeys (COSTA et al., 2016). The honey from Croton

heliotropiifolius Kunth (‘velame branco”) flowers stood out in the volatile profile due to
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the presence of acids associated with the acidic taste, in addition to being described as
having a medicinal flavour and a clove, floral and medicinal odour. In this context, the
aim of this study was to understand the odoriferous impact of volatile compounds from
the monofloral ‘velame branco’ honey produced by stingless bees by applying the Osme

GC-Olfactometry technique.

2 MATERIALS AND METHODS

2.1 Sample

The honey used in this study was produced by the stingless bee ‘urugu’
(Melipona scutellaris Latrelle) during the ‘velame branco’ (Croton heliotropiifolius
Kunth) blooming period in an apiary located in the State of Paraiba, Brazil (7°10°15°’S,
35°51°14°W), which lies in the semiarid region of Brazil. The honey was directly
collected from the beehives following the procedure described by Costa et al. (2016).
The melissopalynological analysis was performed according to Sousa et al. (2016) and
indicated that the sample contained more than 65% pollen grains from the botanical

source.

2.2 Analysis of the volatile compounds

The volatile compounds were extracted by headspace-solid phase
microextraction (HS-SPME), and PDMS/DVB fibre was used (Supelco, Bellafonte, PA,
USA). The extraction conditions were as follows: equilibration time of 15 minutes,
extraction time of 45 minutes, extraction temperature of 45°C, magnetic stirring at 700
rpm and desorption time of 5 minutes.

For the separation and identification of the volatile compounds of the honey
sample, a Shimadzu (GC2010) gas chromatograph was used, coupled to a mass
spectrometer (QP2010) and an Rtx-5 column (60 m x 0.25 mm x 0.25 pm). The
chromatographic conditions were as described by COSTA et al. (2016).

The compounds were identified by comparison of their experimentally obtained
mass spectra with the compound spectra provided by the NIST database
(NIST/EPA/NIH Mass Spectral Database, version 2.0, 2008), comparison of the linear

retention indices (LRIs) with the values described in the literature for columns with the
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same polarity (ADAMS, 2008; KARABAGIAS et al., 2014; JERKOVIC et al., 2014)

and comparison of the mass spectra with the spectra of pure standards.

2.4 GC-Olfactometry

The technique used to determine the odoriferous importance of the volatile
compounds of honey was the Osme approach (DA SILVA et al., 1992). A Varian-CP-
3800 gas chromatograph was used and was adapted with an olfactometry system and
operated under the conditions described in section 2.3, with the difference that the
chromatography column was connected to a flow divider, which directs the effluent
from the column to a disconnected column and then to the judge’s nose. An ODO Il
system (SGE brand) was used to direct the effluent from the column to the judge’s nose,
in addition to humidifying and warming the tube through which the deactivated column
passed.

Five previously selected and trained judges evaluated the output effluents of the
chromatography column in triplicate. Using a scale displayed on the computer monitor
and the data collection software Time-Intensity Data Collection System (Sistema de
Coleta de Dados Tempo-Intensidade — SCDTI) (SAMPAIO et al., 2013), the judges
recorded the intensity and duration time of each olfactory stimulus, also describing to
the researcher the quality of the perceived odour. The odour intensity was evaluated
using a 10-cm unstructured scale, anchored at the left and right ends with the intensity
terms “none” and “strong”, respectively.

A consensus aromagram was generated for the ‘velame branco’ honey,
considering all peaks detected at least twice by at least three judges. Using the same
chromatographic conditions previously described, a chromatogram was also generated
by a flame ionization detector (FID) for the stingless bee honey. Finally, by comparing
the aromagrams with the chromatograms obtained by GC-FID, along with the
identification of volatiles by GC-MS, it was possible to determine the odoriferous

importance of each volatile compound in the sample.
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3 RESULTS

The use of gas chromatography coupled with mass spectrometry allowed the
detection of 42 volatile compounds (Table 1), from 12 different chemical classes: esters
(10 compounds), acids (7), terpenes (7), alcohols (4), norisoprenoids (4), benzene
compounds (3), ketones (2), hydrocarbons (2), furanes (1), lactones (1) and sulphur
compounds (1). Terpenes and acids were the major chemical classes, representing 56%
of the chromatogram. The alcohols, ketones, benzene compounds, esters and
norisoprenoids together represented approximately 41% of the chromatogram, and the
remaining 3% were associated with hydrocarbons, furanes, lactones and sulphur
compounds. The major compounds were acetic acid (14.43%), methyl eugenol (9.16%),
hexanoic acid (8.48%), safranal (5.96%) and hotrienol (5.94%).

Table 2 shows the identification of the odoriferous volatiles present in the
aromagram and, for each volatile, the linear retention index (LRI), perceived odour
intensity in the chromatographic effluents, area and percentage area of the odoriferous
peak in relation to the total area of the aromagram and the quality of the aroma
according to the description of the sensory team evaluating the chromatographic
effluents.

The team of judges was able to detect 17 odoriferous stimuli. As shown in Table
2, among the 17 detected peaks, 4 were esters. Of these esters, only ethyl pentanoate,
which represented 11.43% of the total area of the aromagram, could be considered a
volatile with high odoriferous impact on honey aroma, presenting an aroma intensity
higher than 4.0 on the 10-cm scale. The following compounds were identified and are
listed here in ascending order of odoriferous importance: ethyl pentanoate (ripe fruit),
ethyl phenylacetate (honey, treacle), ethyl propanoate (fruity, tangerine) and isobutyl
acetate (sweet, tutti-frutti). Altogether, the esters represented 29.31% of the total area of
the aromagram, where they were all described with positive notes for the honey quality,
such as “honey”, “treacle”, “ripe fruit”, “fruity” and “sweet”, and “tutti-frutti”.

Table 2 also shows that the norisoprenoids and terpenes are 2 important
chemical classes for the aroma of the studied honey, corresponding to 24.13% and
21.86% of the total area of the aromagram, respectively. Among the norisoprenoids
with odoriferous power, safranal stood out, presenting an aroma intensity higher than
4.0 on the 10-cm scale, thus representing 1 of the volatiles with greater odoriferous

importance for the honey aroma. Safranal represented 8.09% of the total area of the

123



aromagram and was described as a “green” and “medicinal plant” odour. The
norisoprenoids a-isophorone and [-damascenone are compounds of intermediate
importance, as the odour intensity of these volatiles was located between 2.0 and 4.0 on
the 10-cm scale.

In regard to terpenes, among the 7 compounds of this chemical class identified
in the honey headspace, only 3 had an odoriferous impact in the chromatographic
effluent. The terpenes exhibited aroma intensities ranging from 1.8 and 4.1 and
corresponded, in ascending order of odoriferous importance, to the compounds methyl
eugenol, cis-linalool oxide and hotrienol. The terpene of highest odoriferous importance
was methyl eugenol, which also occupied a significant percentage of the total area of
the aromagram (11.67%) and was described as having “clove” and “tea” notes. All
terpenes perceived by the judges contributed positive notes to the overall aroma of the
honey under study.

The chemical class of ketones also presented an odoriferous impact in the
chromatographic effluent of the honey sample. Two ketones were detected in the
chromatographic effluent, and together, they represented 4.6% of the total area of the
aromagram. The 2-tridecanone ketone was described as “brushwood” and “grass” and
2-pentadecanone as “lavender”.

Among the 7 volatile acids identified in the honey headspace, the only one with
an odoriferous impact in the chromatographic effluent was acetic acid, whose aroma
was described as “unpleasant” and “pungent”. This acid had intermediate importance
for the overall honey aroma.

In addition to the previously mentioned compounds, the following were also
important for the honey aroma: the benzaldehyde benzene aldehyde and the furan-
derived compound furaneol; these compounds corresponded, respectively, to 2.68% and
5.54% of the total area of the aromagram of the sample. Despite the low odoriferous
intensity, the aroma resulting from the sum of these compounds contributed to the
overall aroma of the honey.

In this study as well as in others that used the Osme technique (GARRUTI et al.,
2003; GARRUTI et al.,, 2006), the judges perceived the presence of odours in
chromatogram regions where the FID did not detect a volatile compound. As observed
in table 2, peak 5 was detected only by the olfactometry analysis, not by the
chromatograph detector (FID) nor by the mass detector. This finding is common in

many GC-olfactometry studies and indicates that this compound is at a very low
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concentration, below the limit of detection of the equipment, but due to its high
odoriferous power with a very low threshold value, it was sensorially perceived by
human olfaction.

Figure 1 compares the chromatogram of the volatile compounds obtained from
the headspace of the honey sample (Figure 1A) to the consensual aromagram of the
team of 5 judges (Figure 1B), to assist in the visualization of the important volatile
compounds for the ‘velame branco’ honey aroma. The enumeration of the
chromatogram and aromagram peaks is the same, facilitating the comparison.

By comparing Figures 1A and 1B, it is observed that among the 42 detected
peaks in the chromatogram, only 16 corresponded to volatiles with odoriferous
importance. Among the major compounds in the chromatogram, peaks 11 (safranal) and
13 (methyl eugenol) presented a high intensity of odoriferous impact in the
chromatographic effluent. However, other major peaks in the chromatogram, such as
acetic acid (peak 1) and hotrienol (9) — despite their intermediate and low odoriferous
impacts, with intensities of 3.8 and 1.8, respectively — were also considered important
compounds for the overall honey aroma. In turn, although hexadecanoic acid occupies a
large area in the chromatogram, it was not perceived by the judges in the
chromatographic effluent. Furthermore, some peaks detected by the FID as minor
compounds (Figure 1A), such as peaks 2, 6 and 7, which correspond to ethyl propanoate
(area of 1.01%), benzaldehyde (area of 1.01%) and furaneol (area of 0.99%), consisted
of volatiles with an odoriferous impact in the chromatographic effluent.

In a previous study by our research group, ‘velame branco’ honeys produced by
stingless bees also exhibited a higher percentage of area for the acid and terpene

9% ¢

chemical classes and were sensorially characterized mainly by the “acid taste”, “clove

2 13

aroma”, “medicinal aroma” and “medicinal taste” descriptors (COSTA et al., 2016).

The volatile profile in Table 1 indicates that the ‘velame branco’ honey contained
methyl eugenol, a compound that typically provides a “clove”, “spicy” and “hot” aroma
(www.odour.org.uk). Many species of the same genus of ‘velame branco’, such as
Croton adamantinus, Croton zehntneri, and Croton malambo, include methyl eugenol
as one of the main chemical constituents of their essential oils (COLORADO et al.,
2010; XIMENES et al., 2013; CABRAL et al., 2014). According to Manyi-Loh et al.
(2011), the acids in honeys have different aromas that range from spicy to rancid,
depending on the length of the carbon chain. Short-chain acids such as acetic acid have

a spicy aroma and taste, while those with longer chains are associated with a rancid

125



aroma. In addition, according to the study by Costa et al. (2016), the “floral aroma”
attribute characterized the ‘velame branco’ honeys, and cis-linalool oxide and 2-
pentadecanone, which were described as “floral, rose” and “lavender”, respectively,
could be involved in the development of the floral aroma perceived by the sensory team
in the descriptive quantitative analysis.

In one of the few studies that directly assessed the odoriferous importance of
honey volatiles, Pino (2012), using the aroma extract dilution analysis (AEDA)
technique, concluded that the compounds contributing to the overall aroma of black
mangrove honey were (E)-B-damascenone (sweet, honey), nonanal (floral) and decanal

(sweet).

4 CONCLUSION

The olfactometry analysis detected 17 odoriferous compounds, among which
only ethyl pentanoate, safranal and methyl eugenol were considered of high odoriferous
importance for the overall ‘velame branco’ aroma. These results are important because
in addition to revealing the presence of compounds that are not detected by other
analytical methods, they can also assist in assessing the conformity of monofloral
honeys.
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Table 1 — Volatile composition of ‘velame branco’ with its respective LRIs and percentages of area, as well as the odour quality described by the

sensory team for the volatile odoriferous components present in the honey headspace, odour intensity, area and percentage of peak area relative

to the total area of the aromagram.

Peak Compound LRI' 9%AreaDIC Odor description I max? Area Osme % Area Osme
1 Acetic acid°® <800 15,36 unpleasant, pungent 3,8 6,29 7,62
Methyl Etanoate® <800 1,76
Ethyl Propanoate® <800 1,32 fruity, tangerine 1,8 4,24 5,14
Propyl Acetate® <800 1,08
Pentanol® <800 0,87
2 2-Methyl-1-Butanol® <800 0,94
Toluene® <800 0,48
Methanethiol® <800 0,13
Octane® 800 0,72
3 Isobutyl acetate® <800 5,95 sweet, tutti-frutti 1,1 3,98 4,82
Ethyl 2-methyl butyrate® 842 0,15
4 Ethyl Pentanoate® 891 0,95 ripe fruit 4.6 11,43 13,85
5 nd - - smoke, stinky foot 1,8 3,51 4,25
6 Benzaldehyde? 962 1,35 caramel, honey 0,7 2,21 2,68
7 Furaneol® 1052 1,31 sugar burned, honey 1,4 4,57 5,54
4-Methyl-1-methoxybenzene® 1007 2,16
8 Cis-Linalool oxide® 1076 2,86 floral, rose 2,9 5,76 6,98
Octanol® 1075 1,67
Linalool? 1091 2,77
9 Hotrienol? 1092 6,32 honey 1,8 2,65 3,21
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10

11

12

13

14

15
16

17

a-Isophorone®
Isothujol®

Nonanol®

Safranal®
a-Terpineol®

Ethyl 2-phenylethanoate®
5-Octalactone®
Methyl Eugenol®
Decanoic acid®
B-Damascenone®
Ethyl Decanoate®
a-Caryophyllene?
B-lonone®
2-Tridecanone®
Dodecanoic acid®
Ethyl Dodecanoate®
2-Pentadecanone®
Tetradecanoic acid®
Pentadecanoic acid®
Hexadecanoic acid®
Ethyl Hexadecanoate®
Octadecanoic acid®
Tricosane®

1123
1128
1162
1184
1196
1223
1282
1341
1375
1368
1396
1418
1477
1492
1530
1595
1688
1764
1862
1967
1994
2167
2398

5,77
1,75
0,96
6,35
2,46
0,20
0,17
9,75
0,29
1,64
0,31
3,21
1,35
1,26
0,60
0,24
0,77
2,70
0,23
9,19
0,45
1,82
0,37

woody

green, medicinal plant
Honey, treacle
clove, tea

honey

brushwood, wet soil
lawn, grass

Lavander

3,1

4,1

1,8

4,1

2,3

0,8
0,6

0,9

5,23

6,68

4,54

9,63

6,35

1,67
1,22

2,58

6,34

8,09

5,5

11,67

7,68

2,02
1,48

3,13

LRI: Retention index in the Rtx-5 column
2 Odour intensity. Score in a 10-cm scale
@ Compounds identified by pure standard
b Compounds identified by MS and LRI

¢ Compounds tentatively identified by MS
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Figure 1 — (A) Chromatogram and (B) Aromagram.
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6 CONSIDERACOES FINAIS

Os méis monoflorais de Turnera ulmifolia L. (chanana), Mimosa quadrivalvis L.
(malicia) Ziziphus joazeiro (juazeiro), Croton heliotropiifolius Kunth (velame branco),
Mimosa arenosa willd Poir (jurema branca), Anadenanthera colubrina (angico) e Prosopis
juliflora (algaroba) produzidos pelas espécies de abelhas Melipona subnida Duke (janadaira)
e M. scutellaris Latrelle (urugu) na regido do Semiarido brasileiro apresentaram perfis
aromaticos altamente especificos e influenciados fortemente pela origem botanica. Foram
encontrados potenciais marcadores especificos (quimicos e sensoriais) para 0S méis
monoflorais estudados que podem tornar possivel estabelecer, em estudos futuros, uma
relacdo entre a composicao aromatica e sua identidade, origem geografica e fonte floral.

O conhecimento da origem botanica do mel e de sua relacdo com a procedéncia do
mesmo pode gerar um diferencial no mercado e contribuir para a sua valorizagdo, uma vez
que a fixagdo de um padrao diferenciado de qualidade e de sua certificagdo, no contexto atual,
é uma alternativa capaz de assegurar a expressdo do potencial da atividade meliponicultora do
Semiarido Nordestinoe, a0 mesmo tempo, de preservar 0s recursos ecologicos e promover o
bem estar das populagdes que nela vivem e dependem.

Apesar da necessidade de um conjunto mais amplo de amostras de cada tipo avaliado,
e produzido a partir de varias colheitas, esses sdo 0s primeiros relatos sobre a composicéo de
volateis destes méis exdticos do Semiarido brasileiro e representam uma contribuicdo
importante na diponibilizacdo de informacbes que irdo contribuir para a construcdo do
conhecimento de pardmetros que podem caracterizar 0os méis de abelhas sem ferrdo

produzidos no Brasil.
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UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE CIENCIAS DA SAUDE
COMITE DE ETICA EM PESQUISA

CERTIDAO

Certifico que o Comité de Etica em Pesquisa, do Centro de
Ciéncias da Sadde da Universidade Federal da Paralba - CEP/CCS
aprovou por unanimidade na 2° Reunido realizada no dia 19/02/2013, o
projeto de pesquisa intitulado: “ASPECTOS DE QUALIDADE E
POTENCIAL ANTIOXIDANTE DE MEIS MONOFLORAIS DE ABELHAS
NATIVAS SEM FERRAO PRODUZIDOS NO SEMIARIDO" da
Pesquisadora Janaina Maria Batista de Sousa. Prot. n® 00494/12. CAAE:
06374012,8.0000.5188,

Iguasimente, informo que a autorizagdo para posterior
publicagéo fica condicionada a apresentagdo do resumo do estudo

proposto a apreciagdo do Comité.

es [, Sease
‘L’.'@'&'pmm

Mat. SIAPE: 0332618
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APENDICE 1 — Questionario de recrutamento.

UNIVERSIDADE FEDERAL DA PARAIBA
PROGRAMA DE POS-GRADUAGAO EM CIENCIA E TECNOLOGIA DE ALIMENTOS
DOUTORANDA: ANA CAROLINY VIEIRA DACOSTA

Questionario de recrutamento para analise sensorial de Mel
Nome:
Telefone: E-mail:

1. Faixaetaria:( ) 18-30 ( )31-40 ( )41-50 ( )51-59

2. Género: () Feminino () Masculino

3. Estado civil: ( )Solteiro ( )Casado ( )Viavo ( )Separado ( )Outro

4. Grau de escolaridade:
() Ensino médio completo ( ) Ensino superior incompleto () Ensino superior completo () Pos-
Graduacéo incompleta ( ) Pés-Graduagdo completa

5. Consomemel? ( )N& ( )Sim

6. Se SIM, com que frequéncia consome?
() Diariamente () Semanalmente () Quinzenalmente ( ) Mensalmente
() Raramente

7. Onde vocé consome mel?
( ) Casa ( ) Trabalho/Universidade ( ) Viagem/hotel ( ) Lanchonete
() Restaurante () Outro

8. Em que momento do dia consome mel?
( )Jejum ( )Cafédamanhd ( )Lanche ( )Almogo ( )Jantar( )Antesde dormir

©

Condicdo de consumo
( )Puro ( )Emsucosoucom frutas ( ) Com cereais matinais ou granola
( )logurte ( )Sobremesas ( )Em forma de medicamento (pastilha,spray,xaropes e compostos de mel)

10. Qual o motivo de consumir mel
() Paladar ( ) Satde ( ) Auxilio no tratamento de saude (gripe, resfriado, dor de garganta)

11. Apresenta alguma intolerancia ou alergia alimentar?
( ) N&o () Sim Quais?

12. Apresenta alguma restricdo alimentar em virtude de alguma doenga (ex.: diabetes, dislipidemia, hipertensao)
( ) N&o () Sim Quais?

13. Toma alguma medicacdo que afete seus sentidos, especialmente o paladar e o olfato? Se SIM,
qual?

14. E diabético? ( )Sim () Né&o

15. Tem disponibilidade para participar da andlise sensorial? ( ) Nd () Sim

16. Tem preferéncia por algum dia ou horario para as sessdes?

17. Existe algum dia ou horario no qual ndo possa participar das sessdes de ADQ?

Obrigada por sua participagao!
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APENDICE 2 - Termo de Consentimento Livre e Esclarecido que foi assinado pelos
julgadores concordando em participar voluntariamente dos teste.

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado (a) Senhor (a)

Esta pesquisa é sobre a avaliacdo do aroma de méis de abelha de ferrdo e esta
sendo desenvolvida pela pesquisadora Ana Caroliny Vieira da Costa, aluna do
Doutorado pelo Programa de Pds-Graduagdo em Ciéncia e Tecnologia de Alimentos da
Universidade Federal da Paraiba, sob a orientacdo do Professora Dr? Marta Suely
Madruga e esta norteado pela Resolu¢do n° 466, de 12 de dezembro de 2012, do
Conselho Nacional de Saude (CNS).

Os objetivos do estudo sdo avaliar o perfil do aroma de méis produzidos por
abelhas nativas sem ferrdo a fim de contribuir para e descricdo e percep¢do do aroma
desses tipos de méis.

Solicitamos a sua colaboracdo para a analise sensorial, como também sua
autorizacdo para apresentar os resultados deste estudo em eventos da area de alimentos
e publicar em revista cientifica. Por ocasido da publicacdo dos resultados, seu home
sera mantido em sigilo. Informamos que essa pesquisa ndo oferece riscos, previsiveis,
para a sua saude.

Durante o decorrer da entrevista e da analise sensorial, caso o(a) senhor(a) se
sentir constrangido a responder determinada pergunta ou a ndo querer proceder com 0
teste sensorial, é possivel ndo responder ou deixar o local sem qualquer prejuizo.

Esclarecemos que sua participacdo no estudo é voluntaria e, portanto, o(a)
senhor(a) ndo é obrigado(a) a fornecer as informac6es e/ou colaborar com as atividades
solicitadas pelo Pesquisador(a). Caso decida ndo participar do estudo, ou resolver a
qualquer momento desistir do mesmo, ndo sofrerd& nenhum dano, nem havera
modificacdo na assisténcia que vem recebendo na Institui¢do. Os pesquisadores estardo
a sua disposicdo para qualquer esclarecimento que considere necessario em qualquer
etapa da pesquisa.

Diante do exposto, declaro que fui devidamente esclarecido(a) e dou o meu
consentimento para participar da pesquisa e para publicacdo dos resultados. Estou
ciente que receberei uma copia desse documento.

Assinatura do Participante da Pesquisa

Assinatura da Testemunha
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APENDICE 3 - Ficha para avaliar a habilidade dos provadores em exprimir proporcionalidade

por meio de escala.

Exemplos:

c)

Sua vez.
d)

UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE TECNOLOGIA
PROGRAMA DE POS-GRADUAGAO EM CIENCIA E TECNOLOGIA DE ALIMENTOS
DOUTORANDA: ANA CAROLINY VIEIRA DACOSTA

Marque na linha direita de cada figura, um trecho que indique a proporgao da figura que foi coberta de preto (ndo
use régua, use apenas sua capacidade visual de avaliar).

a) )
‘ \I

_/ nenhum = ' todo
b) EE nenhum ' t todo

nenhum + t todo

nenhum ¢ { todo
nenhum i todo
nenhum ¢ t todo
nenhum + i todo
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APENDICE 4 - Ficha para o Teste Triangular
Nome: Data:__/__/

TESTE TRIANGULAR

Vocé estd recebendo 3 amostras de méis. Duas amostras sdo iguais e uma é diferente. Avalie o aroma

de cada amostra atenciosamente e faga um circulo no nimero da amostra que vocé acha que é
diferente.

685 492 521

Comentdrios:
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APENDICE 5 - Ficha para o Teste de Reconhecimento de Odores

Nome: Data: / /[

TESTE DE RECONHECIMENTO DE ODORES

Instrugdes:

- Avalie cada amostra na ordem apresentada;

- Passe o frasco na frente do nariz fazendo movimentos de vai-e-vem, por no maximo 2 segundos, com
leves cheiradas. Ndo inspire profundamente;

- Identifique pelo nome o conteudo de cada frasco;

- Quando tiver duvida, associe ou descreva o odor percebido;

- N3o utilizar os termos agradavel/desagradavel.

- Entre uma amostra e outra, cheire o pulso e aguarde 20 segundos.

N° da amostra Identificador do odor

Muito obrigada por sua participagdo!
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APENDICE 6 — Ficha de avaliagdo contendo os termos escolhidos em consenso pela equipe
sensorial e uma escala linear ndo-estruturada de 9 cm, ancorada nas extremidades com termos

que expressam intensidade para cada descritor

ANALISE QUANTITATIVA DESCRITIVA DO MEL DE ABELHA SEM FERRAO
MNome: Data: _ [ ¢
Por favor, prove a amostra e avalie a intensidade percebida para cada atributo colocando um trago vertical nas escalas correspondentes.
AROMA MEDICINAL
) Amostra:
CARACTERISTICO Amostra:
Amostra: Amostra:
Amostra: Amostra:
Ampstra:
Amostra: FRACO FORTE
FRACO FORTE CERA DA ABELHA
FLORAL Amostra:
Amostra: Amostra:
Amostra: Amostra:
Amostra: Amostra:
Amostra:
FRACO FORTE
FRACO FORTE CRAVO
CARAMELIZADO Amostra:
Amostra: Amostra:
Amostra: Amostra:
Amostra: Amostra:
Amostra:
_ FRACO FORTE
FRACO FORTE HERBACEQ
Amostra:
Amostra:
Amostra:
Amostra:
FRACO FORTE
SABOR
ACIDO
Asmpstra:
Ampstra:
Amostra:
Amostra:
FRACD FORIE
DOCE
Ampstra: |
Amostra: |
Amostra:
Amostra:
FRACD FORIE
MEDICINAL
Asmpstra: |
Amostra: |
Amostra:
Amostra:
FRACD FORIE
CARAMELO
Asmpstra:
Amostra:
Amostra:
Amostra:
FRACO FORTE
Msite Chrigada!
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APENDICE 7 — Definicéo e referéncia dos descritores utilizados.

DESCRITORES

DEFINICAO

REFERENCIA

AROMA

Caracteristico

Préprio do mel, que lembra
mel; o conjunto das notas que
sente-se ao abrir um vidro de
mel

Fraco: Nenhum
Forte: Mel de Abelha Apis melifera

Floral Préprio das flores, levemente | Fraco: 1 gota de esséncia floral diluidoem 1L
doce. de agua.
Forte: 3 gotas de esséncia floral diluidoem 1 L
de agua
Caramelo Acucar aquecido, levemente Fraco: 50g de agucar cristal caramelizado por 2"
gueimado. 7"
Forte: 50g de acucar cristal caramelizado por 3'
50"
Medicinal Aroma de chds medicinais Fraco: 10 mL de chd concentrado de diversas
caseiros folhas diluido em 40 mL de agua
Forte: cha concentrado de diversas folhas (1g
de eucalipto, 1g de erva doce, 0,5g de malva, 1g
de boldo, 0,5g de camomila diluidos em 100mL
de agua fervente)
Cera Cheiro da cera alveolada, Fraco: Nenhum
separada do favo Forte: Cera da abelha
Cravo Associado a especiaria cravo Fraco: Nenhum
Forte: Solugdo de cravo a 10%
Herbaceo Odor associado com jardim, Fraco: Nenhum
notas de folhas verdes Forte: Grama macerada
SABOR
Acido Caracteristico de solu¢des de Fraco: 0,05g de acido citrico em 100mL de agua
acidos organicos (acido Forte: 0,1g de acido citrico em 100mL de agua
citrico).
Doce Associado a solugdo de Fraco: 2g de sacarose comercial em 100mL de
sacarose. agua
Forte: 10g de sacarose comercial em 100mL de
agua
Medicinal Sabor proveniente da infusdo | Fraco: 10 mL de chd concentrado de diversas

de folhas, cascas ou caules.

folhas diluido em 40 mL de 4gua

Forte: cha concentrado de diversas folhas (1g
de eucalipto, 1g de erva doce, 0,5g de malva, 1g
de boldo, 0,5g de camomila diluidos em 100mL
de agua fervente)

Caramelizado

Gosto doce proveniente da
carameliza¢do dos aglcares.

Fraco: 50g de agUcar cristal caramelizado por 2"
7"

Forte: 50g de agucar cristal caramelizado por 3'
50"
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