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RESUMO

SOUSA, J. M. B. Aspectos de qualidade, atividade antioxidante e antimicrobiana
de méis monoflorais produzidos por Melipona ssp. no Semiarido brasileiro. Jodo
Pessoa, 2015. 107f. Tese (Doutorado em Ciéncia e Tecnologia de Alimentos).
Universidade Federal da Paraiba.

Méis monoflorais produzidos por Melipona ssp possuem aspectos de qualidade fisico-
quimica, sensorial e bioativa especificos, porém, ainda pouco estudados. O objetivo do
presente estudo foi caracterizar os aspectos fisico-quimicos (umidade, proteinas,
prolina, hidroximetil-furfural, cor, condutividade elétrica, pH, acidez livre, e perfil de
acucar) e sensoriais (cor, viscosidade e sabor) de méis monoflorais de Ziziphus joazeiro
Mart. (juazeiro), Mimosa quadrivalvis L. (malicia), Croton heliotropiifolius Kunth
(branco velame) e Mimosa arenosa Willd Poir (jurema branca) produzidos por
Melipona subnitida Duke. (jandaira) e M. scutellaris L. (urugu) na regido do semiarido
brasileiro. Também foi avaliado o potencial antioxidante pelos métodos: DPPH (2, 2-
diphenyl-1-picryl-hydrazyl-hydrate), ABTS™ [2,2"-azinobis (3-etilbenzotiazolina-6-
acido sulfénico)] e ORAC (Oxygen Radical Absorbance Capacity), bem como a
atividade antibacteriana, e perfil de polifendlicos dos meis. As fontes botéanicas
(juazeiro, malicia, branco velame e jurema branca) influenciaram significativamente (p
< 0,05) na intensidade da cor, perfil de agucares, acidez, cinzas e quantidade de prolina
dos meis analisados. Nao foram observadas diferencas estatisticamente significativas (p
< 0,05) para estes parametros entre méis de mesma origem botanica, produzidos pelas
diferentes espécies de abelhas estudadas. A analise de componentes principais revelou
que a maior parte da variabilidade foi influenciada pelo teor de umidade, acidez total,
glicose, sacarose e cor, bem como, pelo gosto acido, sabor acido, aroma de mel e sabor
doce. Os méis de juazeiro e velame branco apresentaram maior atividade antioxidante e
capacidade de eliminagdo dos radicais livres (p < 0,05) nos métodos DPPH ¢ ABTS™
respectivamente, por sua vez os méis de malicia apresentaram maior atividade (p <
0,05) anti-radical peroxil no ensaio ORAC. Os méis de juazeiro apresentaram as
maiores quantidades de acidos fendlicos, em especial dos &cidos trans-cinamico, p-
cumarico, elagico e ferulico e dos flavonoides catequina, rutina, hespertina e crisina
quando comparado com 0s outros meis produzidos pela mesma espécie de abelha. Os
méis de malicia apresentaram o maior teor de flavonoides totais quando comparados aos
méis de velame branco e jurema branca, e também as maiores quantidades de
miricetina, quercetina e kaempterol entre os demais méis estudados. Os diferentes méis
monoflorais analisados apresentaram distintas atividades antimicrobianas contra as
cepas bacterianas testadas, sendo 0s menores valores de concentracdo inibitéria minima
(CIM) encontrados para 0s méis que apresentaram as maiores quantidades de compostos
fendlicos totais. Os resultados mostraram a influéncia da fonte boténica nos aspectos
fisico-quimicos e sensoriais, assim como no perfil de polifendlicos, atividade
antioxidante e antimicrobiana dos méis monoflorais produzidos pelas abelhas Melipona
subnitida Duke e Melipona scutellaris L. na regido do Semiarido brasileiro.

Palavras-Chave: Ziziphus joazeiro Mart., sabor 4&cido, antioxidantes, atividade
antimicrobiana.



ABSTRACT

SOUSA, J. M. B. Quality aspects, antioxidant and antimicrobial activity of
monofloral honeys produced by Melipona ssp. in the Brazilian semiarid. Jo&o
Pessoa, 2015. 107f. Tese (Doutorado em Ciéncia e Tecnologia de Alimentos).
Universidade Federal da Paraiba.

Monofloral honeys produced by Melipona ssp have aspects of physical and chemical
quality, sensory and specific bioactive, however, still little studied. The aim of the
present study was to characterize the physico-chemical (moisture, protein, proline,
hydroxymethyl-furfural, color, electrical conductivity, pH, free acidity, and sugar
profile) and sensory aspects (color, viscosity and flavor) of monofloral honeys from
Ziziphus joazeiro Mart. (juazeiro), Mimosa quadrivalvis L. (malicia), Croton
heliotropiifolius Kunth (velame branco) and Mimosa arenosa willd Poir (jurema
branca) produced by Melipona subnitida D. (jandaira) and M. scutellaris L. (urugu) in
the Brazilian semiarid region. The antioxidant potential (DPPH, ABTS and ORAC) and
the antibacterial activity, as well as the polyphenolics profile of each honey were also
assessed. The floral source influenced (p < 0.05) the color, acidity, sugar profile, ash
and proline content in the honeys. No differences (p > 0.05) were perceived for honeys
from the same floral source produced by different bee species. Principal component
analysis revealed that most of the variability was defined by the water content, total
acidity, glucose, sucrose and color, as well as by acid taste, acid flavor, honey flavor
and sweet taste. Juazeiro and velame branco honeys showed the greatest antioxidant
activity and scavenging ability in assays with DPPH and ABTS™ radicals, respectively,
while honeys from malicia presented the strongest (p < 0.05) antiperoxyl radical activity
in ORAC assay. Juazeiro honeys presented the highest quantities of phenolic acids,
particularly of trans-cinnamic, p-coumaric, ellagic, and ferulic acids, and of the
flavonioids cathecin, rutin, hesperetin and chrysin, when compared with the other
honeys produced by the same bee specie. malicia honeys presented the highest total
flavonoids content (TFC) than honeys from velame branco and jurema branca, with the
greatest quantities of myricetin, quercetin and kaempterol amongst the honeys studied.
The different meliponini honeys presented different antimicrobial effects against the
bacterial strains tested, as measured by their minimum inhibitory concentrations
(MICs). However, the lowest MICs were found for honeys that presented the highest
TPC. The results showed the impact of the botanical source on the physico-chemical
and sensory aspects, as well as on polyphenolic profile, antioxidant and antimicrobial of
monofloral honey produced by bees Melipona subnitida Duke and Melipona scutellaris
L. in the Brazilian semiarid region.

Key Words: Ziziphus joazeiro Mart., taste acid, antioxidant, antimicrobial activity.
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1. INTRODUCAO

A atividade da meliponicultora no Brasil é bastante antiga, exercida pelos
habitantes nativos antes mesmo da inclusdo das abelhas Apis mellifera popularmente
conhecidas como européias, italianas ou africanas. Repassada ao longo dos tempos para
0s descendentes nativos e a sociedade pds-colonizagdo, a criacdo de abelhas sem ferrdo
no pais se manteve particularmente na regidao do Semiarido Nordestino.

Nesta regido, a diversidade da flora apicola, adaptada as condicdes climaticas
tipicas da estacdo chuvosa e estacdo de estiagem do Semiarido, favorece a producgdo de
diferentes tipos de mel ao longo do ano. A regido também abriga espécies endémicas de
abelhas sem ferrdo, também conhecidas como meliponas (ou Meliponini), dentre as
quais se destacam Melipona subnitida Ducke (Jandaira) e M. scutellaris Latrelle (urucu)
(SOUSA et al., 2013). Portanto, nesta regido sdo produzidos méis com caracteristicas
proprias, 0s quais possuem elevado valor comercial devido suas propriedades bioativas
reconhecidas na medicina tradicional. Entretanto, méis produzidos por abelhas sem
ferrdo ainda ndo possuem parametros de qualidade relacionados aos seus aspectos
fisico-quimicos e sensoriais, pois, 0s padrdes de qualidade disponiveis atualmente para
0 mel séo baseados nas caracteristicas do mel de abelha Apis (SOUSA et al., 2009).

O mel pode ser defenido como uma mistura complexa de acglcares, proteinas,
minerais, vitaminas e compostos fendlicos definem suas caracteristicas fisico-quimicas,
sensoriais e funcionais (SILVA et al.,, 2013). Estas caracteristicas podem variar
principalmente com origem floral, embora a espécie de abelha produtora, as condi¢bes
ambientais, o tempo e condi¢cdes de armazenamento também sdo reconhecidos como
fatores que influenciam as caracteristicas do mel (ALVAREZ-SUAREZ et al., 2010).
Méis polinicos produzidos majoritariamente a partir de uma Unica espécie botanica sdo
designados como monoflorais e exibem caracteristicas proprias (BELAY et al., 2015).
Ainda, méis monoflorais podem apresentar em sua composicdo alguns compostos que
os definem e que sdo marcadores especificos de determinados de tipos de mel
(SANT’ANA et al., 2010). Dessa forma, a autenticidade botinica do mel pose ser
realizada pela analise do pdlen que o compde, ou pela determinacdo de compostos
fendlicos vegetais que sdo encontrados somente em méis de uma determinada origem
(SANT’ANA et al., 2010).

Diversas propriedades bioativas do mel tém sido atribuidas aos compostos

fendlicos (&cidos fenolicos e flavonoides) presentes em sua composicdo (HABIB et al.,



2014b). Estes compostos possuem capacidade de estabilizar radicais livres, atuando
como antioxidantes. Considerando que os compostos fendlicos presentes no mel sdo
dependentes da fonte floral, a capacidade antioxidante de cada mel ir& variar de acordo
com sua origem boténica e, consequentemente, méis de diferentes origens botanicas
(floral) possuem atividade antioxidante distinta (HABIB et al., 2014). Entretanto,
estudos sobre a atividade antioxidante e o perfil de compostos fendlicos de méis de
abelhas sem ferrdo, em especial méis monoflorais oriundos da regido do Semiarido do
Nordeste brasileiro ainda séo escassos.

Além da atividade antioxidante, méis tém sido descritos como susbtancias
antimicrobianas, capazes de inibir uma grande diversidade de micro-organismos. Esta
atividade tem sido atribuida a enzimas, aminoacidos e peréxidos presentes no produto,
entretanto tem sido relatado que os compostos fendlicos sdo 0s principais responsaveis
pela atividade antimicrobiana de méis (KUCUK et al., 2007). Estudos realizados com
mel de Apis demonstraram que a atividade antimicrobiana pode variar entre méis de
origem floral distinta, particularmente entre os meis monoflorais (ISLA et al., 2011,
SILVA et al., 2013. HUSSAIN et al., 2015).

Considerando os aspectos de qualidade composicional e bioativa abordados
anteriormente e a relacdo destes com a origem botanica e geografica, somado ao
potencial da flora apicola do Semiarido nordestino e a procura crescente do mel de
abelha sem ferrdo com fins alimentares e medicinais, bem como pela popularizacdo das
abelhas Melipona subnitida Ducke (Jandaira) e M. scutellaris Latrelle (urucu) é de
grande importancia a geracdo de conhecimentos relacionados aos aspectos de qualidade
e propriedades bioativas destes méis. Este foi um estudo pioneiro na investigacdo dos
aspectos de qualidade fisico-quimica e sensorial, potencial antioxidante e
antimicrobiano dos méis de abelhas sem ferrdo produzidos no Semiarido nordestino,
capaz de contribuir para a caracterizacdo da identidade floral e geografica de méis que
sdo produzidos apenas nesta regido e, especificamente em diferentes estaces climaticas

(chuvosa e estiagem).



2.1.

OBJETIVOS
Objetivo Geral
Avaliar os aspectos fisico-quimicos e sensoriais, a atividade antioxidante e

antibacteriana de méis monoflorais produzidos por diferentes espécies de abelhas
sem ferrdo na regido do Semiarido brasileiro.

2.2 Objetivos Especificos

Avaliar os aspectos fisico-quimicos, o perfil de aclcares e 0s aspectos sensoriais
dos méis de Ziziphus joazeiro Mart. (juazeiro), Mimosa quadrivalvis L. (malicia),
Croton heliotropiifolius Kunth (velame branco) e Mimosa arenosa willd Poir
(jurema branca), produzidos pelas abelhas sem ferrdo Melipona subnitida Ducke
(Jandaira) e M. scutellaris Latrelle (urugu);

Quantificar e identificar o perfil de compostos fendlicos presentes nos méis de
juazeiro, malicia, velame branco e jurema branca, produzidos pelas abelhas sem
ferrdo jandaira e urucu;

Avaliar a capacidade antioxidante dos meis de juazeiro, malicia, velame branco e
jurema branca, produzidos pelas abelhas sem ferrdo jandaira e urucu em ensaios
com diferentes radicais;

Avaliar a atividade antibacteriana dos méis de juazeiro, malicia, velame branco e
jurema branca, produzidos pelas abelhas sem ferrdo jandaira e urugu contra
bactérias patogénicas de interesse em alimentos.



3. REFERENCIAL TEORICO

3.1 Flora apicola do Semiarido brasileiro

O Brasil apresenta destacavel potencial apicola devido a sua flora diversificada e
tipica, que floresce a cada estacdo do ano; ampla extensdo territorial e variabilidade
climatica, que possibilitam a producdo de mel durante todo o ano. Estes aspectos
conferem um diferencial em relacdo aos demais paises onde, normalmente, a producédo
de mel ocorre apenas em determinado periodo do ano. Neste cenario, o Semiarido
nordestino se destaca por possuir condicbes ambientais que favorecem a atividade
apicola devido a existéncia de intensa floracdo natural. Nessa regido, ocorre um bioma
(caatinga) de 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 colonias de abelhas e para a diminuicdo da necessidade do uso de
alimentacéo artificial (SANTOS, 2009).

A flora apicola do Semiarido brasileiro é caracterizada pela presenca de trés
estratos vegetais: herbaceo, arbustivo e arboreo. O estrato herbaceo é composto pelo
conjunto de plantas rasteiras de pequeno porte, cuja floracéo € significativa nos periodos
de chuvas e transicdo de periodo de chuva e de seca. Suas flores sdo bastante atraentes
para as abelhas e insetos visitantes por oferecer néctar e polen durante a ocorréncia de
chuvas independente da época do ano (MAIA-SILVA et al., 2012). Sdo exemplos de
herbaceas Hyptis suaveolens L. Poit, (bamburral), Scoparia dulcis L., (vassourinha) e
Jacquemontia gracillima, Choisy (jetirana). Por sua vez, o estrato arbustivo refere-se ao
conjunto de plantas de baixo porte do grupo das angiospermas (MAIA-SILVA et al.,
2012; FREITAS, 1991). Os arbustos sdo caracterizados pela florescéncia rapida
(duracdo maxima de 15 dias) em periodos de chuvas, porém, mesmo ndo sendo
dependente do periodo pluviométrico, podem suspender a floracdo devido aos curtos
periodos de estiagem. Sdo exemplos tipicos de arbustos: o Croton heliotropiifolius
Kunth (velame branco) e Croton sonderianus Mull (marmeleiro).

Mimosa quadrivalvis L., popularmente conhecida pelo nome de malicia, refere-se
a uma espécie encontrada com frequéncia em areas abertas da caatinga. Semelhante a
espécie Mimosa modesta Mart., a planta malicia também possui folhas sensitivas que se
retraem ao serem tocadas. Suas inflorescéncias sdo formadas por flores pequenas, com

filetes de cor rosa e anteras amarelas. O pélen e néctar de suas flores atraem muitos
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visitantes (abelhas e vespas) florais e, principalmente, as abelhas nativas sem ferrdo
(MAIA-SILVA et al, 2012). Um arbusto imponente ¢ o velame branco (Croton
heliotropiifolius Kunth), tipico e abundante na 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, &speras e, quando
maceradas, exalam um cheiro agradavel devido ao Oleo 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 infeccOes na pele, Ulceras e sifilis (CASTRO, 2011).

Mimosa arenosa (willd.) Poir, conhecida pelo nome popular columbi ou jurema
branca, também é uma arbustos de porte médio que ocorre, principalmente, em solos
arenosos e em locais abertos do Semiarido. Possui caracteristica fisica marcante em
relacdo as demais, a exemplo do seu tronco acinzentado, ramos com espinhos esparsos e
copa bem aberta, que durante a estacdo seca encontra-se completamente sem folhas.
Suas inflorescéncias sdo reunidas em espigas, compostas por flores muito pequenas,
brancas e suavemente perfumadas. Suas flores fornecem néctar e pdlen para muitos
insetos como moscas, besouros e, principalmente, abelhas (CASTRO, 2011; MAIA-
SILVA et al., 2012).

Ja o estrato arbéreo da caatinga refere-se as plantas de grande porte como
Zyziphus juazeiro Mart. (juazeiro), Anadenanthera colubrina Vell. (angico),
Anarcardium occidentale L. (cajueiro) entre outras. As espécies arbOreas também sdo
muito atrativas para alguns insetos e abelhas e sdo de grande importancia para a
manutencdo das coldnias de abelhas e a producdo de mel, uma vez que fornecem néctar
durante todo periodo seco e transicao seca-chuva e pdlen na época de chuva (FREITAS,
1991; CASTRO, 2011).

O juazeiro é uma arvore tipica do nordeste do Brasil, encontrada em areas secas
do Semiarido. Adaptada ao clima de aridez, o juazeiro possui folhas persistentes
capazes de resistir a escassa umidade do subsolo onde ocorre naturalmente. Essa espécie
¢ bastante conhecida pelos seus frutos comestiveis e, também, devido as suas
propriedades farmacoldgicas (MAIA-SILVA et al., 2012). Suas flores surgem nas axilas
foliares, sendo compostas por muitas flores amarelas e pequenas, as quais fornecem
néctar durante a estacdo seca aos visitantes florais, tais como as vespas e abelhas nativas
(MAIA-SILVA et al., 2012). A floracdo do juazeiro ocorre em maior intensidade nos

meses de outubro, novembro e dezembro (MARINHO et al., 2000). Por sua vez, o
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angico é uma arvore também amplamente encontrada na caatinga. Possui uma copa
aberta e a casca grossa, fendida e avermelhada, suas folhas s&o pequenas e muito
divididas. Devido a riqueza de taninos presente em sua casca € utiliza na curticdo de
couros e como remédio anti-inflamatorio, cicatrizante e no tratamento de problemas
respiratérios. As flores sdo meliferas e as suas sementes tém propriedades narcoticas e
alucindgenas (CASTRO, 2011).

A intensidade da ocorréncia do tipo de pdlen presente no mel esta estreitamente
correlacionada a sua oferta na regido. Segundo Giorgini e Gusman, (1972) e Martin,
(1979), a ocorréncia significativa da flora apicola e das espécies de abelhas de uma
determinada regido pode ser explicada pela correlacdo muatua entre a abelha e as
espécies vegetais. Esta correlacdo se baseia na dependéncia das abelhas pelo néctar e
polen para se alimentar bem como na necessidade de muitas espécies floristicas da
polinizacdo apicola para produzir frutos. Entretanto, o potencial da flora apicola do
Semiérido brasileiro vem sendo revelado através de alguns estudos apibotanicos e ou
palinologicos em amostras de méis produzidos em diferentes regides do Nordeste.

Silva et al. (2014), em estudo realizado nos municipio de Catolé do Rocha, estado
da Paraiba, catalogaram, devido a presenca de seus pdlens em méis, as plantas apicolas
Bromelia sp., Malvaceae sp., Croton sonderianus Mull. Arg. e Croton sp. Na regido do
Litoral e Brejo do estado da Paraiba, Silva et al. (2006) identificaram as diferentes
espécies botanicas presentes em méis de Apis mellifera. No estudo, os pesquisadores
identificaram 51 tipos polinicos, com predominancia das espécies Jaquemontia
asarifolia LB Smith, Croton sonderianus Muell, Ziziphus joazeiro Mart., Ipomea
bahiensis Willd, Prosopis juliflora (SW) DC, Pithecolobium dumosum Benth, Mimosa
tenuiflora Willd, Machaerlum angustifolium Mart., Croton campestres Mart. e
Spermacoce ssp. Ainda, em regides semiaridas do Nordeste, porém no estado do Ceara,
Silva et al. (2004) relataram predominancia do pélen de Croton sonderianus Mull. Arg.
(marmeleiro), Serjania glabrata kunth, Piptadenia moniliformis Benth, Hyptis
suaveolens (L.) Poit. e Cratylia mollis Mart. em méis de Apis.

Poucos estudos tém sido realizados com o objetivo de caracterizar a origem
boténica dos méis de Meliponini, embora se tenha o conhecimento que determinadas
espécies de abelha sem ferrdo visitam, preferencialmente, algumas espécies florais. Em
méis produzidos pelas abelhas sem ferrdo Melipona fasciculata Smith (tidba) e M.
quadrifasciata Lep. (mandacaia) colhidos nos estados do Maranhdo e Bahia, Martins et

al. (2011) e Carvalho et al. (2001, 2006) identificaram polen de quatro espécies da
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familia Mimosaceae com predominancia da espécie Mimosa caesalpiniifolia Benth.
Silva et al. (2013) relataram predomindncia de plantas da familia Fabaceae e
Mimosoideae em méis de abelhas jandaira produzidos em diferentes estados do
Semiarido nordestino. Em outro estudo, com méis de jandaira produzido no estado da
Paraiba, 0s mesmos pesquisadores (Silva et al., 2014), encontraram predominancia de
polen das familias Euphorbiaceae e Leguminosae.

De acordo com Ramalho et al. (1990), as espécies vegetais do género Mimosa:
Mimosa scabrella Benth, M. bimucronata (DC.) Kuntze e M.invisa Mart. sdo as
principais fontes de pdlen e néctar para abelhas Apis e para as espécies meliponini
existentes na regido do Semiarido do Nordeste do Brasil. A frequéncia do pdlen das
espécies da subfamilia Mimosaceae pode ser explicada pela sua abundancia na regido,
além da capacidade de muitas espécies de florescer durante todo o ano.

3.2  Abelhas nativas sem ferrao

Devido a riqueza da flora apicola, hd uma elevada distribuicdo de espécies de
abelhas nativas sem ferrdo na regido Nordeste do Brasil. As abelhas sem ferrdo sdo
produtoras de mel, porém, sua producdo é inferior quando comparada a producdo das
abelhas com ferrdo (género Apis) (CARVALHO et al., 2005). Atualmente, devido a
maior disponibilidade comercial do mel de abelhas com ferrdo, o consumo do mel de
abelhas sem ferrédo € inferior ao de outros méis, porém, o interesse pela producéo de mel
de abelhas sem ferrdo tem se mantido ao longo dos tempos, tomando como justificativa
suas caracteristicas organolépticas diferenciadas, suas propriedades terapéuticas, bem
como os beneficios de carater ecolégico no que diz respeito a polinizacado das flores
realizada pelas abelhas durante a sua producao (SOUZA et al., 2004). Estima-se que, no
Brasil, existam aproximadamente 192 espécies de abelhas sem ferrdo, algumas destas
populares e criadas especialmente para producdo de mel, com destaque para a regiao
Nordeste (SILVEIRA et al., 2002). As abelhas sem ferrdo sdo agrupadas em duas tribos:
Meliponini (constituida por mais de 50 espécies) e Trigonini (constituida por
aproximadamente 300 espécies) (AQUINO, 2006).

Na regido Nordeste do Brasil é possivel encontrar aproximadamente 23% das
espécies de abelha do género Melipona llliger (ALVES, 1996; ZANELLA, 2000), que
inclui as espécies mais produtivas de mel, a citar M. quadrifasciata Lep. (mandacaia),
M. subnitida Duke (jandaira) e M. scutellaris Latrelle (urucu) (PEREIRA, 2007). A
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abelha jandaira € a mais conhecida e encontrada no nordeste brasileiro, certificada como
um Meliponini tipico do sertdo. Esta abelha possui tamanho de aproximadamente 9,2
mm e habito de se alojar em troncos de &rvores encontradas na caatinga, a exemplo de
imburana, catingueira, favela e umbuzeiro (AQUINO, 2006). Seu ninho possui forma de
disco, composto por potes de cerume onde o mel € armazenado, atingindo entre 3 a 5
cm de didmetro conforme o estado da colonia. Por ser o Meliponini mais popular da
regido Nordeste e se adaptar as condi¢des climaticas aridas, esta abelha é domesticada
pelo homem para fins de producéo de mel.

A abelha urugu é conhecida como uma abelha sem ferrdo que habita no Nordeste
do Brasil, a qual se diferencia das demais pelas 6timas caracteristicas de qualidade do
seu mel, pelo namero de abelhas presentes na colmeia, pela produtividade de mel e
elevado trabalho de polinizacdo das plantas nativas entre outras caracteristicas que as
destacam das demais abelhas sem ferrdo (EVANGELISTA-RODRIGUES et al., 2008).

O mel da abelha urucu é utilizado pelo homem como alimento e adogante, bem
como medicamento para tratamento de gripes, tosses, bronquites e pneumonias
(AQUINO, 2006). Outras abelhas sem ferrdo, domesticadas pelo homem para produgéo
de mel, a exemplo da abelha mandacaia, que habita outras regides do Brasil de clima
menos quente. Também se destacam por serem bastante doceis, adaptaveis a diversos
ambientes e ter boa produtividade de mel por ano a depender das condi¢es adequadas
de producdo (ALVES et al., 2012).

As abelhas sem ferrdo produzem um mel bastante valorizado em diferentes
regibes do Brasil, devido suas propriedades medicinais. De acordo com Silva et al.
(2013) e Biluca et al. (2014) ha um crescente interesse por este produto no mercado em
decorréncia de suas agdes cicatrizantes, antissépticas, antimicrobiana, anticancerigeno,

anti-inflamatoria, além de suas caracteristicas proprias de gosto, aroma e textura.

3.3 Mel: Aspectos fisico-quimicos e sensoriais

Define-se mel como uma substancia natural, constituida essencialmente por
acucares, produzida pelas abelhas a partir do néctar de flores ou de secrecdes de partes
de plantas ou de excrecdes de insectos sugadores de plantas que ficam sobre partes
vivas de plantas, que as abelhas recolhem, transformam, combinam com substancias
proprias, depositam, desidratam, armazenam e deixam maturar nos favos de mel (Codex

Alimentarius, 2001). O mel pode ser classificado em fun¢do da matéria prima usada

8



para a sua elaboracdo, como: mel floral ou de flores, quando obtido dos néctares das
flores; ou mel de melato, quando formado a partir de secrecdes de partes vivas das
plantas ou de excre¢Oes 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; quanto a sua apresentacdo comercial, em: mel liquido, cristalizado ou
semi-cristalizado, mel em favos, mel com pedacgos de favo e mel filtrado (BRASIL,
2000; CODEX ALIMENTARIUS, 2001).

Os méis florais, classificados como unifloral ou monofloral, devem apresentar, no
minimo, 45% de pdlen de flores de uma mesma espécie vegetal, possuindo
caracteristicas sensoriais, fisico-quimicas e microscopicas préprias, podendo, ainda, ser
tipificado com o nome da planta ou da regido em seu rétulo (BARTH, 1989; BRASIL,
2000). A identificacdo da origem boténica e geografica do mel pode contribuir de forma
significativa para o conhecimento da sua qualidade nutricional e organoléptica,
considerando que as caracteristicas fisicas, quimicas e sensoriais do produto estdo
relacionadas a origem da materia-prima utilizada pelas abelhas durante a sua producéo
(SOUZA et al., 2009).

A composi¢cdo do mel envolve uma mistura complexa de agua, carboidratos,
enzimas, &cidos, proteinas, minerais, substancias aromaticas, vitaminas, pigmentos,
ceras e grdos de pdlen (SILVA et al., 2013). Os glicidios estdo presentes em maior
proporcao e representam de 85 a 95% do total de agUcares a depender, principalmente,
das origens botanicas e geograficas, bem como de fatores de menores influéncias, como
o clima, o processamento e condi¢bes de armazenamento (OUCHEMOUKH et al.,
2010; DOBRE et al., 2012).

Os niveis de monossacarideos em amostras de meis estdo estreitamente
correlacionados as fontes florais dos néctares e espécies de abelhas produtoras
(MANZANARES et al., 2014; SILVANO et al., 2014). Conforme a literatura, a frutose
€ 0 aclcar majoritario dos méis, com excecdes verificadas nos méis monoflorais
oriundos da Brassica napus L. (canola) e Taraxacum officinale L. (dente de ledo), cuja
presenca de glicose é superior (ESCURETO et al., 2014; ODDO; PIRO, 2004). Valores
de frutose superiores a 40% foram relatados por Escuredo et al., (2014) em méis
monoflorais de acacia, enquanto os méis de espinheiro, castanha e eucalipto
apresentaram média de 40% de frutose. Os mesmos autores também observaram valores
médios de glicose correspondente a 37% em méis de girassol, amora e acdcia. Em

concordancia com a normativa do Codex Alimentarius (2001), diversos autores tem
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utilizado a soma dos percentuais de frutose e glicose (F + G) para diferenciar o mel de
flores do mel melato. O mel de melato apresenta valores inferiores a 60% de F + G.
(DOBRE et al., 2012; ESCURETO et al., 2014 ).

Além da capacidade de diferenciar o tipo de mel, os percentuais de frutose e
glicose também tém sido utilizados como ferramenta para predizer o processo de
cristalizacdo de méis, pois devido a menor solubilidade em agua da glicose em relacédo a
frutose, pode-se assumir que proporcoes de F / G inferiores a 1,1 resultam em
cristalizacdo a temperatura ambiente (LAOS et al., 2011; ESCURETO et al., 2014).
Quanto aos niveis de acucares ndo redutores, o nivel de sacarose é utilizado como
indicador de qualidade do mel. Valores de sacarose em quantidades superiores a 3% no
mel indica uma colheita precoce do produto (KUCUK et al., 2007).

A &gua é o segundo componente em maior quantidade no mel. Sua quantidade
pode variar entre 15 e 21% do conteudo total, para o mel de abelha Apis melifera e de
20 a 45% para o mel de abelhas sem ferrdo, podendo variar de acordo com o clima,
origem floral, condicdes de coleta e armazenamento (SOUZA et al., 2009). Devido sua
influéncia no processo de deterioracédo (fermentacdo) e nas defini¢des das caracteristicas
de viscosidade, maturacéo, cristalizacao, sabor e conservacao do mel, o teor de agua é
considerado um dos compostos mais importantes na avalicdo de controle de qualidade
do mel (BOGDANOQV, 2007; SOUSA et al., 2013).

O hidroxi-metil-furfural (HMF) refere-se a um componente que surge da quebra
de acucares, como glicose e frutose, na presenca de &cidos ou quando expostas a
elevadas temperaturas. Esse processo ocorre durante o envelhecimento e o uso de
aquecimento sobre os agucares, os quais séo clivados levando a producdo de 5-hidréxi-
3-metifurfuraldeido. Atualmente, o HMF € o principal indicador de qualidade do mel,
sendo limitado pela legislacdo brasileira valor maximo de 40 mg/kg (BRASIL, 2000).
Geralmente, 0 HMF esta presente em quantidades muito baixas no mel recém-colhido e
sua concentragdo tende a se elevar com o transcorrer do periodo de armazenamento
(ZAPPALA et al., 2005).

Os indices de acidez e pH do mel devem-se aos tipos e quantidades dos acidos
organicos presentes, principalmente o acido glucénico, em equilibrio com as suas
correspondentes lactonas ou ésteres internos, e ions inorganicos, tais como fosfato,
sulfato e cloreto, os quais variam de acordo com fonte floral, época de colheita e tipo
de abelha produtora (HABIB et al., 2014a). O valor de pH no mel geralmente ocorre

entre 3,5 a 5,5. Mesmo ndo havendo um limite para este parametro, valores inferiores a
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4,0 sdo considerados ideais para a estabilidade do mel e inibicdo de micro-organismos
deteriorantes (SOUZA et al., 2009). Em relacéo a acidez total, as normativas de controle
de qualidades do mel, conforme a legislacdo brasileira (2000) e Codex Alimentarius,
(2001), limitam um valor méximo de 50 mEq/kg™ para assegurar a ndo ocorréncia de
processos fermentativos. Entretanto, valores superiores a este limite (50 mEq/kg™) ja
foram encontrados em méis produzidos por abelhas nativas sem ferrdo (SOUZA et al.,
2009; SOUSA et al., 2013).

O conteudo mineral (ou cinzas totais) é encontrado nos meis geralmente em
pequenas quantidades, com variacdo entre 0,04% para méis claros e 0,2% em méis
escuros (HABIB et al., 2014a) . Conforme Bogdanov (2007), o percentual de cinzas no
mel esta diretamente relacionado aos aspectos ambientais, origem geogréafica e botanica
da regido onde foi produzido. Estudos recentes verificaram uma forte correlacdo do
conteddo total de cinzas com o indice de condutividade elétrica do mel, a qual tem sido
usada de forma satisfatoria como ferramenta para diferenciacdo de méis oriundos de
fontes florais distintas (HABIB et al., 2014a). Os demais componentes do mel como
proteinas, aminoacidos, &cidos e vitaminas também estdo presentes em baixas
quantidades, entretanto, sdo valorizados devido as suas propriedades benéficas ao
organismo humano (HABIB et al., 2014b).

A cor do mel varia do branco palido ao ambar escuro (FERREIRA et al., 2009). A
intensidade da cor do mel esta diretamente correlacionada aos pigmentos (carotenoides
e flavonoides) presentes, bem como ao seu conteddo mineral (HABIB et al., 2014a;
SILVANO et al., 2014). Outros fatores, como tempo de armazenamento, indice de
HMF e tratamento térmico também estdo envolvidos na definicdo da coloracdo do mel
(BELAY et al.,, 2015; FERREIRA et al., 2009). De modo geral, a cor do mel define seu
valor e destino comercial. Méis de cor escura sdo destinados a elaboracdo de produtos
industrializados, enquanto os méis de cor clara sdo mais aceitos para 0 consumo direto
(BELAY et al., 2015).

Sensorialmente, a qualidade do mel é definida pelo conjunto dos atributos sabor,
aroma, consisténcia e cor. Estes atributos diferem entre diferentes tipos de méis, devido
sua correlacdo direta com a composi¢cdo quimica, a qual é caracterizada pela origem
boténica do néctar e espécie de abelha produtora, condi¢cdes edafoclimaticas e tempo de
armazenamento (ANACLETO et al., 2007). As analises descritivas qualitativas
seguidas de analises estatisticas multivariada sdo as técnicas mais aplicadas para

determinar o perfil sensorial do mel. Lorente et al. (2008), aplicaram analise estatistica
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de correlacdo de Pearson aos resultados dos atributos sensoriais descritivos e os fisico-
quimicos e verificaram correlacdo positiva da intensidade da cor de méis monoflorais e
de melato com os parametros fisico-quimicos condutividade elétrica, acidez e cinzas.
Em outro estudo Ferreira et al. (2009), utilizaram tratamento estatistico multivariado
para distinguir méis produzidos por abelhas Apis e méis de abelhas sem ferrdo,
considerando os atributos mais utilizados para analise sensorial: cor, viscosidade e

sabor.

3.4 Propriedades antioxidantes do mel

O mel é a fonte natural mais antiga de compostos bioativos, particularmente de
compostos antioxidantes, utilizada pelo homem. Os antioxidantes sdo considerados
substancias extras nutricionais presentes em baixas quantidades no mel, provenientes do
néctar das plantas, que se consumidas com frequéncia reduzem o risco de doencas
cardiacas, cancer e diminuigdo do sistema imunoldgico (ALVAREZ-SUAREZ et al.,
2009). Entre os antioxidantes presentes no mel estdo incluidos as enzimas catalase e
glicose oxidase e as substancias ndo enzimaticas como acidos organicos, produtos da
reaccdo de Maillard, aminoacidos, proteinas, flavondides, polifendis, tocoferol,
flavondis, catequinas, acido ascorbico e carotendides (MEDA et al., 2005; ALVAREZ-
SUAREZ et al., 2010a). Os minerais e 0s oligoelementos presentes nos méis também
tém sido associados a importantes atividades bioativas a exemplo do equilibrio do
stresse oxidativo intracelular (SHOHAM; YOUDIM, 2000).

Os compostos de baixo peso molecular (fendis e flavondides) sdo considerados os
componentes bioativos mais importantes do mel, sendo os compostos fenolicos
apigenina, galangina, kaempferol, luteolina e quercetina os mais abundantes (HABIB et
al., 2014b; ALVAREZ-SUAREZ et al., 2010a). Estes componentes sdo considerados
antioxidantes ativos pela sua acdo quelante em funcdo da presenca de uma hidroxila no
carbono 3 e de um grupo carbonila no carbono 4 do anel pirano (DURAN; PADILA
1993). Hidroxilas nas posicoes 3 e 4, juntamente com o grupo carbonila, elevam a a¢édo
dos flavondides como sequestrantes de radicais livres (SHI; NIKI, 1998). Alguns
estudos definiram diferentes compostos como marcadores de suas fontes florais, como a
hesperitina flavanona para mel de Citrus spp. e kaempferol para 0 mel de Rosmarinus
officinalis L. (alecrim), quercetina para o mel de Helianthus annuus L. (girassol), bem

como alguns &cidos fendlicos, a exemplo do acido eldgico em mel de Ericaceae ssp.
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(urze), cafeico, p-cumarico e acidos ferllico para o mel de Robinia pseudacacia L.
(acécia) e .Lavandula angustifolia Mill (lavanda) (ALVAREZ-SUAREZ et al., 2009;
TRUCHADO et al., 2009).
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Figural: Estrutura quimica de alguns flavonoides encontrados no mel
Fonte:https://es.wikipedia.org/wiki/flavonoides/apigenina/quercetina/galagina/luteolina/

kaempferol

De acordo com seu modo de acdo, os antioxidantes podem ser classificados em
primarios e secundarios. Os antioxidantes primarios atuam interrompendo a cadeia da
reacdo através da doacdo de elétrons e/ou de um hidrogénio aos radicais livres,
convertendo-os em produtos termodinamicamente estaveis e/ou reagindo com o0s
radicais livres, formando o complexo lipidio-antioxidante que pode reagir com outro
radical livre. Os antioxidantes secundarios atuam retardando a etapa de iniciacdo da
auto-oxidacdo por diferentes mecanismos que inclui a complexidade dos metais, do
sequestro de oxigénio, decomposicdo de hidro peroxidos para a formacdo de espécie
ndo radical, absorcdo da radiacdo ultravioleta ou desativacdo de oxigénio singlete
(ADEGOKE et al., 1998).
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Os compostos fendlicos estdo incluidos na categoria de interruptores de radicais
livres, 0s quais tém se mostrado eficientes na prevencdo da autoxidagdo. Os
antioxidantes fendlicos interagem, preferencialmente, com o radical peroxil, o qual é
mais prevalente na etapa da autoxidagdo por possuir menor energia do que outros
radicais, fato que favorece a abstracdo do seu hidrogénio. O radical fenoxil resultante,
embora relativamente estavel, pode interferir na reacdo de propagacao ao reagir com um
radical peroxil, via interacdo entre radicais. O composto formado, por acdo da luz
ultravioleta e temperaturas elevadas, podera originar novos radicais, comprometendo a
eficiéncia do antioxidante, que é determinada pelos grupos funcionais presentes e pela
posicdo que ocupam no anel aromatico, bem como pelo tamanho da cadeia desses
grupos. O mecanismo de acdo dos antioxidantes possui um papel importante na redugéo
da oxidacdo lipidica em tecidos vegetais e animais, de modo que quando incorporado na
alimentacdo humana néo conserva apenas a qualidade do alimento, mas também reduz o
risco de desenvolvimento de doencas cronico-degenerativas, cardiacas, vasculares e
neurologicas (ANGELO; JORGE, 2006).

Segundo Gheldof et al. (2002), os meis monoflorais podem exibir atividade
antioxidante expressiva, semelhante a algumas frutas e hortalicas. Apenas as plantas
possuem uma grande variedade de polifendlicos com estrutura de alta complexidade, os
quais podem ser migrados para o mel durante o processo de colheita do néctar pelas
abelhas (SILICI, et al., 2010). Em consequéncia, diversos estudos vém sendo realizados
com objetivo de definir a correlacdo dos acidos fendlicos e flavondides totais com a
atividade antioxidante de méis provenientes de diferentes origens florais, geogréaficas e
entomologicas (VIT, 2008; SILVANO et al.,, 2014; SILVA et al., 2013).

Anélises multivariadas de dados da composicdo de méis de origens distintas tem
mostrado correlacdo postiva de alguns compostos como flavonoides, minerais, proteinas
e fendis com a origem floral e o potencial antioxidante de méis (ESCUREDO et al.,
2013; ALVAREZ-SUAREZ et al., 2012; FLORES et al., 2015). Nesse contexto, a
atividade antioxidante de méis tem sido determinada por métodos colorimétricos,
biolégicos e eletroquimicos, sendo 0s métodos colorimétricos os mais aplicados. Os
métodos colorimétricos sdo conhecidos por siglas, a exemplo do ORAC (Oxygen
Radical Absorbance Capacity), caracterizados pelas reacdes de transferéncia de &tomos
de hidrogénio e captura de oxigénio, DPPH (1,1-difenil-2- pictrazil), FRAP (Ferric
Reducing Antioxidant Power) e TEAC (Equivalent Antioxidant Capacity) ou ABTS™

[2,2"-azinobis (3-etilbenzotiazolina-6- acido sulfénico)] pela transferéncia de elétrons
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(HUANG; OU, 2005). Estes sdo chamados de ensaios de captacdo, devido a geracao de
um radical que reage com moléculas-alvos, para produzir cor, fluorescéncia,
quimiluminescéncia, perda ou ganhos de sinais de ESR (“Electron Spin Resonance” ou
Ressonancia do Spin Eletrénico) ou outra mudanca mensuravel. A alteragdo nos sinais
indica a presenga de antioxidantes, o que permite sua quantificacdo (ALVAREZ-
SUAREZ et al., 2009).

O método DPPH é um dos métodos mais utilizados para determinar a capacidade
do mel em capturar radicais livres, por ser considerado pratico, rapido e estavel
(ALVAREZ-SUAREZ et al., 2009). O DPPH é um radical livre estavel devido a
possibilidade de deslocamento de seus elétrons na molécula. Esse deslocamento confere
uma intensa coloragdo purpura, com comprimento de onda de absorcao ao redor de 520
nm (SZABO et al., 2006). Normalmente, o mel é dissolvido em metanol para
concentragdes especificas, e cada amostra de mel € misturada com DPPH em solucéo de
metanol, utilizada a amostra do branco com a mesma quantidade de metanol e DPPH.
As misturas sdo deixadas em repouso na ausencia de luz durante 15 minutos a 25°C e a
absorvancia ¢ medida a 517 nm. Geralmente, os resultados sdo relatados como a
percentagem de inibicéo, isto €, a quantidade de antioxidante necessario para diminuir a
concentracdo de DPPH inicial em 50%.

Outro método colorimétrico utilizado para avaliar a atividade antioxidante do mel
é 0 ABTS™ [2,2"-azinobis (3-etilbenzotiazolina-6- acido sulfénico)]. A partir dessa
metodologia, pode-se medir a atividade antioxidante de compostos de natureza
hidrofilica e lipofilica (KUSKOSKI et al., 2005). Este método baseia-se na geracdo do
radical ABTS™ de cor azul esverdeado, formado pela reagdo de persulfato de potassio
produzindo a oxidacdo do ABTS, medindo-se a reducdo do radical a uma absorbancia
de 734 nm (MEDA et al., 2005).

O método ORAC geralmente em mel é aplicado de acordo com procedimentos
modificados por com Gheldof; Engeseth (2002). Os radicais livres sdo produzidos por
AAPH [L (+)-ascorbic acid, Epicatechin gallate, 2,2’-azobis (2-methylpropionamidine)
dihydrochloride] e o indicador fluorescente ¢é a proteina phycoerthrin (B-PE). A perda da
fluorescéncia indica a inibicdo por antioxidantes presentes nesta reacdo, a qual é
monitorada a partir de microplaca com uso de fluorescéncia. Todos 0s reagentes sao
preparados em solucdo tampdo de fosfato, pH 7,0, sendo o Trolox usado como padréo.

A aplicacdo de cada método de avaliacdo antioxidante difere entre si em relacdo

ao mecanismo de reacao, tipo de radical, condicdo de reacdo e na forma de apresentacao
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dos resultados (ALVAREZ-SUAREZ et al., 2009) ou seja, cada tipo método mensura

uma determinada acdo antioxidante da substancia analisada.

3.5 Atividade antimicrobiana do mel

A acdo antimicrobiana do mel é explorada na medicina tradicional
particularmente no tratamento contra infeccbes topicas e nas vias aéreas superiores.
Diversos compostos presentes no mel, tem sido relatados como responsaveis pela sua
atividade antimicrobiana, a qual foi primeiramente relacionada ao peroxido de
hidrogénio (H,0,) presente. Entretanto, tem sido reportado que a lisozima, os acidos
fendlicos e flavonoides, derivados da fonte floral, também conferem atividade
antimicrobiana ao mel (UTHURRY et al., 2011). Relatos recentes atribuem a atividade
do mel contra microorganismos como um resultado da acdo de seus constituintes
(peroxidos e ndo peroxidos) e também de caracteristicas intrinsecas deste produto, como
o elevado teor de agucares (KWAKMAN et al., 2010; ADAMS et al., 2008).

Estudos revelam uma ampla variacdo nos efeitos inibitdrios de meéis de origem
distinta, particularmente quando se referem a méis monoflorais. O mel produzido por
Apis a partir de Leptospermum scoparium L. (Manuka) tem demonstrando resultados
promissores como antimicrobiano contra diversas bactérias de importancia em
alimentos, tais como Staphylococcus Aureus, Escherichia coli e Pseudomonas
aeruginosa. Sua atividade antimicrobiana tem sido associada aos teores de metilglioxal
e a composicdo de fenolica caracteristica deste tipo de mel, que é rico em flavonoides
(galangina, pinocembrina e quercetina) e acido cafeico (Mavric et al., 2000; Adams et
al., 2008; Atrott e Henle 2009). Por outro lado, a presenca de acidos aromaticos, ésteres
e flavonoides é descrita por Kirnpal-Kaur et al. (2011) e Cushnie e Lamb (2005) como
responsavel pela atividade antimicrobiana do mel de Manuka. De acordo com estes
pesquisadores, os flavondides pinocembrina e galangina, juntamente com o &cido
cafeico, podem inibir enzimas bacterianas envolvidas na manutencdo da membrana
citoplasmaética causando perda continua de ions de potassio e extravasamento do
material celular.

Outro mel que tem sido estudado quanto as propriedades antimicrobianas ¢ o mel
de acécia (Robinia pseudacacia L.), eucalipto (Viminalis Hook) e girassol (Helianthus
annuus L.) produzido por A. mellifera. Para estes méis antimicrobianos, a atividade tem

sido associada ao flavondide quercetina, que é presente e elevadas quantidades em sua
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composi¢do. A quercetina interfere na permeabilidade da membrana citoplasmatica,
alterando o potencial elétrico e diminuicdo da sintese de ATP (KIRNPAL-KAUR et al.,
2011).

De modo geral, é possivel afirmar que o mel possui atividade contra bactérias
Gram positivas e Gram negativas, porém os fatores responsaveis pela atividade variam
com a origem do mel e consequentemente seu poder inibitério. Em estudo realizado por
Alvarez-Suarez et al. (2010b) micro-organismos Gram-positivo como Bacillus subtilis e
S. aureus demonstram maior sensibilidade que Gram negativo como Escherichia coli, e
Pseudomonas aeruginosa porém a resposta de cada bactéria também variaram para 0s
tipos de mel avaliados (monofloral, multifloral e de melato). Essa variagdo na
sensibilidade encontrada para bactérias especificas também é observada quando
diferentes estudos sdo comparados. Por exemplo, S. aureus foi mais sensivel que B.
subtilis, Candida tropicalis e Moraxella catarrhalis nos ensaios com méis produzidos
por abelhas Apis na Turquia ao ser estudo realizados por Kigik et al. (2007), diferente
do observado por Temaru et al. (2010), que em estudo relatou E. coli e P. aeruginosa
como mais sensiveis que S. aureus em ensaios com méis de abelhas sem ferrdo. Ainda,
conforme Basson;Grobler, (2008), S. aureus foi fracamente inibida por méis
monoflorais das espécies botanicas Leucospermum cordifolium e Erica spp. produzidos
por abelhas sem ferrdo, mas fortemente inibida por méis monoflorais de Calluna
vulgaris L. (Hull) produzidos por Apis em Portugal (Henriques et al., 2005) e meis
monoflorais de Prosopis nigra e Citrus lemon também produzidos por Apis (Isla et al.,
2011) produzidos na regido Noroeste da Argentina.

Entre as bactérias Gram-negativas, E. coli tem sido frequentemente ensaiada em
estudos que envolvem a avaliacdo das propriedades antibacterianas de méis. A
concentracdo inibitéria minima de méis para esta bactéria varia de 6,25 a 50g/100g,
considerando os resultados com méis produzidos na Espanha (Gallardo-Chacon et al.,
2008), Cuba (Alvarez-Suarez et al., 2010b), Tailandia (Temaru et al., 2007; Srisayam e
Chantawanakul, 2010), Paraguai (Vit et al., 2009) e Argentina (Basualdo et al., 2007;
Vit et al., 2009).

Hussain et al. (2015) observaram um forte potencial inibidor de méis de Monuka
produzidos por Apis e por abelhas sem ferrdo frente Salmonella typhi. No estudo a
atividade dos meis de Apis foi relacionada com o indice de peréxido de hidrogénio
presente, porém esta relacdo ndo existiu para 0s meis de abelhas sem ferrdo, indicando a

atividade de outros compostos do mel. Conforme Brudzynski et al. (2012), apesar do
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peroxido de hidrogénio ter sido considerado inicialmente responsavel pela atividade
antibacteriana do mel, este composto estd presente em quantidades suficientes apenas
para uma fraca atividade bacteriostatica em meis maduros, sendo que a atividade
antimicrobiana dos méis é o resultado de um conjunto de compostos ativos,
particularmente de polifenois, H,O, e metais (BRUDZYNSKI et al., 2012).
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4. MATERIAL e METODOS

4.1 Aqusicao das amostras de mel

Para realizacdo do estudo foram adquiridas amostras de mel em quatro meliponarios
distintos. Dois meliponarios localizados na regido do Serid6 do estado do Rio Grande do
Norte, e dois na regido do Agreste do estado da Paraiba, — Brasil. Todas as regides eram
situadas na regido do Semiarido nordestino. A colheita das amostras em cada meliponério
foi realizada ao fnal de duas estacGes climaticas distintas. A primeira colheita foi realizada
ao final da estacdo de estiagem (dezembro de 2012) e a segunda ao final do periodo
chuvoso (agosto de 2013). Em cada meliponario para cada estacdo foram colhidas trés
amostras de mel oriundas de trés corticos distintos para cada espécie de abelha sem ferrdo:
Meilipona subnitida Ducke (jandaira) e Melipona scutellaris Latrelle (urucu), totalizando
um total de 24 amostras distintas de mel. Ao final de cada colheita as amostras foram
acondicionadas em potes de vidro &mbar devidamente esterilizados e identificados e
armazenados em ambiente a temperatura de aproxmadamnete 7 °C até o0 momento das

analises.

4.2 Andlise melissopalinolégica

Para confirmacdo da classificacdo e origem monofloral das amostras de mel, foi
realizada a analise melissopalinologica das amostras, 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. Apdés 1lh de repouso o
sobrenadante foi separado e os sedimentos concretados em glicerina e envelopados
entre laminas seladas por parafina. A caracterizacdo polinica foi determinada pela
contagem e identificacdo minima de 500 grdos de pdélen em 4 campos distintos da
lamina utilizando Microscopio 6tico (400 xX) em comparacdo a imagens de referéncias
de podlen de plantas apicolas disponibilizadas pelo Laboratorio 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 andlises foram realizadas em triplicata para trés amostras distintas de

cada tipo de mel estudado, sendo analisadas um total de 72 laminas.

19



4.3 Analises fisico-quimicas

Todas as andlises fisico-quimicas foram feitas em triplicata, para calcular o valor
médio para cada amostra. A determinacdo do contetdo de &gua e do °Brix dos méis foi
realizada pelo método refratométrico com medicéo do indice de refracdo nas amostras a
temperatura de 20 °C conforme metodologia da Association of Official Analytical
Chemists (AOAC, 1990). O teor de agua foi determinado em conformidade a tabela de
Chatway. O equipamento utilizado foi um refratbmetro (Abbe de bancada _ Modelo:
Q767-B). Para determinacédo de cinzas foi adotado o método de incineracdo da amostra
em mufla a 550 °C até peso constante conforme metodologia da AOAC (1990).

A acidez total foi determinada a partir da soma da acidez livre e acidez lactonica
conforme a metodologia da International Honey Commission (IHC, 2002). A acidez
livre foi medida a partir da titulacdo de uma solucdo de mel (10g) dissolvida em 75 mL
de 4gua com NaOH 0,05 N até o ponto de equivaléncia (pH). A acidez lactonica foi
quantificada a partir da adicdo de 10 mL de NaOH e em seguida titulada com HCI a
0,05 N até pH 8,3. O pH foi mesurado a partir de um potenciémetro digital (UB-10 —
Denver) devidamente calibrado.

Quanto ao contetdo de proteinas foi determinado pelo método de micro-Kjeldahl,
utilizando 6,25 como fator de conversdo para transformacdo de nitrogénio total em
percentual de proteinas conforme metodologia da AOAC, (1990) e da IHC, (2002). A
condutividade elétrica foi quantificada a partir de leitura direta de uma solugdo de mel a
20% calculada a partir da base seca realizada em condutivimetro (Analyser, modelo:
600) conforme metodologia adotada pela IHC, (2002).

A cor foi classificada pelo método de Pfund. As amostras de mel foram diluidas
em solucdo de 50% (v / v) em agua purificada e lidas em espectrofotometro a uma
absorbancia de 636 nm. As absorbancias foram convertidas para as determinacdes de
Pfund pela formula mmPfund = -38,7 + 371,39 x Abs (ALMEIDA-MURADIAN et al.,
2012). A intensidade da cor dos méis foi quantificada como a partir da absorbancia
liquida definida como a diferenca entre as absorbancias espectrofotométricas a 450 e
720 nm. Para este efeito, as amostras de mel foram preparadas em solucdo de
concentracdo de 50 % (v / v) com agua purificada em temperatura entre 45 e 50 °C, e
sonicadas durante 5 minutos e em seguida filtradas em papel whatman (0,45 um) para
eliminar as particulas de grandes dimensdes. Os resultados foram expressos como mAU
(PILJAC-ZEGARAC et al., 2009).
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4.4 Perfil de agUcares

Aproximadamente 0,5g de mel foi pesado em tubos de polipropileno e misturado
com 10 mL de &gua. Em seguida, um mililitro desta dissolucdo foi filtrado em
membrana de acetato de celulose 0,20 pm antes da analise cromatografica
cromatografia liquida de alta eficiéncia (CLAE). A determinacdo dos acucares
(sacarose, glicose, arabinose e frutose) foi realizada utilizando cromatégrafo série 1100
da Hewlett-Packard equipado com um detector de indice de refrac¢do operado a 50 °C,
uma coluna (Transgenomic, Glasgow, Reino Unido) 300 x 7,8 milimetros CARBOsep
CHO a temperatura de 80 °C. Foi utilizada agua ultrapura como a fase mével (taxa de
fluxo de 0,4 mL / min). Os picos da amostra de CLAE foram identificados por
comparagdo dos tempos de retencdo obtidos a partir de padrdes de acucares. As
amostras de mel também foram adicionadas com padrdes (Sigma ®), a fim de verificar
a identidade dos picos cromatograficos. InjecGes foram realizadas em duplicata e as
areas médias de pico foram usadas para a quantificacdo (BELAY et al., 2013).

4.5 Andlise sensorial: Analise Descritiva Qualitativa por Ordenacdo _ ADQO

Para analise do perfil sensorial dos méis foi aplicado o metodo de Analise
Descritiva Qualitativa por Ordenacdo (ADQO) conforme procedimentos descritos por
Richter et al. (2010).

4.5.1 Recrutamento e pré-selecéo dos julgadores

Foram recrutados 34 painelistas com conhecimentos prévios de analise sensorial
descritiva e com base no interesse e disponibilidade em participar apds terem sido
informados sobre o tipo de produto a ser avaliado e procedimentos dos testes, conforme
descrito no projeto cadastrado no Conselho Nacional de Etica em Pesquisa (CAAE:
06371012.8.0000.5188). Inicialmente os painelistas participaram de uma pré-selecdo a
partir de testes preliminares para avaliagdo do desempenho quanto ao reconhecimento
de aromas, gostos basicos e discriminacdo de cor, docura e viscosidade. Para o
reconhecimento de aroma, o critério de avaliacdo aplicado foi de 70% o minimo de
respostas corretas. Na sequéncia os participantes aprovados foram submetidos a um

teste de reconhecimento de gostos basicos (doce, salgado, acido, amargo e umami),
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sendo que neste teste considerou-se que, o avaliador que ndo identificasse pelo menos
uma das solugdes de base seria removido do painel (PENNA, 1980). Para avaliar a
capacidade de discriminacdo da intensidade de cor, dogura e viscosidade foram
aplicados testes de ordenagédo, conforme metodologias de Meilgaard et al. (1999). O
critério de avaliacdo adotado foi de 100% de acertos.

Para o teste ordenacdo de intensidade de cor e dogura foram disponibilizadas
amostras de preparado de refresco em p6 sabor tangerina, oriundas de diferentes marcas
comerciais (Mid, Glup e Fresh) selecionadas pela diferenca entre si na cor. Para
discriminacdo de dogura utilizou-se 0s mesmos preparados de refresco em po, porém,
adicionados de concentragdes distintas de sacarose (concentracdes: Fresh 1%, Mid 5%,
Glup 8% e Fresh 12%). Quanto ao teste discriminativo da intensidade de viscosidade
foram utilizadas amostras de geleia de goiaba a temperatura ambiente, selecionadas pela
diferenca entre si quanto ao ter de °Brix (amostras: A =35, B =45 C=48e D =52
°brix). Todos os testes exceto o de reconhecimento de aromas foram aplicados em
cabines individuais. No momento da prova foram disponibilizadas quatro amostras
codificadas com trés digitos, um copo com agua e uma fatia de maca para limpeza do
palato entre uma prova de uma amostra e outra (exceto para o teste de cor). Ao receber
as amostras cada painelista também recebeu uma ficha de avaliacdo do teste. Cada
membro foi orientado a avaliar as amostras da esquerda para direita e em seguida
ordenasse-as por intensidade crescente em relagdo ao atributo avaliado, ou seja, da
amostra de menor intensidade para a de maior intensidade. Cada teste foi realizado em
sessdo individual com prova duplicada, em momentos diferentes. Ao final dos testes
preliminares foram selecionados 19 painelistas uma vez que demonstraram capacidade

de percepcao requerida.

4.5.2 Definicdo da terminologia descritiva

O desenvolvimento da terminologia descritiva dos méis foi conduzido com 19
painelistas pré-selecionados, utilizando-se o Método Rede, descrito por Moskowitz,
1993 e Richter et al. (2010). Devido a quantidade de amostras para analise (oito
amostras distintas) os julgadores decidiram a realizacdo de quatro sessdes de modo que
as sessOes ficaram divididas com as seguintes amostras de mel: juazeiro e malicia
produzidos pelas abelhas jandaira e urucu, e em méis de jurema branca e velame branco

produzido pelas abelhas jandaira e urugu. Em cada avaliagdo foi solicitado ao painelista
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que comparasse 0 par de amostras e descrevesse similaridades e diferengas entre as
mesmas. Apds cada painelista ter gerado suas percepcdes de similaridades e diferencas,
foi conduzida uma sessdo de discussdo em grupo para selecionar os atributos e termos
mais citados, agrupar os semelhantes e desenvolver uma lista de descritores consensual.
Para compreensdo da intensidade de cada atributo, foram realizadas duas sessoes de
treinamento qualitativo, usando amostras de referéncia para cada atributo como descrito
na tabela 1 como prop6s a equipe. Apos as adequacbes de intensidade das amostras de
referéncia em relacdo as amostras de mel estudadas, um protocolo foi produzido com
instrucdes e descricdo dos atributos avaliados, as definicbes de intensidade e as
amostras de referéncia adequada a intensidade minima e maxima de cada mel avaliado,

para facilitar e padronizar a forma de manipular as amostras durante as avaliagdes.

Tabela 1. DefinicOes e referéncias para descri¢cdo das caracteristicas de intensidade dos
atributos sensoriais de méis monoflorais de abelhas sem ferréo produzidos na regido do

Semiarido do Nordeste brasileiro

Atrlbgtos Definicéo Amostras de Referéncia
Descritores
Cor ambar Cor caracteristica de mel Fraco: Azeite de oliva (Gallo)*

Forte: Mel de abelha (Apiflora)*

Aroma Intensidade do aroma Fraco: Agua (Nenhum)

caracteristico de mel

Forte: Mel de abelha (Apiflora)*
Intensidade de aroma acido | Fraco: Agua (Nenhum)
Forte: Vinagre de maca (Vinhoto)*

Textura Intensidade da viscosidade |Fraco: Azeite de oliva (Gallo)*
Forte: Leite condensado (Cemil)*
Gosto Intensidade do sabor doce | Fraco: Solugdo de sacarose (5%)

Forte: Solucdo de sacarose (70%)

Intensidade do sabor

Fraco: Agua (Nenhum)
amargo

Forte: Chocolate amargo _70%
(Cacau Show)*

Gosto Intensidade do sabor acido | Fraco: Agua (Nenhum)
Forte: Solucao acidificada a 0,5%
(Acido citrico)

*Marca comercial
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4.6 Analises de compostos fenolicos totais, flavondides e prolina

O método de Folin-Ciocalteu (Singleton, Orthofer e Lamuela-Raventos, 1999) foi
adotado para determinar o conteudo total de compostos fendlicos. Para cada amostra de
mel foi preparada uma solugdo com agua destilada numa propor¢do de 1:10. Uma
aliquota de 0,5 mL desta solucdo foi adicionada de 2,0 mL do reagente de Folin-
Ciocalteu 0,2 N (Sigma - Aldrich Chemie, Steinheim, Alemanha). O material
permaneceu em repouso e apos 5 minutos foram adicionados 2,0 mL de carbonato de
sodio (Na2CO3) (Labosi, Paris, Franca) a 7,5%. Depois de decorridas 2h a temperatura
ambiente e sem luz foi realizada a leitura das solucbes em espectrofotdmetro a
absorbancia de 760 nm contra um branco preparado com agua em substituicdo a solugao
de mel. Para calibracdo da curva padrdo foi utilizado &cido galico (Sigma-Aldrich
Chemie, Steinheim, Alemanha) nas concentracdes de 0 - 0,050 mg/mL. A partir da
média de trés leituras foi quantificado o total de compostos fenolicos expresso em mg
de &cido galico por 100g de mel (MEDA et al., 2005).

1,2
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y=11,799x+ 0,0123
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0.4 R? = 0,9962
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Figura 1. Curva padréo de acido galico para analise do contetdo de compostos

fendlicos totais

Para quantificacdo de flavonoides totais foi adotado o método de Dowd com
adaptacbes propostas por Meda et al. (2005). Inicialmente 5 mL de tricloreto de
aluminio (AICI3) (Labosi, Paris, Franca) a 2% em metanol (Fluka Chemie, Switerland),
foi adicionado a 5 mL da solucédo aquosa de mel (1:10). Apds 10 minutos de repouso em
temperatura ambiente e na auséncia de luz, as solugdes foram lidas em

espectrofotdbmetro a 415 nm, contra uma solucdo banco composta de 5 mL da solucéo
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diluida de mel em 5 mL de metanol sem adi¢cdo de AICI3. Para calibragdo da curva
padrdo (Figura 2.) foi utilizada quercetina (Sigma-Aldrich Chemie, Steinheim,
Alemanha) nas concentra¢fes 0 - 0,050 mg/mL. A partir da média de trés leituras os

resultados expressos em mg equivalentes de quercetina (QE) por 100g de mel.
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Figura 2. Curva padrdo de quercetina para analise do contetdo de flavonoides

totais

O teor de prolina foi quantificado usando o método de Ough adaptado por
Bogdanov (1999). Para tanto, uma solucdo de 0,5 mL de mel foi misturada a 1 mL de
acido formico (Labogros, Franca) em concetracdo de 80% e 1 mL de ninidrina (3% em
monometilico de etilenoglicol) (Labosi, Paris, Franga). Apo0s agitacdo vigorosa durante
15 minutos em vortex esta solucdo foi mantida em banho maria durante 10 minutos a 70
°C. Ao final desta etapa foram adicionados 5 mL de 2-propanol (Fluka Chemie, Suica) a
50% e ap0s 45 minutos de repouso a temperatura ambiente as solu¢bes foram lidas em
espectrofotbmetro a 510 nm de absorbancia. Foi usada uma solugcdo como branco
preparada com 0,032 mg/mL de solucdo de prolina (Labosi, Paris, Franca). A
concentracdo de prolina em mg/kg de mel foi quantificada a partir da média de trés
leituras obtidas no espectrofotometro (UV mini _ 1240 Shimadzu), a partir da seguinte

equacdo: Prolina (mg/kg) = (am/ap) x (spl/sp2) x 80

Onde: am = absorvancia da solucdo de mel
ap = a absorvancia da solucdo padrao de prolina
spl=mg de prolina usado para a solu¢do padréo

sp2 = peso de mel em gramas
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80 = fator de diluigéo

4.7 Analises do potencial antioxidante

O método de DPPH, que se baseia na capacidade de reduzir o radical 2,2-difenil-
1picrilhidrazila, foi realizado conforme metodologia decrita por Meda et al. (2005). Os
méis foram dissolvidos em metanol em proporc¢do de 1:10, em seguida 0,75 mL de cada
solugdo metanolica foi adiconada em 1,5 mL de uma solu¢do de DPPH (Fluka Chemie,
Suica) diluida na uma concentracdo de 170-2,65 pug/mL de metanol. As misturas foram
deixadas em repouso por 15 minutos a temperatura ambiente. Em seguida ambas foram
lidas em espctrofotometro (UV mini _ 1240 Shimadzu) a uma absorvancia de 517 nm.
Uma solucéo foi utilizada como branco preparada apartir de metanol na concentracao de
10%. Para calibracdo da curva padrdo (Figuras: 3 e 4) foi utilizado quercetina (0,01 -
0,050 mg/mL) e acido ascorbico (Labosi, Paris, Franca) (0,01 - 0,050 mg/mL) ambos
preparado com metanol. A média de trés leituras foi utilizada para expressar o total da
atividade antioxidante em mg de &cido ascorbico e quercetina por 100g de mel.

O percentual de inibicdo dos radicais livres foi determinado pelo decaimento da
absorbancia das amostras de mel (A) em relacdo ao decaimento da absorbancia do
branco (C) dividido pela absorbancia do branco (C) e multiplicado por 100 conforme a
seguinte equacdo: RSA % = [(A - C) / C] x 100.

1,2
1 4
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2 —
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e
[~
204
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Concentracdo (mg/mL)

Figura 3. Curva padrdo de é&cido ascorbico para analise da atividade

antioxidante do radical DPPH
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Figura 4. Curva padrdo de quercetina para anélise da atividade antioxidante do

radical DPPH

O método ABTS™ foi realizado de acordo a Sant’Ana et al., (2012). O radical
ABTS™ foi preparado utilizando uma mistura (solugdo 1) de 5 mL de uma solugio
aquosa de ABTS™ [2,2"-azinobis (3-etilbenzotiazolina-6- acido sulfonico)] 7 mM com
0,44 mL de uma solucdo aquosa de persulfato de potassio a 140 mM, o qual passou por
um processo de homogeneizagdo durante 16 h na auséncia de luz. Para realizacdo do
ensaio ABTS™ foi preparada uma solugdo diluida em metanol (solugdo 2) apartir de 2
mL da solucdo de radical ABTS™ (solugdo 1) a qual foi ajustada até uma absorvancia de
0,700 + 0,005 nm. O ensaio foi realizado a partir de uma liquata de 50 pL da solucéo de
mel preprada em metanol na proporc¢do 1:10 com 5 mL da solugdo 2 do ABTS™ em
tubos de ensaios de vidro. Apos 6 minutos em repouso na auséncia de luz, foi realizada
a leitura da mistura em aparelho espectrofotomentro (UV mini _ 1240 Shimadzu) a
uma absorbéncia de 734 nm usando metanol como branco. Todo o ensaio foi conduzido
em triplicata na auséncia de luz. Os valores da absorbancia foram tracada em uma curva
padrdo de umol de trolox/mL (0-2000 pmol de trolox/mL) (Sigma-Aldrich, Alemanha).
As médias de trés leituras foram processadas e os resultados apresentados em pmol de

trolox por 100g de mel.
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Figura 5. Curva padrédo de trolox para anélise da atividade antioxidante do radical
ABTS™

O ensaio do ORAC foi aplicado conforme Gorjanovic™ et al. (2013), com
adptacoes. As amostras dos méis foram diluidas em uma solucéo da proprocao 1:10 de
tampao fosfato na proporpor¢do de 1 mg/mL. Desta solucdo foram realiazadas seis
diluicBes dintintas que variaram entre 10 a 60 vezes. Em seguida, 25 pL de cada solucéo
de mel foram adicionados em triplicata em uma microplaca de 96 pocos contendo 200
ML da solucdo de ensaio e 150 pL de fluoresceina (2,7-diclorofluoresceina diacetato)
(0,08 mM). As microplacas foram incubadas por 10 minutos a 37 °C, e em seguida foi
adicionado 25 pL de AAPH [L (+)-ascorbic acid, Epicatechin gallate, 2,2’-azobis (2-
methylpropionamidine) dihydrochloride] (150 mM). Na sequéncia, as microplacas
foram agitadas por 3 segundos, e a fluorescéncia foi medida leitor de microplacas
Fluostar Optima (BMG Labtech Durham, NC, USA) apds 2 minutos, bem como apos
120 minutos, utilizando comprimentos de onda de 485 e 530 nm respectivamente. Os
valores de ORAC foram calculados em funcdo da area sob a curva de trolox. Os
resultados foram expressos em micromoles de trolox equivalentes por 100 gramas de
mel (umol TE/100g de mel).

4.8 Perfil de fenolicos do mel

Para determinacdo do perfil dos compostos fendlicos foi adotado o método
urilizado por Alvarez- Suarez et al. (2010). Os extratos metandlicos do mel foram

obtidos apartir de 50 g de mel diluidas em cinco partes de agua acidificada (pH 2 com
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HCI _ 1M) para eluicdo dos compostos polares e acucares. ApoOs totalmente
homogeneizacéo esta fracdo foi filtrada em algodao para remocéo das particulas sélidas.
Em seguida o a fracdo filtrada foi novamente filtrada em uma coluna de vidro (25 x 2
cm) composta de 300g de resina Amberlite XAD-2 (tamanho dos poros = 9 nm,
tamanho de particulas = 0,3-1,2 mm) (Sigma Aldrich ®). Apo este processo a coluna foi
lavada com duas fracdes de 300 mL de &gua neutra. Entdo em seguida os compostos
fendlicos aderidos na resina foram eluidos através de uma lavagem da coluna com 600
mL de metanol. Apds a obtecdo dos extratos de metandlicos de cada amostra de mel, o0s
mesmos foram submetidos ao evaporador a véacuo rotativo a 40 °C para uma
concentracdo de 10 ml de extrato.

Para a identificacdo dos compostos fendlicos, foi utilizado HPLC (Shimadzu
proeminéncia LG20AT HPLC) equipado com um detector de arranjo de diodos
(SPDM20) e uma coluna de fase reversa (Shimpack CLCODS, 4,6 mm x 250 mm x 5
mm). Para a fase mdvel (A) consistiu de uma mistura de 2% de &cido acético aquoso em
agua, para fase movel (B) acetonitrilo: metanol (2: 1), a uma taxa de fluxo de 1 mL /
min. Um gradiente de eluic¢do foi utilizado, comegando com 20% de B até 15 min, 30%
de B em 20 min, 40% de B em 30 min e isocratica a 40% de B até 45 min. Os
flavondides foram separados utilizando uma fase movel que consiste em 1% de acido
acetico aquoso (A) e metanol (B) a uma taxa de fluxo de 1 mL / min. A fase mével foi
administrada utilizando o seguinte gradiente de solvente: 0 - 3 min 40% de B, 5 - 15
min 45% B, 17 - 25 min 50% de B, 27 - 35 min 55% de B e de 35-40 min 70% de B . O
volume de injeccdo foi de 10 L. A identificacdo de compostos fenolicos foi baseada
nos tempos de retencdo, no espectro de UV e comparacdo cromatografica de padrbes
puros (Sigma Aldrich ®) (SILVA et al., 2013).

4.8 Analises da atividade antimicrobiana do mel

4.8.1 Cepas teste

As cepas Listeria monocytogenes 3375, Staphylococcus aureus 18N, Escherichia
coli CINF1, Salmonella spp. CINF2, Pseudomonas aeruginosa CINF3 isoladas de
amostras de alimentos foram obtidas da Colecdo do Centro de Inovacdo e Apoio
Tecnologico (CINATE, Porto, Portugal). As cepas estoque de todas as bactérias

ensaiadas foram mantidas em criotubos contendo 15% de glicerol (p / v) a -80 °C.
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A padronizagdo do in6culo bacteriano foi realizada de acordo com o0s
procedimentos descritos por Wiegand, Hilpert e Hancock (2008) e McMahon et al.
(2008). Para tanto, as cepas bacterianas foram inicialmente cultivadas em placas
contendo agar Mueller-Hinton (MH, Himedia, india) e incubadas overnight a 37 °C (18
- 24 h). Em seguida, uma Unica coldnia foi cultivada em 5 mL de caldo MH e cultivadas
overnight a 37 °C com agitagcdo (250 rpm). A massa celular obtida foi colhida por
centrifugacao (4500 g, 15 min, 4 °C), lavada duas vezes em solucdo salina (NaCl 0,85%
p / v) esteril e re-suspensa em CBHI estéril. As suspensdes bacterianas obtidas foram
submetidas a diluicdes seriadas (10™ a 10®) em caldo MH. A densidade 6ptica a 600 nm
(DO600) da cultura bacteriana de cada diluicéo foi determinada em espectrofotdmetro.

Para a determinacdo do numero de unidades formadoras de col6nias (UFC) de
cada diluigdo, um volume de 0,1 mL da suspensdo de micro-organismos foi inoculado
na superficie de placas de Petri contendo MH, e espalhado com auxilio de alga
Drigalsky estéril. Posteriormente, as placas foram incubadas a 37 °C por 24 horas, €, em
seguida, a contagem do numero de células viaveis foi determinada e expressa em
UFC/mL. Com o namero de coldnias obtido, sendo corrigido pela respectiva diluicao,
foi determinado o numero de células contidas no tubo onde foi encontrado valor de
DO600 de 0,1 para correspondendo a, aproximadamente, 8 log UFC/mL (McMAHON
et al., 2008).

4.8.2 Determinacdo da Concentracdo Inibitéria Minima (CIM)

A CIM das amostras de mel foi determinada pelo ensaio de microdiluicdo em
caldo de acordo com os procedimentos descritos pelo Clinical and Laboratory Standards
Institute, documento M07-A9 (2012). Os méis foram preparados em concentracdes de
10 a 50 g/100 mL em caldo MH e esterilizados por filtracdo em membrana 0,22 um
(Orange Scientific, Braine-1’ Alleud, Belgium).

Aproximadamente 50 pL do indculo (6 log CFU/mL) foi adicionado a cada pogo
contendo 50 pL de caldo MH adicionado de diferentes concentragdes de mel.
Simultaneamente, foi preparado o controle de crescimento (positivo) e de esterilidade
(negativo). O sistema foi agitado e incubado a 37 °C por 24 horas, envolto com filme
plastico para evitar a desidratacdo microbiana e garantir que ndo houvesse a
volatilizacdo do mel. A CIM foi definida como a menor concentracdo de mel capaz de

inibir o crescimento visivel das cepas.
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4.9 Analises dos dados

As anélises estatisticas foram realizadas utilizando Software Statistica 7.2. Para
identificacdo de diferenca entre as medias dos diferentes tipos de méis estudados foi
realizada a andlise de variancia (Anova) e aplicado o teste de Tukey considerando 5%
significancia.

Para avaliacdo dos resultados da analise sensorial foi aplicado o teste Friedman
(Newell e MacFarlane, 1987), para identificacdo de diferenca significativa ao nivel de
5% de significAncia entre os méis monoflorais estudados, considerando para o teste
quatro amostras distintas de mel, 19 painelistas e valor critico 21.

Andlise de correlagdo de Pearson (r) e analise de componente principal (PCA)
também foram aplicadas. Os dados referentes a CIM foram expressos em valores

modais considerando a auséncia de variacdo entre as repeticdes.
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Abstract

Monofloral honeys produced by the stingless bee M. Subnida Duke and M. scutellaris
Latrelle in a Brazilian semi-arid region were analyzed regarding their physicochemical
(moisture, protein, proline, hydroxymethyl-furfural, color, electrical conductivity, pH,
free acidity, and sugar profile) and sensory aspects (color, viscosity and flavor). The
floral source influenced the color, acidity, sugar profile, ash and proline content in the
honeys. The intensity of the acidic flavor, sweet taste and color in the honeys varied
according to the floral source. No differences were perceived for honeys from the same
floral source produced by different bee species. Principal component analysis revealed
that most of the variability was defined by the water content, total acidity, glucose,
sucrose and color, as well as by acid taste, acid flavor, honey flavor and sweet taste.
These findings reveal that Brazilian monofloral honeys produced by stingless bees

possess well-defined characteristics that are influenced by the floral source.

Key-words: bee, honey, characterization, quality control.

1. Introduction

Honey is a natural food consumed without any processing and is characterized
by its complex composition, which varies according to the bee species, geographical
region, available floral source and storage conditions (Karabagias, Badeka, Kontakos,
Karabournioti & Kontominas, 2014; Habib, Megbali, Kamal, Souka & Ibrahim, 2014).
The major components of honey are sugars mostly fructose and glucose although other
minor components, such as enzymes, proteins, organic acids, minerals, pollen grains,
waxes and phytochemicals, are also present (Manzanares, Garcia, Galdon, Rodriguez &

Romero, 2014). Some of these constituents are naturally found in nectar (or pollen),
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while others are inserted by bees during the honey maturation process, thereby defining
the differences in composition and functional properties of the honeys (Sant’Ana,
Sousa, Salgueiro, Lorenzon & Castro, 2012).

The phytochemicals are considered to be the most important components
influencing the flavor and possible benefits of honeys to human health. Thus,
characterization of honeys produced in defined geographical regions, or by specific bee
species, is necessary to obtain a regional standard of quality, authenticity and added-
value (Belay, Solomon, Bultossa, Adgaba & Melaku, 2015; Silvano, Varela & Palacio,
2014). Traditionally, the combined studies of melissopalinological, physicochemical
and sensory parameters are used to determine the botanical origin and quality of
monofloral honeys (Truchado, et al., 2010). However, studies of physicochemical
parameters, sugar profile and mineral content have been suggested as criteria for the
characterization of monofloral honeys (Manzanares et al., 2014). The quantitative
descriptive analysis (QDA) is usually applied as a tool to access specific sensory
characteristics in honey (Castro-Vazquez, Diaz-Maroto, Gonzélez-Vifhas & Pérez-
Coello 2009). However, the descriptive method Ranking Descriptive Analysis (RDA)
has been cited as useful to study sensory properties of foods because it is less time
consuming (in comparison to QDA) and allows, in addition to the descriptions of the
attributes, the ranking among the samples for each assessed sensory attribute (Richter,
Avancini, Prudencio & Benassi (2010). Researchers have stated that application of
multivariate statistical methods is a highly effective tool for characterizing honeys of
different geographical, botanical and entomological origins (Ferreira, Aires, Barreira, &
Estevinho, 2009; Silvano et al., 2014; Habib et al., 2014).

The semiarid northeastern region of Brazil has a unique biodiversity of stingless

bees and native flora, enabling the production of honey with particular characteristics.
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In this region, a biome (caatinga) composed by botanical species exists that is adapted
to the typical climatic conditions of one rainy and one dry regular season during the
year. Some of the botanical species are commonly visited by native bee species, known
as indigenous bees, stingless bees, or meliponini bees (Silva et al., 2014; Silva et al.,
2013). Among the miliponini species already identified in the north and northeastern
regions of Brazil, special attention has been given to Melipona subnitida Ducke
(jandaira) and Melipona scutellaris Latrelle (urugu); these bee species typically visit
botanical species available only in a specific period of the year (rainy or dry season),
thus producing different types of honeys during the year.

Considering these aspects, studies on the characterization of monofloral honeys
produced by native stingless bees in the Brazilian northeastern region could be
important incentives for the maintenance of the stingless bee population and to help
conserve the flora and indigenous bees in this region. In this study, honeys produced by
jandaira and urucu bees from specific botanical sources, which are typically found in the
northeastern region of Brazil during the rainy and dry seasons, were characterized in

terms of their sugar content, physicochemical parameters and sensory attributes.

2. Material and methods
2.1 Honey samples

A total of 24 samples of monofloral honeys produced by stingless bees M.
subnitida Ducke (jandaira) and M. scutellaris Latrelle (urucu) in the semiarid region of
Brazilian northeastern (Serido region, state of Rio Grande do Norte and Agreste region
of Paraiba state) were obtained during the 2012 dry season from Ziziphus joazeiro Mart.
(juazeiro) and Mimosa quadrivalvis L. (malicia) (n = 12) and during the 2013 rainy

season from Mimosa arenosa willd Poir (jurema branca) and Croton heliotropiifolius
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Kunth (velame branco) (n=12). Honeys were always collected in triplicate from four
meliponary in four distinct points. Samples were stored in sterilized ambar glass
containers, shipped to the laboratory, and then maintained at 6-8 °C in the dark until
analysis (Silva et al., 2013). To ensure that the honeys were monofloral, the
melissopalynological procedure was applied to all samples (Silva et al., 2013). For this
procedure, 10 g of each honey sample was diluted in 20 mL of distilled water and then
centrifuged at 4000 rpm for 20 min. The sediment was dried at 40 °C and then mounted
with Entellan Rapid (Merck, 1.07961.0500). 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; 400x and 1000x). The pollen grains were
compared to reference images of University of Sdo Paulo, S&o Paulo, Brazil. All

samples contained more than 80% pollen grains of the same botanical origin.

2.2 Physicochemical analysis

All of the physicochemical parameters were determined in triplicate according to
the Harmonized Methods of the International Honey Commission - IHC (2002) and the
Association of Official Analytical Chemists - AOAC (1990). The water content was
determined via refractometry using an Abbé-type refractometer at 20 °C (Q767-B,
Tokyo, Japan); the corresponding values were obtained according to the table of
Chatway. The brix values in honeys were determined via refractometry following the
AOAC Official method 31.119. The total acidity was analyzed using the sum of free
acidity and lactonic acidity determined by titration of 10 g of honey dissolved in 75 mL
of distilled water with 0.05 mol/L NaOH to pH 8.30, with the results expressed as
mEq/kg. The pH was measured in a solution of 10 g of honey in 75 mL ultrapure water

using a digital potentiometer (QUIMIS, Q488AS). The protein content was measured
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using the Kjeldahl method, based on the conversion of the organic nitrogen present in
the sample to (NH,),SOs, using 6.25 as the conversion factor. The proline content was
determined via the measurement of the absorbance at 510 nm of the resulting product
between proline and ninhydrin in an acidic medium. The electrical conductivity was
measured at 20 °C in a 20 g/100 g (w/v) solution of honey in ultrapure water using a
radiometer (Analyser, model 600), with the results expressed as mS/cm. The ash content
was measured after burning the sample at 550 °C. The color was determined using the
Pfund method; the absorbance of the honeys [diluted to 50 g/ 100 g (w/v) in ultrapure
water] was determined at 636 nm and then converted to the Pfund scale (mmPfund = —
38.7 + 371.39 x Abs). Hydroxymethyl furfural (HMF) was measured using the method
of White (Silvano et al. 2014). Because the results indicated that HMF was absent in the
assessed honey samples, the samples were further submitted to Ultra Performance
Liquid Chromatographic (UPLC) analysis to quantify HMF according to a previously

described procedure (Habib et al. 2014).

2.3 Sugar profile

Approximately 0.5 g of honey was weighed directly in polypropylene tubes and
then mixed with 10 mL of water. Next, a milliliter of this dissolution was passed
through a 0.20-um cellulose acetate membrane prior to HPLC analysis. The
determination of the sugars (sucrose, glucose, arabinose and fructose) was performed
using a 1100 series Hewlett-Packard chromatograph equipped with a refractive index
detector operated at 50 °C and a 300 x 7.8 mm CARBOsep CHO 682 column
(Transgenomic, Glasgow, U.K.) operating at 80 °C. Distilled water was used as the
mobile phase (flow rate 0.4 mL/min). The HPLC sample peaks were identified by

comparing the retention times obtained from standards. The honey samples were also

50



spiked with standards (Sigma ®) (fructose, glucose, sucrose, arabinose and maltose) to
verify the identity of the chromatographic peaks. Duplicate injections were performed,

and the average peak areas were used for the quantification.

2.4 Sensory analysis

This work was submitted to the National Committee in Research Ethics (Brazil)
and approved under number CAAE: 06371012.8.0000.5188. Sensory analyses were
performed using Ranking Descriptive Analysis (RDA) according to the procedures
described by Richter et al. (2010). The panel was composed of 19 assessors, all
members (students, technicians and teachers) of the Federal University of Paraiba (Jodo
Pessoa, Brazil), with ages ranging from 16 to 62 years and with previous experience in
sensory analysis. The sessions were performed in a tasting room, separated from the
area where the samples were prepared and maintained at room temperature (25 °C)
during the evaluation. The coded samples were presented in random order to each
assessor in 40-mL glass vials sealed with a twist-off cap and at room temperature. The
order of presentation was balanced and randomized to eliminate contrast effect and
positional bias. Mineral water was provided for the assessors to perform mouth-rinsing
between samples. The sessions were performed between 10:00 and 12:00, and the
panelists declared that they were not hungry at the commencement of the tests. During
the initial sessions, the assessors underwent training in descriptive analysis, during
which they generated descriptors over the course of seven sessions. Due to the high
number of honey samples, the panel opted to evaluate four samples per session (honeys
of juazeiro and malicia produced by jandaira and urucu bee) and (honeys of jurema
branca and velame branco produced by jandaira and urugu bee). The common

descriptors chosen by the panel were compiled, together with significant descriptors
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selected for the formulation of a glossary (amber color, viscosity, honey flavor, acid
flavor sweet taste, bitter taste, and acid taste). The honey samples were evaluated by
RDA in two distinct sessions, where each sample was individually evaluated using the

glossary and then ordered according to increasing intensity for each of the attributes.

2.5 Data analysis

Statistical analyses were performed using Statistica Software 5.1. The mean
values obtained for the variables studied in the honey samples were compared by Two-
Way ANOVA and the Tukey Test. The sensory data were analyzed by the Friedman test
(Newell e MacFarlane, 1987), considering four samples, 19 judges and the critical
value: 21. Principal Component Analysis (PCA) was performed due to its efficiency of
providing accurate graphical representations, which best integrate all the significant
data. PCA also represents objects or variables on a graph to study the proximity of the

objects. A p-value < 0.05 was considered to be significant.

3. Results and Discussion
3.1 Water content (g/100 g)

The water content of the honey samples ranged from 23.93 to 28.96 g/100 g, and
no differences were observed (p > 0.05) among honeys from the same floral source
produced by different bee species (Table 1), with the exception of honey from jurema
branca. In honey, water content has been linked to the floral source, although climatic
conditions, soil, collection period and processing aspects may strongly affect this
parameter (Silvano et al., 2014; Perna, Simonetti, Intaglietta & Gambacorta, 2013). The
water content values found in the assessed honeys are similar to those reported in

previous studies (22 to 35 g/100 g) involving characterization of honeys produced by
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jandaira and urucu bees in different states of northeastern Brazil (Sousa et al., 2013;
Silva et al., 2013; Souza et al., 2006), which indicate that the analyzed samples
presented satisfactory quality. Water content values greater than 30 g/100 g in honey
favors product fermentation by osmotolerant yeasts, resulting in changes in the sensory
characteristics, mostly in texture/viscosity (Chirife, Zamora & Lema, 2006). Water
content is one of the most important parameters for evaluating the quality of honeys
because it influences the other physical and chemical characteristics and, thus, the shelf

life of the product (Guerrini et al., 2009).

3.2 °Brix

The °Brix values for the honey samples ranged from 70.08 to 74.37. No
differences (p > 0.05) were observed regarding the floral source among the assessed
honey samples (Table 1). However, honeys from malicia differed (p < 0.05) according
to the bee species. The °Brix values are directly related to the levels of sugars present in
honey, making them an important indicator of possible adulteration (Guarrini et al.,
2009). Generally, honeys produced by stingless bees exhibit lower °Brix values when
compared to honeys produced by A. mellifera (> 75), as honeys from stingless bees
possess higher water content and a lower percentage of total sugars (Habib et al., 2014;
Guarrini et al., 2009). Previous studies found °Brix values similar to those detected in
this study for honeys produced by the urucu bee in the state of Paraiba - Brazil (average
of 72 °Brix) (Campos, Gois & Carneiro, 2010), and for honeys produced by stingless

bees in South American countries (57.5 to 75.0 °Brix) (Souza et al., 2006).

3.3 pH and acidity
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The pH values found in honeys ranged from 3.1 to 5.33, differing (p < 0.05)
among the honeys from different floral sources and/or bee species. The intrinsic pH
value in honey may be influenced by the storage conditions and the occurrence of
microbial growth, which is capable of causing changes in honey texture and stability
(Feés, Pires, Iglesias & Estevinho, 2010). Previous studies describe pH values less than
and greater than (2.9 to 6.5) those found in this study for multifloral honeys produced
by stingless bees (Almeida-Muradian, Hitomi Matsuda, Markowicz & Bastos, 2007;
Sousa et al., 2013). In general, honeys from a floral source or honeydew honeys exhibit
acidic pH values, without a direct relationship with the botanical source. However, the
pH values in honeys have been linked with other parameters that are influenced by
geographical and botanical origin, such as mineral content (Vanhanen, Emmertz &
Savage, 2011).

The acidity values ranged from 17.88 to 86.85 mEqg/kg™ in the samples evaluated.
Differences were observed (p < 0.05) among the honeys from different floral sources
and/or bee species (Table 1). Previous studies that characterized wild honey produced
by stingless bees in north and northeastern Brazil reported lower and higher acidity
values (18.5 to 95.2 mEq/kg™) when compared to those observed in the present study
(Alves, Carvalho, Souza, Sodré & Marchini, 2005; Sousa et al., 2013). The acidity value
corresponds to the balance of organic acids present in honey, in particular, gluconic,
citric and acetic acid (Vit, 2008), which vary according to the floral composition and the
bee species (Oddo et al., 2008). This variation may explain the differences in the acidity

values observed for honeys from distinct floral sources.

3.4 Protein and proline
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The mean protein values in honeys ranged from 0.28 to 0.57 g/100 g (Table 1),
and no difference (p > 0.05) in this parameter was observed among the honeys from the
same floral source, despite being produced by bees from different species. These results
reinforce the findings of Habib et al., (2014), who revealed that the protein content in
honeys is dependent on the floral source and that different values may be associated
with the presence of proteins derived from nectar of flowers and enzymes introduced by
bees in honeys.

The proline levels in honey ranged from 20.53 to 4.69 mg/kg (Table 2). The
honeys from juazeiro produced by both bee species also exhibited higher proline
contents (p < 0.05) when compared to the other honeys analyzed; however, honeys from
the same floral source exhibited similar proline contents (p > 0.05). Proline is the main
free amino acid present in honeys produced by stingless bees, making it useful for the
characterization of the botanical source because is related to the floral source and the
amount of pollen present in the honeys (Truzzi, Annibaldi, Hluminati, Finale &

Scarponi, 2014).

3.5 Sugar quantitative profile

The type of sugar present in the greatest amounts in the honeys was fructose,
followed by sucrose and glucose (Table 1). With the exception of honeys from juazeiro,
the honeys of the same floral source produced by different bee species differed (p >
0.05) in the amounts of each detected sugar; this difference was also found for different
floral sources. In the floral honeys, the glucose content corresponds to the
characteristics of the nectar of the predominant flowers and varies among the plant
species (Escuredo, Dobre, Fernandez-Gonzélez & Seijo, 2014). The glucose and

fructose levels of the honeys studied were higher than those reported in previous
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studies, with multifloral honeys produced by stingless bees in Ecuador (25.5 g/100 g of
total sugars for glucose and 25.2 g/100 g of total sugars for fructose) (Guerrini et al.,
2009) and in southern Brazil (8.2 to 35.39 g/100 g of total sugars for glucose and 31.88
to 45.46 g / 100 g of total sugars for fructose) (Rizélio, et al., 2012; Biluca et al., 2014).
The fructose/glucose (F/G) ratio in the honeys evaluated ranged from 1.1 to 1.56
(Table 2), which is similar to the ratio found by Oddo et al., (2008) (1.42) in honey
samples produced by stingless bees in Australia. The F/G ratio directly influences the
sweet taste of honey because fructose is sweeter than glucose. Furthermore, the
predominance of fructose also delays the crystallization process of honeys because such
sugar has higher solubility than glucose (Rizélio et al., 2012), which provides higher
stability to the product during storage (Dobre, Georgescu, Alexe, Escuredo & Seijo,
2012). The sucrose contents found are lower than those described in previous studies for
multifloral honeys produced by the jandaira bee (3.7 g/100 g of total sugars) and the
urucu bee (5.33-8.89 g/100 g of total sugars) (Souza et al., 2013; Campos et al., 2010).
These results demonstrate the lack of adulteration and honey collection at the ideal
maturation time because high sucrose content may result from the addition of
commercial sugar or may be attributed to the early honey collection in the unfinished
process of transformation of sucrose into glucose and fructose by invertase (Kuclk, et

al., 2007).

3.8 Electrical conductivity

The electrical conductivity (EC) of the honeys studied ranged from 300 to 670
uSc/em™ (Table 1), classifying them as floral honeys (< 800 uSc/cm™) (Codex
Alimentarius, 2001). Differences were found in the EC (p > 0.05), regardless of the

floral source or bee species. Campos et al., (2010) observed values from 539.6 to 586
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uSc/cm™ for multifloral honeys produced by urucu bees in a semiarid region of
northeastern Brazil. Results similar to those of the present study were previously
reported for monofloral honeys produced by A. mellifera in a semiarid region of the
United Arab Emirates (254-605 pSc/cm™) (Habib et al. 2014). The electrical
conductivity intensity of honeys has been described as a measure of the amount of
mineral elements possessing good electrical conductivity property contained in the
honey (Derby et al., 2014). However, higher electrical conductivity values do not
necessarily correspond to higher amounts of ash in honeys (Escuredo, Miguez,
Fernandez-Gonzalez & Carmen, 2012), as evidenced in the present study. Other factors,
such as floral source, the amount of organic acids and proteins, and storage time can

also influence the electric conductivity of honey samples (Karabagias et al., 2014).

3.4 Ash

Honeys of the same botanical origin did not differ (p > 0.05) for different
producer bee species (Table 1). The highest ash values (p < 0.05) were observed for
honeys from juazeiro. Ash content, representing the total minerals present in honey, is
directly related to the environmental, geographical and botanical aspects of the region
where it is produced (Finola, Lasagno & Marioli, 2007; Bogdanov, Jurendic & Sieber,
2007). The ash content observed for honeys from malicia, velame branco and jurema
branca are similar to the levels reported for honeys from angico (Anadenanthera sp.)
(0.01 - 0.02 g/100 g) produced by jandaira bees (Silva et al., 2014) and for wild honeys
(0.1 - 0.302 g/100 g) produced by urucu bees (Campos et al., 2010) in a Brazilian
semiarid region, reinforcing the influence of geographic factors on this parameter
(Santos, Moreira & Maria, 2015). The amount of minerals can help in the differentiation

of floral honey from honeydew honey and can influence the physicochemical and
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sensory aspects of the product (Guerrini et al., 2009; Habib et al., 2014). Several
comparative studies have shown higher concentrations of minerals in honeydew honeys
compared with floral honeys (Vanhanen et al., 2011). However, ash values similar to
those of honeydew honeys have been described for monofloral honeys from chestnut
(Castanea sp.) and urze (Erica spp.) (Lachman, et al., 2007; Vanhanen et al., 2011). The
high ash content in some honey may be due to the nectar characteristics of some
botanical species, such as juazeiro in the present study. Honeys from juazeiro presented
ash values up to 10 times higher than those observed for honeys from the other

botanical sources evaluated (Table 1).

3.7 Color and HMF

The color of honeys on the Pfund scale exhibited values from 35.83 to 103.4
(Table 2). Honeys from juazeiro produced by both bee species exhibited the highest
values (p < 0.05) on the Pfund scale, being classified as amber. Interestingly, these
honeys also exhibited the highest ash and pH values (p < 0.05) when compared to all
other honey samples. Previous studies have reported that the color intensity of honeys
varies according to pH and mineral content, exhibiting a positive correlation with these
two parameters (Sodré, Carvalho, Fonseca, Alves & Souza, 2007; Guerrini et al., 2009).
However, factors such as exposure to light, heat and storage time, as well as enzymatic
reactions, may also affect this parameter.

HMF was not detected in honey samples in the colorimetric or UPLC analyses,
characterizing the evaluated monofloral honeys from stingless bees as fresh and high
quality honeys (Habib et al., 2014). HMF is widely known as a parameter of freshness
in honeys because it is absent in fresh honeys and tends to increase during processing

and/or aging of the product. Several factors influence the HMF levels, such as
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temperature and time of heating, storage conditions, pH and floral source. Overall, the
HMF level provides an indication of overheating of honey samples and/or storage in

unsatisfactory conditions (Fallico, Arena, Verzera & Zappala, 2006).

3.9 Sensory analysis

The sensory characteristics of aroma and acidic flavor, sweet taste and intense
amber color (caramel) described for monofloral honeys are reported in the sensory
evaluation of honeys produced by stingless bees (Ferreira et al., 2009; Souza et al.,
2013); however, there are no previous studies on the ordering of these attributes
according to the perceived intensity. In general, honeys from the same floral source
were observed to have similar sensory attributes and did not differ with respect to the
bee species that produced them. The physicochemical and sensory characteristics of
honeys vary according to botanical origin, maturation time, weather and storage
conditions (Ferreira et al., 2009).

Considering the ordering of the intensity of the attributes of amber color,
viscosity, honey aroma and sweet taste, the judges determined that the honeys from
juazeiro produced by both species of stingless bees were more intense (p < 0.05)
compared with the honeys from malicia (Table 2). Previous studies have reported a
direct correlation of these sensory attributes in honeys with physicochemical
parameters, such as °Brix, pH, ash content, proteins, color and total sugars (Sodré et al.,
2007; Habib et al., 2014). This correlation may explain the difference in intensity of the
attributes of honeys from juazeiro and malicia perceived by the judges in the evaluation
because the °Brix values, protein, ash, total sugar and instrumental color were higher (p
< 0.05) in the honeys from juazeiro compared to those in the honeys from malicia for

both bee species (Table 2). This result is also corroborated by the fact that the judges
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determined the honeys from malicia as being more acidic (aroma and acid taste) than
those from juazeiro (p < 0.05); in addition, the judges determined that the honeys from
malicia did not differ (p > 0.05) in aroma and acid taste when considering the bee
species (Table 2). The greater intensity of aroma and acid taste described in the sensory
evaluation for honeys from malicia compared to those from juazeiro appears to be
associated with their higher total acidity, lower pH index, and the lowest total sugar,
which could mask the acidity (Table 1). These features are possibly derived from the
nectar offered by the malicia flower to the bee species, considering that acidity is a
parameter strongly related to the botanical origin (Belay et al., 2015). Several studies
have reported high physicochemical and sensory heterogeneity among monofloral
honeys as a result of their botanical and entomological origins, which are considered to
be markers of these products (Silvano et al., 2014; Ferreira et al., 2009; Vit, 2008).
Similar to the observed intensity ordering of the attributes of honeys from juazeiro
and malicia, honeys from jurema branca were perceived as being more intense (p <
0.05) regarding the attributes of color, viscosity, honey aroma and sweet taste when
compared to honey from velame branco (Table 2), but were not considered to be
different (p > 0.05) when considering the bee species. In the physicochemical analysis,
honeys from velame branco exhibited high values for °Brix, pH, ash, protein,
instrumental color and total sugars (Table 1), partially explaining the sensory
characterization. In contrast, higher intensities for the attributes of acid aroma, acid taste
and bitter taste were described for honeys from velame branco (Table 2), when
compared to honeys from jurema branca. Although these attributes are directly
correlated with the total acidity levels, the ash content, and the pH and type of organic
acids present in monofloral honeys (Manzanares et al., 2014), high acidity is typical

physicochemical and sensory characteristic of honeys produced by stingless bees (Vit,
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2008). In the present study, honeys from malicia and velame branco exhibited higher
intensity for the attributes of aroma and acid taste and lower intensity for amber color
when compared to honeys from juazeiro and jurema branca. This result is in agreement
with the previous findings that honeys produced by stingless bees that exhibit less
intense amber color have more intense aroma and acid taste (Ferreira et al., 2009).

Once the individual behavior of each honey was studied, a PCA was used to
assess the overall effect of the variables (floral source and bee specie) on the principal
components that define the honey samples. The physicochemical parameters of the
honey samples that provide a major contribution to PC1 were water content, total
acidity, glucose and color; sensory parameters that contribute in this PC were acid taste
and acid flavor together with honey flavor and sweet taste, which were in contrast to the
aforementioned result (Figure 1A). PC1, which explains 48.15% of the variance, clearly
separates acid taste and acid flavor from sweet taste, water content, glucose and total
acidity. Most of the variability regarding the physicochemical and sensory properties of
honey from different floral sources produced by distinct bee species can be explained
with these variables. However, PC2, which explains 17.14% of the variance, was only
defined by sucrose level; the remaining variability not taken into account by PC1 was
explained by this variable. For PC1, the water content, total acidity and glucose were
found to be the most important variables that explain the separation of the honey of
malicia produced by both bee species studied from the other tested honeys (Figure 1B).

Previous studies also described the characteristics of acid flavor and acid taste for
the honey of malicia produced in a semiarid region of Brazil (Sousa et al., 2013;
Campos et al., 2015), which are strongly associated with the nectar of the floral source
collected by bees (Belay et al., 2015; Silvano et al., 2014). Physicochemical evaluation

of the honey of malicia produced by stingless bees showed high water content;
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regarding the low viscosity, it is described as being a fluid honey (Sousa et al. 2013).
PC1 also explains the separation of the honeys of juazeiro produced by urugu bees from
the other honeys assessed (Figure 1B), which could be related to the higher values of
color, honey flavor and sweet taste when compared with the honeys of the other floral
sources studied (Table 2). The honey of juazeiro produced by jandaira bees also
exhibited higher values for these same parameters (color, honey flavor and sweet taste);
note that this honey was ranked by the sensory panel as being more intense regarding
acid taste and acid flavor, which could influence the distribution of the samples
according to the PCA (Table 2; Figure 1B). However, the honey of juazeiro exhibited
no differences (p > 0.05) when produced by different bee species regarding the
physicochemical parameter total acidity. Discordance between the physicochemical
analysis and the sensory analysis was also described in a previous study that
characterized honeys in terms of physicochemical and sensory analyses using
Quantitative Descriptive Analysis (QDA) (Silvano et al., 2014).

According to PC2, the similarity observed between the honey of jurema branca
and velame branco produced by jandaira was defined by the levels of sucrose (Figure
1B). These samples exhibited the lowest sucrose amounts when compared to the other
assessed honey samples (Table 1). This result suggests that this variable strongly
contributes, with the same weight, despite the floral source, for the unique
characteristics in these two honeys, which appears in the y axis (Figure 1B); this result
is similar to results found for the honeys of jurema branca and velame branco produced
by jandaira in the sensory evaluation by RDA (Table 2). The angle between the vectors
that represents the variables can be understood as the correlation between the variables.
Those vectors with an angle of 90° indicate that both variables are not correlated,

whereas the angles less than or greater than 90° suggest a positive or negative
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correlation between the variables, respectively (Silvano et al., 2014). For the honey
samples studied, the water content exhibited a positive correlation with glucose (r =
0.88) and with total acidity (r = 0.5), whereas a negative correlation was observed with
viscosity (r = -0.54) and color (r = -0.50). As expected, honeys with lower water content
(juazeiro and velame branco) were ranked as being more intense for the viscosity
attribute when compared to the other honeys (malicia and jurema branca), regardless of
the bee species involved. A strong positive correlation (r = 0.89) was also observed for
acid flavor and acid taste, revealing the accuracy of the panel regarding the sensory
evaluation performed. In contrast, a negative correlation was observed between total
acidity and sweet taste (r = -0.63). The highest total acidity values were observed for
malicia honey produced by both bee species assessed; this honey exhibited lower values

for the intensity of sweet taste in the sensory evaluation by RDA.

4. Conclusions

Monofloral honeys produced by distinct stingless bee species in a Brazilian
northeastern region presented unique characteristics related to the floral source and a
good correlation between the physicochemical and sensory parameters. These findings
revealed that RDA is a feasible technique for establishing differences between honey
samples. In particular, honeys from juazeiro differed from other honeys regarding their
intense color and high proline, glucose, and ash contents, while honeys from malicia
exhibited the highest acidity. This study reported, for the first time, the variance and
similarities of the physicochemical and sensory aspects related to the floral source in
monofloral honeys produced by distinct stingless bee species during the rainy and dry

seasons in a northeastern region of Brazil.
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Figure Legend

Figure 1. (A) Principal Component Analysis (PCA) of the physicochemical (water
content, total acidity, glucose, sucrose,) and sensory (acid flavor, acid taste, viscosity,
sweet taste, bitter taste, honey flavor, color) aspects of monofloral honey; (B)
distribution of samples according PCA: JJ (juazeiro/ jandaira); UJ (juazeiro/urugu); JA
(malicia/ jandaira); UA (malicia/urugu); JJB (jurema branca/ jandaira); UJB (jurema

branca/urugu); JVB (velame branco/jandaira); UVB (velame branco/urugu).
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Table 1. Mean values (+ standard deviation) of the physicochemical parameters and the sugar profiles of monofloral honeys produced by different Stingless bees (jandaira

and urucu) in the semiarid region of Northeastern Brazil from different floral sources

Physicochemical

Stingless bee / monofloral honeys

jandaira (M. Subnida Duke)

urugu (M. scutellaris Latrelle)

parameters
juazeiro malicia velame branco  jurema branca juazeiro malicia velame branco  jurema branca

Water (g/100 g) 23.93"7+04  27.20"+0.2 25.63°+0.4  28.96™+0.02 2433 +03  26.53%+0.8 25.80" + 0.4 25.46"®+ 0.6
°Brix 74177 +0.2 71,0%° +0,2 72437 +12 7207+ 1.0 74277+ 05  73.07%+0.6 7257+ 0.5 72.88" + 1.2
pH 5.33"+0.4 3.10°°+ 0.02 3.85"" +0.01 3.63"+0.02 42%+005 405" +0.02  3.59°°+0.04 3.61°°+0.01
TA (mEg/kg) 28.2°°+0,9 86.85"%+ 0.4 17.88% + 1.0 37.83%°+0.8 30.4°°+ 1.2 66.13%+24 32.1"°+0.4 42,47+ 0.7
Protein (%) 0.53*+0.01  0,430"*" +0.05 0.30"+0.03 0.28" +0.02 057"*+0.04 045 +0.03 0.31"°+0.01 0.31% +0.1
Proline (mg/kg) 20.53"+ 3.7 11.96"+ 2.1 5.98"" + 0.8 10.83" + 1.1 17.41" 0.9 7.56%" £ 0.5 469" +1.0 8.93"" +0.7
EC (uSc/em™) 5985°+ 2.6 636" + 1.0 30089 +3.1 5205¢+0.2 670" +5.1 5145¢+2.3 340"+ 15 571%° + 3.4
Ash (g/100 g) 0.52°% + 0,07 0.04%°+0.01 0.11*° + 0.05 0.12*° +0.02 0.41"+0.08  0.03*°+001  0.12*°+0.02 0.11°°+0.01
Color (nm Pfund) 95.46%+0.2  55.62%° +0,02 35.83% +0.3 54.16%° + 0.1 103.4"+0.6  82.86"°+0.4 55.9% + 0.4 57.20°+ 1.1
HMF nd nd nd nd nd nd nd nd
Sugars (g/100 g)
Glucose (g/100 g) 37.74%°+0.4 45.42"+0.3 42.18% +0.6 45.73" + 0.4 38.11°°+0.3  42.62%+0.2  43.36™+0.01 41.41%° £ 0.5
Fructose (g/100 g) 59.21% + 1.1 50.00%¢ + 0.9 55.74"" + 1.9 52.64°° +2.5 57.66"+15 5558 +10  53.84%°+0.9 53.62*° + 0.7
Sucrose (g/100 g) 1.67°°+0.2 3.93%+0.2 0.76%° + 0.04 1.24%¢+0.2 2.61%2+ 0.5 1.91%2+0.3 2.06"*+0.3 3.07"+05
Maltose (g/100 g) nd nd nd nd nd nd nd nd
Arabiose (g/100 g) nd 0.54"+0.03 1.03*+0.1 0.47*+0.1 0.39° + 0.4 0.46™ +0.4 0.78%2+0.01 0.20%°+0.3
TS (g/100 g) 68.28"* +0.7  63.28°°+1.0 67.9"°+19 71.29" £ 1.4 67.62°°+16 6279 +1.4 68.041" 23 71,25" £ 1.5
FIG 1.56" £ 0.02 1.10°° +0.02 1.32°¢ £ 0.02 1.15%° £ 0.02 151" +0.04 1.30"°+0.02 1.24°%° £0.02 1.29"° £ 0.03
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TA = Total acidity; EC = Electrical conductivity; TS = Total Sugars; nd = not detected.: (Ziziphus joazeiro); Malicia: (Mimosa quadrivalvis); Velame branco: (Croton
heliotropiifolius); Jurema branca: (Mimosa arenosa). Different capital letters in the same row indicates significant differences (p < 0.05) between honeys from the same
botanical source produced by distinct bee species according to the Tukey test. Different lowercase letters in the same row indicates significant differences (p < 0.05) between
honeys from different floral source produced by the same bee species according to the Tukey test

71



Table 2. Intensity values of the sensory attributes (assessed by RDA) of monofloral honeys produced by different stingless bees (jandaira and urugu) in the semiarid region of

Northeastern Brazil from different floral sources

Stingless bee / monofloral honeys

Sensory attributes

Jandaira (M. subnida Duke) Urugu (M. scutellaris Latrelle)
juazeiro malicia juazeiro malicia
Amber color 62° 22° 71° 38"
Viscosity 71° 20° 61° 38°
Honey flavor 68° 29° 58 35°
Acid flavor 44 72° 21° 53%
Sweet taste 62° 16° 69° 43°
Acid taste 40° 74 19° 54
Bitter taste 52° 60° 56 20°
velame branco jurema branca velame branco jurema branca
Amber color 26° 56% 37% 712
Viscosity 55° 44%® 64° 27°
Honey flavor 29° 56% 39 b 66°
Acid flavor 58% 28° 65 ° 39"
Sweet taste 49° 66° 25D 502
Acid taste 5% 43 71° 21°
Bitter taste 59° 36" 44%® 51%

Rank sum values of the answers of 19 assessors of the ordination of intensity to the attributes in the honey samples. Different letters in the same row indicates significant
differences (p < 0.05) according to Newell and MacFarlane (1987); juazeiro: (Ziziphus joazeiro); malicia: (Mimosa quadrivalvis); velame branco: (Croton heliotropiifolius);

jurema branca: (Mimosa arenosa)
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Abstract

This study assessed the polyphenolic profile, the antioxidant and antibacterial activities
of rare monofloral honeys produced by Melipona subnitida Ducke (jandaira) and M.
scutellaris Latrelle (urugu) in Brazilian semiarid region. Honeys from Ziziphus joazeiro
Mart. (juazeiro) and Croton heliotropiifolius Kunth (velame branco) showed the highest
total phenolics content (TPC) when compared with the other honeys produced by the
same bee specie. Juazeiro and velame-branco honeys showed the greatest antioxidant
activity and scavenging ability in assays with DPPH and ABTS™ radicals, respectively,
while honeys from Mimosa quadrivalvis L. (malicia) presented the strongest antiperoxyl
radical activity in ORAC assay. Juazeiro honeys presented the highest quantities of
phenolic acids, particularly of trans-cinnamic, p-coumaric, ellagic, and ferulic acids, and
of the flavonioids cathecin, rutin, hesperetin and chrysin, when compared with the other
honeys produced by the same bee specie. Malicia honeys presented the highest total
flavonoids content (TFC) than honeys from velame branco and Mimosa arenosa willd
Poir. (jurema branca), with the greatest quantities of myricetin, quercetin and
kaempterol amongst the honeys studied. The different whole moliponini honeys
presented different antimicrobial effects against the bacterial strains tested, as measured
by their minimum inhibitory concentrations (MICs). However, the lowest MICs were
found for honeys that presented the highest TPC. The results showed the impact of the
botanical source on the polyphenolic profile, as well as on the antioxidant and
antimicrobial properties of meliponini honeys. Juazeiro and malicia honeys deserve
further investigation because they presented interesting scavenging ability toward the

distinct radicals tested.

Key-words: meliponini, honey, radical scavenger, antimicrobial effect
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1. Introduction

Honeys are members of a class of natural compounds, recently considered of
high scientific and therapeutic interest. In the long human tradition, honey has been
used not only as a nutrient but also as a medicine. Despite the relevant importance of
polyphenolic compounds, recognized as the major constituents responsible for health-
promoting properties of honey (Habib, Megbali, Kamal, Souka & lbrahim, 2014; Meda
Lamien, Romito, Millogo & Nacoulma, 2015), their identification and quantification are
of great interest to know the contribution to the overall bioactivity of honey
(Manzanares, Garcia, Galdon, Rodriguez & Romero, 2014). In honeys, polyphenolic
compounds, comprising phenolic acids and flavonoids, are also considered potential
markers of the botanical origin (Alvarez-Suarez et al., 2012).

Antioxidant activity, or simply antioxidant capacity of honeys, is the ability and
potential of these products to reduce oxidative reactions within the food systems and
human health (Frankel et al., 1998). The antioxidants that naturally occur in honey
composition contribute to its antioxidant capacity (Erejuwa, Sulaiman, Wahab,
Sirajudeen, Salleh, & Gurtu, 2011; Silva et al., 2013). Furthermore, the phenolic profile
of honeys and consequently their antioxidant capacity depend on the floral sources
visited by the bee producers (Habib et al., 2014; Meda et al., 2015)

Apart the antioxidant activity, honeys also possess a large broad antimicrobial
activity able to inhibit the growth of many foodborne pathogens and bacteria of clinical
importance (Vorlova, Karpiskova, Chabiniokova, Kalabova, & Brazdova, 2005). The
antimicrobial properties of honeys were firstly attributed to their high sugar
concentration and presence of peroxide compounds (mainly hydrogen peroxide)
(Weston, Brocklebank & Lu, 2000; White, 1963). However, it has been reported that

the polyphenols are also strongly related with the antimicrobial activity of monofloral
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honeys (Rodriguez, Mendoza, Iturriga & Castafio-Tostado, 2012). Moreover, studies
have found that honey from specific floral source presents stronger antibacterial activity
than others (Silici, Sagdic, & Ekici, 2010; Hussain et al., 2015). The predominance of
particular botanical specie in honey is primarily influenced by geographical, seasonal
and environmental factors (Andrade, Ferreres & Amaral, 1997). The phenolic profile is
variable depending mainly on the floral source, but also of the entomological origin
(Kirnpal-Kaur, Tan, Boukraa & Gan 2011; Belitz, Grosch & Schieberle 2009). Thus,
honeys produced by distinct bee specie, or collected from different locations possess
different active compounds, and consequently differences in their biological properties
(Kirnpaul-Kaur et al., 2011).

Monofloral honeys are of interest because show phenolic profiles related to the
honey-producing plant (Habib et al., 2014; Cavazza, Corradini, Musci, & Salvadeo,
2013). This is particularly relevant in a Brazilian semi-arid region where unigque
biodiversity of stingless bees (Meliponini) and native flora are found, and consequently,
several monofloral honeys are produced only in this region (Silva et al., 2013). Only
few studies considering the bioactivity of monofloral honeys produced by Meliponini
are available, although it is well-known that these products possess differences,
including their phenolic profile, when compared with honeys produced by bee from
Apisgenera (Silva et al., 2013). Among the miliponini species, Melipona subnitida
Ducke (jandaira) and M. scutellaris Latrelle (urugu) are species that typically visit
botanical species available only in the rainy or dry season of the semi-arid region of
Brazil, thus producing different types of honeys during the year (Sousa et al., 2013). To
the best of our knowledge, no studies to identify the antioxidant and antimicrobial

activity of these honeys have been previously performed.
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Considering these aspects, the aims of the present study were a) to assess the
antioxidant activity of the honeys rare monofloral honeys produced by distinct stingless
bee species in Brazilian semi-arid region, using distinct methods; b) to determine the
total phenolics and flavonoids, as well as the individual phenolic profile of the
monofloral honeys studied; and c) to evaluate the antibacterial activity of the whole

honeys against pathogenic bacteria strains.

2. Materials and methods

2.1. Honey samples

A total of 24 samples of monofloral honeys produced by stingless bee Melipona
subnitida D. (jandaira) and Melipona scutellaris L. (urugu) in semiarid region of
Brazilian Northeastern, at Seridd region, state of Rio Grande do Norte and at Agreste
region, state of Paraiba (Fig. 1) were obtained during 2012 dry season from Ziziphus
joazeiro Mart. (juazeiro) and Mimosa quadrivalvis L. (malicia) (n=12) and 2013 rainy
season from Mimosa arenosa willd Poir (jurema branca) and Croton heliotropiifolius
Kunth (velame branco) (n=12). Honeys were collected always in triplicate from 4
meliponary in four distinct points. Samples were stored in sterilized ambar glass
containers, shipped to the laboratory and maintained at 6-8 °C in the dark until analysis
(Silva et al., 2013). When the analysis was delayed for more than a month from
sampling, the honeys were frozen at -18 °C. In order to ensure that the honeys were
monofloral the melissopalynological procedure was applied to all honey samples (Barth,
1989). For this, 10 g of each honey sample were diluted in 20 mL of distilled water and
centrifuged at 4000 rpm for 20 min. The sediment was dried at 40 °C and mounted with
Entellan Rapid (Merck, 1.07961.0500). The honeydew elements and pollen grains (n =

500) were counted and identified in 20 distinct optical areas (Nikon Optiphot II
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microscopio; 400 x and 1000x). The pollen grains were compared to reference images
of University of Sdo Paulo (S&o Paulo, Brazil). All samples contained more than 45%

pollen grains of the same botanical origin.

2.2 Test strains

The strains Listeria monocytogenes 3375, Staphylococcus aureus 18N,
Escherichia coli CINF1, Salmonella spp. CINF2, Pseudomonas aeruginosa CINF3
isolated from food samples were obtained from the Collection of Innovation Center and
Business Support of Porto (CINATE, Porto, Portugal). Strains were stored in cryovials
with glycerol at 15% (v/v) and maintained at -80 °C before use. Inoculum of the each
bacteria strain used in antimicrobial testing were obtained after preparing suspensions in
sterile saline solution (0.85% NaCl p/v) from overnight cultures grown in Mueller-
Hinton (MH) agar (Biokar Diagnostics, Beauvais, France) at 37 °C. Each strain was
grown in MH broth (Biokar Diagnostics, Beauvais, France) at 37 °C for 18 — 20 h (late
exponential growth phase), harvested through centrifugation (4500 g, 15 min, 4 °C),
washed twice in sterile saline solution and re-suspended in MH broth to obtain standard
cell suspensions at which the OD reading at 660 nm (ODsggo) Was 0.1, which provided
viable cell counts of approximately 8 log CFU/mL, when pour-plated onto MH agar

(McMahon et al., 2008).

2.3. Total phenolics content

The concentration of total phenolics was measured using the Folin & Ciocalteu’s
phenol reagent (Habib et al., 2014). Briefly, each honey (1 g) was diluted in ultrapure
water (H,0) (10 mL) and filtered through a grade 1 Whatman® qualitative filter paper.

An aliquot of 0.5 mL (filtrate) was mixed with 2.5 mL of 0.2 N Folin & Ciocalteu’s
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reagent (Sigma Aldrich, Germany) for 5 min; then 2 mL of 7.5 % sodium carbonate
(Na2COs3) (Labosi, Paris, France) was added to the solution. After incubation at room
temperature for 2 h, the absorbance of the reaction mixture was measured and compared
with a methanol blank at 760 nm using a spectrophotometer (UV1240 Shimadzu).
Gallic acid (Sigma Aldrich®, Germany) (0 - 100 mg/mL) was used as standard to
produce the calibration curve. Total phenolics content was expressed as mg gallic acid

equivalents (GAE)/100 g honey.

2.4. Total flavonoids content

The total flavonoids content was measured using a colorimetric assay (Meda et
al., 2005). An aliquot of 5 mL of a honey solution (1:10 g/mL ddH,0) was mixed with
5 mL of a methanolic solution (2g/ 100 mL) of aluminium trichloride (AICI3) (Labosi,
Paris, France). Absorption readings at 415 nm (UV1240 Shimadzu) were measured
after 10 min and compared with a blank sample consisting of a 5 mL honey solution
with 5 mL methanol without AICI;. The total flavonoids content was determined using a
standard curve with quercetin (Sigma Aldrich, Germany) (0 — 50 mg/L) as the standard.
The mean of three readings was used and expressed as mg of quercetin equivalents

(QE)/100 g of honey.

2.5. Antioxidant assays

2.5.1 DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical-scavenging assay
The scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
(Sigma-Aldrich®, Germany) and the antioxidant activity were determined according to

a procedure described elsewhere (Meda et al. (2005). Honey samples were dissolved in
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methanol (100 mg/mL), and 0.75 mL of each sample was mixed with 1.5 mL of DPPH
(Fluka Chemie, Switzerland) in methanol (0.05 mg/mL), with methanol serving as the
blank sample. The mixtures were left for 15 min at room temperature and the
absorbance was measured at 517 nm. Quercetin (0 — 25 pg/mL) and ascorbic acid
(Labosi, Paris, France) (0 - 50 pg/mL) were used as positive controls. The
measurements were performed in triplicate. The index DPPH radical scavenging
activity (RSA), expressed was percent of inhibition, was calculated as follow:

RSA [ % ] = [(absorbance control — absorbance sampie) / absorbance contror X 100] (eq. 1.)

2.4.2 ABTS™ free radical-scavenging assay

ABTS™ [2,2°- azino-bis (3-thylbenzothiazoline-6-sulfonic acid)] cation radical
was obtained with the reaction of 2 mm phosphate-buffered stock solution of 2,2"-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) (Sigma-
Aldrich) with potassium persulphate (POCh). The mixture was left to stand for 24 h at
room temperature. Prior to analysis, the ABTS™ solution was diluted with 75 puM
phosphate buffer solution pH 7.0 (PBS) to produce a solution with an absorbance (%) of
0.20 £ 0.03 at & = 734 nm. Fifty microliters of a methanolic solution of honey (1:10)
was mixed with 5 mL of the ABTS™ cation radical solution and after 6 min, the
absorbance was measured at a wavelength of 734 nm using a spectrophotometer
(UV1240 Shimadzu). The control test was made with methanol instead of the honey
methanolic solution. The measurements were performed in triplicate. The antioxidant
activity was determined using standard curves for Trolox (Sigma-Aldrich, Germany;
0.00 for 2000 pmol Trolox / mL; Y = -0.0002x + 0.6934; R = 0.991) and the results

were expressed in umol TE/100 g (Sant’Ana et al., 2012).
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2.4.3 Oxygen radical absorbance capacity (ORAC) assay

The ORAC assay was performed using a procedure described elsewhere
(Gorjanovic” et al., 2013). All reagents were prepared in PBS, and Trolox (6.25 — 200
MM) was used as standard. The solution of honey (1:10) were suitably diluted (10 - 60
v/v) in PBS. Each well of a 96 well-microplate was added of 150 pL of fluorescein
(0.08 uM) and 25 pL of honey solution. The plate was incubated for 10 min at 37 °C
and then 25 mL of 150 mM AAPH [L (+)-ascorbic acid, Epicatechin gallate, 2,2’-azobis
(2-methylpropionamidine) dihydrochloride] were added to each well to start the
reaction. The plate was shaken automatically for 3 s and the fluorescence was measured
for every 2 min during 120 min at 37 °C, with emission and excitation wavelengths of
485 and 530 nm, respectively, using a microplate fluorescence reader (SynergyTM
Multi-Detection Microplate Reader; Bio-Tekl Instruments, Inc., USA). The ORAC
values were expressed as pmol of Trolox equivalent per gram of honey (umol TE/100g

of honey).

2.5 Extraction of the phenolic compounds from honey

The different honey samples (50 g each) were mixed (1:5) with acidified water
(pH 2 with 1M HCI until completely fluid and filtered through cotton to remove solid
particles. The filtrate was then passed through a column (25 x 2 cm) of Amberlite XAD-
2 resin (pore size = 9 nm, particle size = 0.3-1.2 mm). Sugars and polar compounds
were eluted with acidified water (350 mL) (fraction 1); the column was washed with
300 mL of neutral water (fraction 2), and phenolic compounds were further eluted with
methanol (600 mL). The methanol extracts were concentrated for 10 mL under vacuum

at 40 °C in a rotary evaporator (Alvarez- Suarez et al., 2010)
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2.6. Chromatographic analysis and identification of phenolic

HPLC analyses were performed using a Shimadzu Prominence LG20AT HPLC
equipped with a photodiode array detector (SPDM20) and a reversed-phase column
(Shimpack CLCODS, 4.6 mm x 250 mm x 5 mm). For the benzoic and cinnamic acid
derivatives, the mobile phase consisted of a mixture of 2% aqueous acetic acid in water
(A) and acetonitrile: methanol (2:1) (B) at a flow rate of 1 mL/min. A gradient elution
was used, starting with 20% B up to 15 min, 30% B at 20 min, 40% B at 30 min and
isocratic at 40% B up to 45 min. The flavonoids were separated using a mobile phase
consisting of 1% aqueous acetic acid (A) and methanol (B) at a flow rate of 1 mL/min.
The mobile phase was delivered using the following solvent gradient: 0-3 min 40% B,
5-15 min 45% B, 17-25 min 50% B, 27-35 min 55% B and 35-40 min 70% B. The
injection volume was 10 pL. The identification of phenolic compounds was based on
the retention times, the UV-spectra and chromatographic comparison (co-injection) with

authentic markers Sigma Aldrich ® (Silva et al., 2013).

2.7 Antibacterial assays

The antibacterial activity of the honey samples were measured by determination
of the minimum inhibitory concentration (MIC) using a microdilution assay in
accordance to the Clinical and Laboratory Standards Institute guidelines described in
the document M07-A9 (2012). The honey samples were prepared in a concentrations
range from 10 - 50 g/100 mL in MHB and sterilized by filtration through a qualitative
0.22 um filter paper (Orange Scientific, Braine-1’ Alleud, Belgium).

Approximately 50 puL of each of the tested honey concentration was dispensed
into each well of a 96-well microplate containing 100 pL of MH broth. Subsequently,

50 pL of bacterial suspension (approximately 6 log CFU/mL) were added to each well.
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The microplate was loosely wrapped with cling wrap to prevent bacterial dehydration
and honey volatilization. Each plate included controls without honey. The system was
incubated at 37 °C for 24 h. The MIC values were confirmed as the lowest

concentrations capable of inhibiting visible bacterial growth.

2.8. Statistical analysis

All assays were performed in three independent experiments in triplicate, and the
results are expressed as average + standard deviations (SD) of the assays. For the
phenolics and flavonoids content, as well as for antioxidant and antimicrobial assays,
statistical analysis was performed to determine significant differences (p < 0.05) using
one-way analysis of variance (ANOVA) followed by post-hoc Tukey's test. The
Pearson’s linear correlation coefficients (r) between selected parameters were also
calculated in bivariate linear correlations. For MIC determination assays, the results are
expressed as modal values because the MIC values were the same in all repetitions.
Sigma Stat 3.5 computer software (Jandel Scientific Software, San Jose, California) was

used for the statistical analysis of the data.

Results and Discussion

3.1 Total phenolics (TPC) and flavonoids content (TFC)

The TPC in assessed honey samples varied from 31.5 £ 2.1 to 126.6 = 2.7 mg
GAE/100g with differences (p < 0.05) among samples from distinct floral sources
(Table 1). Considering these results, honeys from juazeiro produced by both bee species
studied presented the highest (p < 0.05) TPC (JJ: 126.6 £ 2.7 and JU: 61.1 + 3.7 mg

GAE/100g), while the lowest (p < 0.05) TPC values were observed in honeys from
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malicia (31.5 £ 2.1 e 34.2 + 1.5 mg GAE/100 g). The average TPC for all honeys
analyzed was 56.32 + 28.5 mg GAE/100 g.

Previous study reported highest TPC (120 mg GAE/100g) for honey produced by
jandaira from Mimosa coesalpiniifloia Benth (Silva et al., 2013), a botanical specie
typical from semiarid region. Highest TPC (240 and 148.29 mg GAE/100g) was also
observed for heterofloral honeys produced by Meliponini in Paraguai and Argentina
(Vit, Gutiérrez, Rodriguez-Malaver, Aguilera, Fernandez-Diaz, & Tricio, 2009).

The TFC in honeys studied varied from 4.2 + 0.6 to 1.9 + 0.1 mg QE/100g with
differences (p < 0.05) between honeys produced by the same bee specie from different
botanical sources (Table 1). Honeys from juazeiro and malicia showed the highest (p <
0.05) TFC (approximately 4.2 = 0.2 mg QE/100 g), while honeys from velame branco
presented the lowest (p < 0.05) TFC (JVB: 2.4 £0.1 e UVB: 1.9 + 0.1 mg QE/100g).
The average TFC for all honeys analyzed was 2.97 £ 0.9 mg QE/100. The TFC of
honeys analyzed in our study was higher than those reported by Lianda, Sant’Ana,
Echevarria, & Castro (2012) for honeys produced by Apismelliferafrom Citrus spp.
(0.17 mg QE/100g) and Robinia L. (acacia) (1.75 mg QE/100g), and by Can, Yildiz,
Sahin, Turumtay, Silici, & Kolayli (2015) for honeys from Tilia. platyphllos (lime)
(0.95 mg QE/100g).

The influence of floral source on the TPC e TFC of honeys from the same
geographic region was already reported (Alvarez-Suarez et al. 2010; Silva et al., 2013).
Researchers have stated that environmental and climatic conditions where the plants
grown define their metabolism and directly impact the nectar composition (offered to
the bee for honey production (Al-Mamary, Al-Meeri and Al-Habori, 2002; Perna,
Simonetti & Gambacorta, 2013; Flores et al., 2015). Particularly, regions characterized

by a hot, humid climate, with very high exposure to sunlight (as Brazilian

85



Northeastern), are known to exert a marked influence on the polyphenolic content of
plants (Tenore, Ritieni, Campiglia & Novellino 2012). Sun-exposed plants (as juazeiro)
can contain much more total phenolics than the same varieties or others as growing in

the shade (Tenore et al., 2012).

3.2 DPPH-free radical-scavenging assay

DPPH, a stable nitrogen centered radical, has been widely used to test the free
radical scavenging ability of various substances or compounds (Habib et al., 2014). The
reduction capability of DPPH was determined by the decrease in its absorbance at 517
nm, which is induced by antioxidants. The scavenging activity of DPPH radical
(RSA%) varied from 11.2 + 1.3% to 46.9 + 1.9%. The honeys from juazeiro and velame
branco produced by jandaira species showed the greatest (p < 0.05) RSA%. According
to the Pearson’s correlation, these results were influenced by the TPC (r = 0.8662; p <
0.01) and by the antioxidant activity of the DPPH radical mg QEAC/100g (r = 0.9976)
and DPPH mg AEAC/100g (r = 0.9525), respectively (Table 2). Previously studies with
honeys produced from Apishoneys observed positive correlation between TPC and
RSA% (Escuredo, Miguez, Fernandez-Gonzalez, & Seijo, 2013; Meda et al., 2005).
However, the RSA% of a sample cannot be only predicted on the basis of its TPC and
TFC, as observed in the present study (Table 1). In honeys, the antioxidant capacity
could be a result of the combined activity of a wide range of compounds found therein,
including phenolics, peptides, organic acids, enzymes, minerals, Maillard reaction
products and possibly other minor components (Escuredo et al., 2013; Sant'Ana et al.,

2012; Gheldof et al., 2002).

3.3 ABTS™ free radical-scavenging assay
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The ABTS method measure the ability of compounds to capture the radical 2,2'-
azinobis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS™), which can be generated in
chemical and enzymatic reactions (Kuskoski, Asuero, Troncoso, Filho, & Fett, 2005).
There was a significant (p < 0.05) variation in the scavenger activity of ABTS™ free
radical among the honey samples tested. Similarly to observed for DPPH assays, honeys
from juazeiro and velame branco showed the highest (p < 0.05) scavenging activities of
ABTS™ (JJ: 81.6 + 45; UJ: 465 + 59 and JVB: 353 + 1.9; UVB: 39.6 + 1.0
umol/TE/100g). The lowest (p < 0.05) scavenging activity for the ABTS™ radical (JA:
24.8 £0.9 e UA: 23.2 + 2.9 umol/TE/100g) was observed for malicia honeys (p < 0.05).
Previous study detected stronger and weaker ABTS™ scavenge activity for honeys from
Fagopyrum esculentum (buckwheat) (66.35 «mol/TE/100g) and Acacia tortilis (acacia)
(31.61 umol/TE/100g), respectively (Socha, Juszczak, Pietrzyk, Gatkowska, Fortuna &
Witczak, 2011).

The honeys tested presented higher inhibition potential against ABTS™ radical
(up to four-fold) than against DPPH (Table 1). These results could be related to the
specific action monitored in the ABTS™ assay, which indicate the antioxidant activity
of compounds of both hydrophilic and lipophilic nature (Meda et al., 2005; Kuskoski et
al., 2005). In general, the antioxidant properties of different honey samples depend on
the structure of their phenolic compounds, as a consequence of the ability of these
compounds to donate the hydrogen ion or electrons for the free-radicals (Gasic” et al.,
2014). The positive correlations between the TPC and the capability of ABTS™ radical
inhibition (r = 0.9853, p < 0.01), and between the capability of ABTS™ radical
inhibition and the TFC (r = 0.8228, p < 0.05), indicate that phenolics and flavonoids are
the main responsible for the antioxidant properties of studied honeys. Still, the

differences observed among honeys produced from the same bee specie, but using
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different predominant floral samples for nectar collection, reinforce the influence of the
botanical source on the honeys antioxidant properties (Piljac-Zegarac, Stipéevi¢ &

Belsc¢ak, 2009; Lianda et al. 2012).

3.4 ORAC

The ORAC method consists of measuring the decrease in fluorescence of a
protein, as result of the loss of its conformation when it suffers oxidative damage caused
by a source of peroxyl radicals (ROO¢) (Zulueta, Esteve, & Frigola, (2009). The ORAC
radical scavenging effect of honeys samples varied from 8.9 + 0.1 to 54.3 = 0.3
umol/TE/100g GAE/100g, with differences (p < 0.05) among honeys from distinct bee
specie and floral sources. For this assay, honeys from malicia showed an antioxidant
potential up to 4-fold higher than the other tested honeys (Table 1). Significant

correlations (p < 0.01) were found between ORAC and RSA (r = 0.9363), FCT (r

0.9667), FCT (r = 0.8957), color (r = 0.9296), DPPH (r = 0.9347) and ABTS (r
0.9851).

The potential advantages (and differences) of ORAC assay compared with the
other applied methods include the use of peroxyl radical as reactants, with redox
potential and mechanism of reaction (i.e. hydrogen atom vs. electron transfer) similar to
those of physiological oxidants, and the use of a physiological pH. Thus, the
antioxidants react with an overall charge and protonation state similar to that found in
the human body (Bisby, Brooke & Navaratnam, 2008; Gorjanovic de et al. 2013). In
general, compounds with more hydroxyl substitutions possess the stronger antiperoxyl
radical activities. Particularly in flavonoids, the di-OH substitution at C-3' and C-4' is

plays an important role in the peroxyl radical absorbing activity (Cao et al., 1997).
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This relation structure-activity could explain why the honeys from malicia
showed the highest capability as antioxidant in ORAC assay, even if these honeys
presented the lowest TPC among the honeys tested, when considered the same bee
producer. Malicia honeys presented the highest quantities of the flavonoids kaempferol,
quercetin and myricetin (Table 2), which possess hydroxyl groups substituents on C-3'
and C-4 . Still, it is known that when similar total phenolic contents occur, these do not
necessarily correspond to the same antioxidant responses. The response of different
phenolic compounds in the Folin-Ciocalteu assay also depends on their particular
chemical structure (Atoui, Mansouri, Boskou, & Kefalas, 2005).

The discordance among the antioxidant potential, considering the results of
activity in DPPH, ABTS™ and ORAC assays, was also observed for monofloral honeys
from acacia, lime and singing bean produced by Apis(Meda et al., 2005; Alvarez-Suarez
et al., 2010; Socha et al., 2011). This variation is attributed to the profile of phenolic
compounds of each honey. Different chemical structures possess distinct capabilities to
capture the radicals assayed, particularity because the number and position of their
hydroxyl groups (Atoui et al., 2005). At the present time, no single available assay for
testing the antioxidant capacity provides all of the information desired. The evaluation
of overall antioxidant capacity may require multiple assays to generate an “antioxidant
profile” encompassing reactivity toward both aqueous (DPPH and ABTS) and
lipid/organic radicals (ORAC) directly via radical quenching and radical reducing
mechanisms (DPPH; ABTS; FRAP and ORAC) and indirectly via metal complexing

(FRAP) (Alvarez-Suarez et al., 2012.

3.4 Phenolic profile
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The results obtained for the polyphenolic composition of honey samples are
presented in Table 2. The identity of most of the phenolic compounds in the analyzed
honey samples could be confirmed positively by comparison with standards. However,
other compounds present in these samples with similar phenolic spectra and
chromatographic behavior could not be identified due to the no availability of standard
compounds. Flavonoids and benzoic and cinnamic acids are the most common phenolic
compounds found in honeys produced by Apis(Alvarez-Suarez et al., 2012; Sabatier
Amiot, Tacchini & Aubert, 1992). In meliponini, the flavonoids cited as prevalent are
naringenin, quercetin and isorhamnetin along with gallic, vanillic, 3,4-
dihydroxybenzoic and cumaric acid (Silva et al., 2013). However, to the best of our
knowledge, only a few studies assessing the phenolic compounds profile of meliponini
honeys from heterofloral source are available (Vit et al., 2009; Silva et al., 2013; Silva
et al., 2013), and no studies assessing these characteristics in meliponini honeys from
monofloral sources are available. To evaluate the presence of the phenolic compounds
in tested monofloral honeys, fourteen genuine phenolic compounds that are commonly
found in honey samples, comprising genuine benzoic and cinnamic acid derivatives, and
eight flavonoids were selected.

The HPLC-DAD analyses of the of studied honeys revealed the influence of the
floral source on their polyphenolic profile. Generally, the HPLC chromatograms of the
phenolic acids and flavonoids indicated that the honeys from the same floral source had
similar phenolic profiles, with exception of honey from juazeiro. The presence of all
phenolic acids, particularly p-coumaric, ellagic, 3,4-hydroxybenzoicd, and the
flavonoids rutin, catechin, chrysin and narigenin were detected in higher amounts in
juazeiro honeys, when compared with the other tested honeys produced by the same bee

specie. This is probably a characteristic of this botanical specie and of its pollen. An
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early study of honeys produced in arid regions, where climatic conditions are similar to
those found in Brazilian northeast, observed high quantity of rutin in honeys from Z.
spina-csisti, suggesting it as a marker in honeys from Ziziphus species (Habib et al.,
2014;).

In malicia honeys, the phenolic acid detected in higher quantities was 3,4-
hydroxybenzoic and the flavonoids quercetin, miricetin and kaempterol. Interestingly, a
previous study concerning the pollen loads collected from jandaira honey possessing
98.95% of pollen from M. gemmulata indicated the presence of naringenin. This
suggested that naringenin may be specific for honeys from Mimosa species (Silva et al.,
2006). In the present study, two honeys from the same genus, malicia (Mimosa
quadrivalvis L.) and jurema branca (Mimosa arenosa), showed variation in contents of
narigenin in honeys produced by both bee species. Additionally, narigenin was present
in all honeys samples suggesting that it is not a marker of Mimosa honeys, as previously

proposed.

3.5 Antimicrobial activity

The antimicrobial activity of polyphenolic compounds (phenolic acids and
flavonoids) is well known. We have chosen to assess the antimicrobial properties of the
entire honey (diluted in growth media) considering that total honey may be more
beneficial than isolated constituents. Bioactive individual components in honeys can
change their antibacterial effects in the presence of other compounds, establishing a
synergistic effect (Silici, et al., 2010).

The target bacterial strains exhibited different sensitivities when challenged with
the different monofloral honey samples tested, as measured by determination of MIC.

Honey from juazeiro and velame branco, produced by both bee species, displayed the
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lowest MICs (honeys from juazeiro: <10 - 20; honeys from velame branco: 10g/ 100
mL — 30g/ 100 mL). The highest MICs were displayed by honeys from malicia (30g/
100 mL —50g/ 100 mL) (Table 3). In general, considering the floral source of honeys an
approximate general ranking of the antimicrobial activity could be described as follows:
juazeiro > velame branco > jurema branca > malicia. The samples that showed the
strongest antimicrobial activities also presented the highest TPC.

The reasons for the antimicrobial activity of honeys are so far controversial.
Some studies have reported antimicrobial activity of monofloral or multifloral honeys
produced by Apis(Elbanna, Attalla, Elbadry, Abdeltawab, Gamal-Eldin, & Ramadan
2014) or Meliponini (Silva et al., 2013a). However, because the great variation in the
methodologies used (e.g. agar diffusion, disk-difusion, microplate and colorimetric
assays), variety of honey samples used (e.g. extracts or whole honeys) and the use of
fresh or ripe honeys, the available data are inconsistent.

Some researchers state that the H,O, produced by action of glucose oxidase or
the non-peroxide activity are the main aspects related with the antimicrobial activity of
honeys (Wang, Huang, Tai & Huang, 2012; Al-Habsi et al., 2012; Elbanna et al., 2014).
The effects of the non-peroxide activity in antimicrobial properties of honeys are more
pronounced in ripe honeys (as that used in the present study), where only a small
peroxide amount (not sufficient to inhibit bacterial growth) is found (Bizerra, Silva &
Hayashi, 2012). Consistently, it has also been shown that the antibacterial activity of
honeys is related with the polyphenols found therein (Silici, et al. 2010; Brudzynski,
Abubaker, St-Martin & Castle, 2011). It could be proposed that the non-peroxide
compounds are mostly related with the antibacterial effects presented by the honeys
samples studied, because the samples possessing the highest phenolics contents

presented the smallest MICs against the tested bacterial strains. Moreover, the presence
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of higher amounts of flavonoids such as rutin, cathecin and chrysin in honeys from
juazeiro could also contribute to its stronger antimicrobial activity. Flavonoids are able
to interfere with the structural and functional properties of bacterial membranes, which
in turn become increasingly permeable to protons, ultimately leading to the loss of cell
integrity with leakage of cytoplasmic content (Kirnpal-Kaur et al. 2011).

Considering the detected MICs, the sensitivity of the tested bacteria followed the
order: Salmonella spp. > S. aureus > L. monocytogenes > E. coli > P. aeruginosa. These
results are in accordance with the literature which reports that different bacteria differs
in their sensitivity to honeys, wherein Salmonella spp. was the most sensitive followed
by S. aureus, L. monocytogenes and E. coli (Rodriguez et al., 2012), and S. aureus is
more sensitive to honey than P. aeruginosa (Alvarez-Suarez et al. 2010). These results
are worthy of note because Salmonella spp., as a Gram-negative bacteria, has
commonly presented higher resistance to antimicrobials when compared with Gram (+)
bacteria (e.g., S .aureus and L. monocytogenes) (Mazzarrino et al. 2015). Overall,
whole Meliponini honeys presented capability to inhibit bacteria growth, so further
studies could be performed to assess the contribution of their individual compounds for
the establishment of these inhibitory effects and their possible action mode on bacterial

cells.

Conclusion

The honeys from juazeiro and velame branco produced by meliponini jandaira and
urucu showed the highest TPC, the highest antioxidant activity (as measured as
scavenger of DPPH and ABTSe+ radicals) and the highest MICs against pathogenic
bacteria. Otherwise, honeys from malicia produced by both bee specie studied showed

the highest potential to capture oxygen radical and the greatest quantities of quercetin,
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myricetin and kaempterol. This study detected, for the first time, the presence of the
great quantities of the some phenolic acids and flavonoida in juazeiro and mailicia
honeys produced by meliponini, as well as the variance and similarities of their

bioactivity related with the floral source.
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Figure Legend

Figure 1. Map of semiarid region of Brazilian Northeastern showing the distribution of
honey samples studied and respective geographic coordinates. e Serido region, state of
Rio Grande do Norte; % Agreste region, state of Paraiba
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Figure 2. Chromatogram of the Ziziphus joazeiro (juazeiro) honey produced by jandaira
(Melipona subnitida) - honey sample JJ; peaks identified 1: 2.4-dihydroxybenzoic acid;
2: 3.4-hydroxybenzoic acid; 3: Ferulic acid; 4: Ellagic acid,; 5: Trans-cinnamic acid; 6:
P-coumaric acid; 7: Syringic acid; 8 Myricetin; 9: Quercetin; 10: Catechin; 11: Rutin;

12: Kaempterol; 13: Hesperetin; 14: Naringenin; 15: Chrysin
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Table 1. Total phenolics and flavonoids content and antioxidant activity (DPPH, ABTS and ORAC) of monofloral honeys produced by

meliponini species (jandaira and urugu) in the semiarid region of Northeastern Brazil

Meliponini / monofloral honeys

Phenolic compounds jandaira (M. Subnida Duke) urucu (M. scutellaris Latrelle)
Juazeiro Malicia Velame Jurema Juazeiro  Malicia Velame Jurema

(39) (JA) Branco (JVB) Branca (JJB) uJ) (UA) Branco (UVB) Branca (UJB)
TPC (mg GAE/100g) 126.6™+2.7 31.54“+21 575+37 48.1%° 0.5 61.1%+37 342°°+15 54.0"%* +3.8 3759 +21
TFC (mg GAE/100g) 42"+06  417+04 2.6 +06 2.4%+0.1 447 +02 407 +04 1.9 +0.1 2.1%°+05
DPPH (mg AEAC/100g)  23.6™+10 11.0°+0.7 19.9°"+18 10.7°°+ 0.8 18.9%+16 45+07 4350 +17 11.7 £0.25¢
DPPH (mg QEAC/100g)  10.8+05 4.6°+0.4 9.0 +0.8 4.4 +0.4 6.2+ 0.9 1.6+ 0.3 6.0+ 0.4 4.6 +0.1°%
ORAC (umol/TE/100g) 22.1°+0.4 33.7%+27  9.6°°+06 14.9°° + 0.3 22.6°+1.0 54.37+0.3 8.9°+0.1 11.7%°+ 0.5
ABTS (umol/TE/100g) 81.6"+45 248“+09 353%+19 26.3%°+ 0.0 4652 +59 23.2%°+29 39.6"+ 1.0 26.7°"+ 1.8
RSA (%) 46.9%+19 233“+14 4017 +32 22.7°°+ 1.6 2952 +34 11.2°+13 27.5%° +05 24,65 + 04

Mean values + standard deviations. TP = total phenolics; TF = total flavonoids; AEAC, ascorbic acid equivalent antioxidant content; QEAC, quercetin equivalent antioxidant

content. Different capital letters in the same row indicates significant differences (p < 0.05) between honeys from the same botanical source and produced by distinct bee

species according to the Tukey’s test. Different lowercase letters in the same row indicates significant differences (p < 0.05) between honeys from different floral source and

produced by the same bee species according to the Tukey'’s test.
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Table 2. Correlation matrix of antioxidant activity (ORAC, ABTS and DPPH), total phenolics and flavonoids content and RSA (%) of

monofloral honeys produced by Meliponini species (jandaira and urugu) in the semiarid region of northeastern Brazil.

Variables PCT FCT RSA ORAC ABTS™ DPPH DPPH
(mg GAE/100g) (mg QEAC/100g) (%) (mg QEAC/100g) (mg AEAC/100g)

PCT (mg GAE/100g) 1 0.7700% 0.8662**  0.9667**  0.9853** 0.8663** 0.8313 **
FCT (mg QEAC/100g) 1 0.9377**%  0.8957** 0.8228* 0.9178%* 0.9403%*
RSA (%) 1 0.9363**  0.8917** 0.9976%* 0.9525%*
ORAC (umol/TE/100g) 1 0.9851** 0.9347%* 0.8941**
ABTS™ (umol/TE/100g) 1 0.8930%* 0.8671%*
DPPH (mg QEAC/100g) 1 0.9705%*
DPPH (mg AEAC/100g) 1
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Table 3. Phenolic acids and flavonoids of monofloral honeys produced by Meliponini species (jandaira and urucgu) in the semiarid region of

Northeastern Brazil.

Meliponini / monofloral honeys

Phenolic acids jandaira (M. Subnida Duke) urucu (M. scutellaris Latrelle)

Juazeiro Malicia Velame Jurema Juazeiro Malicia Velame Jurema
Branco Branca Branco Branca
2.4-dihydroxybenzoic acid 30.0+0.15 16.9+0.08 1.33+0.02 3.50+0.07 2550+0.08 17.20+0.02 1.32£0.02 3.00£0.05
3.4-hydroxybenzoic acid 24.0+£0.15 0.98 £ 0.05 0.30+ 0.01 3.80+£0.12 22.30+ 0.02 1.0 £0.01 0.40£0.01 3.60£0.13
Ferulic acid 18.0+£0.09 0.51+£0.04 0.90 £0.07 2.10+£0.01 11.10+£0.07 0.70 £0.02 1.50 £ 0.02 2.00£0.07
Ellagic acid 41.0+£0.12 1.20+£0.02 1.40+ 0.06 10.00 £ 0.01 24.30 £ 0.05 1.50+£0.02 1.10+£0.02 9.80£0.03
Trans-cinnamic acid 13.0+0.02 0.13+0.04 0.20+0.01 3.70+0.05 10.80+0.12  0.30+0.11 0.20+0.04 4.00+0.5
P-coumaric acid 45.0+0.42 1.02+0.05 1.90+0.03 4.40+0.35 3270+0.13 1.40+0.04 0.90+0.15 2.50+0.02
Syringic acid 12.0+0.02 5.00+0.01 4.90 £ 0.07 2.40+0.08 11.60+0.06  5.30+0.21 450+ 0.02 2.20+0.01
Flavonoids
Myricetin 1.10+0.02 21.10+0.14 4.0 £0.09 421+0.21 1.81+0.1 18.01+0.1 3.92+0.07 5.50+0,13
Quercetin 4.20 £ 0.06 23.31+0.44 2.7 £0.10 1.72+0.02 4.42 £0.04 17.30+0.2 3.21+04 2.01+0.12
Catechin 14.90 + 0.04 0.70 +£0.01 1.50+0.03 0.31+0.02 10.52+0.04 1.22+0.08 0.61+0.01 0.04+0.01
Rutin 86.12+0.02 5.30+0.26 7.10+0.12 3.20+0.02 55.51 +0.05 6.02+0.1 6.72+0.2 3.50+0.2
Kaempterol 491+0.2 6.10+ 0.05 3.80+0.07 2.80+0.12 4.73+0.04 5.80+0.03 3.61+0.1 2.61+0.10
Hesperetin 7.70+0.2 0.31+0.03 0.51+0.05 0.33+0.02 412+0.1 0.33+0.07 0.71+0.1 0.31+£0.02
Naringenin 8.70 £ 0.07 0.33+0.02 0.50+ 0.58 6.51+0.02 9.10+0.1 0.21+0.02 0.60 + 0.08 5.24 +0,02
Chrysin 13.01+0.15 0.71+0.04 0.52+0.01 0.30+0.09 10.90+0.2 0.90+0.1 0.51+0.02 0.73+0.02

Mean values (pg/1g of honey) from three repetition + standard deviations; nd = not detected
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Table 4. Minimum inhibitory concentration (MIC; g/100mL) of monofloral honeys produced by Meliponini (jandaira and urugu) in the semiarid
region of Brazilian Northeastern Brazil against pathogenic bacterial strains

Honeys samples* E. coli CINF1 P. aeruginosa CINF3 S. aureus 18N Salmonella sp. CINF2 L. monocytogenes 3375
JJ 10 10 <10 <10 20
JA 30 40 50 30 50
JvVB 20 30 20 30 30
JJB 30 40 40 30 30
uJ 20 20 10 10 20
UA 40 50 50 40 40
uvB 20 20 20 10 20
uJB 30 50 30 30 40

JJ: honeys from juazeiro produced by jandaira bee; JA: honeys from malicia produced by jandaira bee; JVB: honeys from velame branco produced by jandaira bee; JJB:
honeys from jurema branca produced by jandaira bee; UJ: honeys from juazeiro produced by urucu bee; UA: honeys from malicia produced by urucu bee; UVB: honeys from

velame branco produced by urugu bee; UJB: honeys from jurema branca produced by urucu bee
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6. CONCLUSAO FINAL

Os méis monoflorais de Ziziphus joazeiro (juazeiro), Mimosa quadrivalvis L
(malicia), Croton heliotropiifolius Kunth (velame branco) e Mimosa arenosa willd Poir
(jurema branca) produzidos pelas espécies de abelhas Melipona subnida Duke
(janadaira) e M. scutellaris Latrelle (urugu) na regido do Semiarido do Nordeste
brasileiro apresentam um composicao caracteristica de elevada umidade e acidez.

Os aspectos fisico-quimicos e sensoriais dos méis produzidos por ambas as
espécies de abelha estudadas foram influenciados pela origem boténica, particularmente
0s meéis de juazeiro e de malicia, que apresentaram a maior quantidade de compostos
fendlicos totais e os melhores resultados nos ensaios com os radicais DPPH e ABTS™,
bem como a maior atividade contra as bactérias ensaiadas. Entretanto, no ensaio ORAC,
0s méis de malicia demonstraram a maior capacidade de captura de radicais dentre os
méis avaliados.

Embora ndo tenha sido encontrado um marcador especifico para os meéis
monoflorais estudados, os méis de juazeiro mostraram elevadas quantidades dos acidos
fendlicos: acido eldgico e &cido p-cumarico, enquanto que os méis de malicia se
destacaram pela elevada quantidade de alguns flavonoides como quercetina e
miricetina.

Devido a escassez de informacOes existentes sobre os méis monoflorais
produzidos pelas espécies de abelhas sem ferrdo jandaira e urucu a partir do néctar de
plantas tipicas da regido do semiarido do Nordeste do Brasil, este estudo realizou
avaliacdo pioneira dos aspectos fisico-quimicos e sensoriais, bem como do potencial
antioxidante e antimicrobiano destes meis, e disponibiliza informacgdes que contribuem
para a construcdo do conhecimento de parametros que caracterizam os méis de abelhas
sem ferrdo produzidos no Brasil, tanto no que concerne aos seus aspectos de qualidade,

quanto as suas propredades bioativas.
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