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RESUMO

Melipona semingra merrillae é uma espécie de abelha sem ferrdo, nativa da Regido do
Amazonas, melifera, cujas propriedades do mel ainda sdo pouco conhecidas. Neste estudo
foram analisadas amostras de mel produzido por Melipona seminigra merrillae em sete
municipios do Estado do Amazonas: Boca do Acre (BAJ), Pauni (PAU), Manaus (MAO), Rio
Preto da Eva (RP), L&brea (LAB), Maués (ME) e Coari (CO), quanto a origem botanica,
caracteristicas fisico-quimicas (umidade, pH, acidez, cinzas, proteinas, hidroximetilfurfural, e
acucares redutores), perfil de degradacdo térmica, atividade antioxidante, atividade
antimicrobiana, conteudo e perfil de compostos fendlicos. No estudo das propriedades
antioxidantes foram preparados extratos metandlicos e fracdes acetato de etila dos méis, nos
quais foram aplicados testes para avaliacdo da atividade antioxidante (DPPH, ABTS, HO,
sistema f-caroteno/acido linoléico e FRAP). Os dados da analise melissopalinolégica
caracterizaram quatro dos sete méis analisados como monoflorais. Com relacdo as anélises
fisico-quimicas a maioria dos parametros investigados apresentou valores médios adequados
para 0 consumo humano, com excecdo para os teores de umidade e acUcares redutores. Os
dados das analises termogravimétricas por sua vez indicaram que todas as amostras de méis
tém o perfil de degradacédo térmica semelhante. Quanto a atividade antimicrobiana as fracdes
acetato de etila das amostras LAB, ME, e CO apresentaram melhores resultados com
concentracdo inibitéria minima (CIM) variando de 256 a 512 pg.mL™. Os resultados
promissores da atividade antioxidante encontrados nos méis, extratos e fragdes pode ser
justificado pela presenca dos compostos fenodlicos: acido gélico, 3,4-di-hidroxibenzoico, 4-
hidroxibenzdico, trans-trans-abscisico, cis-trans-abscisico, acido vanilico, &cido siringico,
acido salicilico, acido cumarico, acido cinamico, e os flavondides taxifolina, naringenina,
luteolina e o catecol, cuja ocorréncia em meéis brasileiros é relatada pela primeira vez. A
taxifolina foi identificada em todas as amostras com teores variando de 3,87 mg/100g a 67,2
mg/100g de mel, sugerindo ser um indicador fendlico dos méis produzidos pela espécie. Os
teores de conteudos de fendlicos totais foram expressivo para todas as amostras avaliadas, o
que poderia fundamentar o consumo destes méis como alimento funcional.

Palavras-chaves: Abelhas sem ferrdo, Melipona seminigra merrillae, atividade antioxidante,
atividade antimicrobiana, compostos fendlicos.



ABSTRACT

Melipona semingra merrillae is a honey producing stingless bee species, whose honey
properties are native to the Amazon Region, honey, honey whose properties are still poorly
known. In the present study honey samples produced by Melipona seminigra merrillae in
seven counties from Amazonas state Brazil, namely: Boca do Acre (BAJ), Pauni (PAU),
Manaus (MAO), Rio Preto da Eva (RP), Labrea (LAB), Maués (ME) and Coari (CO) were
investigated. The study was performed studying the physic-chemical characteristics (pH,
acidity, ash, proteins, hydroxymethylfurfural, and reducing sugars), thermal degradation
profile, antioxidant activity, antimicrobial activity and profile of phenolic compounds. In the
study of the antioxidant properties were prepared methanol extracts and ethyl acetate fractions
of the honeys, in which samples were performed tests for the evaluation of the antioxidant
activity (DPPH, ABTS, HO, pg-carotene/linoleic acid system and FRAP). The data of the
melissopalynological analysis characterized four of the seven honeys and monoflorals. In
relation to the physic-chemical analyses, most of the parameters analyzed showed average
values adequate for the human consumption, with the exception of moisture and reducing
sugars. The thermogravimetric data showed that all the honey samples displayed a similar
thermal degradation profile. As for the antimicrobial activities, the ethyl acetate fractions of
the samples LAB, ME and CO presented the best results with minimal inhibitory
concentration (MIC) varying from 256 to 512 ug.mL™. The promising results of antioxidant
activity found in honey, extracts and fractions can be explained by the presence of phenolic
compounds: gallic acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic acid, trans-trans
abscisic acid, cis-trans abscisic acid, vanillic acid, syringic acid, coumaric acid, cinnamic acid
and the flavonoids taxifolin, naringenin, luteolin and catechol, whose presence in Brazilian
honeys is reported for the first time. Taxifolin was identified in all the samples, in contents
ranging from 3.87 to 67.2 mg/100g of honey, suggesting that it is a phenolic indicator for the
honeys produced by the species. The total phenolic contents were expressive for the evaluated
samples, what could support the consumption of these honeys as a functional food.

Keywords: Stingless bees, Melipona seminigra merrillae, antioxidant activity, antimicrobial
activity, phenolic compounds.
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1 INTRODUCAO

O mel é um produto natural, produzido por abelhas, consumido mundialmente e
apreciado pelo seu sabor e consideravel valor nutritivo. E utilizado como adogante, na
conservacao de alimentos e na medicina popular, além de ser empregado nas inddstrias de
farmacos e cosméticos, pelas suas conhecidas acOes terapéuticas. Caracteriza-se pela
composicdo complexa que varia com a origem da matéria prima, espécie de abelha, condic6es
edafoclimaticas, fonte floral disponivel e condi¢cdes de armazenamento (MEDA et al., 2005;
KUCUK et al., 2007). E constituido principalmente por glicose e frutose, e pequenas
concentracdes de aminoacidos, compostos fendlicos, acidos organicos, vitaminas, minerais,
lipidios, enzimas e outros fitoquimicos (BALTRUSAITYTE et al., 2007).

As abelhas produtoras do mel sdo as meliferas dotadas ou ndo de ferrdo. Produzem
mel a partir do néctar das flores ou de secrecdes de partes vivas das plantas que combinam
com substancias especificas, desidratam e armazenam nos favos ou potes da colmeia até o
amadurecimento (CODEX, 2001).

Nas regides Norte e Nordeste do Brasil, sdo encontradas diversas espécies de abelhas
sociais nativas produtoras de mel, conhecidas como abelhas indigenas, sem ferrdo ou
meliponineos. O Estado do Amazonas possui uma das maiores reservas ambientais do mundo,
concentrando aproximadamente 60% de todas as espécies de animais e vegetais do planeta,
onde sdo encontradas aproximadamente 300 espécies de abelhas. Dentre as diversas espécies
ja identificadas, destaca-se a Melipona seminigra merrillae, que é endémica da Amazonia
Central e importante polinizadora da Floresta Amazénica (MOURE et al., 2007).

O crescente interesse pelo mel produzido por abelhas decorre de sua composi¢ao
diferenciada e de suas propriedades antissépticas, antimicrobianas, anticancerigenas, anti-
inflamatorias e cicatrizantes (VIT; TOMAS-BARBERAN, 1998; SILVA et al., 2006;
MUNOZ; COPAJA, 2007; SILVA et al 2012). Centenas de substancias bioativas ja foram
identificadas em méis de variadas origens (GHELDOF; ENGESETH, 2002; BERTONCELJ
et al., 2007; ALVAREZ-SUARES et al., 2012). Dentre estas propriedades, a capacidade
antioxidante tem merecido atencdo especial e esta associada principalmente a presenca de
acidos fendlicos, flavonoides e das enzimas glicose oxidase e catalase (ALJADI; YUSOFF,
2003). Os compostos fenolicos presentes no mel estdo diretamente relacionados aos recursos
botanicos como pdlen, néctar, resina e éleo fornecidos para as abelhas, fazendo com o que os
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meéis de diferentes origens florais possam apresentar propriedades bioativas distintas
(GHELDOF; ENGESETH, 2002).

A maioria das pesquisas sobre as propriedades bioativas do mel estd associada ao
mel da espécie Apis mellifera, no entanto, ndo existe registro na literatura quanto aos
compostos bioativos do mel produzidos pelas abelhas da espécie Melipona seminigra
merrillae, apesar de ser utilizado largamente pelos indigenas locais com fins terapéuticos.

Os padr@es de identidade e qualidade para comercializacdo do mel, regulamentados
pelo Ministério da Agricultura e do Abastecimento (MAPA), atendem as caracteristicas do
mel das abelhas Apis mellifera. Sendo assim, tornam-se necessarias realizagdes de pesquisas
que auxiliem na definicdo de padrdes que atendam também a qualidade do mel produzido por
abelhas sem ferrdo. Considerando esses aspectos, 0 presente estudo traz uma abordagem sobre
o mel produzido pela espécie Melipona semingra merrillae coletados em sete municipios do
Estado do Amazonas. Espera-se ainda, que este trabalho incentive a criacdo das abelhas
Melipona seminigra merrillae e a valorizagdo do mel produzido por estas abelhas, pois as
mesmas contribuem para a revitalizacdo da floresta e para o equilibrio ambiental da Regido

Amazobnica.

1.1 OBJETIVO GERAL

Avaliar as propriedades bioativas de méis produzidos por abelhas sem ferrdo da

espécie Melipona seminigra merillae, nativas do Estado do Amazonas.

1.2 OBJETIVOS ESPECIFICOS

v Determinar a fonte floral das amostras de mel através do estudo

melissopalinologico;

v Determinar as caracteristicas fisico-quimicas das amostras de mel;
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Quantificar o teor de fendlicos totais das amostras de mel, dos seus extratos
metandlicos e das fragdes acetato de etila;

Avaliar o potencial antioxidante das amostras de mel, dos seus extratos

metanolicos e das fracdes acetato de etila;

Identificar e quantificar os principais compostos fenolicos das fracfes acetato de
etila das amostras de mel;

Avaliar o perfil térmico das amostras de mel;

Determinar a atividade antimicrobiana das fracOes acetato de etila das amostras de

mel.
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2 REVISAO DE LITERATURA

2.1 ABELHAS

A abelha € um inseto que pertence a ordem dos Hyimenopteros e a familia dos
Apideos ou Apidae. Das milhares de espécies existentes, sdo conhecidas cerca de vinte mil,
mas acredita-se que existam aproximadamente quarenta mil espécies ndo identificadas. S&o
descendentes das vespas e durante o processo de evolugdo, substituiram os insetos da sua
alimentacdo por polen das plantas (PEREIRA et al., 2002).

Por serem alados, esses insetos se movem de uma flor para outra com extrema
agilidade. Além disso, as abelhas possuem pilosidade abundante e corbiculas que Ihes
permitem carregar grandes quantidades de pélen (PESSON; LOUVEAUX, 1984).

As abelhas vivem em sociedade, sdo extremamente organizadas e produtivas. Além
de produtoras de mel sdo também os principais agentes polinizadores de diversas espécies de
plantas, aumentando a producdo de frutos e sementes, contribuindo assim para o equilibrio
das populacdes que vivem em ecossistemas naturais (KERR et al., 2001).

A familia Apidae, possui duas subfamilias: A Meliponinae, sem ferrdo e a Apinae,
com ferrdo. A primeira, € também denominada de abelhas indigenas, possuem trés tribos:
Lestrimellitini, Trigonini e Meliponini. Vivem em regides subtropicais e tropicais e sdo
encontradas nas Américas do Sul e Central, na Asia, nas Ilhas do Pacifico, na Australia, em
Nova Guiné e na Africa. Ja a subfamilia Apinae se apresenta com os géneros Apis e Bombu,
onde o género Apis tem quatro espécies, entre elas a Apis mellifera, a mais conhecida no
mundo (MICHENER, 2007).

As abelhas brasileiras ou indigenas conhecidas como meliponineos eram as unicas
produtoras de mel e cera utilizada na confecgdo de velas, assim como as principais
polinizadoras da flora nativa até 1838. Apds este periodo, ocorreu a introducdo da espécie
Apis mellifera pelos portugueses e hoje esta presente em todo o Brasil, porém, sua presenca é
nitidamente menos intensa em ambientes bem preservados e em florestas umidas fechadas,
como na Amazonia (OLIVEIRA; CUNHA, 2005).

Os povos indigenas foram os primeiros a cultivar as abelhas sem ferrdo desde o
periodo pré-colombiano. Estas abelhas, além do mel, produzem também a prépolis e o

geopropolis. A prépolis é formada a partir de materiais resinosos das plantas e de ceras de
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origens diversas. O geoprépolis apresenta composicdo similar a da propolis, acrescida de
barro e terra (ALVES, 2005). Os indios Kaiapds conhecedores das espécies de flores
medicinais, consumiam meis de boa qualidade produzidos a partir do néctar dessas plantas
(NOGUEIRA-NETO, 1997).

Os meliponineos ocorrem em todo Brasil, mas a grande maioria vive na Amazonia,
onde muitas espécies e subespécies ainda ndo foram identificadas. A Melipona seminigra
merrillae Figura 1, conhecida como jandaira-da-amazonia ou urugu-boca-de-renda e a
Melipona interrupta manaosensis, comumente chamada jandaira-preta-da-Amazénia ou
jupara sdo espécies encontradas em abundancia em toda a Amazénia Central (KERR et al.,
2001; MOURE etal., 2007; MICHENER, 2007).

Figura 1 — Abelha Melipona seminigra merrillae

NI
Fonte: Discoverlife (2013)
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Todas as espécies de meliponineos vivem em colbnias ou ninhos constituidos de
fémeas operérias e a rainha. A quantidade de operarias depende da espécie, podendo ser
centenas ou milhares e ttm como fun¢do a manutencao da estrutura fisica da coldnia, a coleta
e processamento dos alimentos. A rainha é responsavel pela postura de ovos e em algumas
espécies podem ser encontradas até cinco rainhas na colénia. Em certas épocas do ano, 0s
machos séo produzidos em grande quantidade e podem realizar, esporadicamente, algumas
tarefas dentro da col6nia, além de fecundar as rainhas durante o voo nupcial. Ap6s o término
do desenvolvimento, a abelha emerge, saindo da célula de cria, e em seguida 0s machos sdo
expulsos das coldnias denominadas de meliponarios (MICHENER, 2007).

As meliponas sdo vulneraveis a agdo destruidora do homem, no momento da coleta do
mel nos ninhos e na ocasido da exploracdo da madeira. O desmatamento, as queimadas e o
ndo cumprimento da legislacdo ambiental vém contribuindo para dizimar a populacdo de
abelhas nativas, pois a grande maioria das abelhas sem ferrdo constréi seus ninhos em ocos de
arvores. A auséncia dessas abelhas acelera a extingdo de espécies vegetais importantes no
ecossistema e promovem um ciclo de desequilibrio ecoldgico entre as espécies (CAMARGO;
PEDRO, 1992; KERR et al., 1996).

Na Amazonia, 60 % das arvores sdo bissexuais e dependem de polinizadores para a
sua reproducdo (KERR et al., 2001; MOURE et al., 2007). Vérias espécies de abelhas
meliponas sdo utilizadas em programas de polinizacéo de plantas da Amazénia, tais como:
cupuacu Theobroma grandiflorum Schum (cupuacu), Bixa orellana L. (urucum), Euterpea
oleracea Mart (acai) e Paullinia cupana Kunth (guarana) (CASTRO et al., 2006 )

O crescente interesse pelo mel produzido por abelhas sem ferrdo decorre das
caracteristicas de sua composicao, as quais tém sido associadas as propriedades antissépticas,
antimicrobianas, anticancerigenas, anti-inflamatorias e cicatrizantes (VIT; TOMAS-
BARBERAN, 1998; SILVA et al., 2006; MUNOZ; COPAJA, 2007; SILVA et al., 2012).
Embora produzam mel em menor quantidade, os meliponineos s&o importantes por
fornecerem um produto de qualidade diferenciada do mel da Apis mellifera, principalmente na
docura inigualdvel, no sabor peculiar e por ser mais aromatico. Tais caracteristicas

proporcionam aos meis das abelhas nativas precos mais elevados (ALVES, 2005).
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2.2 MEL DE ABELHAS

Considerado como o produto apicola mais facil de ser explorado, o mel vem sendo
também o mais conhecido e com maiores possibilidades de comercializagdo. Além de ser um
alimento, é também utilizado em industrias farmacéuticas e cosméticas, pelas suas conhecidas
acOes terapéuticas (FREITAS et al., 2008).

O mel é produzido pelas abelhas a partir do néctar das flores e de secrecbes
provenientes de partes vivas de certas plantas ou de secre¢des de insetos sugadores de plantas.
De acordo com Kerr et al. (1996), a abelha melipona coleta o néctar através da sua lingua
sugadora e envia para 0 papo de mel ou estbmago de néctar, onde permanece até chegar a
colmeia. O néctar coletado € entregue as abelhas operarias que o armazenam em potes de mel
(Figura 2).

Figura 2 - Operérias de Melipona seminigra merrillae alimentando-se nos potes de mel

Fonte: Barbosa- Costa (2007)
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Para formacgdo do mel, ocorrem duas modificacdes no néctar. A primeira é fisica, que
corresponde a desidratacdo, onde a agua contida no néctar sofre evaporagdo, resultando na
concentracdo aproximada de 70% de acucar. A segunda modificacdo € uma reacdo quimica,
onde ha conversdo enzimatica da sacarose, por meio da enzima invertase, em glicose e
frutose. Em menor escala, ocorrem mais duas rea¢fes quimicas: a transformacéo do amido em
maltose pela agdo da enzima amilase e a conversdo da glicose em acido gluconico, atraves da
enzima glicose-oxidase (AZEREDO et al., 2003).

2.2.1 Classificagdo botanica do mel

Quanto a origem botanica, o mel pode ser classificado em mel de flores e melato. Os
méis florais se subdividem em dois tipos: uniflorais ou monoflorais quando produzidos a
partir do néctar de uma Unica espécie floral, como por exemplo, o mel de eucalipto e de
laranjeira e os multiflorais, poliflorais ou heteroflorais quando produzidos a partir do néctar
coletado de diversas flores, como por exemplo, 0 mel silvestre. Os méis de melatos sdo
obtidos a partir de secrecOes das partes vivas das plantas ou de excregdes de insetos sugadores
de plantas encontradas sobre elas (CODEX, 2001).

Os meéis multiflorais ocorrem com mais frequéncia, enquanto que os méis monoflorais
sdo0 mais raros, pois apresentam aromas altamente caracteristicos, indicando a origem do
néctar. Segundo Léon-ruiz et al. (2011), ha um crescente interesse por méis monoflorais
devido as suas propriedades terapéuticas.

A identificacdo das plantas visitadas pelas abelhas € de fundamental importancia para
indicar aos apicultores as fontes adequadas de alimento, utilizadas para a coleta de néctar e
polen pelas abelhas. A analise polinica do mel tem como objetivo identificar a sua origem
botanica, e em alguns casos, a sua origem geografica, pois 0 mel nunca tem origem apenas de
uma unica fonte floral. Geralmente, 0 mel para ser considerado monofloral tem que possuir
pelo menos 45% do polen de uma fonte floral (ANKLAN, 1998).
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2.2.2 Composigdo do mel e parametros de qualidade

O mel é constituido principalmente por aclcares e agua. A glicose e a frutose estdo
presentes em maior quantidade, mas também podem ser encontrados dissacarideos como
sacarose e agucares mais complexos. Substancias volateis, responsaveis pelo seu flavor,
constituintes fendlicos, vitaminas e enzimas sdo encontrados em menores proporcoes
(OLAITAN etal., 2007; FINOLA et al., 2007; FREITAS et al., 2008; CASTRO-VAZQUEZ
et al., 2009).

Os acucares sdo constituintes determinantes de algumas caracteristicas fisico-quimicas
do mel como viscosidade, higroscopicidade, granulacdo e pelo alto valor energético do mel
(OUCHEMOUKH et al., 2010). Um elevado percentual de glicose, juntamente com alguns
fatores como: agitacdo, quantidades de grdos de poélen, transporte e armazenamento podem
favorecer a granulagcdo do mel e induzir a formacdo de precipitados, assim como podem
causar 0 aumento da acidez do mel devido a acdo da enzima glucose-oxidase. (MOREIRA,;
DE MARIA, 2001), mas a acidez do mel também pode ser influenciada pela origem floral,
devido a presenca de &cidos organicos, particularmente &cido gluconico, pirtvico, méalico e
citrico (ANKLAM, 1998). A sacarose revela dados fundamentais sobre o mel, pois niveis
acima de 6% podem indicar coleta prematura e ou possivel indicio de adulteracdo do mel
(SODRE et al., 2007; KUCUK et al., 2007).

Com relacdo a agua, segundo componente majoritario do mel, sua presenca esta
relacionada a fatores como época de colheita, grau de maturacdo alcangado na colmeia e
fatores climaticos. Este pardmetro pode influenciar uma das propriedades fisicas do mel, a
viscosidade. De acordo com o Regulamento Técnico, estabelecidos pela Instrugdo Normativa
n° 11 de 20 de outubro de 2000 (BRASIL, 2000), o limite maximo de agua no mel de flores é
20%. A presenca de agua em excesso pode comprometer a estabilidade do mel, favorecendo
assim a fermentacdo e granulacdo durante o armazenamento e com isso prejudicar sua
conservacdo (OLAITAN et al., 2007; KUCUK et al., 2007). Essa fermentagdo tem como
consequéncia a producdo de alcool etilico e didxido de carbono, ocasionando a oxidacédo do
alcool formado em &cido acético, que confere um gosto amargo no mel (SAXENA,
GAUTAM; SHARMA, 2010).

De acordo com Lachman et al. (2007), os méis possuem uma Vvariedade de
micronutrientes e a quantidade absoluta destes varia entre 0,02 a 1,0%. Dentre os minerais

contidos, 0 potassio € 0 mais expressivo, presente na proporcdo de um terco do conteudo total
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de minerais. Além disso, esse alimento contém outros minerais e elementos tragos como:
calcio, magnésio, sddio, cobre, ferro, manganés, enxofre, cromo, chumbo, zinco, cadmio,
niquel, fosforo e nitrogénio (BOGDANOV et al., 2007), sendo o teor de nitrogénio associado
as enzimas originarias das secre¢des salivares das abelhas (OLAITAN et al., 2007).

A cor do mel pode variar desde branco-palido até marrom-escuro, sendo resultante de
uma combinacdo de diversos fatores, como o conteido de carotendides e flavondides,
conteddo de minerais, presenca de contaminantes especificos decorrentes da manipulacgéo,
processamento e estocagem. Assim como, também, a ocorréncia de reacGes quimicas durante
a maturacdo e armazenamento do mel, exemplo: as reacdes de Maillard (ALVAREZ-
SUAREZ et al., 2011; ALMEIDA-SILVA et al., 2011).

O hidroximetilfurfural (HMF) presente no mel é um composto quimico formado pela
reacdo dos agucares com acidos. Esse processo é acelerado com o aumento da temperatura,
por isso o HMF passou a ser usado como indicador de aquecimento e processamento
inadequado servindo como indicador de qualidade para o0 mel, pois quanto mais elevado for o
teor hidroximetilfurfural menor sera o valor nutricional do mel em razdo da destruicdo, por
meio de aquecimento de determinadas vitaminas e enzimas.

A qualidade do mel é determinada pelas suas propriedades sensoriais, fisicas e
quimicas, avaliadas através de pardmetros estabelecidos pelo Ministerio da Agricultura,
Pecuéaria e Abastecimento (MAPA) através da Instru¢cdo Normativa N°11, de 20 de outubro de
2000 (BRASIL, 2000). Essa regulamentacdo estabelece pardmetros relacionados a
maturidade, pureza e deterioracdo do mel incluindo valores de pH, teores de umidade,
acUcares redutores, sacarose, materiais insollveis na agua, minerais, cinzas,
hidroximetilfurfural, condutividade elétrica, acidez e indice diastasico, conforme Quadro 1.
Segundo Azeredo et al. (2003), essas propriedades dependem da fonte floral, do néctar, do

polen, da cor, do aroma, da umidade e do conteudo em proteinas e aglcares presente no mel.
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Quadro 1- Parametros fisico-quimicos para o mel, estabelecidos pela Instru¢cdo Normativa n°
11 de 20 de outubro de 2000 (BRASIL, 2000) e Parametros fisico-quimico do mel de
meliponineos (HOLANDA et al., 2012; SILVA et al., 2012).

Valores estabelecidos Parametros fisico-
Parametros pela Instrucdo Normativa | quimico do mel de
para méis florais meliponineos
Acucares Redutores Minimo 65% 57,67%
Umidade Maximo 20% 23,80%
Sacarose Aparente Méaximo 6% 2,65%
Solidos Insoluveis em agua Méaximo 0,1% 0,02%
Minerais (Cinzas) Maximo 0,6% 0,06%
Nitrogénio - 0,19%
Acidez Méaximo 50 meq. kg™ 41,57 meq. kg™
Hidroximetilfurfural Maximo 60 meq. kg™ 13,67 meq. kg™
Atividade Diastasica Minimo 8 na escala Gothe 1,43 escala Gothe

O mel é um produto natural que apresenta uma flora microbidtica propria. Nesta
pode ser encontradas cepas de leveduras e bactérias formadoras de esporos, podendo ser
encontrados ainda microrganismos relacionados a fatores sanitarios como os coliformes e as
leveduras (SNOWDON; CLIVER, 1996).

Os bolores, as leveduras e as bactérias na forma esporulada sdo os principais
microrganismos encontrados em mel. Os bolores pertencentes aos géneros Penicillium, Mucor
e Aspergillus podem apenas sobreviver, mas ndo se reproduzem no mel, por isso contagens
elevadas de cepas de Bettsya alvei, Ascosphaera apis e Ascosphaera major podem indicar
uma contaminacdo recente pelo ambiente da coleta, da colmeia ou do processamento
(SNOWDON; CLIVER, 1996; FINOLA et al., 2007).

Varios géneros de leveduras ja foram encontrados em mel, no entanto as pertencentes
ao género Saccharomyces spp sdo as mais presentes. As leveduras podem crescer em
condigdes de pH baixo, utilizam os agucares do mel, produzindo acido, gas e outros produtos.
Por esse motivo, 0s méis com uma contagem elevada de leveduras, devido a ocorréncia de
fermentacdes, ndo devem ser comercializados (SNOWDON; CLIVER, 1996).
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As formas vegetativas de bactérias patogénicas ainda ndo foram detectadas no mel, e
como as bactérias ndo se reproduzem no mel, uma contagem elevada de bactérias vegetativas
¢ indicadora de uma contaminacdo recente. Os esporos bacterianos, particularmente os
pertencentes aos géneros Bacillus e Clostridium sdo comuns em méis (FINOLA et al., 2007).
Desta forma, o consumo de mel contaminado com C. botulinum é especialmente perigoso

para criancgas, sendo a causa do botulismo infantil.

2.3 PROPRIEDADES BIOATIVAS DO MEL

O mel tem sido utilizado com fins terapéuticos desde o inicio da humanidade, uma vez
que contém uma variedade de substancias com propriedades funcionais. As substancias
especificas das proprias abelhas e a fonte floral (p6len, néctar, resina e 6leo) influenciam as
propriedades bioativas do mel, principalmente a partir dos compostos secundarios do néctar.
(BASUALDO et al., 2007; KUCUK et al., 2007).

2.3.1 Atividade Antioxidante

Todos os seres vivos que em seu metabolismo utilizam o oxigénio para geracdo de
energia liberam radicais livres no organismo. Para Pietta (2000), a oxida¢do € um processo
essencial para a vida, faz parte da producdo de energia na mitocondria, organela que produz
toda a energia necessaria para atividade celular.

A produgédo exacerbada de substancias altamente reativas denominadas de ERMOs
(Espécies Reativas do Metabolismo do Oxigénio) quando ndo neutralizadas, podem ser
altamente nocivas aos organismos vivos. O excesso das ERMOs produzidas in vivo é
prejudicial as proteinas, ao DNA, ao lipideos e a outras moléculas, tendo um papel crucial na
patogénese de diversas doengcas como cancer, doencas hepaticas, neurodegenerativas,
pulmonares e artrite reumatoide. Todos 0os componentes celulares sdo suscetiveis a acdo das
ERMOs, porém a membrana é um dos mais atingidos em decorréncia da peroxidacéo lipidica,
que acarreta alteracbes na estrutura e na permeabilidade das membranas celulares.

Consequentemente, ha perda da seletividade na troca ibnica e liberacdo do contetdo de
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organelas, como as enzimas hidroliticas dos lisossomas, e formacdo de produtos citotxicos
(como o malonaldeido), culminando com a morte celular (HALLIWELL, 1995).

O superoxido (O27), a peroxila (ROQ), a alcooxila (RO"), a hidroxila (HO") e o éxido
nitrico (NO") sdo exemplos de ERMOs. Desses, os radicais hidroxila e alcooxila sdo os mais
reativos e rapidamente atacam moléculas em células proximas (RECI-EVANS et al., 1995).
Para combater 0 excesso de radicais livres 0s organismos vivos produzem substancias que séo
capazes de regenerar ou previnir os danos oxidativos, exercendo seu papel como antioxidante.
Estas substancias com habilidade de sequestrar radicais livres também podem ser obtidas por
fonte externas como alimentos e bebidas.

Os antioxidantes podem neutralizar as ERMOs, previnindo o inicio ou a propagacao
das oxidacfes (HALLIWELL, 1995). Estes representam uma classe de substancias quimicas
com estruturas variadas e sdo classificados de acordo com 0 seu mecanismo de acdo em
primarios e secundarios. Os antioxidantes primarios agem inibindo a ac¢do dos radicais livres,
convertendo-0s em produtos estaveis pela doacdo de hidrogénio ou elétrons. A sua eficiéncia
é determinada pela presenca de grupos hidroxila, pelo tamanho dos substituintes e pela
posicao destes grupos no anel aromatico. Estes fatores influenciam nas formas de ressonancia
que estabilizam o radical fenéxido formado (CARPES et al., 2008). Sdo exemplos 0s
compostos fendlicos polihidroxilados, os ésteres de acido galico, os flavondides e os fendis
com impedimento estrutural. O fenol é inativo como antioxidante, porém os compostos orto e
para-difenolicos possuem atividade antioxidante, a qual é aumentada com a substituicdo de
seus atomos de hidrogénio por grupos etila ou butila. Os &cidos cindmicos sao mais efetivos
que os acidos benzoéicos (SANCHEZ-MORENO, 2002).

Os antioxidantes secundarios por sua vez atuam retardando o inicio da auto-oxidagédo
inativando agentes pro-oxidantes, como por exemplo, através da formagdo de complexo com
metais, sequestro do oxigénio livre, decomposicdo de hidroperéxido em espécies nédo
radicalares, absor¢do da radiagdo ultravioleta e desativagdo do oxigénio singleto. Agem
também como sinergista regenerando antioxidantes primarios (MORAES et al., 2006). S&o
exemplo desta classe de antioxidantes o acido citrico e o acido etilenodiamino tetra-acético
(EDTA).

Com relagdo a origem os antioxidantes podem ser classificados em naturais e
sintéticos. Na industria de alimentos, os sintéticos sdo mais utilizados, entretanto com fortes
restri¢cOes, pois existem relatos que associam a ingestao destes com a incidéncia de tumores no
organismo. Estudos em ratos comprovam o desenvolvimento de algum tipo de céancer, como

os da mama, prostata e estbmago (WURTZEN, 1990). Muitos estudos tém sido realizados
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com substancias naturais, com o intuito de utilizd-las como fontes de antioxidantes
potencialmente seguros em substituicdo aos sintéticos. Estes estudos apontaram que estas
substancias podem ter um custo de obtencdo mais baixo e uma alta eficiéncia em relacdo aos
antioxidantes que sdo empregados na indudstria de alimentos (MOURE et al., 2001).

Os vegetais sdo fontes importantes de uma ampla variedade de fitoquimicos, com
propriedades antioxidantes tais como: compostos fendlicos, acido ascorbico e carotendides,
que sdo transferidos ao mel através do néctar das flores e agem por diferentes mecanismos,

confererindo um sistema de defesa efetivo contra o ataque de radicais livres no organismo.

2.3.1.1 Compostos fenolicos como antioxidantes

Os compostos fendlicos possuem grande quantidade de propriedades fisioldgicas,
como antialergénica, antiarteriogénica, anti-inflamatoria, antimicrobiana, antitrombotica,
cardioprotetora e vasodilatadora, porém, o principal efeito desses compostos tem sido
atribuido a sua acgdo antioxidante em alimentos (SILVA et al., 2006).

Estas substancias compdem a grande classe de fitoquimicos alimentares e contribuem
para as propriedades sensoriais referentes a cor, aroma, adstringéncia de frutas, mel, bebidas e
vegetais. Sdo formadas no metabolismo secundario dos vegetais e possuem funcées de defesa
contra a radiacdo UV ou agressdo por patogenos (GIADA; MANCINI-FILHO, 2006). Séo
classificadas em dois grandes grupos flavondides e ndo flavondides. Os flavondides sdo
formados por dois anéis aromaticos unidos por um anel heterociclico oxigenado. Encontram-
se geralmente ligado a agucares, formando glicosideos. Os ndo-flavonoides incluem grupos de
compostos mais diversificados, encontrados em grande quantidade e em diversas formas
quimicas, incluindo os fendis simples, fendis acidos, cumarinas, estilbenos, lignanas e taninos
(ANGELO; JORGE, 2007).

A presenga de compostos fendlicos em mel confere propriedades antioxidantes que
atuam como coadjuvante na prevencao de varias doencas degenerativas causada por radicais
livres no organismo como desenvolvimento de céncer, alzaheimer, Parkinson, esclerose
multipla (GHELDOF; ENGESETH, 2002; ALJADI; KAMARUDDIN, 2004; FINOLA et al.,
2007; ALVARZ-SUARES et al., 2012; SILVA et al., 2012). Entretanto, a eficiéncia destes
compostos como antioxidantes dependem, em grande parte, de sua estrutura quimica
(SANCHEZ-MORENO, 2002).



27

De acordo com Alvarez-Suarez et al. (2012), além dos flavondides sdo encontrados
no mel os acidos benzoicos, cindmicos e seus ésteres. Pesquisadores de diferentes partes do
mundo encontraram em amostra de mel os seguintes acidos fendlicos: acidos gélico, p-
cumarico, os acidos cafeico, ferulico, elagico e clorogénico, siringico, vanilico, cinamico e p-
hidroxibenzdico, acido fenilacético. Foram identificados também os flavonoides: naringenina,
apigenina, miricetina, tricetina, quercetina, hesperatina, luteolina, campeferol, pinocembrina,
crisina, pinobanksina, genkvanina e galangina (BANKOVA et al., 1982; AMIOT et al., 1989;
FERRERES et al., 1992; SABATIER et al., 199; TOMAS-BARBERAN et al., 1993;
ANDRADE et al., 1997; BALTRUSAITYT et al., 2007; BERTONCELJ et al., 2007;
ESTEVINHO et al., 2008). As estrututas quimicas de alguns compostos fendlicos presente em

mel sdo mostradas nas Figuras 3, 4 e 5.

Figura 3 — Estruturas quimicas de alguns acidos benzoicos encontrados em mel
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Oliveira et al. (2012) estudando perfil de fendlicos de mel do Estado do Para obtidos
através da extracdo em cartucho Stracta-X, Phenomenex (SPE) encontrou a quercetina, 0S

acidos o-cumarico, galico, m-cumérico e vanilico. A fracdo acetato de etila do extrato
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metanolico do mel da Melipona subnitida obtida no Estado da Paraiba foi avaliado por Silva
et al. (2012), onde foram identificados os &cidos 3,4-dihidroxibenzoico, gélico, vanilico além

dos isémeros trans-trans-abscisico, cis-trans-abscisico.

Figura 4 — Estruturas quimicas de alguns acidos cindmicos encontrados em mel

COOH
X
COOH COOH
\ \
HO
HO
OH
Acido caféico Acido cinamico Acido p-cumarico
H4CO COOH COOH
X X
HO HO
OCH, OCH,3

Acido sinapico Acido ferulico

COOH H.CO
N COOH N 3 N COOH

HCO H3CO H3CO

OH OCHj

Acido 4-metoxicinamico Acido 3-hidroxi-4-metoxicinamico Acido 3,4,5-trimetoxicinamico



29

Figura 5 — Estruturas quimicas de alguns flavondides encontrados em mel
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2.3.1.2 Métodos para avaliar a atividade antioxidante

Os diferentes tipos de radicais livres e as suas diferentes formas de atuacdo nos
organismos vivos tém motivado a investigacdo de métodos rapidos e eficientes para avaliar a

atividade antioxidante in vitro de produtos naturais. Considerando a falta de um método
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simples e universal, torna-se necessaria uma combinacdo de testes para uma melhor
compreenséo da atividade antioxidante da substancia.

Os testes antioxidantes em alimentos e sistemas bioldgicos podem ser classificados em
dois grupos: os ensaios para avaliar peroxidacao lipidica, no qual um lipidio ou substrato
lipoproteico, sob condic¢Bes padrdo é usado para medir o grau de inibi¢cdo da oxidacdo, e 0s
ensaios usados para mensurar a habilidade de sequestro de radicais livres.

Muitas pesquisas tém se limitado em estudar os componentes do mel e do polen
(POPEK, 2002; KUCUK et al., 2007), e embora estudos sobre a atividade antioxidante dos
méis estdo sendo desenvolvidas, se faz necessaria uma maior avaliacdo desta atividade
(BERTONCELJ; DOBERSEK; JAMNIK; GOLOB, 2007; BERETTA et al, 2005; BLASSA
et al., 2006). Alguns métodos ja vém sendo empregados para avaliar a atividade antioxidante
do mel como a captura do hidrogénio pelo radical livre 2,2-difenil —1-picril —hidrazil
(DPPH"), ou o sequestro do radical 2,2-azinobis (3- etilbenzotiazolina-6-acido sulfénico)
(ABTS), reducdo do ferro Fe** a Fe** (FRAP), quimiolumenescéncia baseada nos reagentes da
reacao de fenton, além do método que inibe a oxidacao, através da captura do radical peroxila
(ORAC) (GHELDOF; ENGESETH, 2002; BERETTA et al.,2005; KUCUK et al., 2007).

O método do DPPH" é preciso, reprodutivel e de facil execucdo, sendo bastante
utilizado na determinacdo da atividade antioxidante de extratos vegetais e de substancias
puras (ALVES et al., 2010). O radical DPPH’ é um croméforo estavel que apresenta um pico
de absorcdo a 520 nm, em solucdo etandlica, com coloracdo violeta intensa (ARNAO, 2000,
ALVES et al., 2010). Quando na presenca de um antioxidante, ocorre reducdo do radical
DPPH’, levando a formacéo do DPPH-H reduzido, de coloragdo amarela, com decréscimo da
absorbancia a 520 nm (HUANG et al., 2005). Um dos fatores determinante da atividade
sequestradora de um antioxidante frente ao radical DPPH" é o tamanho da sua molécula, visto
que a reacdo é sensivel ao impedimento estérico (ALVES et al., 2010). A figura 6 mostra o

mecanismo de reducdo do radical DPPH’ frente a uma substancia antioxidante.
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Figura 6 - Esquema de reacdo entre o Radical 1,1-difenil-2-picril-hidrazil (DPPH") e um

antioxidante
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O ensaio do ABTS é um dos métodos mais utilizado para se medir a atividade
antioxidante, pois apresenta excelente estabilidade em determinada condicdes de analises. E
solivel tanto em &gua como em solventes organicos permitindo andlise de amostra
hidrosolUveis e lipossoliveis (ARNO, 2000). Baseia-se em monitorar a diminui¢cdo da
concentracido do radical ABTS™ produzido pela oxidacio do é&cido 2,2-azinobis (3-
etilbenzotiazilina-6-sulfénico) pela adicdo de uma amostra contendo substancia fendlica, (RE
et al., 1999). A mudanca da coloracdo do meio reacional é monitora espectrofotometricamente
a 734 nm.

Segundo Von Gadew (1997), o método da co-oxidacdo utilizando o sistema p-
caroteno/acido linoléico é um teste simples e sensivel tem sido amplamente utilizado para
avaliar atividade antioxidante tanto de substéncias isoladas como de extratos vegetaistas e
bebidas. Permite avaliar a capacidade de uma substancia em prevenir a oxidacdo do p-
caroteno, protegendo os radicais livres gerados durante a peroxidacdo do acido linoléico, em
emulsdo aquosa saturada em oxigénio. A adicdo de uma amostra com poder antioxidante
contribui para retardar a queda de absorbancia do S-caroteno, que € monitorada a 470 nm em
intervalo de 20 em 20 minutos, durante 2 horas (BROINIZE et al., 2007).

FRAP é um método simples, rapido e preciso que foi desenvolvido

para medir o poder antioxidante total de fluidos bioldgicos. Estad baseado na capacidade dos
3+ 2+
fendis em reduzir o Fe a Fe . Quando isto ocorre, na presenga de 2,4,6-tripiridil-s-triazina

2+
(TPTZ), a reducdo é acompanhada pela formacdo de um complexo colorido com o Fe
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(Figura 7), sendo monitorado por espectrofotometria na regido do visivel (595 nm)
(SURVESWARAN et al., 2007).

3+
Figura 7 — Reducdo do complexo TPTZ com Fe
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Um dos métodos especificos para determinar o sequestro do radical hidroxila € o
ensaio empregando-se a 2-deoxirribose. Neste ensaio, HO" é gerado pela reacdo do cloreto
férrico (FeCl3) com o é&cido etileno-diamino-tetracético (EDTA) na presenca de ascorbato,
com formacdo do complexo Ferro(ll)-EDTA juntamente com o ascorbato oxidado. Na
sequéncia ocorre a reacao deste complexo com perdxido de hidrogénio formando Ferro (111)-
EDTA, com liberacdo do radical HO', reacdo de Fenton. O radical formado pode entdo reagir
com a 2-deoxirribose para formar produtos que, sob aquecimento com &acido tiobarbitirico em
pH &cido, apresentam coloracdo rosada. A reacdo é monitorada por espectrofotometria na
regido do visivel (532 nm) (GUTTERIDGE; HALLIWELL, 1988).

2.3.2 Atividade antimicrobiana

O mel de abelha também tem mostrado resultados promissores no que refere a
atividade antibacteriana e facilitador da cicatrizagdo, pois atua como importante barreira
viscosa, impedindo a entrada de substancias e a perda de fluidos para o meio externo. Ainda é
utilizado nas aplicacGes em feridas da pele, infec¢cdes da garganta, estbmago e queimaduras.
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Popularmente, ao mel ainda se atribuem outras propriedades como antianémica, emoliente,
antiputrefante, digestiva, laxativa e diurética (VISAVADIA, 2006).

A atividade antimicrobiana do mel é atribuida a sua elevada osmolaridade, acidez e a
presenca de substancias como: peroxido de hidrogénio, compostos volateis, acidos organicos.
O peroxido de hidrogénio é o principal agente antibacteriano. E produzido pela agdo da
enzima glicose oxidase que tem origem nas glandulas hipofaringeias das abelhas (OLAITAN
etal., 2007).

Pesquisas sobre a atividade antimicrobiana (TAORMINA et al,
2001; BASUALDO et al, 2007) utilizando o mel puro foram desenvolvidos por muitos
pesquisadores. As bactérias exibiram diferente sensibilidade ao mel. Algumas baterias como,
Staphylococcus aureus (ESTEVINHO et al.,, 2008), Staphylococcus epidermidis
(BASUALDO et al.,, 2007), Bacillus stearothermophilus (MUNDO et al., 2004) séo
extremamente sensiveis, enquanto, Staphylococcus uberis, Escherichia coli, Klebsiella
pneumoniae (BASUALDO et al.,, 2007), Bacillus cereus (TAORMINA et al., 2001),
Alcaligenes faecalis, Lactobacillus acidophilus (MUNDO et al., 2004), Helicobacter pylori,
Bacillus subtilis (KUCUK et al., 2007) apenas s&o moderadamente sensiveis. Por outro lado,
o crescimento de Micrococcus luteus, Enterococcus faecalis (BASUALDO et al., 2007) e
Pseudomonas aeruginosa (ESTEVINHO et al., 2008) parece néo ser afetada pelo mel. Outros
estudos tem mostrado que os compostos fendlicos individuais presente no mel tem inibicdo

no crescimento de bacterias Gram-positivas e Gram-negativas ( DAVIDSON et al., 2005).
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3 MATERIAL E METODOS

3.1 LOCAL DE EXECUCAO E AMOSTRAGEM

Tendo em vista que o Estado do Amazonas possui a maior area territorial do Brasil e
algumas cidades sdo extremamentes isoladas e com baixo indice de densidade demografica, as
amostras de mel da abelha Melipona seminigra merrillae foram coletadas em colmeias de
meliponérios distribuidas em municipios de facil acesso do Estado do Amazonas, tais como:
Manaus (MAO), Boca do Acre (BAJ), Pauini (BAU), Labrea (LAB), Rio Preto da Eva (RP),
Coari (CO) e Maués (ME). Distribuidos conforme a Figura 8. As amostras foram coletadas
em 209 e 2010, no periodo de chuva, durante 0 més de novembro. O mel foi coletado com
seringas estéreis de 20 mL, transferido para garrafas de polietileno de 600 mL, e armazenado

a 8 °C até a realizacdo das analises.

Figura 8 - Localizacdo geografica dos municipios do Estado do Amazonas onde foram

adquiridas as amostras de mel

| BAJ BAU ™ MAO W RP N LAB ME ma CO
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Os ensaios das analises melissopalinol6ogicas foram realizados no laboratério de
Micromorfologia Vegetal da Universidade Estadual de Feira de Santana (UEFS-Bahia). As
analises fisico-quimicas foram determinadas no laboratério Central de Saude Publica Dra.
Telma Lobo (LACEN) do Estado da Paraiba. Os estudos do potencial e da capacidade
antioxidante foram feitos na central de ap6io a pesquisa (CENAPESQ) da universidade da
Universidade Rural de Pernambuco (UFRPE) e as analises termogravimétricas no laboratorio
de Combustivel e Materiais (LACOM) na Universidade Federal da Paraiba (UFPB). O

Fluxograma 1, apresenta as etapas das analises realizadas neste estudo.

Fluxograma 1- Etapas de realizacdo das analises
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3.2 OBTENCAO DAS FRACOES ACETATO DE ETILA DOS EXTRATOS
METANOLICOS

Com a finalidade de evitar a interferéncia dos elevados teores de acgucares
normalmente presente no mel durante a avaliacdo da atividade antioxidante e nas anélises
cromatograficas foram obtidos extratos metandlicos dos méis e a partir destes, fracdes acetato
de etila, de acordo com a metodologia descrita previamente na literatura (ANDRADE et al.,
1997; FERRERES et al., 1994). De cada amostra de mel foi preparada uma mistura formada
por 50 g de mel, 250 ml de agua acidificada (pH 2,0) e 100 g de resina amberlite XAD-2.
Esta mistura foi homogeneizada em agitador magnético durante 30 minutos, em seguida foi
transferida para uma coluna de vidro (42 x 3.2 cm), lavada com 250 mL de &gua acidificada
(pH 2) e 300 mL de &gua destilada. A mistura foi eluida com 300 mL de metanol, obtendo-se
0 extrato metandlico diluido. O solvente foi removido a pressdo reduzida para obter o extrato
concentrado.

A fracdo de acetato de etila (EtOAc) de cada extrato metandlico BAJfa, BAUfa,
MAOfa, RPfa, LABfa, MEfa e COfa foi obtida partindo-se de 1 g do extrato metanélico
adicionado de 5 mL de agua destilada e 5 mL de acetato de etila. A mistura resultante foi
homogeneizada em banho ultrasdnico por 10 minutos. Ap6s este periodo foi transferida para
um funil de separacéo, a fase superior contendo a fracdo acetato foi recolhida e concentrada a

40 °C a pressdo reduzida.

3.3 ANALISES FISICO-QUIMICAS

As analises fisico-quimicas foram realizadas em triplicata obedecendo a Instrucao
Normativa n°® 11 de 20 de outubro de 2000 (BRASIL, 2000), seguindo a metodologia da
Association of Official Analytical Chemists- AOAC (1998). As amostras de mel foram
analisadas quanto ao teor de umidade: determinado por refratométria empregando o
refratdmetro digital modelo DR201-97, da marca Kriss (método 969,38); teor de cinzas:
determindo pelo método CAC/ vol. 1ll, suplemento 2. 1990, 7,5; acidez livre: segundo o
método 962.19; Hidroximetilfurfural (HMF): analisado por espectroscopia utilizando um

UV-vis da Shimadzu, modelo UV-2550, seguindo o método 980.23. As andlises de agucares
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redutores foram determinadas conforme o “Codex Alimentarius” (CAC -1990 - item 7.1 e
7.2).

Para obter um melhor controle das carteriticas fisico-quimica as amostras de mel
foram analisadas quanto a atividade de agua (Aw): determinada utilizando o medidor
AQUALAB (modelo CX-2), apds equilibrio da amostra com o ambiente e na temperatura
média de 25 °C; teor de proteinas: encontrou-se o teor de nitrogénio total pelo método de
Kjeldahl, utilizando o fator 6,25 para o calculo de proteina total (método 920.152); pH:
determinado através do método 962.18, utilizando um pH digital de bancada da Instrutemp,
modelo ITPH-2300.

3.4 ANALISES MELISSOPALINOLOGICA

Para cada amostra de mel, 10 gramas foram submetidos ao método da acetdlise com
anidrido acético e acido sulfurico (9:1) em sucessivas centrifugacdes. (SILVA et al., 2012).
Apos o processo acetolitico, foram preparadas laminas contendo gelatina glicerinada para
montagem dos grdos de poélen, os quais foram posteriormente observados e identificados
através de microscopia Optica. As classes de frequéncia foram estabelecidas a partir da
contagem de pelo menos 300 gréos de polen por amostra de mel (LOUVEAUX; ABED,
1984).

A classificacdo foi baseada nos seguintes critérios: pdlen dominante (PD, >45%),
polen acessorio (PA, 16 - 45%), polen isolado importante (PII, 3 - 15%) e pdlen isolado
ocasional (P10, <3%). A identificacdo dos tipos polinicos encontrados em cada amostras foi
baseada em catalogos polinicos (ROUBIK; MORENO, 1990; CARREIRA et al., 1996) e
comparagdo com laminéarios das palinotecas da Universidade Federal do Oeste do Para
(PUFOPA) e da Universidade Estadual de Feira de Santana (PUEFS).
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3.5 DETERMINACAO DO PERFIL FENOLICO EMPREGANDO A CROMATOGRAFIA
LIQUIDA DE ALTA EFICIENCIA (CLAE)

O trabalho foi conduzido em cromatdgrafo liquido de alta eficiéncia da Shimadzu,
equipado com injetor automatico Rheodyne 7125i com um loop de 20 pL. O sistema de
deteccdo utilizado foi detector de arranjo de diodos (CLAE-DAD). A analise foi conduzida
utilizando uma coluna Shimadzu LC-18 (25 cm x 4,6m da Supelco, Bellefonte, USA) e a
Rexchrom LC-18 (15 cm x 4,6 mm Supelco, Bellefonte, USA) e pré-coluna C-18 ODS
SHIMADZU. Para filtragcdo das amostras e solvente foram usados cartuchos com membrana
Millipore com poros de 0,45 pm de didmetro (SUPELCO, USA).

Na analise dos &cidos fendlicos foi utilizado o seguinte sistema de eluicdo: Acido
férmico (5%, solvente A) e MeOH (solvente B) nos seguintes gradientes: (0.01-15 min 20 -
30 % de B), (15-20 min 30% de B), (20-30 min 30-40% de B), (40-50 min de 100% de B)
com fluxo de 1,0 mL.min™. Para 0 monitoramento foram utilizados os comprimentos de onda
de 254 e 290 nm.

Para a determinagdo dos flavonoides foi utilizado o seguinte sistema de eluigdo: Acido
férmico 1% (solvente A) e MeOH (solvente B) como fase moével e gradientes de (0.01-3 min.
40% de B), (5-15 min 45% de B), (17-25 min 50% de B), (27-35 min 55% de B) e (40 min
40% de B). Para o monitoramento foi utilizado o comprimento de onda de 320 nm. O fluxo da
fase movel foi de 1 mL.min e a temperatura do forno da coluna foi fixada em 35 °C. A
identificacdo dos compostos fendlicos foi baseada nos tempos de retencdo e na comparagédo
cromatogréfica dos espectros de UV-vis de marcadores auténticos (Silva et al., 2012).

3.6 TEOR DE FENOLICOS TOTAIS

A determinacdo do teor de fendlicos totais presentes nas amostras de méis e nas
fracbes ACOEt foi realizada pelo método colorimétrico Folin-Ciocalteau (SLINKARD;
SINGLETON, 1977; GULCIN et al., 2004) com modificacdes. Inicialmente, uma aliquota de
300 pL do mel (100 mg.mL™* em MeOH e 4gua 1:1) e da fragdo acetato (1 mg.mL™ em
MeOH) foi transferida para um tubo de ensaio, adicionado 60 pL do reagente de Folin-

Ciocalteau e 2,460 pL de agua destilada. A mistura foi agitada durante 1 min. Em seguida,
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180 pL da solucdo de Na,CO; (15%) foram acrescentados a mistura e agitados por 30
segundos, resultando na concentracao final de 10 mg.mL™ para o mel e 100 ug.mL™ paraa
fracdo acetato. ApOs repousar por 2h na auséncia da luz, a absorbancia das amostras foi lida
em um espectrofotdbmetro UV-vis da Shimadzu, modelo UV-2550 a 760 nm. As analises
foram realizadas em triplicata. O teor de fendlicos totais (FT) foi determinado por
interpolacdo da absorbéancia das amostras contra uma curva de calibragcdo construida com
padrdes de 4cido gélico (1 a 15 pg.mL™ em EtOH) e expresso como miligramas equivalente
do acido galico por grama de mel puro e miligramas equivalente do acido galico por grama de

fragéo acetato.

3.7 AVALIACAO DA ATIVIDADE ANTIOXIDANTE

3.7.1 Atividade sequestradora do radical livre DPPH’

O ensaio DPPH foi realizado seguindo a metodologia descrita por Brand-Williams et
al. (1995) com pequenas modificacdes. Cada solugédo estoque da fragéo acetato foi preparada
na concentragdo de 2,0 mg.mL™ em MeOH. Aliquotas de 2,7 mL da solucdo de DPPH' (23,6
ng.mL™? em EtOH) foram adicionadas as amostras afim de obter concentragdes finais com
variagdo de 10 a 300 pg.mL™.

As medidas da absorbancia de cada concentracdo foram feitas em triplicatas. Apos 30
minutos de agitacdo em aparelho de ultrassom, a quantidade de radicais DPPH foi registrada
em espectrofotdmetro UV-vis da Shimadzu, modelo UV-2550 em comprimento de onda de
517 nm. Como controle positivo foi empregado o &cido ascorbico. A percentagem de
atividade seqtiestradora (% AS) foi calculada pela equagéo 1:

%AS = 100 X (Acontrole_Aamostra) )

Acontrole

Onde Acontrole € @ absorbancia do controle, contendo apenas a solucdo etanotlica do

radical DPPH, e Asmostra € @ absorbancia do radical na presenca da amostra. Os resultados
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foram expressos através da CEsp £ D.P., que representa a concentracdo da amostra necessaria
para obter metade da atividade sequestradora dos radicais DPPH.

3.7.2 Sequestro do cation radical ABTS™

O ensaio ABTS foi realizado seguindo a metodologia descrita por Re et al. (1999). O
cation radical ABTS™ foi preparado pela reacdo de 7 mM de solucdo de ABTS com uma
solucdo de 2,45 mM de persulfato de potéssio. O produto reacional contendo o cation radical
permaneceu em repouso e na auséncia de luz, a temperatura de aproximadamente 23 °C
durante 16 h. Apos este periodo o ABTS ™ foi diluido com etanol até uma absorbancia (A) de
0,7 no comprimento de onda de 734 nm, em um UV-Visivel.

As solugbes estoques para a realizacdo do ensaio foram de100 mg.mL™ (em MeOH e
4gua 1:1) para os méis e 2,0 mg.mL™ em MeOH para as fragdes acetato de etila. Aliquotas
de 2,7 mL da solucdo recém preparada de ABTS™ foram adicionados as amostras a fim de
obter concentraces finais que variaram de 5 a 30 mg.mL™ para os méis e 10 a 200 pg.mL™
para as fracdes acetato . As solugdes foram agitadas e, ap6s 10 minutos, a absorbancia das
amostras e do controle foram medidas em um espectrofotobmetro UV-vis da Shimadzu,
modelo UV-2550 em comprimento de onda de 734 nm. A percentagem de atividade

sequestradora (% AS) foi calculada pela equacéo 2:

%AS = 100 X (Acontrole—Aamostra) @)

Acontrole

Onde Acontrole € @ absorbéncia do controle, contendo apenas a solugdo alcodlica do
radical ABTS™, e Aamostra € @ absorbancia do radical na presenca da amostra. Os resultados
foram expressos através da CEsp + D.P., que representa a concentragdo da amostra necessaria

para obter metade da atividade sequestradora dos radicais ABTS™.
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3.7. 3 Atividade antioxidante pelo sistema p-caroteno/ &cido linoléico

Este experimento foi realizado através da metodologia descrita por Emmons et al.
(1999) com algumas modificagdes. A solugdo do sistema B-caroteno/acido linoléico foi
preparada adicionando-se uma aliquota de 150 uL da solugdo de p-caroteno (20 mg.mL™ em
cloroférmio) em um erlenmeyer de 250 mL contendo 160 pL de acido linoléico e 660 pL de
Tween 20 (monopalmitato de polioxietilenosorbitan). Posteriormente, adicionou-se 90 mL de
agua destilada (previamente submetida a tratamento em atmosfera de oxigénio, durante 30
minutos). A absorbancia da emulséo foi ajustada entre 0,6 a 0,7 nm a comprimento de onda de
470 nm. Aliquotas de 2,7 mL da emulsdo acido linoléico/p caroteno foram misturadas com
300 pL das amostras (100 mg.mL™ em MeOH e 4gua 1:1 para os méis e 2 mg.mL™ para as
fragbes acetato de etila) e incubadas em banho Maria a 40 °C. A oxidacdo da emulsdo foi
monitorada ap6s um periodo de 60 minutos em um espectrofotbmetro de UV-vis da
Shimadzu, modelo UV-2550 no comprimento de onda de 470nm. A atividade antioxidante
foi expressa em porcentagem de inibicdo relativa ao controle ap6s 60 minutos de incubacéo

utilizando a seguinte equagéo 3:

AA% = 100 x (DRC‘DRS)

DRC )

Onde a AA é a atividade antioxidante, DRC é a taxa de degradacdo na presenca do
controle (= Absi - Absf), DRS ¢ a taxa de degradacdo na presenca da amostra (=Absi - Absf),
Absi é a absorbancia inicial no tempo 0 e Abf é a absorbancia no tempo de 20, 40, 60 e 80

min. Foi utilizado como controle positivo trolox na concentragdo de 16 pg.mL™.

3.7.4 Sequestro do radical hidroxila (HO")

O ensaio foi realizado conforme Halliwell e Gutteridge, 1981, com algumas
modificagdes. Inicialmente aliquotas de 200 puL do mel, variando nas concentragdes de (100-
15000 pg.mL™), foram adicionadas a uma mistura contendo 200 pL deoxiribose (DR,
2,8mM), 400 pL de uma composicdo contendo cloreto de ferro 111 (20 uM), EDTA (100 pM),
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200 pL de H,0, (200 uM em uma solucdo tampédo de fosfato de potéssio pH 7,4) e 200 pL de
tampé&o fosfato, sob agitacdo. A esta mistura reacional adicionou-se ascorbato (300 puM) e
incubou-se por 30 minutos a 37 °C. Apos este tratamento 1,4 mL de &cido tiobarbitarico (50
mM em NaOH 1%) e 1,4 mL de &cido tricloro acético (TCA 2,8%) foram adicionados a
mistura e esta aquecida até a temperatura de ebulicdo durante 15 minutos em banho
termostatizado. Para as fragdes acetato de etila empregou-se 0 mesmo procedimento
utilizando 200 pL de amostra (10-250 pg.mL™Y). As quantidades de cromégenos produzidos
foram medidas em 532 nm em um UV-vis, da Shimadzu, modelo UV-2550. O caélculo da
atividade antioxidante foi feito utilizando a seguinte equagéo 4:

%AA=100 — (100 anmostra) (4)

Acontrole

Onde Acontrole € @ absorbancia do controle, contendo apenas 0s reagentes, € Aamostra € @
absorbancia do radical na presenca da amostra. Os resultados foram expressos atraves da CEsg
+ D.P., que representa a concentracdo da amostra necessaria para obter metade da atividade

sequestradora dos radicais (HO).

3.7.5 Capacidade antioxidante pelo método de reducéo do ferro (FRAP)

O ensaio do poder antioxidante de reducdo do ferrro foi realizado de acordo com
Benzie e Strain (1996), com algumas modificagdes. A solugdo FRAP foi obtida a partir da
combinacéo da solucdo tampdo acetato 0,3 M, solugdo de TPTZ 10 mM e solucdo aquosa de
cloreto férrico 20 mM. Aliquotas de 90 pL de cada amostra em trés concentragdes diferentes
foram homogeneizadas com 2,7 mL do reagente FRAP (recém-preparado) e 270uL de agua
destilada. As solucdes foram agitadas em banho termostatizado a 37 °C por 30 minutos. A
absorbancia das amostras e do FRAP foram medidas em um espectrofotdmetro UV-vis da
Shimadzu, modelo UV-2550 a 595 nm.

Concentrac6es de 250-2000 pM de sulfato ferroso (FeSO47H,0) foram utilizadas para
a determinacdo da curva-padrdo e os resultados foram expressos como média = desvio-
padréo de pM de sulfato ferroso.g™ da fracdo acetato de mel e uM de sulfato ferroso.g™ de

mel.
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3.8 ATIVIDADE ANTIMICROBIANA

3.8.1 Determinacéo da concentracéo inibitoria minima (CIM)

Devido ao uso popular do mel em doencas da pele foram selecionadas cepas de
Staphylococcus aureus: ATCC 25923, e Staphylococcus epidermidis ATCC 12228 foram
mantidas em agar Muller Hinton (bactérias) a 4 ° C e de Candida albicans- ATCC 6645, C.
tropicalis ATCC- 13803, C. krusei LM 13 em Agar Sabouraud Dextrose a 35 °C. Todas as
cepas foram procedentes do Departamento de Ciéncias Farmacéuticas da Universidade de Sdo
Paulo do Instituto Adolfo Lutz de S&o Paulo, SP, Brasil.

Para a avaliacdo da atividade antimicrobiana as fragdes EtOAct foram testadas em
concentracdes de 32 até 1024 pg.mL™, solubilizadas em dimetilsuféxido (DMSO) a 10 %.
Para cada microrganismo foi preparada uma suspensdo a 10° UFC.mL™ (0.5 da Escala
McFarland (NCCLS 2000), sendo utilizado caldo Nutriente para as bactérias e Sabouraud
dextrose para leveduras. A determinacdo da concentracdo inibitéria minima (CIM) foi
realizada pela técnica de microdiluicdo em caldo (CLSI, 2006) sendo as microplacas seladas e
incubadas a 35°C por 24 — 72 h. A CIM foi definida como a menor concentracdo capaz de
inibir o crescimento dos microrganismos. O resultado foi expresso como a média dos valores
de trés ensaios distintos (SOUZA et al., 2007).

A atividade antibacteriana e antifingica foi interpretada conforme os seguintes
parametros: sem crescimento até 500 pg.mL™ = atividade excelente/6tima; sem crescimento
de microrganismo até 600-1500 pg.mL™ = atividade moderada; e sem crescimento acima de
1600 pg.mL?* = atividade baixa (ALLIGIANAIS et al 2001; HOLETZ et al 2002;
HOUGHTON et al., 2007).

Para o controle negativo foram utilizados Cloranfenicol (100 pg.mL™) e nistatina (100

Ul.mL™) e para o controle positivo foi realizada a inoculacio utilizando apenas o0 DMSO.
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3.9 ANALISES TERMICAS

3.9.1 Termogravimetria (TG/ DTA/ DTG)

As curvas termogravimétricas dos méis foram obtidas em um analisador Térmico
Simultdneo TG-DTA Shimadzu, modelo DTG-60H, utilizando atmosfera de ar sintético com
fluxo de 50 mL.min™, na razéo de aquecimento de 20 °C.min™. A massa de amostra utilizada

foi de aproximadamente 10 mg em uma faixa de temperatura de 25-800 °C.

3.10 ANALISES ESTATISTICAS

Os experimentos foram realizados em triplicata e os resultados expressos como média
+ desvio padrdo. Para analise estatistica dos resultados, utilizou-se analise de variancia
(ANOVA), o teste de Tukey para identificar diferengas significativas entre as médias (p >
0.50). Foi calculado o coeficiente correlagdo de Pearson entre os fendlicos totais e 0s
métodos de analises da atividade antioxidante. Os dados foram tratados no programa Action
2.4 (ESTATCAMP, 2012).
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4 RESULTADOS

Os resultados obtidos com este trabalho permitiram a elaboracdo de trés artigos,

descriminados a seguir:

» Artigo 1, intitulado “Thermal degradation of honeys and evaluation of
physicochemical properties”, publicado no periddico Journal of Thermal Analysis and
Calorimetry, Qualis B1. DOI: 10.1007/s10973-012-2926-X;

» Artigo 2, intitulado “Phenolic profile and antioxidant activity of stingless bees honey
from Amazonas ( Brazilian State) ”, submetido ao periodico Food Chemistry, Qualis

Al, sob revisdo;

» Artigo 3, intitulado “Determination of total phenolic content and evaluation of the
antioxidant activity of honeys from Amazon ”, submetido ao periddico Industrial Crops

and Products, Qualis A2, sob reviséo.
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Abstract The physicochemical characterization and
thermal profile of honeys produced by stingless bees are
poorly known, mainly due to the high diversity of flora
mellifera and to the low production that is inherent of these
species. The objective of this study was to determine the
physicochemical characteristics of five samples of honey
from bees from the species Melipona seminigra merrillae
of Amazonas State, Brazil. The thermal degradation profile
of these honey samples was evaluated by thermogravime-
try in order to contribute with the establishment of a quality
standard of honeys produced from Brazilian stingless bees.
Thus, the following analyses were performed: reducing
sugars, moisture, hydroxymethylfurfural, protein, ash, pH,
and acidity. The results showed that the current legislation
concerning the honey of Apis mellifera is not an appro-
priate standard for all the properties analyzed, reinforcing
the need for a honey standard including the honeys of all
Brazilian bees. The honey samples displayed similar ther-
mal degradation profiles, with the thermal process starting
at room temperature and ending at a temperature next to
600 °C.
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Introduction

Honey is a viscous fluid, of characteristic aroma and sweet,
prepared by bees from nectars and/or exudates of plants,
mainly of floral origin [1]. Honey is a very complex mix-
ture, in which the main components are the monosaccha-
rides glucose and fructose. Nevertheless, substances like
enzymes, amino acids, vitamins, and mineral salts take also
part in its composition, but at smaller quantities [2, 3].

Among the products provided by bees, honey is cer-
tainly the best known. All ancient civilizations used honey
as food and as a therapeutic agent. Honey has been object
of several studies by its relevant applications in clinical
cases, of which success was attributed mainly to the anti-
oxidant and antimicrobial properties [2].

The constituents of honey are variable and depend on
the floral source of nectar, environmental and seasonal
conditions, stage of maturation the honey, bee species,
physiological state of the colony, time of collection and
processing [2-6]. These variations of the chemical com-
position make honey a rich source of research.

In Brazil, the standard of honey for commercial pur-
poses is the Normative Instruction number 11 of October
20, 2000 [1]. This regulation, based on a European stan-
dard, is too much severe in terms of the honey physico-
chemical properties of stingless bees. One of these
characteristics is the moisture content, which is very high,
as Brazilian honey bees are less dense than the one from
Africanized honey bees [7]. However, even though the
honey from stingless bees does not meet these legislation
parameters, it is proper for the human consumption.

@ Springer
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The state of Amazonas, Brazil, has a great potential for the
production and exportation of honey from stingless bees,
supported by political initiatives for the sustainable devel-
opment of forests [8]. According to Marques-Souza et al. [9],
in the municipality of Manaus and adjacent regions, two bee
species stand out as pollinators of various plant species and
their mellifero potential: Melipona seminigra merrillae and
Melipona compressipes manaoense.

Therefore, this study aimed at evaluating the physico-
chemical properties of honey from Amazon bees (Melip-
ona seminigra merrillae) and comparing these properties
with the standards established for honeys produced by
Africanized honeybees. This study also evaluates the
potential of the thermogravimetric (TG) analysis technique
to determine the moisture content and ash of honey.

Experimental
Honey bees native to the Amazon

The samples of honey from native honeybees (Melipona
sentinigra merrillae) were obtained from honey producers
located in cities from Amazonas State, Brazil. Figure |
shows the geographical location of the cities Manaus
(MAOQ), Boca do Acre (BAJ), Pauini (BAU), Labrea (LAB),
and Rio Preto da Eva (RP), in which the honey samples
were collected. The samples were stored in plastic bottles at
a temperature of ~8 °C until the moment of analysis.

Chemical reagents
All reagents and solvents used in this study were of ana-

Iytical grade and supplied by Vetec Fine Chemicals Ltd.
(Rio de Janeiro, Brazil),

B BA] B BAU m MAO mRP W LAB

Fig. 1 Geographical location of the municipalities of the State of
Amazonas, in which the honey samples were collected

@ Springer

Methods
Physicochemical characterization

The following physicochemical analyses were performed:
moisture, ash, free acidity, pH, reducing sugars, hydrox-
ymethylfurfural (HMF), and proteins. The results were
expressed as mean values, with an estimate of the standard
deviation from the experiments carried out in triplicate, in
agreement with AOAC [10].

Moisture

The principle of this method consists in determining the
refractive index of the honey at 20 °C, which is converted
to moisture content by means of a Chataway reference
table, which reports the moisture content as a function of
refractive index.

pH

For the pH determination, blends containing 10 g of honey
and 75 mL of distilled water were prepared. The pH values
of the blends were directly determined by means of a pH
meter.

Free acidity

For the determination of free acidity, a volumetric titration
was performed with the aid of pH meter for the pH mea-
surement. In this procedure, 10 g of honey was dissolved in
75 mL of distilled water. The resulting solution was titrated
with 0.05 N sodium hydroxide (NaOH) solution up to pH
8.5. The results were presented in milliequivalents acid per
1,000 g of honey. For the calculation of the free acidity,
Eq. 1 was employed

Free acidity = (V- V;) x 50 (1)

in which V is the milliliter of 0.05 N NaOH solution and V
is the milliliter of blank test.

Ash and proteins

The ash content was determined by the difference between
the masses of the samples before and after calcinations ina
muffie furnace at 550 °C for 6 h.

The proteins present in the honey samples were deter-
mined using the Kjeldahl method.

Hydroxymethylfurfural (HMF)

The determination of HMF in honey samples was carried out
by the determination of the absorbance, at the wavelengths
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of 284 and 336 nm, in a UV-Vis spectrophotometer model
1700 from Metrolab.

Reducing sugars

The reducing sugar content was determined based on the
capacity of sugars present in honey, such as glucose and
fructose, to reduce copper in the alkaline solution of copper
salt (Fehling). In this test, Cu”* is reduced to Cu™* with the
sugars being oxidized to organic acids.

Thermal analysis

The thermogravimetric/differential  thermogravimetric
analysis (TG/DTG) curves were obtained in a model DTG-
60H simultaneous thermal analyzer from Shimadzu. The
runs were carried out using about 10 mg samples in an
alumina pan and synthetic air atmosphere, air flow of
50 mL min™~", heating rate of 10 °C min™" and 25-800 °C
temperature range.

Results and discussion

The physicochemical data of the honey samples listed in
Table | are in agreement with the Brazilian legislation,
except for the specifications of moisture and reducing
sugars. However, even though the values of moisture and
reducing sugars do not meet these parameters, they are in
accordance with other studies of honeys from Brazilian
native bees [11-15].

The moisture values for the five honey samples analyzed
varied from 23.38 to 33.12 %. It was observed that the
samples collected in neighbor municipalities (BAJ, BAU,
and LAB) and also (MAO and RP) (Fig. 1) presented
similar moisture levels. These results can probably be
attributed to the floral source and environmental conditions,
which affect the physicochemical properties of honey [3].

The moisture content is a determining factor in the
honey stability. When it is too high, it may cause loss of
flavor, grain, and cause the proliferation of osmophilic

microorganisms. These microorganisms, when present in
large quantities, may cause fermentation processes in
honey, leading to its degradation [16], rendering it impro-
per for consumption.

In this study, the values of acidity and pH varied from
44.57 to 49.97 meq kg~" and from 3.14 to 4.28, respec-
tively. The Brazilian legislation does not specify a pH limit
value for honey, but it is an important physicochemical
property of honey. The low pH of honey, for example,
inhibits the presence and growth of microorganisms and
makes it compatible with various foods. The pH value also
influences the shelf life of honey [17].

The maximum limit for acidity is 50 meq kg '
According to the data obtained, the honeys analyzed meet
the requirements established by the legislation. This fact
shows the good conditions of these honeys for consump-
tion, although they presented high moisture contents, once,
according to Finola [18, 19], acidity levels below the
established limit point out the absence of undesirable
fermentations.

The ash values ranged from 0.02 to 0.50 %. It can be
noticed that the neighbor municipalities (RP and MAO), as
well as (BAU and LAB), presented similar values.

According to the literature, the ash content is directly
associated to the soil type and to the climatic conditions in
the honey origin region [20, 21]. In this study, it should be
stressed that the region comprising the municipalities BAJ,
BAU, and LAB is much bigger than the region of locali-
zation of the municipalities MAO and RP. Thus, this may
be one of the reasons for the high difference between the
ash contents of the samples BAJ, BAU, and LAB.

The honey samples showed protein levels below 1 %,
corroborating the results from Anaceleto [11]. Similar
values were also found by Souza et al. [12], who reported
that the protein contents in honeys of the Brazilian bees
ranged from 0.04 to 1.21 %. The Brazilian legislation does
not establish parameters for this constituent [1].

HMF found in the samples varied from 2.66 to
38.66 mg kg~'. All the honey samples meet the require-
ments of the Brazilian standards [1]. The literature shows
that honey from Brazilian native bees display HMF values

Table 1 Physicochemical data from samples of the honeys analyzed

Sample  Moisture/% pH Free acidity/meq I{g'l Ash/% Protein/% HMF/mg I{g_l Reducing sugars/%
BAJ 3312 +£03 371 £02 4953 4+£07 0.50 £ 0.02 011 £007 268 +£04 43224+ 0.8

BAU 30.58 £ 05 361 £01 4997 +£04 0.02 £0.01 0.08 £003 266+02 59.74 + 0.4

MAO 2338 £ 03 314 £02 4457405 027 £0.01 030 £0.00 482+01 68.19 £ 0.5

RP 2426 £ 0.8 428 £02 4894 £ 06 0.26 £ 0.01 027 £0.05 560 +£01 74,08 £ 0.3

LAB 20.84 £ 06 371 +£03 4854 4£03 0.06 £ 0.01 013 £0.03 3866 +0.3 68.92 £ 0.2

LN Maximum 20 - Maximum 50 Maximum 0.6 - Maximum 60 Minimum 65

LN specifications from normative instruction number 11 of October 20, 2000
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Fig. 2 TG/DTG curves of the following honey samples: a BAI, b BAU, ¢ MAO, d LAB, e RP, f all the samples

in a wide range, from (.4 to 78.5 mg kg_1 [11, 13, 14]. In
fresh honeys, the HMF content is very low; however,
when the product is heated, stored in improper conditions
or adulterated with invert sugar syrup, this value
increases.

The level of reducing sugars ranged from 43.22 to
74.08 %. This pronounced variation was observed in studies
with honey from Brazilian native bees [11, 13, 14]. The
minimum content adopted by the Brazilian legislation is
65 %. According to the results from Table 1, the BAU and
BAJ samples do not meet the established standards.

The honey samples analyzed where shown to be fluid.
The fructose/glucose ratio supplies information on the state
of crystallization of the honey, which is fluid when the
fructose content is higher than the glucose content [19].

@ Springer

According to Cortopassi-Laurino and Guelli [20], the
honeys of Meliponidae present lower sugar content, higher
acidity, and lower content of soluble solids when compared
to the honey of Apis mellifera, showing that the Brazilian
legislation cannot adopt European standards for honeys
from all bees, especially for the native.

The TG/DTG curves of honey samples, Fig. 2a-e
showed that the decomposition of honeys occurred in
consecutive events, involving various stages. These stages
start at room temperature and end up next to 600 °C. The
results are summarized in Table 2 and Fig. 2f, showing
that the honeys analyzed are quite similar.

The first and the second thermal decomposition steps
took place between room temperature and about 170 °C
and they can be attributed to the loss of water and volatile
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Table 2 Thermogravimetric data of the honey from Melipona
seminigra merrillae

Samples Step Temperature/°C A mase/% Ash/%
BAJ Ist 27-116 26.3 1
2nd 116-173 9.7
3rd 173-324 345
4th 324-399 89
5th 399-581 20.12
BAU Ist 23-125 214 0.10
2nd 125-185 9.0
3rd 185-260 20.2
4th 260-425 273
5th 425-590 220
MAO Ist 24-119 140 0.04
2nd 119-175 95
3rd 175-325 430
4th 325-398 95
5th 398-499 195
6th 499-599 54
LAB Ist 26-123 204 0.8
2nd 123-169 76
3rd 169-318 390
4th 318402 102
5th 402-560 228
RP Ist 32-113 112 0.06
2nd 113171 11.00
3rd 171-301 40.00
4th 301-379 11.0
5th 379-486 194
6th 486-592 8.4
A0 4
254 .
52
Z ®
25 -
]
20 T T 1
20 25 30 35
Moisture/%

Fig. 3 Pearson correlation between the moisture and mass loss
accumulating the first and the second steps of the thermogravimetric
analysis of honeys

constituents of honey. Figure 3 showed the high correlation
(r = 0.954, p = 0.0116) between the moisture content of
the honey and mass loss accumulating the first and the
second steps. This indicates that the TG analysis technique
can be also applied to assess the honey moisture.

The next thermal events, occurring between 170 and
600 °C, can be attributed to the thermal decomposition of
sugars and carbonaceous materials formed therefrom, since
it was observed that samples with higher levels of reducing
sugars were the ones that displayed the higher mass losses.
The percentage of residue at a temperature of 570 °C
corresponds to the content of mineral salts of each sample.
The ash content values found in the physicochemical
analysis were different from the residues data obtained
from the TG analyses. However, this fact was expected
since in the physicochemical analysis there are many
variables that can affect the final result of the experiment,
and in the TG analysis this random error is minimized,
once it is a one-step procedure.

Studies of the thermal behavior and adulteration detec-
tion of food has been investigated by researchers [22, 23].
Thermoanalytical methods, such as TG/DTG are used for
the ash determination in foods, like coffee, milk powder,
starches, flours, and oil seeds. This alternative presents
some advantages in relation to the conventional gravi-
metric method: shorter analysis time, smaller mass sample,
besides it does not need a pre-treatment, in which there
may be loss of material compromising the result of the
analysis [24, 25].

Conclusions

The physicochemical parameters of honey from stingless
bees displayed values which are compatible with those
established for stinging bee honeys, with the exception of
the contents of moisture and reducing sugars. The inade-
quacies for these two specification items reinforce the need
to work on a proper standard for the honeys of Meliponine
bees, in order to avoid frauds and to enable their formal
marketing.

The thermogravimetry technique was helpful for the
determination of the moisture content of the honey samples,
showing the high correlation with the data obtained by the
refraction index. The same was not observed upon the
application of thermal analysis to the determination of ash.
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ABSTRACT

In the present study honey samples produced by Melipona seminigra merrillae, collected in
seven counties distributed in the central and southern region of Amazonas state in Brazil,
were analyzed as for the origin, content and profile of the phenolic compounds, antioxidant
and antimicrobial activities. The results of the total phenolic content ranged from 17 mg
GAE/g to 66 mg GAE/g of extract, in which the highest contents were found in the
monofloral honeys. The antioxidant activity was higher in the samples that presented the
higher amounts of phenolic compounds. In relation to the antibacterial activity, the samples
CO (Coari), ME (Maués) and LAB (Labrea) presented the best results. The determination of
the phenolic profile revealed the presence of 14 phenolic compounds. Among them, the
flavonoid taxifolin was identified in the samples, suggesting that it is a phenolic indicator of

the honeys produced by the species.

Keywords: Honey from Amazonas state, Melipona seminigra merrillae, stingless bees,

phenolic compounds
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1. Introduction

Honey is characterized by its complex composition, which varies with the origin of
the raw material (néctar or honeydew), bee species, edafoclimatic conditions, available floral
source and storage conditions (Kugik et al., 2007). It is mainly constituted by glucose and
fructose, but also contains aminoacids, phenolic compounds, organic acids, vitamins,
minerals, lipids, enzymes and other phytochemicals (Baltrusaityte, Venskutonis & Ceksteryte,
2007).

In Northern and Northeastern regions of Brazil several native honey producing
stingless bee species can be found, known as indigenous bees, stingless or meliponini. In the
state of Amazonas, among the several species already identified, attention should be given to
Melipona seminigra merrillae, which is endemic to Central Amazonia and important
pollinator of the Amazon rainforest.

The growing interest by the honey produced by stingless bees ensues from its
differentiated composition, which has associated to antiseptic, antimicrobial, anticancer, anti-
inflammatory and wound healing properties (Silva et al., 2006; Silva et al. 2012).

Hundreds of bioactive substances have already been found in honeys of diverse origins
(Gheldof & Engeseth, 2002; Bertoncelj, Dobersek, Jamnik & Golob, 2007; Alvarez-Suares et
al., 2012). Among them, the ones that display antioxidant capacity, such as phenolic acids,
flavonoids and the enzymes glucose oxidase and catalase have received special attention of
research groups, due to their role in prevention of diseases associated to oxidative stress
(Aljadi & Kamaruddin, 2004). On the other hand, phenolic compounds present in honey are
directly related to botanical resources such as pollens, nectars, resins and oils supplied to bees,
and consequently, honeys from different floral origins can present distinct bioactive properties

(Gheldof & Engeseth, 2002).
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Taking into account all these features, the present work was undertaken with the
purpose of determining the botanical origin and phenolic compound profile of honeys
produced by the species Melipona seminigra merrillae in seven counties of Amazonas state,
in the Northern region of Brazil. Besides, the honeys were also evaluated regarding the

antioxidant and antimicrobial activities.

2. Materials and Methods

2.1 Standards and Reagents

The reagents Folin-Ciocalteu, potassium persulfate, Trolox (6-hydroxy-2, 5, 7, 8 —
tetramethylchroman-2-carboxylic acid 97%), ascorbic acid, gallic acid, ABTS (2, 2’-azinobis-
[3-ethylbenzothiazoline-6-sulfonic acid] and also the phenolic standards were supplied by
Sigma-Aldrich (St. Louis, USA). The solvents ethyl acetate, methanol, ethanol and DSMO
were supplied by Cinética e Tédia (Brazil), while the Mueller-Hinton agar and the Sabouraud

Dextrose agar by Difco Laboratories (Detroit, USA).

2.2 Honey samples

The samples of honey from the species Melipona seminigra merrillae were collected
from beehive meliponaries in seven counties from Amazonas state, Brazil in November 2009
and 2010. The counties from Central region of Amazonas state (Manaus (MAO), Rio Preto da
Eva (RP), Coari (CO) and Maués (ME) ) and the counties of the Southern region of
Amazonas (Boca do Acre (BAJ), Pauini (BAU) and Labrea (LAB) ). The collect was
performed with 20 mL sterile syringes and the honey was transferred to 600 mL polyethylene

bottles, stored at 8 °C until the moment of the analysis.
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2.3 Honey extracts

2.3.1 Methanol extracts and ethyl acetate fractions of the honeys

The methanol extracts and the ethyl acetate fractions of the honey samples were
prepared following the methodology previously described by Andrade, Ferreres & Amaral
(1997). Initially 50 g of honey, 250 mL of water acidified with hydrochloric acid (pH 2) and
100 g of Amberlite XAD-2 resin were mixed. After homogeneization in a magnetic stirrer for
30 minutes, the mix was transferred to a glass column (42 cm x 3.2 cm), washed with 250 mL
of acidified water (pH 2), followed by 300 mL of distilled water. The elution was performed
with 300 mL methanol. In order to obtain the extract, the solvent was removed at 40 °C under
reduced pressure in a rotary evaporator.

The fractioning with ethyl acetate for the removal of sugars was performed utilizing 1
g of the methanol extract, to which were added 5 mL of distilled water and 5 mL of ethyl
acetate. The contents were transferred to a separation funnel and the acetate fraction was

collected and later concentrated at 40 °C under reduced pressure in a rotary evaporator.

2.4 Melissopalynological analysis

Ten grams of each honey sample were taken and submitted to the acetolysis method
with acetic anhydride and sulfuric acid (9:1) in successive centrifugations (Silva et al., 2012).
After the acetolysis process, slides containing glycerinated gelatin were prepared for the
mounting of the pollen grains, which were later observed and identified by optical
microscopy. The frequency classes were established from the counting of at least 300 pollen
grains for each honey sample (Louveaux, Maurizio & Vorwohl, 1978). The classification was
based upon the following criteria: dominant pollen type (DP, >45%), secondary pollen type

(SP, 16 — 45%), important minor pollen (IMP, 3 - 15%) and minor pollen (MP, <3%). The
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identification of pollen types found in each sample was based on pollen catalogues and
comparison with the slide collection of the pollen libraries from Universidade Federal do

Oeste do Para (PUFOPA) and Universidade Estadual de Feira de Santana (PUEFS).

2.5 Phenolic amounts

The determination of total phenolic content of the honey samples and in the ethyl
acetate fractions (EtOAct) was carried out by the colorimetric Folin-Ciocalteau method
(Slinkard & Singleton 1977). A 300 pL aliquot of methanol extract (5 mg.mL™ in MeOH)
was transferred to a test tube containing 60 uL of the Folin-Ciocalteau reagent and 2.460 pL
of distilled water. The mixture was stirred for 1 min and subsequently 180 puL de Na,CO;
(15%) were added, being the contents stirred for more 0.30 min, in order to obtain a final
extract concentration of 200 pg.mL™. The samples were kept in the dark for 2 h, prior to be
measured in a UV- vis spectrophotometer Shimadzu, model UV-2550 at 760 nm. The total
phenolic content (TFC) was determined by interpolation of sample absorbance against a
calibration curve built with gallic acid standards (1 to 15 pg.mL™ in ethanol) and expressed as
milligrams of gallic acid equivalent per gram of extract (mg GAE /g ). All the analyses were

carried out in triplicate.

2.6 Evaluation of the antioxidant activity

2.6.1 ABTS*+ cation radical scavenging

The ABTS test was performed according to the methodology reported by Re et al. (Re
et al., 1999). The cation radical ABTS™ was synthesized by the reaction of a 7 mM ABTS
solution with a 2.45 mM potassium persulfate solution. The mixture was kept at 23 °C in the
dark for 16 h. Afterwards the ABTS™ solution was diluted with ethanol until reaching an

absorbance (A) of 0.7 at 734 nm, in a UV-vis spectrophotometer Shimadzu, model UV-2550.
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Aliquots of 2.7 mL from the ABTS™" solution were added, immediately after being prepared,
to the sample solutions diluted in methanol (MeOH) in order to reach final concentrations
between 100 and 500 pg.mL™ .After 10 min, the percentage inhibition of absorbance at 734
nm was calculated for each concentration, which was relative to the blank absorbance
(ethanol). The capability of scavenging the ABTS™ radical was calculated using the following

equation:

% AS = 100 X (Acontrol - Asample)

Acontrol

In which Acontror is the control absorbance, obtained from the ABTS ™ radical alcoholic
solution and Asampie is the radical absorbance in the presence of the sample or the trolox
standard. The results were expressed as CEsy + sd, in which CEsg represents the sample
concentration required to obtain half of ABTSe+ radical scavenging activity and sd the

calculated standard deviation.

2.7 HPLC Analysis of phenolic acids and flavonoids

The chromatographic analyses were carried out in a Shimadzu high performance
liqguid chromatograph (HPLC). The chromatograph was equipped with an automatic
Rheodyne 7125i injector with a 20 uL loop and diode array detector. The columns used were
the Shimadzu LC-18 column (25 cm x 4.6 mm from Supelco, Bellefonte, USA), the
Rexchrom LC-18 column (15 cm x 4.6 mm Supelco, Bellefonte, USA) and the pre-column C-
18 ODS Shimadzu. For the analysis of the phenolic acids, the elution system composed by
5% formic acid (solvent A) and MeOH (solvent B). The elution conditions were: 0.01-15 min.
20 - 30 % B, 15-20 min. 30% B, 20-30 min. 30-40% B, 40-50 min. 100% B, with a flow rate

of 1.0 mL/min. For the monitoring, the wavelengths of 254 nm and 290 nm were employed.
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For the determination of flavonoids, the elution system employed was: 1% formic acid
(solvent A) and MeOH (solvent B) as the mobile phase at the conditions of 0.01-3 min. 40%
B, 5-15 min. 45% B, 17-25 min 50% B, 27-35 min. 55% B and 40 min. 40% B. For the
monitoring, the wavelength of 320 nm was utilized. The flow rate of the mobile phase was 1
mL.min™ and the oven temperature of the column was fixed at 35 °C. The identification of
phenolics was based on the retention times, UV-spectra and chromatographic comparison (co-

injection) with authentic markers (Silva et al., 2012).

2.8 Determination of the antibacterial and antifungal activities

The strains of Staphylococcus aureus: ATCC 25923 and Staphylococcus epidermidis
ATCC 12228 were kept in Miller Hinton agar (bacteria) at 4 °C and strains of Candida
albicans- ATCC 6645, C. tropicalis ATCC- 13803 and C. krusei LM 13 in Sabouraud
Dextrose agar at 35 °C. All the strains originate in the Department of Pharmaceutical
Sciencies from Universidade de S&o Paulo, Instituto Adolfo Lutz de S&o Paulo, Brazil.

For the evaluation of the antimicrobial activity, the EtOAct fractions, solubilized in
10% dimethyl sulfoxide (DMSQO), were tested at concentrations ranging from 32 to 1024
ng.mL™. For each microorganism a suspension at 10° UFC.mL™ (0.5 da Escala McFarland),
was prepared. Nutrient broth was used for the bacteria and Sabouraud dextrose agar for
yeasts. The determination of the minimal inhibitory concentration (MIC) was carried out by
the technique of broth microdilution, with the microplates sealed and the microplate was
sealed and incubated at 35 °C for 24 - 72 h. The MIC was defined as the smallest
concentration able to inhibit the growth of microorganisms. The result was expressed as the
average of three distinct tests (Souza, Stamford, Lima & Trajano, 2007).

The antibacterial and antifungal activities were interpreted in agreement with the
following parameters: from no growth to 500 pg.mL™ = excellent/optimal activit; from no

growth to 600-1500 pg.mL™ = moderate activity; from no growth to over 1600 pug.mL™ = low
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activity (Holetz, Howes, Lee & Steventon, 2002; Houghton, Howes, Lee & 2007). For the
negative control, chloramphenicol (100 pg.mL™) and nystatin (100 Ul.mL™) were utilized and

for the positive control the inoculation was carried out using only DMSO.

2.9 Statistical analysis

All samples were analyzed in triplicate unless stated otherwise and the results were
expressed as average * standard deviation. All statistical analyses were performed using the
Microsoft Excel 2007 software package (Microsoft Corp., Redmond, WA).

3 Results e discussion

3.1 Melissopalynological analyses of honeys

A total of 22 pollen types, belonging to 16 different botanical families were identified
in the honey samples analyzed (Table 1). The high pollen diversity found in the honeys
reflects the flora diversity of Amazonas state, a feature that favors the production of honeys
with differentiated characteristics.

The pollen type Clidemia from the Melastomataceae family was identified in six of the
seven samples analyzed. It is present in both state regions in which the honey samples were
collected, with the smallest occurrence (1.34%) in the sample CO and the biggest (90.96%) in
the sample ME (Table 1). These data point out that the bees Melipona seminigra merrilae
collect material in species of the Melastomaceae family for the honey production. This family
is typically found in vegetable formation of the Amazon rain forest. Its flowers show poricidal
anthers and, therefore, they are visited primarily by bees able to vibrate the anthers, in a
phenomenon known as buzz pollination, which may be a characteristic of stingless bees

(Renner, 1989).



Table 1 — Pollen types found in the samples of honeys produced by bees from the species

Melipona seminigra merrilae collected in seven counties of Amazonas state.

Family Pollen Type BAJ BAU LAB MAO RP CO ME
Tapirira

Anacardiaceae guianensis SP
Schefflera

Avraliaceae morototoni - MP MP - SP
Maximiliana

Arecaceae maripa - - MP -

Arecaceae Euterpe SP MP

Burseraceae Protium - - MP - IMP MP

Bignoniaceae Tabebuia MP IMP

Dilleniaceae Tetracera MP
Alchornea

Euphorbiacea triplinervia MP

Fabaceae/

Caesalpinioideae  Mora paraensis IMP - - - SP

Fabaceae/

Caesalpinioideae  Senna - MP - IMP

Fabaceae/

Mimosoideae Mimosa pudica - MP SP -

Fabaceae/ Stryphnodendron

Mimosoideae pulcherrimum - IMP - - MP

Fabaceae Chamaecrista IMP
Zornia

Fabaceae echinocarpa MP

Malpighiaceae Byrsonima IMP

Melastomataceae Clidemia DP SP SP DP MP DP

Moraceae Brosimum MP - - IMP

Myrtaceae Myrcia - IMP DP - MP

Sapindaceae Serjania MP DP IMP -

Sapotaceae Pouteria IMP
Solanum

Solanaceae paniculatum MP - IMP - MP

Urticaceae Cecropia - IMP - -

Dominant pollen (DP ); secondary pollen (SP ); important minor pollen (IMP ); minor pollen (MP )

Boca do Acre = BAJ; Pauini = BAU; Labrea= LAB,Manaus = MAO; Rio Preto da Eva = RP; Coari =

CO; Maués = ME.
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The honey samples collected in BAJ, RP and ME, representing the two state regions
analyzed presented Clidemia pollen in amounts higher than 45% of the overall identified
pollen. This evidences the wide distribution of this pollen in Amazonas state. In the analyzed
honey samples, no secondary pollen types were found and the percentages of important minor
pollen and minor pollen were low, thus leading to the classification of honeys of monofloral
origin. On the other hand, although with an important identification to the understanding of
the botanical distribution over the geographical region, in the sample CO the Clidemia pollen
type was identified only as minor pollen and in the samples BAU and MAO as secondary
pollen (Table 1). These results may be associated to features that limit the bee access to
flowers of this genus, or its incidence may not be prevalent in these counties. In spite of
presenting the Serjania (Sapindaceae) as the dominant pollen type, the sample BAU displayed
Clidemia as a secondary pollen, but corresponding to 33.81%, thus being classified as a
heterofloral honey.

In the honey collected in LAB the Myrcia, Myrtaceae family, pollen type was
identified with 77.6 % occurrence, thus being classified as monofloral. The Clidemia pollen
type was not found, but the place of collection is away for urban areas, located in the Ituxi-
Labrea indian extractive reserve, which display a characteristic native vegetation. The
samples MAO and CO were classified as heterofloral, showing two and four secondary pollen

types, respectively (Table 1).

3.2 Total phenolic content and antioxidant activity

The total phenolic content of the methanol extracts of the honey samples ranged from
17 to 66 mg GAE /g of extract (Table 2). These figures are supposed to be related to honey
floral source, as the phenolic compounds are related to the botanical origin of the nectar and

to the species of the honey producing bees (Gheldof & Engeseth, 2002). The samples
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classified as monofloral ME LAB and RP presented the highest amounts of total phenolic

contents and the lowest total phenolic contents were observed for the honeys BAU and BAJ.

Table 2. Total phenolic content (TFC) and ABTSe+ radical scavenging activity of the
methanol extract of the samples of honey produced by bees from the species Melipona

seminigra merrillae from Amazonas state.

o+
Methanol Extract TFC ABTS

(mg GAE /g *) (CEso) pg/mL

BAJ 265+1.21 3145+ 3.84

BAU 17+0.9 336.8+ 3.17

LAB 64+ 2. 84 220.3+1.32

MAO 34+154 281.3+554

RP 43+2.12 266.3 +0.48

CoO 36+1.71 275.2 +1.30

ME 66 +2.10 209.2 £ 0.25

*miligrams of gallic acid equivalent per gram of extract

Boca do Acre = BAJ; Pauini = BAU; Labrea= LAB; Manaus = MAO; Rio Preto da Eva = RP; Coari =
CO; Maués = ME.

CEs = sample concentration required to obtain half of the "ABTSe«+ radical scavenging activity.

In relation to the ABTSe+ cation radical scavenging activity, it was noticed that the
methanol extracts of the honeys showed activities in which CEsg varied from 209.59 + 0.25 to
336.8 + 3.17 mg.mL™ (Table 2). Among the honeys analyzed, the samples collected at ME,
LAB and RP showed the higher antioxidant capacity, probably as a consequence of their
higher total phenolic content, when compared with the remaining samples. According to
Kicuk and co-workers (Kuguk et al., 2007), the antioxidant activity can be potentialized by
the synergetic interaction between the compounds that display the capacity of scavenging free
radicals, like between distinct phenolic compounds.

The samples BAJ and BAU that showed the smallest total phenolic contents also
displayed the smallest antioxidant activities. The results of the present paper agree with
previous works that report the correlation between total phenolic contents and antioxidant

activity (samples displaying smaller total phenolic contents also showed the smaller
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antioxidant responses) (Aljadi & Kamaruddin, 2004; Alvarez-Suarez et al., 2012; Bertoncelj,

Dobersek, Jamnik & Golob, 2007).

3.3 Phenolic profile

The chromatography data showed the presence of 14 different phenolic compounds in

the EtOAct fraction of the studied honeys (Table 3).

Table 3 Phenolic compounds present in EtOAct fraction of the samples of honey produced by

bees of the species Melipona seminigra merrillae in Amazonas state.

Phenolic Compounds

Gallic acid

3,4 Dihydroxybenzoic acid

4-hydroxybenzoic acid

Vanillic acid

Salicylic acid

Syringic acid

Coumaric acid

Cinnamic acid

Catechol

Trans-trans abscisic acid

Cis-trans abscisic acid

Taxifolin

Naringenin

Luteolin

BAJ BAU LAB MAO RP CcO ME
1g/100g Hg/100g 1g/100g Hg/100g Hg/100g Hg/100g Hg/100g
18.35 18.16 46.28 92.66 63.59 56.7 34.56

29.41 14.03 nd 205.91 12.89 nd nd
41.97 191.84 nd 423.1 155.82 63.12 160.16
29.67 nd 105.79 240.46 nd nd nd
21.42 nd nd 168.96 56.49 nd 77.67
nd nd nd 1507.81 nd 294.24 403.91
nd nd nd 154.85 nd 41.85 145.35
nd nd nd 116.35 nd 24.60 nd
212.23 138.75 8761.06 132 112.41 nd 171.3
676.58 576.61 713.99 1592.57 1057.48 nd 756.28
400.67 296 407.3 1587.36 897.78 nd 181.21
1543x10°  11.60x10°  54.07x10° 54x10° 67.2x10° 3.87x10° 58.23x10°
nd nd 13x10? nd nd nd nd
nd nd 2.26x10° nd nd nd nd

*nd- not detected

Boca do Acre = BAJ; Pauini = BAU; Labrea= LAB; Manaus = MAO; Rio Preto da Eva = RP; Coari =

CO; Maués = ME.


https://www.google.com.br/search?hl=pt-BR&newwindow=1&tbo=d&spell=1&q=3,4+Dihydroxybenzoic+acid&sa=X&ei=Lo4XUYfKCYn48gSV_YAY&ved=0CC4QvwUoAA
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The phenolic compounds present in honey may come forth from the nectar of flowers,
pollen and propolis and are usually benzoic acid, cinnamic acid and their esters and some
flavonoids (Estevinho, Pereira, Moreira, Dias & Pereira, 2008; Silva et al., 2012). In the
samples BAJ, BAU, RP and MAO, gallic acid, 3,4 dihydroxybenzoic acid, 4-hydroxybenzoic
acid, catechol and the isomers trans-trans abscisic acid and cis-trans abscisic acid were
identified. In these same samples the dominant pollen type was the same (Clidemia) stressing
that the floral source is a factor that may define the phenolic profile in honeys.

The isomers trans-trans abscisic acid and cis-trans abscisic acid were found in high
amounts in all the honey samples analyzed, with the exception of the one collected at the
county CO. These two isomers of floral origin (Ferreres, Andrade & Tomas-Barberan, 1996)
were already described for honeys collected in New Zealand and Australia (Yao et al., 2003),
in Slovenia (Bertoncelj, Polak, Kropf, Korosec & Golob, 2011) and in Northeastern Brazil
(Silva et al., 2012). Taking into account that abscisic acid has the function of regulating
aspects related to the plant physiology, in response to water stress (Jiang and Hartung, 2008),
its presence in the studied honeys is probably a consequence of water stress suffered by
botanic species in the Amazon region, which possess an equatorial climate with elevated
temperature. The absence of the isomers trans-trans abscisic acid and cis-trans abscisic acid in
the CO honey sample may be due to the botanical origin of the region, as the resources to be
utilized by the bees depend on their availability in the collect area (Bertoncelj, Polak, Kropf,
Korosec & Golob, 2011).

The occurrence of 1, 2-dihydroxybenzene, also known as catechol, in the honey samples
was similar to that of the abscisic acid isomers. Besides, it is, to our best knowledge, the first
report of the presence of this compound in honeys. Catechol and its derivatives have been
reported as being active against the human immunodeficiency virus (HIV) (Melo, Bruni, &

Ferreira, 2006).


https://www.google.com.br/search?hl=pt-BR&newwindow=1&tbo=d&spell=1&q=3,4+Dihydroxybenzoic+acid&sa=X&ei=Lo4XUYfKCYn48gSV_YAY&ved=0CC4QvwUoAA
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The flavonoid taxifolin was found in all the analyzed honeys, independently of the
dominant pollen type or geographical localization, suggesting that it is a phenolic marker for
the honey produced by the species Melipona seminigra merrillae, once phenolic compounds
may be considered in determining the origin and authenticity of honey (Tomas-Barberan,
Martos, Ferreres, Radovic & Anklam, 2001; Alvarez-Suarez et al., 2012). Taxifolin is a
flavonoid that is characterized by presenting several hydroxyls what confers it a high
antioxidant power. Nonetheless, other biological activities have been ascribed to this
flavonoid (Sendra, Sentandreu & Navarro, 2007).

Gallic acid was also found in all the honey samples, in amounts ranging from 18.16 to
92.66 ng/100g. Indeed, its presence is reported in honeys from different countries, as Portugal
(Andrade, Ferreres & Amaral, 1997), New Zealand (Yao et al., 2002), Australia (Yaoa, Jiang,

Singanusong, Datta & Raymont, 2005) and Brazil (Silva et al., 2012).

3.4 - Antibacterial and antifungal activities

The results of the antimicrobial activity of the honey samples BAJ, BAU, LAB, MAO,
RP, CO and ME are presented in Table 4. Among these studied samples, the acetate fractions
corresponding to ME, LAB and CO were active against S. aureus and S. epidermidis, C.
krusei, C. tropicalis and C. albicans with the MIC (Minimal inhibitory concentration) ranging

from 256 to 512 ug.mL™.
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Table 4 - Minimal inhibitory concentration (MIC pg.mL™) of the acetate fraction of the

honeys produced by bees of the species Melipona seminigra merrillae in Amazonas state.

MIC pg.mL™

Samples S. aureus S. epidermides C.tropicalis  C.krusei  C. albicans

ATCC-25923 ATCC-12228 ATCC-13803 LM-13 ATCC-6645

BAJ + + + + +
BAU + + + + +
LAB 256 256 512 512 512
MAO + + + + +
RP + + + + +
CO 512 256 512 512 512
ME 256 256 512 512 512
NC + + + + +
PC - - - - -

+ = microorganism growth; - = no growth of microorganism
NC = negative control
PC = positive control (Chloramphenicol for bacteria and Nystatin for fungi)

The samples that showed the best antimicrobial activities correspond to the ones that
had the highest total phenolic contents. The antimicrobial activity of phenolic compounds is
reported by several research groups in studies on Gram+ and Gram — bacteria, as well as
yeasts (Estevinho, Pereira, Moreira, Dias & Pereira 2008; Kacaniova et al., 2011).

The antimicrobial activity observed in the EtOAct fractions of the honey samples CO,
ME and LAB was higher than the one reported for phenolic compounds extracted olives
(Pereira et al., 2004), mushrooms (Barros et al., 2007), grape juice and wine (Mato, Suérez-

lugue & Huidobro et al., 2007). However, other factors like the presence of hydrogen
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peroxide, catalase and glucose oxidase, known to be present in honeys of diverse origins

(Weston, 2000) may have contributed to the antimicrobial activity of the studied honeys.

4 Conclusions

The honeys RP, ME and LAB, classified as monoflorals together with CO showed the
highest total phenolic contents. In the evaluation of the antioxidant activity the highest
ABTSe+ cation radical scavenging capacity was observed for the samples that displayed the
highest total phenolic contents. In the antimicrobial activity tests, the best results were
ascribed to the samples ME, LAB and CO. The flavonoid taxifolin was identified in all the
analyzed samples, suggesting that it is a phenolic marker for the species Melipona seminigra

merrillae. This is the first report on the identification of catechol in Brazilian honey samples.
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ABSTRACT

The total phenolic content was determined by Folin-Ciocalteau methodology of honeys and
the ethyl acetate fraction of the methanol extract of honeys, from seven municipalities of
Amazonas State: Boca do Acre (BAJ), Pauini (BAU), Manaus (MAQ), Rio Preto da Eva
(RP), Labrea (LAB), Maues (ME) and Coari (CO). It was also evaluated the antioxidant
activity of the samples by scavenging ABTS™, B-carotene/linoleic acid system, ferric
reducing antioxidant power (FRAP) and radical scavenging hydroxyl. Efficiency in radical
sequestration DPPH" was also determined for the ethyl acetate fractions. The results indicated
good antioxidant activity for the honeys and the fractions in all applied tests. It was also
observed a strong correlation between the phenolic content and the results of tests of
antioxidant activity, exception for p-carotene/linoleic acid system. It was not observed
influence from the proximities of the collection locations and the antioxidant activity of the

samples.

Keywords: antioxidant activity, honey, Amazonas bees, ethyl acetate fraction
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1. Introduction

The phenolic compounds present in the honey, can be considered potential markers of
the floral origin (Alvarez-Suarez et al., 2012) and together with ascorbic acid, alpha
tocopherol, carotenoids, amino acids, proteins, organic acids and enzymes catalase, glucose
oxidase and peroxidase, by acting in synergy, can be responsible for many of the biological
and therapeutics properties (Hermosin et al., 2003; Baltrusaityte et al., 2007; Erejuwa et al.,
2012).

Many research have been limited in study the components of honey, such as amino
acids, proteins, trace elements, sugars, volatile and pollen (Popek, 2002, Hermosin et al.,
2003, Finola et al., 2007, Kuguk et al, 2007), though studies on the antioxidant activity of
honeys has increased, it is necessary a better evaluation of this activity (Beretta et al., 2005;
Blasa et al., 2006, Bertoncelj et al., 2007). Some methods have already been employed to
evaluate the antioxidant activity of honey such as the capture of hydrogen by free radical 2,2-
diphenyl-1-picryl-hydrazyl ~ (DPPH), or capture the radical 2,2-azinobis-(3-
ethylbenzothiazoline-6 sulfonic acid) (ABTS), Ferric Reducing Antioxidant Power (FRAP),
chemoluminescence, based on the Fenton reaction in addition to the method that inhibits the
oxidation, through capture the radical peroxyl (ORAC) (Gheldof and Engeseth, 2002, Beretta
et al, 2005, Kuguk et al, 2007).

The State of Amazonas — Brazil has adiversified fauna and flora in this biome can be
found more than 300 species of stingless bees. The honey produced by native bees of Amazon
is largely used by the local natives with therapeutic purposes, but there are few studies that
prove these properties.

The aim of this study was to evaluate the antioxidant activity of honey bee Melipona
semingra merillae collected in November 2009 and 2010 in the municipality of Boca do Acre

(BAJ), Pauini (BAU), Manaus (MAO), Rio Preto da Eva (RP), Labrea (LAB), Maués (ME)
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and Coari (CO) of the State of Amazonas, Brazil, through tests of DPPH, ABTS, FRAP,

Kidnapping of hydroxyl radical (HO-), system B-carotene/linoleic acid.

2. Materials and methods

2.1. Reagents and standards

The Folin-Ciocalteau reagent, trans-p-carotene-tipe 1 synthetic, DPPH (2,2’-diphenyl-
1-picryl-hydrazyl), (6-hydroxy-2,5,7,8-tetramethyl-chromane-2-carboxylic acid 97%) Trolox,
Thiobartituric acid (TBA), ethylene diaminetetraacetic acid (EDTA), deoxyribose,
trichloroacetic acid (TCA), potassium persulphate, sodium acetate, ferric choride hexahydrate,
ferrous sulphate heptahydrate, 2,4,6 tri (2-pyridyl)-S-triazine (TPTZ), ascorbic acid and tween
40 were purchased from Sigma-Aldrich (St. Louis, MO). Gallic acid, ABTS (2,2’-azino-bis-
(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt, linoleic acid were purchased from
Fluka (Buchs, Switzerland). Solvents used were purchased from Merck (Darmstadt,

Germany).

2.2. Samples

The honey samples were collected directly from beekeepers in the state of Amazonas,
in November 2009 and 2010 in the cities of Manaus (MAQ), Boca do Acre (BAJ), Pauini
(BAU), Labrea (LAB), Rio Preto da Eva (RP), Coari (CO) and Maués (ME). The collect was
performed with 20 mL sterile syringes and the honey was transferred to 600 mL polyethylene

bottles, stored at 8 °C until the moment of the analysis.
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2.3. Preparations of methanolics extracts and fractions of ethyl acetate (EtOAc)

The phenolic substances of the honey were determined according to methodology
previously described in the literature (Andrade et al., 1997). 50 g of honey were measured and
added to 250 mL of acidified water (pH 2) and 100 g of Amberlite XAD-2 resin (Supelco,
Bellefonte, PA, 146 USA, pore size 9 nm, particle size 0.3-1.2 mm). This mixture was
homogenized on a magnetic stirrer for 30 minutes.

The amberlite resin particles were the packed on a glass column (42 x 3.2 cm), washed
with acidified water (pH 2 with 250 mL HCI) and subsequently rinsed with distilled water
(300 mL). The phenolic compounds were extracted with 300 mL of methanol and the solvent
removed at 40 °C under reduced pressure.

5 mL of distilled water and 5 mL of ethyl acetate were added to 1 g of the methanol
extractto obtain the fractions of ethyl acetate (EtOAc) BAJfa, BAUfa, MAOfa, RPfa, LABfa,
MEfa and COfa. The resulting solution was homogenized in an ultrasonic bath for 10 minutes
and transferred to a separatory funnel. The upper phase containing the ethyl acetate fraction

was collected and concentrated at 40 °C under reduced pressure.

2.4. Determination of total phenolic content

The determination of total phenolic content present in the honeys samples and the
AcOEt fractions was determined by modified Folin-Ciocalteau colorimetric method (Slinkard
and Singleton, 1977). An aliquot of 300 uL of acetate fraction (1 mg/mL) and pure honey
(100 mg/mL) were transferred to a test tube. 60 pL of reagent Folin-Ciocalteau and 2.460 pL
of distilled water were added and stirred for 1 min. 180 pL of Na,COs3; (15%) were added to
the mixture and agitated for 30 seconds, resulting in a final concentration of 100 pg/mL for
acetate fraction and 10 mg/mL for the honey. After two hours, the absorbance of samples was

measured in a spectrophotometer UV-vis Shimadzu, model UV-2550 at 760 nm. Analyses
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were performed in triplicate. The total phenolic content (FT) was determined by interpolating
the absorbance of the samples against a calibration curve constructed from standards of gallic
acid (1-15 pg/mL) and expressed as milligrams equivalent to gallic acid per gram of extract

(mg EAG/qg).

2.5. Antioxidant activity

2.5.1. Free radical-scavenging activity on 2,2 -diphenyl-1-pycryl-hidrazyl (DPPH")

The DPPH assay was performed following the methodology described by Brand-
Williams et al. (1995) and Silva et al. (2006) with minor modifications. Each acetate fraction
solution was prepared at 2.0 pg/mL. Aliquots 2.7 mL of the solution of DPPH' (23.6 pg/mL in
EtOH) were added to samples in order to obtain final concentrations ranged from 10 to 300
pg/mL.

The absorbance measurements were carried out in triplicate. After 30 minutes of
agitation at ultrasound apparatus, the amount of DPPH radical was recorded UV-vis
Spectrophotometer Shimadzu, model UV-2550 at a wavelength of 517 nm. Ascorbic acid was
used as positive control. The percentage of scavenging activity (% AS) was calculated by

equation:

% AS — 100 X (Acontrol_Asample)

Acontrol

Where Acontrol is the absorbance of control, the ethanol solution containing only of
the radical DPPH- and Asample is the absorbance of the radical in presence the sample. The
results were expressed as CEsy = SD, which represents the concentration of sample required to

obtain half of radical scavenging activity DPPH-.
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2.5.2. Antioxidant activity by the ABTS™" assay

The ABTS assay was conducted following the methodology described by Re et al.
(1999). The ABTS "radical cation was prepared by reacting 7 mM ABTS solution with 2.45
mM potassium persulphate. This solution was incubated at 23 °C temperature in the dark for a
period of 16 h. The ABTS™ was diluted in ethanol until an absorbance (A) of 0.7 at a
wavelength of 734 nm in the UV- vis spectrophotometer Shimadzu, model UV-2550. Each
fraction acetate stock solution was prepared at 2.0 mg/mL and for honey the stock was 100
mg/mL. Aliquots 2.7 mL of the recently prepared solution of ABTS™ were added to the
samples in order to obtain 10 to 200 uL/mL final concentration offraction acetate and 5 to 30
mg/mL for honey. The solution was agitated for 10 minutes.The absorbance of samples and
control were measured on a UV-Visible Spectrophotometer at a wavelength of 734 nm. The

percentage of scavenging activity (%AS) was calculated by equation:

% AS — 100 X (Acontrol_Asample)

Acontrol

Where Acontrol is the absorbance of the control, containing only the alcohol solution
of the radical ABTS™, and Asample is the absorbance of the radical in presence the sample.
The results were expressed as CEsp + D.P., which represents the sample concentration

required to obtain half of the radical scavenging activity of ABTS™.

2.5.3 Antioxidant activity in -carotene/linoleic acid system

This experiment was conducted using the method of Emmons et al. (1999). The
solution of B-carotene/linoleic acid was prepared by adding 50 pL of B-carotene solution (20
mg/mL in chloroform) in a Erlenmeyer of 250 mL with 80 pL of linoleic acid and 660 pL of

tween 20 (polyoxyethylene sorbitan monopalmitate). 90 mL of distilled water (pretreated
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under oxygen atmosphere for 30 minutes). The absorbance of the emulsion was adjusted from
0.6 to 0.7 nm to 470 nm in the UV- vis spectrophotometer Shimadzu, model UV-2550.
Aliquots of 2.7 mL of the carotene/linoleic acid emulsion were mixed with the honey samples
(20 mg/mL honey pure, and 200 pg/mL EtOAc fraction) and incubated in a water bath at 40
°C. The oxidation was monitored spectrometrically by measuring the absorbance at 470 nm
over a period of 60 min. The control sample used was solvent in place of the extract. The
antioxidant activity was expressed as the percentage of inhibition relative to the control after a

60 min incubation period using the following equation:

DRc — DRS)

AA =100 x
00 ( DRc

Where AA is the antioxidant activity, DRc is the degradation rate in the presence of
the control (=Absi-Absf), DRg is the degradation rate in the presence of the sample (=Absi-
Absf), Absi is the initial absorbance at time 0 and Absf is the absorbance at 20, 40, 60 and 80
min. Trolox (a water-soluble Vitamin E analog) at a concentration of 16 pg/mL was used as

the reference antioxidant.

2.5.4 Hydroxyl (HO-) radical-scavenging activity

The experiment was performed as described in Halliewll et al. (1987), with
modifications. 200 uL of pure honey (100-15000 pg/mL) and 200 pL of acetate fraction (10-
250 pg/mL) were added to a reaction mixture containing 200 puL deoxyribose (DR, 2.8 mM),
400 pL of the mixing ferric Il chloride (20 uM) and EDTA (100 pM), 200 pL H,0, (200 uM
in a buffer solution of potassium phosphate pH 7.4) and 200 pL of phosphate buffer, then the
tubes were stirred. The reaction was initiated by addition of ascorbate (300 pM) and

subsequent incubation of the mixture for 30 minutes at 37 °C. After this 1.4 mL of
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thiobarbituric acid (50 mM NaOH in 1%) and 1.4 mL of trichloroacetic acid (TCA, 2.8%)
were added and the mixture was heated for 15 minutes in a water bath. The amounts of
chromogens produced were measured at 532 nm in the UV- vis spectrophotometer Shimadzu,
model UV-2550. The positive control was added 200 uL of distilled water. The calculation of

the antioxidant activity was done using the following equation.

100 x Asample )

AA =100 — ( —
Acontrol positive

Where AA is the antioxidant activity, Asample is the absorbance of the radical in
presence the sample and Acontrol positive is the absorbance of the control, containing only
the reagents. The results were expressed as CEsp * D.P., which represents the sample

concentration required to obtain half of the radical scavenging activity of Hydroxyl (HO:)

2.5.5 Ferric-reducing antioxidant Power (FRAP) assay

This experiment was performed according to Benzie and Strain (1996) with some
modifications. The FRAP solution was obtained from the combination of acetate buffer
solution 0.3 M, 10 mM TPTZ solution and aqueous solution of iron chloride 20 mM. Aliquots
of 90 uL of each sample at three different concentrations were homogenized with 2.7 mL of
FRAP reagent (freshly prepared) and 270 pL of distilled water.

The solutions were stirred in water bath at 37 °C for 30 minutes.The absorbance of
samples and FRAP were measured on a UV- vis spectrophotometer Shimadzu, model UV-
2550 at 595 nm. 250-2000 puM of ferrous sulfate (FeSO4.7H,O) were used for g the
calibration curve and results were expressed as mean * standard deviation uM ferrous

sulfate/g ethyl acetate fraction of honey and UM ferrous sulfate/g of honey.
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2.6 Statistical analysis

The results were expressed as means £ SD (standard derivation). Analyzed in the
Action 2.4 (ESTATCAMP, 2012) using ANOVA, tukey tests, considering p< 0.05. The
correlation (r) was calculated among total phenolic and methods of analysis of antioxidant

activity.

3. Results and discussion

3.1. Total phenolic content (TPC)

The results present in Table 1, show that the total phenolic content varied broadly in
the samples of honey and the fractions. Higher value of total phenolic content found in honey
ME and in LAB and the lowest in BAJ and CO. The same result was not observed in acetate
fractions of these honeys, these samples showed levels of phenolic in the following order:
MEfa > LABfa > RPfa > COfa > MAOfa > BAJfa > BAUfa. These variations in the levels of
phenolic samples can be attributed to the floral source because the phenolic content is
strongly correlated with the source of nectar and with the bee species (Beretta et al.,2005).

A variation of phenolic was also observed in studies by Beretta et al. (2005) and Al-
Mamary et al. (2002) by analyzing 14 samples of commercial honeys of different
geographical origins, and searching for samples of honey from different countries,
respectively. Bertonceljet et al. (2007), studying the Slovenian honeys found phenolic levels
ranging from 4.48 to 24.14 mg GAE/100 g, these values being much lower than those found

in this study.



Table 1 — Total phenolic content expressed in mg GAE/100 g in the pure honey and mg

GAE/ by gram of fraction.

Fraction

Honey TPC ACOEL TPC
BAJ 42.54 + 0.36" BAJfa 50.41 +0.71"
BAU 52.17 +1.01° BAUfa 44.92 + 0.60°
MAO 62.21 + 0.42° MAOfa 67.19 + 0.62°

RP 59.07 + 0.05° RPfa 82.84 +0.73°
LAB 78.25 + 0.48° LABfa 120.4 +0.97°
ME 79.26 + 0.34 MEfa 132.03 + 0.30°
co 43.73 + 0.42° COfa 77.82 +0.68°

Values are mean + standard deviation, n =3. Mean followed by different letters in the same
column differs significantly (p < 0.05).

Boca do Acre = BAJ; Pauini = BAU; Manaus = MAO; Rio Preto da Eva = RP; Coari = CO; Maués
= ME; Labrea= LAB.

3.2 Free radical-scavenging activity on DPPH-

According to Table 2, the acetate fractions honeys presented free radical scavenging
activity with ECsg varying from 30.59 + 0.25 to 244.83 + 3.17 mg/mL in the following order
of free radical scavenging activity: MEfa>LABfa>COfa>RPfa>MAOfa>BAJfa>BAUfa.
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Table 2. Fee radical-scavenging activity on DPPH- of the acetate fractions of methanolic
extracts of honey. The results were expressed as CEsy, which represents concentration of

sample necessary to obtain half of the scavenging activity DPPH radical.

Samples DPPH- (CEsp) pg/mL
BAJfa 156 + 8.84°
BAUfa 244. 83+3.17°
MAOfa 128.36 + 5.54°

RPfa 101.35 + 1.30¢
LABfa 62.09 + 1.32°
MEfa 30.59 + 0.25"
COfa 98.91 + 0.48°
ascorbicacid 2.31 +0.05¢

Values are mean * standard deviation, n = 3. Mean followed by different letters in
the same column differs significantly (p < 0.05).

Boca do Acre = BAJ; Pauini = BAU; Manaus = MAO; Rio Preto da Eva = RP; Coari =
CO; Maués = ME; Labrea= LAB.

According to Campos et al. (2003) extracts are active when present values of activity
CEso< 500 pg/mL. This indicates that the honey evaluated in the study can be considered as
potential source of natural antioxidants, seeing that the values CEsy and the fractions ethyl
acetate are well below this value. A high correlation was found (r = 0.90) between the total
phenolic compounds and the CEsy fractions acetate honeys, indicating that phenolic
compounds are components responsible for antiradical effects of the honey but, obviously,

other factors are involved.

3.3 Antioxidant activity by the ABTS “assay

According to Table 3, the honey showed scavenging activity of the free radical with
CEsp ranging from 6.52 + 0.07 to 22.49 + 0.34 mg/mL. Presenting the following order ME >

MAO, LAB > RP > BAJ > BAU > CO. To analyze the correlation between the values CEsg
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and the contents phenolic of honey was used the correlation coefficient (r* = 0.89) indicating
the importance of phenolic on scavenging activity front of the ABTS " radical cation.

The honey fractions AcOEt have submitted scavenging activity of the free radical with
CEsgp ranging from 23.10 £ 0.44 to 104.23 + 3.78 pg/mL. Presenting the following order
MEfa, LABfa>COfa>RPfa, MAOfa>BAJfa> BAUfa. A high correlation (r = 0.96) was found
between the total phenolic content of honey and CEs values (ABTS™) of acetates fractions,
this correlation being superior to the honey. Similar results of correlation were also obtained
by Gheldof and Engeseth (2002) determined the antioxidant activity of extracts purified of the
honey. This fact can be attributed to the use of the pure honey, which contains more than 200
substances, which may interact with each other, and being responsible for the antioxidant

power of pure honey (Mufioz and Copaja, 2007).

Table 3 — Antioxidant activity by the ABTS™ assay. The results were expressed as CE50,
which represents the concentration of sample required to obtain half the radical scavenging
activity of ABTS™.

Honey Cé:r-:;z;mL AcOEt Fractions Cé\:JgS/r:\L
BAJ 18.07 + 0.55° BAJfa 88.68 + 6.8"
BAU 19.55 + 0.28" BAUfa 104.23 + 3.78°
MAO 8.40 + 0.29° MAOfa 66.44 + 0.93°
RP 16.09 + 0.47 ¢ RPfa 58.79 + 0.81°
LAB 8.90 + 0.34° LABfa 28.57 +0.21°
ME 6.52 + 0.07" MEfa 23.10 + 0.44°
co 22.49 + 0.34° COfa 50 + 1.44°
Trolox 2.79 + 0.049 Trolox 2.82 +0.05

Values are mean * standard deviation, n =3. Mean followed by different letters in the
same column differs significantly (p < 0.05).

Boca do Acre = BAJ; Pauini = BAU; Manaus = MAO; Rio Preto da Eva = RP; Coari = CO;
Maués = ME; Labrea= LAB.
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It was still observed that the radical scavenging activity was more effective using the
ABTS "method. This can be attributed to the fact that it possess the same high sensitivity,
which can evaluate the antioxidant activity of compounds of hydrophilic nature and lipophilic
while the DPPH- only evaluates activity of compounds of hydrophilic nature (ARNOA,
2000). The correlation between antirradicalares tests (DPPH- and ABTS ™) in acetate extract
was also analyzed, the correlation coefficient r = 0.96 indicates a strong correlation between

the two tests, Figure 2.
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Figure 2- Correlation between the values CEs, of the tests radical ABTS™ and DPPH- of the

acetate fraction of honey.
3.4 Antioxidant activity in f-carotene/linoleic acid system

According Von Gadew et al., (1997) the method of co-oxidation using the [-
carotene/linoleic acid system is simple and sensitive. This method permit to evaluate the
capacity of a substance to prevent the oxidation of p-carotene, protecting the free radicals
generated during peroxidation of linoleic acid. The addition of an antioxidant sample
contributes to slowing decrease in absorbance of [3-carotene which is monitored at 470 nm.

The antioxidant activity of honey and fractions AcOEt in model B-carotene/linoleic
acid in the inhibition time 60 minutes is represented in Table 4. The honey presented

inhibitory activity ranging from 40.79 = 1.51% to 63.7 £ 0.27%. Among the honey, ME
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presented better activity, followed by MAO, LAB, CO, RP, BAU and BAJ. In the acetate
fractions, the activity varied from 37.83 + 0.86% to 63.93 + 0.50% and MAOfa presented

higher antioxidant activity followed by MEfa, LABfa, RPfa, COfa, BAUfa and BAJfa.

Table 4. % Oxidation Inhibition (OI%) by the method of B-carotene in the time of 60
minutes. Concentration of 200 pg/mL of the fraction acetate, 10 mg/mL pure honey and 200

pg/mL, positive control.

p-Carotene bleaching B-Carotsne bleaching
0]
Honey (% e(m/OTO:'IE)}O min) AcOEt fractions (%1 e(rr/lo'lg)!%O min)
10mg/mL 100pg/mL

BAJ 4079+ 1517 BAJfa 37.83+0.86"
BAU 48.16 +0.31 BAUfa 47.00+0.80 °
MAO 61.75+1.39 % MAOfa 63.93 +0.50 2
RP 53.17 +0.15 ¢ RPfa 50.31 +0.99 *
LAB 60.24 +0.56 ° LABfa 52.33 + 0.89"
ME 63.70 £ 0.27 MEfa 54,18 +1.32°
co 57.17 +0.72 ¢ COfa 48.69 +0.88 *
Trolox 77.40 +1,84° trolox 76.40 + 1,129

Values are mean + standard deviation, n =3. Mean followed by different letters in the same
column differs significantly (p < 0.05).

Boca do Acre = BAJ; Pauini = BAU; Manaus = MAQO; Rio Preto da Eva = RP; Coari = CO; Maués =
ME; Labrea= LAB.

The percentage inhibition of the antioxidant activity of samples MAOfa, LABfa, MEfa
and RPfa were higher than 50% protection, which makes these samples a good antioxidant
activity and may be applied as tools in the inhibition of lipid oxidation in foods. There was no
correlation between the total phenolic content and antioxidant activity of honey (0.54) and
acetate fraction (0.37) by p-carotene/linoleic acid system, collaborating with studies Mariod,
et al., (2006). Who reported no correlation between the amount of phenolic and degradation of

[-carotene.
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3.5 Ferric-reducing antioxidant power (FRAP) assay

This is a fast and accurate method to measure the total antioxidant power of biological
fluids. It is based on the ability of phenol to reduce Fe*" to Fe**. When this occurs in the
presence of 2,4,6-tri(2-pyridyl-1,3,5-triazine (TPZ), the reduction is accompanied by the
formation of a colored complex with Fe**, being monitored by spectrophotometer in the
visible region (595 nm) (Surveswaranet al., 2007).The honey samples and the fractions
AcOEt showed antioxidant capacity varying from 118.12 + 0.96 to 51.53 + 0.963 pMol of
Fe?*/g and 39.42 + 1.34 to 16.71 + 1.23 mMol of Fe?*/g respectively. The honey sample LAB
showed antioxidant capacity in order followed by ME > RP, MAO > BAJ > BAU > CO. In
the fractions, MEfa and LABfa also showed better antioxidant activity, but responses were
observed in the different fractions in the order LABfa > RPfa > MEfa > COfa, MAOfa, >
BAUfa >BAJfa as compared with their respective honeys. The values are represented in Table
5.

Table 5. Antioxidant capacity determined by method FRAP and expressed in pMol Fe®*/g
honey and mMol Fe?*/g of AcOEt fraction.

uMol Fe?*/g : mMol Fe?*/g

Honey Honey AcOEt fraction ACOEt
BAJ 91 + 0.25¢ BAJfa 16.71 +0.249
BAU 68.99 + 0.58° BAUfa 17.62 +0.04"
MAO 105.13 + 0.63° MAOfa 22.30+0.17°%
RP 105.18 + 0.156° RPfa 34.50 + 0.14°"
LAB 118.12 + 0.96° LABfa 39.42 + 0.082
ME 109.61 + 0.60° MEfa 30.70 + 0.33°¢
CcO 51.53 + 1.02f COfa 22.98 +0.18¢

Values are mean = standard deviation, n =3. Mean followed by different letters in the
same column differs significantly (p < 0.05).
Boca do Acre = BAJ; Pauini = BAU; Manaus = MAQO; Rio Preto da Eva = RP; Coari = CO;
Maués = ME; Labrea= LAB.

The correlation coefficients between the content of total phenolic and the capacity

values antioxidant of the samples in the assay FRAP have been (r = 0.86) for honey and (r =

0.82) for acetate fraction.



97

3.6 Hydroxyl (HO:) radical scavenging assay

One of the specific methods to determine the sequestration of the hydroxyl radical is
attempted by testing 2-deoxyribose. In this assay, HO- is generated by reaction of the ferric
chloride (FeCl3) with ethylenediamine tetra-acetic acid (EDTA) in the presence of ascorbate.
Initially, the formation of the complex Fe (I1)-EDTA with ascorbate oxidized. Then the H,0,
reacts with Fe (11)-EDTA forming the Fe (111)-EDTA and the radical HO- through the Fenton
reaction. The radical formed can then react with 2-deoxyribose to form products which, under
heating with thiobarbituric acid at low pH presented pink color. The reaction products are
detected in the visible region (532 nm). Substances exhibiting antioxidant properties compete
with the 2-deoxirribose radical, producing a decrease in the intensity of staining (Halliwell

and Gutteridge, 1981).

The honey samples and AcOEt fractions presented sequestration of hydroxyl radical
(HO-) ranging from 0.41 to 2.92 pg/mL and 142.33 to 230.86 mg/mL respectively. The honey
sample LAB showed higher capacity to sequestration followed by MAO, ME, RP, CO, BAJ
and BAU. Abaut to the fraction, LABfa also was the one presenting the best result, followed

by MEfa, RPfa, COfa, MAOfa, BAJfa and BAUfa (Figures 3 and 4).
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Figure 3-Hydroxyl (HO-) radical-scavenging activity of honey
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Figure 4. Hydroxyl (HO-) radical-scavenging activity of AcOEt fractions.

The correlation coefficient (r = 0.93) indicates a correlation between the values of total
phenolic of the honeys and the CEs, of assay Hydroxyl (HO-) acetate fraction of the honeys.

There was no correlation between CEsq of the honeys and total phenolic content (r = 0.51).

4. Conclusion

The honey samples evaluated in this study, even as to their respective ethyl acetate
fractions presented a promising antioxidant activity in all assays (ABTS™, DPPH-, Hydroxyl
(HO") radical scavenging, B-carotene/linoleic acid system and FRAP). It was not observed a
relationship between the antioxidant capacity and proximity of collection locations of the
honey, as the samples ME and LAB, geographically distant, presented the contents of
phenolic more elevated and greater antioxidant activity in all methods applied in this work.
With respect to methods evaluation of the antioxidant activity applied, observed a correlation
between them and total phenolic contents of the honey samples and fractions of ethyl acetate,

with the exception of B-carotene/linoleic acid system.
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5 CONCLUSAO

As amostras de meis provenientes das regibes BAJ, RP, ME e LAB foram
classificados como monoflorais e o tipo polinico clidemia foi predominante, ndo havendo
influéncia direta entre a flora local e os lugares de coleta, visto que BAJ e ME tiveram
classificacdo semelhante, mesmo estando geograficamente distantes, considerando a vasta
area que abrange o Estado do Amazonas.

Com relagdo as anélises fisico-quimicas observou-se que as amostras de mel
atenderam a maioria dos requisitos estabelecidos pela regulamentacdo brasileira para o mel,
com excecdo para os teores de umidade e acUcares redutores. A inadequacdo desses dois
requesitos reforca a necessidade de se criar padres de qualidades especificos para o mel de
Meliponinios, a fim de evitar fraudes e permitir a sua comercializagéo.

As curvas termogravimétricas indicaram perfil de degradacdo térmica semelhante
para todas as amostras de méis analisadas. A termogravimetria indicou ser adequada para a
analise do teor de umidade e de cinzas das amostras de mel de forma mais rapida e precisa
que os métodos classicos, podendo ser utilizada como ferramenta na analise de adulteracdo de
méis.

Os méis, extratos e fragdes apresentaram atividade antioxidante promissora em todos
0s ensaios de atividade antioxidante, entretanto, as amostras provinientes das regides ME e
LAB apresentaram melhores resultados em todos os testes, possivelmente, devido aos teores
de fendlicos totais maiores do que as demais.

Nos ensaios de atividade antimicrobiana os melhores resultados foram para as
amostras das regides ME, CO e LAB. Este estudo mostrou que o mel de Melipona seminigra
merrillae € uma fonte efetiva de antioxidantes naturais. O flavondide taxifolina foi
identificado em todas as amostras analisadas sugerindo ser um marcador fenolico da espécie
Melipona seminigra merrillae. Este é o primeiro relato de identificagdo de catecol em amostra
de mel brasileiro.

Este trabalho contribuiu para o conhecimento preliminar das propriedades fisico-
gimicas, analises melissopalinologica e potencial bioativo de meis da Melipona seminigra
merrillae, abelha sem ferrdo nativa do estado do Amazonas, fundamentando um estudo
posterior mais detalhado sobre o mel desta espécie. Estes estudos poderdo levar em

consideragdo pesquisas que envolvam outras atividades bioativas, como atividade anti-
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inflamatoria e anticarcinogénicas, inerentes a outros meis, bem como um estudo detalhado da
propolis produzidos por esta espécie.

Considerando o potencial antioxidante dos meéis analisados, é de fundamental
importancia o desenvolvimento de pesquisas verificando a aplicacdo destes como antioxidante
em sistemas lipidicos/aquoso visto a polaridade elevada dos flavondides presentes nestes

méis.
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APENDICE

Figura 9 - Cromatograma da amostra de mel (BAJ) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figura 10 - Cromatograma da amostra de mel (BAU) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figurall - Cromatograma da amostra de mel (MAQO) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figural2 - Cromatograma da amostra de mel (RP) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figural3 - Cromatograma da amostra de mel (LAB) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figura 14 - Cromatograma da amostra de mel (ME) obtido por cromatografia liquida de alta
eficiéncia (CLAE)
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Figura 15 - Cromatograma da amostra de mel (CO) obtido por obtido por cromatografia
liquida de alta eficiéncia (CLAE)
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Figura 16 - Estrutura quimica do flavondide taxifolina
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