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Resumo geral

O umé Prunus mumgeé um fruto de caroco que apresenta alta rustlei@eadaptabilidade
agricola, sendo muito estudado como porta-enxegtgé&bsegos, nectarinas e ameixas.
Embora no Brasil ndo existam estudos visando oegesainento dos frutos, o umé é muito
consumido e apreciado em paises asiaticos devidgorapriedades nutracéuticas
relacionadas ao consumo de concentrados de fratdses/ou flores, por isso, o objetivo do
presente trabalho é possibilitar o aproveitameattadmatéria prima pela elaboracdo de um
produto apreciado pelo consumidor brasileiro, cpel@saudavel. Foram utilizados frutos
de diferentes localidades do Estado de Sao Paaacterizados segundo suas dimensdes,
massa e rendimento no despolpamento, bem comoaspestos botanicos. Os frutos
tiveram a sua maturacdo acompanhada pela cor e rapdaros, foram branqueados
termicamente, despolpados, desaerados e envasapgenta na planta piloto de Frutas e
Hortalicas da Faculdade de Engenharia de Alimedeoo2JNICAMP. Foram realizadas
andlises de textura instrumental em frutos verdesm@uros. Na Universidade Estadual de
Ponta Grossa (UEPG) foram realizadas analises gasnmide compostos fendlicos e da
atividade antioxidante dos frutos colhidos em cididerentes localidades do Estado de Sao
Paulo e em diferentes graus de maturacédo, bem asranalises reoldgicas. As dimensdes
dos frutos (2,0 a 3,6 cm de diametro) e suas mé&ssan significativamente inferiores (6 a
16 gramas) aos valores relatados em trabalhodfaeatde autores asiaticos. Os frutos ndo
apresentaram variacdo significativa do teor de amtgs fendlicos e da atividade
antioxidante durante a maturacdo, a partir de sogleta maturacéao fisiologica (88 dias
apos a floragéo), cujos valores foram de 147 ar@g6catequina/ g base seca e 21 a 34
1Mol Trolox/ g base seca, respectivamente. A realtm realizada para polpa de umé nas
concentracdes de 6 a 9 °Brix, nas temperatura® @75 °C. O comportamento reoldgico
da polpa de umé se mostrou independente do terapocemportamento ndo-Newtoniano
e pseudoplastico (Herschel-Bulkley). Apresentou kajuste aos modelos reoldgicos de
Herschel-Bulkley, Casson, Bingham e Lei da Poténda equacdo de Arrhenius
possibilitou o célculo da energia de ativacdo mhfarentes concentracdes de polpa. A
consisténcia da polpa de umé é altamente infludacfela concentracdo dos soélidos
soluveis do produto. A micro estruturacdo da papm alginato, para adicdo ao suco

clarificado de umé mostrou-se estavel com a elevdodpH para valores superiores a 3,5.
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Abstract

Prunus mumes a stone fruit that exhibits high robustness agdculture adaptability. Its
use is being extensively studied as rootstockpéaches, nectarines and plums. Although
in Brazil there are no studies for mume fruit pssieg, in Asian countries this fruit is
widely consumed and appreciated due to the nutti@eéuproperties related to the
consumption of concentrated or processed greee-$taigs or flowers. The present work
aim is to produce a highly acceptable product viidalth appeal. Fruits from different
locations in Sdo Paulo State were characterizedrdiog to their size, weight and yield
pulping, as well as its botanical characteristirslits were evaluated during maturation by
color and after fully-ripe they were thermally btéwed, pulped, deaerated and hot filled in
the pilot plant of Fruits and Vegetables of the gcof Food Engineering at UNICAMP.
Instrumental texture analyses of green and ripésfrwere performed. At the State
University of Ponta Grossa (UEPG) were done chdmagalysis of total phenolic
compounds and antioxidant activity of fruits cotegtin 5 different locations in the State of
S&o Paulo and at different stages of maturity, e &s rheological analyses. The fruit
dimensions (2.0-3.6 cm diameter) and their mass wegnificantly lower (6-16 g) than
values reported in scientific studies done in Astamntries. Total phenolic content and
antioxidant activity did not vary during maturatioh the fruit, from its full physiological
maturity (88 days after flowering), with values1f8-226 mg catechin/ g dy basis and 21-
34 mMol Trolox/ g dry basis, respectively. Pulp centrations at 6-9 °Brix were used to
study the rheological properties from 15 to 75 T@8e rheological behavior of mume pulp
is non-Newtonian pseudoplastic (Herschel-Bulkldygrschel-Bulkley, Casson, Bingham
and Power Law rheological models described wellntliene pulp behavior. The Arrhenius
equation was used to calculate the activation gniergdifferent concentrations of pulp and
was shown that consistency is highly influencedsbiuble solids concentration. Micro
structured particles of pulp with alginate for auglinto clarified mume juice just showed

stability with pH increase over 3.5.
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Introducao geral

O presente trabalho mostra uma nova alternative @aroducao de frutas. Embora a
cultura estudada, o um@r(nus mumpeseja conhecido quase que exclusivamente entre
descendentes asiaticos, existe grande potenciglasgio e crescimento da cultura no
Brasil, cujo manejo é semelhante a cultura do pésseda ameixa. As caracteristicas
organolépticas do fruto de umé, que apresenta ddeaeidez e amargor acima do aceito
pela maior parte dos consumidores, fazem com quaptaldo deste fruto seja o

processamento industrial, onde as caracteristiggieas dos frutos podem ser ajustadas.

s

Outra importante caracteristica do umé € sua rdatle agricola e facilidade de
adaptacdo. Sendo do géndPounus o umé apresenta alta compatibilidade para ser
utilizado com porta-enxerto de outras culturas @mimportancia econémica no Brasil,
como o péssegd’(unus persicpe a ameixa japonesBr(inus salicing As pesquisas para
o0 uso do umé como porta-enxerto baseiam-se na a@na busceptibilidade a doencas,
podendo ser cultivado até mesmo comercialmente samo de defensivos quimicos.
Porém, no Brasil ndo existem trabalhos cientifigasa o aproveitamento dos frutos. No
mundo, os estudos em sua maior parte tém comoivaget producdo de extratos
concentrados, para fins medicinais, ou o consunfomaa tradicional em conserva, geleia

ou licor.

Primeiramente, o trabalho teve como principal ajea caracterizacdo e avaliacoes
fisico-quimicas e reoldgicas da polpa de umé paeoducao de suco. Visto que o sabor
lembra o péssego, pode-se vislumbrar biend de umé com péssego, com algumas
vantagens nutricionais devido ao poder antioxidaldeumé. Em seguida, avaliou-se a
aceitacdo do néctar de umé como um produto difer@ocvisto que o mercado de sucos
encontra-se em expansdo, com o lancamento de saboses de frutas. Além disso, foi
desenvolvido um produto contendo polpa micro raastda, de modo a fornecer uma
experiéncia sensorial diferente do que se encatiidmente na maior parte das bebidas a
base de frutas.



O presente trabalho esta dividido em artigos quaossubmetidos, ou que ja foi

publicado em revistas cientificas.

O primeiro capitulo é umBevisao Bibliograficareunindo informacgdes de trabalhos
cientificos realizados mundialmente, para facilbaentendimento da importancia e do

potencial da cultura do umé na producéo agricateonal.

O segundo capitulo refere-se ao artigo intitulddwuit characteristics of Prunus
mume from diferents regions for human consumptiori. Neste artigo foram analisados
frutos provenientes de diferentes regides do Ested&ao Paulo, a fim de verificar a
variagcdo entre as cultivares trazidas ha mais mte @nos por descendentes de japoneses e
chineses no Brasil e comparar os frutos de umé@naisi com aqueles dos paises asiaticos,
onde os trabalhos de melhoramento genético visanaumento do rendimento,
produtividade e propriedades nutracéuticas. Alémcdeacterizacdo do fruto, foram
realizadas caracterizacdes florais visando momabanco de dados genético da espécie no

Brasil.

O capitulo 3 refere-se ao artigBrunus mume — fruit characteristics and phenolic
content capacity, publicado na revista internacion&ruit Processing O teor de
compostos fendlicos foi analisado para diferentasep de frutos branqueados ou nédo e
expostos ao ar por periodos diferentes, sendoazkeique 0 caroco e a pele apresentam
maior teor de compostos fendlicos, quando compagagolpa. Além disso, foi possivel
notar que os frutos devem ser branqueados antelesjmlpamento, para que haja um

menor decréscimo do teor de compostos fendlicasipalmente na polpa do fruto.

O artigo ‘Chemical characteristics and phenolic content of mme fruits collected
at different locations and at different maturity stages in Southeast Region of BraZig
apresentado no capitulo 4 e devera ser submetidevista Ciéncia e Tecnologia de
Alimentos. Neste artigo, objetivou-se conhecer melas caracteristicas de diferentes
cultivares de umé plantadas na Regido Sudeste alil.Bforam estudadas as alteracdes da
atividade antioxidante de frutos fisiologicamentadoros (verdes para o consumo) até sua
completa maturacdo. Estes resultados podem perméstacar as diferencas das

propriedades antioxidantes atribuidas ao consumérutes verdes de umé, largamente



estudadas, com as caracteristicas nutricionaisneioftais de frutos maduros. Estes
resultados podem auxiliar no direcionamento deathas futuros para a valorizacdo de
alimentos produzidos a partir de frutos maduros ude€, bem como trabalhos de

melhoramento genético, a partir de variedades nas®u de outros paises.

O artigo intitulado: Prunus mume pulp rheological evaluatiori (capitulo 5) devera
ser submetido a revista Journal of Food Engineeriigste artigo, o comportamento
reoldgico da polpa de umé foi avaliado em difererdencentracdes, visando fornecer
subsidios técnicos para o processamento indud&iptodutos formulados a partir da polpa

concentrada de umé.

No capitulo 6 intitulado: Micro reestruturacdo da polpa de umé e adicdo ao sa
clarificado” foram estudados os parametros para a producpartieulas de polpa estaveis
as condicbes de processamento e estocagem do kéctamé. Posteriormente, estas

particulas podem ser adicionadas ao néctar depargavaliacdo de sua aceitagao.

Dessa forma, foi possivel propor a elaboracéo demaduto inovador, a partir de um
fruto com grande potencial de expansédo agricolde fapelo de saudabilidade e com
caracteristicas sensoriais agradaveis ao consuchidogéctares de frutas.



Revisao bibliogréafica

Prunus mumeiebold et Zucc. pertence a famiRasaceaeSuas flores e frutos sédo
bastante apreciados pelo sabor na China, Coréap&o.JPorém, sua importancia tem
crescido na area da saude, devido a muitos berefickaude, como a melhoria da fluidez
do sangue, que reduz a possibilidade de problemaacos e substancias capazes de
combater a formagdo de radicais livres e a muiigho de células cancerosas. Estes
beneficios estédo relacionados com o consumo do Yertde ou de produtos processados de
umé (DAOZONG et al.,2010).

Nos paises asiaticos, o consumo do fruto de uméité mpreciado na forma de uma
conserva salgada, produzida a partir de frutosaawetddes. Esta conserva é chaméddee-
boshi Outros produtos produzidos em geral de formasana, sdo o licor de umBrpe-
shy, o fruto desidratado e o concentrado de sucouta (TSUBAKI; OZAKI e AZUMA,
2010). No Brasil, o fruto de umé € mais consumiddanma de conserva salgada ou licor,

mais conhecido e apreciado entre os descendeidis@s

O umé é cultivado comercialmente em paises conmé@mJ&hina e Coréia e apresenta
uma produtividade média de 6,7 ton/ha (JUN e CHUR@)8). Topp, Noller e Russel
(2007) realizaram um levantamento da producéo, moatieacdo e consumo de umé no
mundo e fizeram recomendacdes técnicas e econfiparaso fomento da cultura na
Australia. Embora Campo Dall'Orto et.al. (1998)niam relatado diversas vantagens
agrondmicas para o cultivo do umé no Brasil, tare@ a menor susceptibilidade a doengas
comuns em culturas de frutos de caroco e a reddgdmwrte da planta, que possibilita o
maior adensamento da cultura, ndo existem trabailkosificos na area de processamento

de alimentos para o aproveitamento do umé em gsaestalas de produgédo.

Os frutos de umé apresentam comportamento tipicenaimatérico, ou seja, sao
capazes de continuar o processo de maturacdo naggiaalestacados da arvore, desde que
ja tenham atingido a sua maturidade fisiologica.rabte a maturagdo ocorre o
amarelecimento da casca, amolecimento da polpanuigéo da acidez total, aumento do



teor de acgucar, formacgédo de substancias volatgiserto da taxa de producdo de didxido
de carbono e de etileno (ABDI et al., 1997).

No Brasil, a maior parte dos trabalhos cientifipablicados relacionados com umé
levam em consideracdo a elevada rusticidade agriedtvada resisténcia a pragas e
doencas, elevada adaptabilidade e diminuicdo dorvita planta, permitindo maior
adensamento das culturas e portanto, um aumenfatacdo, com maior nimero de
plantas/ha e consequentemente, maior producado utesffta (MAYER, PEREIRA e
SANTOS, 2005; MAYER, PEREIRA e MORO, 2008). Nedtabalhos, o foco € o uso do

umé como porta-enxertos de outros frutos de cazogm 0 péssego, nectarina e ameixa.

Algumas pesquisas revelaram um elevado poder adiate do extrato etandlico de
flores de umé, principalmente pela presenca degablbrogénicos (SHI et al., 2009). No
entanto, ndo foram realizados testesivo para comprovar os efeitos destes compostos no

metabolismo humano.

Entre as propriedades nutracéuticas, atribui-seswmm concentrado de umé a
capacidade de aumentar a fluidez do sangue huneam@arte pela presenca de acidos
organicos em elevada quantidade e de uma substégheimada mumefral (1-[5-(2-
formilfuril)metil] di-hidrogenio 2-hidroxipropano-2, 3-tricarboxilato), formado junto com
5-hydroxymethyl-2-furfural (HMF) durante o aquecim@ do extrato de umé para a sua
concentracdo (CHUDA et al.,, 1999), o que pode @uxiha prevencdo de doencas
cardiovasculares (UTSUNOMIYA et |., 2002), alémedercer acdo anti-cancer (ADACHI
et al.,, 2007; MORI et al., 2007). JEONG et al. @0Bolaram um composto na fragédo n-
hexano do extrato metandlico de umé, de formulacoutdr GoH,.0s, que inibiu o
desenvolvimento de células cancerosas humanaseseapou pouco efeito sobre células
saudaveis. Outras pesquisas mostram que a ingéstagtrato concentrado de frutos de
umé pode inibir a formacdo enddgena de nitrosamisidsstancias carcinogénicas que
podem ser formadas no organismo humano apds umigaefrica em aminas e nitratos
(CHOI, CHUNG & SUNG, 2002).



Produtos desidratados de umé ou de ameixa podewssatmente muito parecidos,
porém, o preco da conserva de umé é mais elevasaldorma, pesquisas sao realizadas

para evitar a fraude de conservas de umé (NG, &045).

Grande parte do apelo saudavel dos frutos € deterd® alto teor de compostos
fendlicos, que pode ser quantificado analiticamee® método de Folin-Ciocalteau,
utilizando-se &cido gdalico ou catequina como pairpara expressdo dos resultados.
RUPASINGHE; JAYASANKAR e LAY (2006) estudaram a oElacdo do teor de
compostos fendlicos totais e a atividade antioxelate gendtipos de ameixa europeia e
encontraram uma relagao direta, que depende daéipomposto fendlico e este, do fruto,
cultivar, localidade e dos tratos culturais empdega

No processamento de alimentos, a adicdo de exteattiné pode inibir a formacao de
radicais livres na fase de iniciacdo da oxidacadldes e gorduras insaturadas em carnes
durante o armazenamento. A diminuigdo da velociddeldormacdo de radicais livres,
responsaveis pela reacao de quebra das cadeiagliderideos que compde a maior parte
dos 6leos e gorduras e consequente menor formacéciabs graxos livres, podem evitar a
formacédo do odor de “warmed-over flavor” em produtédrneos durante a estocagem, apos
seu processamento térmico. JO et al. (2006) varéio que a aplicacdo de extrato de umé
em frangos pré-cozidos e resfriados diminui a &wogl de formacdo de odores
desagradaveis pela inibicdo de etapas importaatesidacao de lipideos, na formacao de

radicais livres.

Além dos beneficios a saude, é importante que umeato seja saboroso. Um dos
fatores importantes na aceitacdo de determinatta dra relagdo entre o teor de agucares e
sua acidez total titulavel (ATT). Esta relacdo BXKT € chamada “ratio”. De acordo com
o tipo de fruto, o clima, os tratos agrondmicosseo estadio de maturacao, o “ratio” pode
assumir valores elevados (acima de 200 para laliamgapor exemplo), ou inferiores a 10.
Frutos de umé “in natura”, apresentam “ratio” qaeéavde 2,5 a 5 e tém baixa perspectiva
de aceitacdo no mercado nesta forma, pois raramenteproduto apresenta grande
aceitacdo com valores de “ratio” abaixo de 10, cad®nsacdo de acidez é muito alta
(JAYASENA e CAMERON, 2008; SANTANA, 2009). Este ti@’ pode ser ajustado pela

incorporacédo de agucar ou pela diluicdo do acidelataoracdo de néctar de fruta.



Outro aspecto sensorial importante para a acei@gg@ion produto alimenticio € o seu
aroma (OLIVEIRA, 2009). O fruto verde de umé naaeapnta odor nem aroma
perceptivel. No entanto, durante sua maturacda@eoformacado de compostos volateis
responsaveis por aromas similares ao de péssegmainbe intensidade e mais floral e

adocicado, que foram identificados e quantificgolmrsMiyazawa et al. (2009).

Com o crescimento do setor de sucos, a formulag&udos com sabor adequado e
apelos saudaveis pode levar ao desenvolvimentarderaduto de grande aceitacdo por
parte do consumidor. Para o desenvolvimento de uoo,sé necessario conhecer o
comportamento reolégico da polpa concentrada e utop sob diversas temperaturas.
Normalmente sucos de frutas apresentam comportameoibgico do tipo pseudoplastico,
onde existe uma elevada viscosidade do liquidesnbmetido a tensdes, que decresce com
0 aumento da tens&o aplicada ao liquido (BEZERR& €2008).

O conhecimento do comportamento reoldgico de un@apm um suco é importante
para garantir o controle do processo, a manutedgdoaspectos sensoriais e para 0s
calculos de dimensionamento do projeto industrial wWma linha de producdo. A
concentracdo do produto bem como a variagcdo daeratpa pode afetar no seu
escoamento, 0 que pode acarretar em mudancas m@asghes de transferéncia da
guantidade de movimento, de calor e de massa (ALEANMASKAN, 2005; NINDO et al.,
2005; CHIN et al., 2009; FALGUERA e IBARZ, 2010).fAlta deste conhecimento pode
resultar na perda de competitividade industriaidte@o sobre processamento térmico, que
acarreta no aumento da energia utilizada no praces#o industrial e perda da qualidade
organoléptica e nutricional do produto, ou no psseenento térmico inadequado que pode
permitir o desenvolvimento de micro organismos gamicos, acarretando em perigo ao

consumidor final, especialmente em produtos propéna 0 consumo.

Assim, com a producéo de derivados a partir do @mém o conhecimento de suas
caracteristicas fisico-quimicas em funcdo de parasede processo, € possivel o
desenvolvimento de produtos seguros e prontosgeoasumo, aliando baixa necessidade

do uso de defensivos agricolas, sabor agradaweiefibios a saude.
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Fruit characteristics and pollen morphological
characterization of Prunus mume from different regions

of Southeast Region of Brazil for human consumption

Artigo a ser encaminhado para a revista BragantiaAssunto: crop production.

Comments to the Editor

The present work describes mumBrunus mumpe fruit characteristics from
different locations Southeast Region of Brazil. dligh many scientific research have
been published world-wide about benefits relate¢dnsumption of mume products, in
Brazil all researches have been focused its us@astock forPrunus species, such as

peach and plums.

The objective of the present work is to determine main fruit characteristics
planted in Southeast Region of Brazil, such asageweight, size, total soluble solids and
titratable acidity content, as well as texture aotbr during full maturation of fruits. The
morphological pollen characterization helps to arga a data base of this culture in Brazil

and the correct classification of the culture.

The information presented can lead to new linggeimetic improvement new crops,
for fruits processing, due to its high agriculturesistance, great similarity to peach fruits
and food products that present health benefits.prasent work was not submitted to any

other journal until the evaluation on the presesriqalic.
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ABSTRACT

The present work compared mumerynus mumg fruits from different locations in
Southeast Region of Brazil. Fruit sizes and masee veealler than values reported in
Asiatic reports. Firmness of fruits collected ategn-mature stage for consumption provided
about 14.1+2.6 g to tear the peel and 5.3t1.1 gndunner pulp compression using a
2 mm diameter tip. In fully ripe fruits, the peatlchot show mechanical resistance and it
was noted about 3.4+0.8 g during compression. Simege fruits are climacteric, they can
be collected at green-mature stage and left to mauring maturation it is possible to
notice a strong sweet floral odor formation andgaiicant change in color, specially “a”
color parameter (L,a,b system), from -14.5+5.0 {ea] .8+2.1 (+a). Although total soluble
solids did not vary significantly during fruit ma#dion, total titratable acidity lowered from
4.0-5.7 g (1009g) to 2.0-3.8 g (100§ expressed in citric acid. Moreover, the
morphological pollen characterization showed comnebaracteristics betweeRrunus
mumeand other species frofrunus genus presented as average, isopolar, tricolorate,

colporate, difficult to see with edges and triamgdiamework.

Key words:Prunus mumé&ieb. et Zucc, fruit characteristics, pollen clotgezation
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Titulo em portuguésCaracteristicas da fruta e caracterizacdo morfoldga do pélen de
umé proveniente de diferentes localidades da Regi&udeste do Brasil, para o

consumo humano

RESUMO

O presente estudo comparou frutos de umé provesieme diferentes localidades da
Regido Sudeste do Brasil. As dimensfes e a masdautias foram menores que os valores
reportados por artigos cientificos realizados n&. A& firmeza dos frutos verdes, mas
fisiologicamente maduros, forneceu forca de ruptlagele de 14,1+2,6 g e em seguida,
compressao da polpa igual a 5,3+1,1 g, utilizanglopwobe cilindrico de diametro 2 mm,
velocidade de teste de 5 mritY& profundidade 3 mm. Em frutos completamente muagu

a pele ndo mostrou nenhuma resisténcia mecanictorgaade compressao media foi de
3,440,8 g. Os frutos de umé séo climatéricos e poskr colhidos no estadio de maturacdo
verde. Durante a maturacdo dos frutos, foi possiethr a formacdo de fortes odores
florais adocicados e uma significativa alteracdocda especialmente no parametro “a”
(sistema L,a,b), de -14,5+5,0 (-a) para 1,8%+2,1).(Embora o teor de sélidos sollveis
totais ndo tenha se alterado durante a maturag@cdez total titulavel diminuiu de 4,0 a
5,7 para 2,0 a 3,8 g (108 expressa em &cido citrico. Ainda, os grios denpgnalisados
se apresentaram como meédios, isopolares, tricalpsracolporos com extremidades de
dificil visualizacdo e ambito triangular, mostrarchyacteristicas comuns entr® omume

e outras espécies do génlrinus

Palavras chavePrunus mumeSiebold et Zucc., caracteristicas do fruto, caradcao

polinica.
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1 INTRODUCTION

The Rosaceadamily has about 300 genus and 3,000 speciespbtiee largest of
Angiospermdamily. Rosaceaemembers occur in a variety of habitats aroundwbed,
especially on the northern hemisphere, with a feeces native from Brazil. Regarding the
economic aspect, it is one of the most importamhilfas, including apple Nlalus
sylvestrig, pear Pyrus commun)s peach Prunus persicg plum Prunus salicing,
strawberry Fragaria vescy, yellow plum Eriobotrya japonicd, cranberry Rubus idaeus
and mumePRrunus mumke These plants are cultivated in the South andHgast Regions
of Brazil because of the milder weather conditiofasjorable for the development of
temperate fruits (LORENZI and SOUZA, 2005).

Prunus mumeSiebold et Zucc. presents several common nameh, & Chinese
plum, Japanese apricot, ume (from Japanese), neng€e), maesil (Korean) or mume.
There are over 200 cultivars of mume, which hawenbeidely cultivated in Asia for about
3,000 years (TSUBAKI, OZAKI and AZUMA, 2010). Fring mume is consumed mainly
in Korea, China and Japan. The tree is cultivatedbout 2,700 ha in Korea, 9,000 ha in
China and 17,000 ha in Japan with an average ptiodugield of 6.7 ton (hd) (JUN and
CHUNG, 2008; TOPP, NOLLER and RUSSEL, 2007). Potdruits in Japan is about
1.68 US dollar (kg).

The plant exhibits an arboreal growth and 4-6 nsetegh. Its leaves are simple,
deciduous, hairless and paper-like consistencyelgawith color difference between top
and bottom of the leaves and 3-7 cm long. The ftevaee white, androgynous and bloom
from June to August. Fruits are drupaceous and dirawpulp with bitter and sour taste

and maturity ranging from October to December (LOEEet al., 2006).

In Brazil most of the rootstocks of peach and pluars 'Okinawa’ peach cultivar.
Prunus mumeSiebold et Zucc. has been studied as pe&hn(s persica rootstock,
showing promising characteristics, such as rugticitigh resistance to plagues and
diseases, adaptation and for reducing the peaclhectdrines trees sizes, reducing the size
of the trees allows a higher density of plantingA®ER, PEREIRA and MORO, 2008;

14



MAYER, PEREIRA and SANTOS, 2005). High resistaneglagues and diseases, as well

as rusticity enables fruit production without otlwiess use of pesticides.

Mume fruits display a typical climacteric patterdi espiration and ethylene
production. Green fruits can be collected direéthm the tree or shaken to fall in large
clothes or nets. When there is interest in usipg fiuits, the fruits are left to drop by their
own into nets while still green but physiologicaltyature. Then, they are matured at
temperature above 20 °C ventilated (LUO, 2006).dBing these procedures, insects and
flies presence during harvest period can be siantiy reduced.

Mume cultivar, ripeness point of harvest, tempermtand ambient of storage can
influence in the quality or shelf-life of fresh ft(KITA et al., 2007). Texture, color and
aroma of mume fruits change significantly duringumation (MIYAZAWA et al., 2009).

Several processed products of mume fruits have beesumed as health food and
for the treatment of several diseases becauseatigerch in bioactive compounds, such as
anti-cancer and antioxidant substances (TSUBAKIARFZand AZUMA, 2010; LIU et al.,
2009; SHI et al., 2009; ADACHI et al.,, 2007; SHIdaMOQY, 2005). Because of the
similarity of unripe apricot and mume fruits, JUNda CHUNG (2008) developed
sequence-characterized amplified region (SCAR) erarko differentiate mume fruits due
its higher value and demand. This identificatiom dae used both for germplasm
classification and to detect unripe apricot friatsnmercialized as mume fruits. JO et al.
(2006) used mume extract as a natural source ddxaohnt compounds, able to inhibit
formation of “warmed over flavor” volatiles in coeét chicken meat during storage because
free radical formation during initiation stage @bidl oxidation is inhibited and thus the
breakage of the triglyceride chain and formatiorireé carboxylic acid and other volatiles
compounds.

In Asia there are different cultivars that inclusserly and late fruit producing plants
so the harvest interval increases to three orrmamths. Among the same plant, the interval

for harvesting does not exceed three weeks.

The objective of this research was to charactdizzil mume fruits for future use

as ingredient for food production with high nutital value and great acceptance by most
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consumers. Fruits were characterized in terms efaae size, weight, color, density,
geometry, yield of pulp, solids content and totafation acidity. In addition, the
morphological pollen characterization can proviggtdr understanding d?runus mume

species, also helping to characterize the mumespjdanted in Southeast Region of Brazil.

2 METHODS

2.1. Plant material

Fruits were green-to-yellow color soon after naltufruit dropping occurs,
approximately 88 days after flowering (DAF) and wéreld for over 8 days at 26 °C to

monitor the ripening of fruits.
Mume fruits were collected in Sdo Paulo State, Briipm different locations:

S — Angatuba, SP- Latitude 23°30'43"S; Longitud&l888”W; Elevation 737 m;
V — Valinhos, SP- Lat. 22°59'28"S; Long. 47°02'38"&lev. 640 m;

CB — Capao Bonito, SP- Lat. 24°02'52"S; Long. 482W; Elev. 705 m;

B — Botucatu, SP- Lat. 22°57'32"S; Long. 48°27'09BAév. 841 m;

SUN — Botucatu, SP- Lat. 22°57'56”S; Long. 48°2¥25Elev. 843 m.

R

All locations show climate are characterized as QwaKoeppen classification
(tropical of altitude) with rain in summer and laok rain during the winter. Average

temperature in the hottest month is over 22 °C.

Preliminary tests were performed to follow the matwn of fruits. Green-stage
fruits were collected from 60 DAF every 7 days ahdse fruits were stored at 26 °C
ventilated and had the color evaluated every dayitdcollected before 81 DAF did not
ripe well. This could be noticed by the change olfoc from green to brown with no

characteristic odor formation. Only fruits collett88 DAF presented yellow color and
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mature characteristic odor formation. After th® day at 26 °C these fruits presented

change of color to brown and wrinkle of the peel.

2.2. Physical characterization

Physical analysis were performed in 40 differergegrmature fruits using caliper
Marberg with accuracy of 0.05 mm and scale Meflletedo, AB204 with accuracy of
0.1 mg. The fruits were portioned into three difar fractions (pulp, peel and stone) and

weight separately.

Full-mature fruits were manually portioned intogérdifferent fractions: peel, pulp
and stone, and weight separately. The relation dmtvthe mass of (pulp+peel):stone gives

the maximum yield that can be obtained during fpuiping.

The specific weight was calculated based on theageedimensions and mass of
fruits and considering the fruit as a sphere withneter equal to the average of the
diameter and the height of these fruits. The fralume was calculated using Equation 1.

v ==2

= X D3 1)

The bulk density was calculated using estimatetigh@amporosity obtained in page
630 of FOUST et al. (1982). Mume fruits were coasédl as non-uniform spheres and the
relation diameter of fruits:diameter of bed equalOtl. Thus, porosity resulted 0.34 and

bulk density calculation was provided by Equation 2

Bulk density = (Specific weight) X (1 — Porosity) 2

The force necessary for perforation of the skifregh fruits in different maturation
stages was determined using a TA-XT2i texture amealy(Stable Micro Systems)
incorporating a P2N needle probe with parameters;tgst speed 5 mni'stest speed

0.5 mm &, post-test speed 5 mrit,sdepth 3 mm. Firmness was measured on opposite
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sides along the equatorial region of the fruit. Tinst measurements were done on the

incident sun side and were analyzed 40 fruits &mhestage of maturation.

Color of the skin was measured in 20 differenttfutaking picture on opposite
sides using digital camera Sony DSC-H2, fluoresuednte lamp and no flash. Five distinct
points of each picture were exported computer eaastormed to Lab color system using
Corel-PhotoPaint, version 12 (Corel®).

2.3 Chemical characterization

For chemical characterization of mume fruits, eaample was obtained from
manual pulping of 8 fruits, using knife and latebowgs. Soluble solids content were
analyzed in duplicate for each sample and were dgs#ifferent samples for each treatment
or location. Results were obtained using a diga#flactometer Reichert, AR200, expressed
in Brix. Total titration acidity was expressed grms of citric acid, analyzed in duplicate
for each sample and used 4 different samples fdn gaatment or location (INSTITUTO
ADOLFO LUTZ, 2008).

Solids content were analyzed with four repetitiamfs10 g of fruits from each
location and dried in circulated heater at 105 6€ 24 hours (INSTITUTO ADOLFO
LUTZ, 2008).

2.4. Morphological pollen characterization

The material used for pollen characterization walected from S location: Quast,
September 10, 2010 (HUPG17130), Angatuba, SP.

The polinic material was prepared as described RDBVAN (1952), with
modifications proposed by MELHEM et al. (2003) &dyservation in optical microscope.

From the material, were taken randomly 25 measumn&srfeom the polar diameter
(PD) and equatorial diameter (ED) of pollen graiinem equatorial view and 10

measurements of the equatorial diameter from padav (EDPV) and apocolpus side (AS)
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from polar view, distributed in 10 glass slidesattical analysis was performed by
calculating the arithmetic mean, standard deviabibtihe sample, deviation from the mean,

coefficient of variation, confidence interval at¥®&nd range of variation.

For other characteristics such as openings, layeexine and the diameter of the
material, were measured 10 randomly pollen graisrilbbuted in 10 glass slides and
calculated the arithmetic mean using Bioestat &fthaire.

2.5. Statistical Analysis

All the experiments were conducted in triplicated athe mean and standard
deviation were calculated using MS Excel softwMe(osoft®). Data for LSD at p < 0.05
for significant difference in treatment means wemalyzed using Statistica software
(version 5.5, StatSoft Inc., Tulsa, OK, USA).

3 RESULTS AND DISCUSSION

3.1. Physical characteristics

Fruits from locations S, V and CB were not diffdrénom each other and showed
characteristics similar to Koushiushinkou cultiviem Japan, with very small fruits (ZHI-
HONG et al., 2004). Fruits were small comparedtteplocations, which presented fruits
with 15-30 g, as reported by JUN and CHUNG (2088)garding all fruits and plants of
different locations used in this present work, weoeapplied pesticides.

Fruits dimensions and weight are shown in Tabl€hk values shown are the mean
and standard deviation of 40 measurements for keaelion. Different letters in the same
column mean the values are significantly differgn& 0.05).
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Table 1- Dimensions and mass of green-mature mume fruits

Location Diameter (cm) Height (cm) Mass (Q)

S 2.130+0.174 2.304+0.199 5.701+1.298
\% 2.242+0.247 2.447+0.28% 6.111+1.934
CB 2.239+0.125 2.310+0.125 6.892+1.058
B 2.502+0.21% 2.662+0.206 9.095+2.099
SUN 3.153+0.264 3.164+0.215 16.909+3.667

*Different letters in the same column mean the galare significantly different (p<0.05).

**|_east significance difference (LSD) was 0.0630&B and 0.643 for diameter, height and

mass, respectively.

Fruits from location B showed intermediate sized arass. As reported by farmers,
cultivar plants from B and SUN location have thensaorigin, from China for over 20
years. Both locations are very close to each adhdrdifferences are mostly in agronomic
handling. Probably in commercial planting were usedilizers and small fruits were

collected at early stage of development to enabteiming fruits to become larger.

Location SUN is the only commercial fruit produ@ard the mass is at the lower
limit of values presented by JUN and CHUNG (2008pbably due to genetic
improvement in Asian countries, where mume fruies @nsumed in larger scale and are
part of traditional food. The trees in SUN are o¥ years old and no genetic
improvement work was carried out during this perimdoccidental countries, these fruits
are not consumed by most people due to lack of ledge and because they are normally
planted by oriental descendants, although dBmanusspecies, such as peaéh persica,
nectarine P. persicavar. nucipersica), apricotP( armeniacy european plumspP(
domestica and japanese plumdP.( salicing are greatly appreciated, cultivated and

genetically improved and adapted to each regionRBASA et al., 1997). In Brazil, most
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researches oveP. mumeintend to use the plant as rootstock for peacktan@e and

Japanese plums because of great resistance tse8S®4AYER et al., 2005).

Pulp corresponded to approximately 71.3% 2.7 tdltaveight of fresh fully ripe
fruit. The skin and stone represented 13.8% +1d71ah9% +2.0 respectively. The relation
between mass of (pulp+peel):stone resulted 5.7 8+1cver than the same relation found
by Lima et al. (1999) for peaches (between 10 &jdhis means the mume stones in the
studied fruits are relatively larger than the onmespeaches. Although the relation
(pulptpeel):stone is important for large scale paithn design, little information was
found regarding to mume fruits. This relation caoréase using bigger fruits that can be
obtained using cultivars that produce larger fruitscollecting small fruits right after
flowering so the energy of the plant is used fasléruits, providing better quality and

larger fruits.

The specific weight of green-mature mume fruitsgexth from 0.906 to 1.119 g
(mL™). It was not observed any relation between thecipeweight and stage of
maturation of fruits. The bulk density ranged frémé to 0.7 g (mL). The knowledge of

the bulk density is important for the design ofrage and transportation bins.

Mume fruits presented significant different textw@ues during maturation. The
equivalent force (in mass) necessary to tear teeégiegreen-stage firm fruits (89 days after
flowering - DAF, or 1 day after harvest - DAH) w&4.147+2.590 g and occurred after a
cylindrical tip with 2 mm diameter penetrated 1.3-finm. After tearing, the peel average
compression force of these fruits was obtained @vperiod of constant force when the
probe penetration was between 1.9 and 2.8 mm asdceg@avalent to 5.251+1.080 g. This

shows that green-stage fruits have high resisttemcempression.

Ripe fruits (6 DAH) showed significant differendescolor, odor and texture. After
this period, fruits showed senescence charact=isind were not used. Differently from
green mume fruits, the peel of fully mature-stageits did not present significant
mechanical resistance. Most fruits presented néiadgr increase of compression strength,
although a few showed maximum force around 2-2.5 ainpenetration. The average

texture of mature mume fruits was 3.433+0.803 quitFsoftening during ripening is
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associated with modifications of cell wall polyshaddes, depolymerization of
hemicellulose, increasing pectin solubility andslasf neutral sugars. At this stage of
maturation, fruits are easily smashed and shouldpioeessed soon or stored under

refrigeration.

Color showed different values during fruit matusati with (-a) indicating green,
(+a) red, (+b) yellow and “L” parameter varying im0 (dark) to 100 (white). At green-
stage, the color index was -14.53+4.98 (-a), 31518 (+b) and 43.30+12.17 (L), whereas
ripe fruits was 1.77+2.10 (+a), 35.43+£2.78 (+b) &W73+£5.04 (L). Results of color of
mume fruits during maturation were similar to rapdrfor 'Nanko' cultivars (KITA et al.,
2007), that showed change of color from green tlmweand high ethylene biosynthesis 3
DAH.

The green-mature fruits studied reached full rigenafter 5 to 6 days at 26 °C,
which shows a fast change in color and texturer &féevesting. Previous studies showed
that mume fruits collected before this maturatiteige did not reach complete maturity.
Although most fruits need to be collected from thkant, mume fruits fall when
physiological maturity is fully achieved, still gne-mature. An alternative for high quality
fruits is to keep neatness under the tree andatdhe fruits every day during harvest time,

as common practice for macadamia nuts (FRANCA, 2007

3.2. Chemical characteristics

Total soluble solids (TSS) did not vary signifidgrduring maturation of fruits and
ranged from 9.5 to 10.0 °Brix. Total solids conteamnged from 10.2 to 12.2%. The pH
value did not change much and showed values bet&&énand 2.65 due to a high acid
content. Total titratable acid (TTA) values lowerfedm 4.0-5.7 g (1009 green-mature
fruit to 2.0-3.8 g (100Q) ripe fruit, expressed in citric acid. TSS and T#re important
parameters of fruit maturity and quality. Climaatefruits, such as mume are capable to
further metabolize and increase respiration rates aarvesting. During the last days of

maturation, some acids present in the fruit aré&damdo form volatile compounds, although
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even in ripe fruits TTA is high, comparable to thofound in lemons and limes
(PENNISTON et al., 2008).

Ratio value under 10 makes product unacceptablérdsh fruit consumption for
most people. This value is much under values fofwrd fruit intended for direct
consumption, such as grapes and peaches, with vatioes between 16 and 20
(JAYASENA and CAMERON, 2008; SANTANA, 2009). Grestage mume fruits showed
ratio ranging from 1.5 to 2.5 and strong bittertéaghlthough the bitterness practically
vanished in fully ripe mume fruits, ratio variedirin 2.5 to 5.0. Thus, the consumption of
mume fruits is recommended as processed food pr®dwith health proven health
benefits due to the antioxidant capacity of fr(dJAST et al., 2011).

3.3. Morphological pollen characterization

The observation of samples prepared in glass slh@ssdone according to BARTH
and MELHEM (1988).

P. mumepollen grains showed average size and are showdgures 1 to 3. Still,
pollen grains are isopolar with radial simetryamgle extent, prolate spheroidal shape
(Table 2). They presented long and narrow colpof@tgures 4 and 5) with difficulty to
visualize edges and median slight constriction.daperture is elongated without median
constriction (Table 3). Sexine has no cave andstrésted surface reticulate (Figures 5 and

6) which makes it slightly wavy. The thickness lo¢ sexine is twice the nexin.

Comparing mume with other species Bfunus genus, pollen grains analyzed
showed common characteristics, with the scope withe genus classified as obtuse,
convex and triangular. The measurements from thar @nd equatorial diameter among
the genre vary according to different species. Thusasurements ¢f. mumeare within

the range of measurements described in scientdéiature.
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Table 2— Measurements (um) from equatorial view of potieains from

Prunus mumepeciesRosaceagAngatuba (location S), SP

Species  Polar Diameter Equatorial Diameter P/E
X S s CV% IC95% X S S CV% 1C95%

Prunus
36.4 06 3.2 8.8 35.1-37.7 348 0418 51 34.1-355 1.04
mume

*n=25, where: x- arithmetic mean; Sx- standard d@gon of mean; s- standard deviation of sample; CV-

coefficient of variation; IC- confidence interval@%,; P/E- relation between polar and equatoiaheéter.

Table 3— Mean measurements (um) of apertures and thislafake exine of pollen grains of

Prunus mumepecies, Angatuba (location S), Sdo Paulo (n=10)

Species Colpo Endoaperture Thickness eXine
Width Length Width Length Sexine Top Nexine
P. mume  2.72 27.35 2.15 10.97 1.53 0.81 0.63

Figurel — Polar view Figure 2 — Equatorial view Figure 3 — Colpo detail
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Figure 4 — Detail of LO1 (high foccus) Figure 5 — Detail of LO2 (low focus)

Figure 6Prunus mumeollen in scanning microscopy

4 CONCLUSIONS

The present work showed that green-mature mumes fplanted in Brazil showed
diameter ranging from 2.1-3.1 cm, mass 5.7-16.9d) laulk density 0.6-0.7 g (ml). In
fully ripe fruits pulp and peel represented 71.3f@ d3.8% respectively. The peel of
green-stage fruits showed high mechanical resistamd was necessary about 14.1 g to

tear the peel with a 2 mm diameter cylindrical grom fully ripe fruits the peel did not
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represent significant mechanical resistance. Gdtanged significantly during the six days
of fruits maturation specially parameter “a” of @oin Lab system, that increased from -
14.53 (-a) to 1.77 (+a). Although total solubleig®lcontent did not change significantly
during maturation, TTA lowered from 4.0-5.7 to 3® g (100g) expressed in citric acid

and ratio increased until 5, which is low for freshit consumption. Comparing the fruit
characteristics presented in this work with Asiannme cultivars, it is necessary to plant
new P. mumecultivars or study the influence of soil, fertdiz and climate for commercial

production with higher yield to produce food prottuwith health benefits and low need of
pesticides.

The pollen grains analyzed are presented as avesagelar, tricolorate, colporate,
difficult to see with edges and triangular framekvolhe species analyzed presented
similar characteristics to other species of theugdtrunusdescribed in the literature. In
addition to morphological pollen characterizatithe present work contributes to the study

of taxonomy of the species through the pollen.
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Prunus mume — fruit characteristics and phenolic content

capacity
Artigo publicado na revista Fruit Processing, p.23842, nov/dec 2011.
Prunus mumgfruit characterization; phenolic content

FRUIT PRODUCTION AND CHARACTERISTICS

Prunus mumeSieb. et Zucc (with fruit name in Chine8®u Me) belongs to
Rosaceadamily and has been widely cultivated in Asia &rout 3,000 years. There are
about 200 cultivars of mume. Initially the plantere cultivated because of their flowers,
but about 2,000 years the interest has been foangbe fruit medicinal properties (Shi &
Moy, 2005; Shi et al., 2009; Tsubaki et al., 2010).

Fruiting mume is consumed mainly in Korea, Chind dapan. The tree is cultivated
in about 2,700 ha in Korea, 9,000 ha in China andd0 ha in Japan with an average
production yield of 6.7 ton/ha (Jun & Chung, 2008pp et al., 2007). Price of fruits in
Japan is about 1.68 US dollar/kg.

In Brazil, most of the rootstocks of peach and uane 'Okinawa’ peach cultivar.
Prunus mumeSiebold et Zucc. has been studied as peBclpdrsica rootstock, showing
promising characteristics, such as rusticity, higisistance to plagues and diseases,
adaptation and for reducing the peach and nectatirees scales (Mayer et al., 2005;
Mayer et al., 2008). Reducing the size of the tadlesvs a higher density of planting. High
resistance to plagues and diseases, as well asustbity enables fruit production without
or with less use of pesticides.

Fruits are commonly collected in the middle springfore ripening to produce
extremely sour products, rich in glucoside prudoimemalic acid and succinic acid (Shi &
Moy, 2005) that are conserved by lowering of watetivity with salt impregnation and
dehydration. In Asia there are different cultivérat include early and late fruit producing
plants, so the harvest interval increases to tbréeur months. Among the same plant, the

interval for harvesting does not exceed three we@ksen fruits can be collected directly
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from the tree or shaken to fall in large clothesiets. When there is interest in using ripe
fruits, the fruits are let to fall by their own anhets while still green, but physiologically

mature, and matured above 20 °C with ventilation.

Figure 2— Mume fruit tree in Brazil{ E. Quast)
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Mume fruits are small (15 to 30 g) with a greeryétiow skin color and shows high
acidity and has a high citric acid content. Apri¢Bt armeniaci has bigger fruits (30 to
80 g) and yellow to orange skin when fully ripe lwibw to medium acidity and high
percentage of malic acid. They are closely-relaggmecies that have high cross-
compatibility and many natural hybrids. Becauseth&f similarity of unripe apricot and
mume fruits, Jun & Chung (2008) developed sequehegacterized amplified region
(SCAR) markers to differentiate mume fruits due higher value and demand. This
identification can be used both for germplasm diassion and to detect apricot unripe

fruits commercialized as mume fruits.

| e e =

Figure 3— Hole and cut mume fruit collected in S&o PaBlazil (° E. Quast)

The stones of mume fruits cling the pulp, similarabserved in many peach and

plum cultivars. Stones are relatively small, andeha slightly smooth surface.
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Ripeness point of harvest, temperature and amlbérgtorage can influence the
quality or shelf-life of fresh fruit, as well asetlmume cultivar. Kita et al. (2007) observed
significant post-harvest differences between ‘Onié&i and ‘Nanko’ cultivars. Natural fruit
dropping was observed approximately 105 and 120s dafter flowering (DAF),
respectively. At harvest stage, the skin color @fihime’ presented more yellow-to-red
color, probably because of the early ethylene prtidn, 92 to 95 DAF. In ‘Nanko’
cultivars high ethylene production was observetJusays after harvest (DAH).

Mume medicinal properties

Several mume processed products have been consasneedalth food and for the
treatment of several diseases because they arénrigioactive compounds, such as anti-
cancer and antioxidants substances (Shi & Moy, 2@ et al., 2009; Tsubaki et al.,
2010).

The effect of a mume juice concentrate (MJC) i raas examined by Kubo et al.
(2005), which showed an improving effect on blolldity. Citric acid and mumefral were
identified as the main principles on the inhibit@ffects of the collagen-arachidonic acid
and ADP-induced platelet aggregations and on thenthin-induced conversion of
fibrinogen to fibrin.

The protective influence of processed foods made fPrunus mumeSieb. et Zucc.
in gastric disorders, including chronic active gést peptic ulcers, metaplasia and cancer
are traditionally known. Otsuka et al. (2005) shdwat MJC in doses of 1% for 10 weeks
suppressed chronic active gastritis in the glandgtamachs ofHelicobacter pylori
infected Mongolian gerbils.

Mori et al. (2007) showed that the dried hydropkodxtract, MK615, obtained by
heating and concentration of mume extract has dnneaplastic effect against three
human colon cancer cells, SW480, COLO, and WiDre Hifect may be exerted by
induction of apoptosis and autophagy.

Still about cancer, Jeong et al. (2006) isolateéw compound from mume fruit that
showed significant inhibitory effects against canogls but little against normal cells. On

the basis of HPLC analysis, the amount of the noeshpound B-1 inP. mumefruit is
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approximately 1.47-1.70 g/kg. It can be used asutaaoeutical compound for alcohol
beverages and fruit juices of P. mume fruit, whach currently sold in the market.

In addition to the health benefits presented, Yakgsongkon et al. (2008) reported
the ability of mume fruit juice concentrate to ibitihuman influenza A virus infection.
Treatment of the cells with the fruit-juice conaame was very effective only before viral
adsorption; hence, the product probably acts viackalge of viral hemagglutinin
attachment to host cell surfaces, with a lectie-hkolecule(s) that could bind competitively
with influenza viral hemagglutinin for host cellrface N-linked glycoprotein necessary for
influenza virus entry and infection.

Oxidative damage of biological molecules in humadbis involved in degenerative
or pathological process such as cancer.

Therefore, the potency of these compounds couldigieca chemical basis for some
of the health benefits such as anti-mutagenic;@tiinogenic and antioxidant activities.

The reactive oxygen scavenging capacities of faodlycts are related to medicinal
effects in animals’ body. However, food propertis nutritional contents may change

during processing.

FRUIT COLLECTED

Mume fruits were collected in S&o Paulo State, Brdztitude: 23°30'43"S;
Longitude: 48°16'38"W; Elevation: 737m. Fruits wegeeen-to-yellow color soon after
natural fruit dropping occurs, approximately 88 DARd were held for 6 days at 26 °C
until complete maturation. Mume were collected fritma same farmer and were carried out

physical and chemical characterization of the $ruit
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PHYSICAL AND CHEMICAL CHARACTERISTICS

Fruits weight were 6.11 + 1.93g, significantly shaalthan those reported by Jun &
Chung (2008) with 5 to 30 grams in mass, probably tb genetic improvement in Asian
countries, were mume fruits are consumed in lasgale and are part of traditional food. In
occidental countries, mume fruits are not consutmgdnost people because of lack of
knowledge and are normally planted by oriental dedants with no use of pesticide
because of the high resistance of the crop, althatigerPrunusspecies, such as peaéh (
persicg, nectarine . persica var. nucipersig¢aapricot P. armeniac® European plums
(P. domestica and Japanese plumB.(salicing are greatly appreciated, cultivated and
genetically improved and adapted to each regiomb@a et al., 1997). In Brazil, most
researches oveP. mumeintend to use the plant as rootstock for peacktan@e and
Japanese plums because of great resistance tesaebs@dayer et al., 2005). The plants
were not fertilized nor the excess of fruits renthvEéhis probably led to small fruits with
small relation pulp/stone. There is also a neekhtow the cultivar ofP. mumeadapted to
Brazil, with low demand of cold.

Total soluble solids (TSS) and total titratableda@TA) are important parameters of
fruit maturity and quality. Climacteric fruits, ducas mume are capable to further
metabolize and increase respiration rates aftewesting. During the last days of
maturation, some acids present in the fruit ar&dmao form volatile compounds. Mume
fruits presented TTS (°Brix) of 9.125 + 0.177 antAT(g citric acid/ 100 g product) of
5.205 + 0.098. Ratio value of 1.75 makes the fffesih unacceptable for consumption for
most people. This value is much under values fofwrd fruit intended for direct
consumption, such as grapes and peaches, withvidties between 16 and 20 (Jayasena &
Cameron, 2008; Santana, 2009).
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TOTAL PHENOL CONTENT (TPC)

In order to facilitate understanding of analysisT6fC has assembled a Table that

summarizes the different treatments to which mumigsfwere submitted.

Table 1- Identification of different treatments for TPC

Code Part of the fruit and treatment before aner gitilping

CMA Peel, manual separation, without air incorporgtafter 1 hour at 26 °C
CAO Peel, with thermal blanching, soon after pujpin

CNO Peel, without thermal blanching, soon afteppg

RAO Stone, with thermal blanching, soon after pudpi

RMA Stone, manual separation, without air incorgpiorg after 1 hour at 26 °C
RNO Stone, without thermal blanching, soon aftdpiog

PNO Pulp, without thermal blanching, soon aftepmgd

PAO Pulp, with thermal blanching, soon after pudpin

PAl Pulp, with thermal blanching, without vacuurfteal hour at 100 °C
PA2 Pulp, with thermal blanching, without vacuuritea2 hours at 100 °C
PA4 Pulp, with thermal blanching, without vacuurftea4 hours at 100 °C
PB1 Pulp, with thermal blanching, with vacuum, aftéhour at 100 °C

PB2 Pulp, with thermal blanching, with vacuum, afténours at 100 °C

PB4 Pulp, with thermal blanching, with vacuum, a#tdhours at 100 °C
PMA Pulp, manual separation, without air incorpimmatafter 1 hour at 26 °C

It can be seen that the peel (C) has higher TP@Qesalover 20 mg catechin
equivalent per gram of fresh fruit), followed byetktone (R). These results are similar to
results of phenolic compounds in peaBhupus persicacultivars reported by Andreotti et
al. (2008) that detected higher TPC in peel tissoespared to pulp.

CMA and CAO presented 35% and 14% higher valuespeoed with CNO,
respectively. Manual separation of the peel (CMAjulted in higher TPC probably
because the tissue was not injured as much asgdoméchanical pulping. It is important to

note that the CMA samples were left one hour exghdeeair at 1 atm and 26 °C before
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immersion in ethanolic solution. Comparing TPC ealon mume fruit tissues right after
mechanical pulping (CAO and CNO) it can be seem benching of the fruits helped to
preserve phenolic compounds in mume peel.

TPC of mume stones presented mean values betweamd103.5 mg CE/ g-FW fruit.
Samples of stones in blanched mume fruits mechignipalped presented higher TPC
probably because of intense contact with mume pediigh temperature and relative
humidity at the disposal of the pulper. As previgusescribed, the peel presented higher
TPC compared to stones and pulp.

300
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10 f f fg fg g fg g
i
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CMA CAO CNO RAO RMA RNO PAO PA1 PB4 PA2 PA4 PB2 PB1 PNO PMA

Total phenol content
(mg CE / g-FW product)

5

o

Figure 4 — TPC of different treatments and parts of mdmuis.
*Difference significance was verified to 95% corditte level, identified with letters above the bars.
Values are given in mg catechin equivalent (CE)gvam of fresh weigh (FW) product.

Different letters mean the values are statisticailtferent.

In mume fruit pulp TPC did not vary significantlgxcept for non-blanched fruits
(PNO and PMA). It can be noticed that the pulp oh4blanched mume fruits manually
removed (PMA) presented the lowest TPC, as oppasedeel (CMA). This can be
explained because of the fast action of enzymegtdddan pulp. TPC in PMA samples were
immersed one hour after exposure in air ambienb@i temperature. During this time, it
can be noticed that TPC lowered about 35% comptretn-blanched mume fruit pulp
right after mechanical pulping (PNO).
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Further, blanched pulp did not show significanfediénce in TPC regarding to time
submitted at high temperature (until 4 hours at 4D even without the use of vacuum.
These results are consistent with the heat resistahphenolic compounds reported by Lin
et al. (2007), were the application of sterilizattemperatures did not lower TPC.

Mume pulp presented higher TPC values (7.8 to 9Ofgg FW) compared to most
commercial frozen fruit pulps that ranged from 0t657.88 mg CE/ g product, were the

highest TPC content was found in acerola pulp (Mlal., 2008).

CONCLUSIONS

The fruits studied were smaller than reported terditure, probably due to genetic
difference and agricultural practices. This impdcte a lower relation pulp/stone and
consequently lower yield during pulping. Dependomg processing parameters the yield
can change and part of the mume peel can be in@igabto the pulp. It was observed that
the peel presents a higher TPC. Further researsieeseeded to evaluate the influence of

peel incorporation over the product characterisding acceptance.
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Chemical characteristics and phenolic content of mu me
fruits collected at different locations and at diff erent

maturity stages in Southeast Region of Brazil

Artigo a ser encaminhado para a revista Ciéncia edcnologia de Alimentos.

ABSTRACT

Prunus mumes widely studied due to its health benefits regeg to cardiovascular and
cancer aspects. However, in Brazil this culturéoisnd only among oriental descendants.
The present study shows difference between mumiés foollected in three different
locations in Southeast Region of Brazil. SUN lomatis the only commercial mume fruit
producer and had average fruits of 16.9 g andhierdbcations weight varied from 5.7-6.9
g. Pectin content decreased from 11.2 to 10.8%nduinuit maturation. Total phenolic
compounds content varied from 147-226 mg cateqgi) (ry basis and did not vary
during ripening, as well as antioxidant power, traatged from 96-169 puMol Trolox (Y
dry base or 21-34 pMol Trolox y wet basis. Furthermore it was established a tirec
relation between TPC and antioxidant power for mdimgs from CB and SUN locations.
FRAP analysis in hot filled pasteurized pulp stoedroom temperature for one year
showed that at least 50% of the original antioxidaower is left in the product, showing

promising possibilities for mume product consematvith health appeal.

Key words: fruit characterization, health product.
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1 INTRODUCTION

The Rosaceaefamily is one of the largesAngiospermfamily. Regarding the
economic aspect, it is one of the most importamhilfas, including apple Nlalus
sylvestrig, pear Pyrus commun)s peach Prunus persicg plum Prunus salicing,
strawberry Fragaria vescy, yellow plum Eriobotrya japonicd, cranberry Rubus idaeus
and mumeRrunus mumke These plants are cultivated in the South andHgast Regions
of Brasil because of the milder weather conditiofasjorable for the development of
temperate fruits (LORENZI and SOUZA, 2005). Thenplexhibits an arboreal growth and
4-6 meters high. The flowers are white, androgynand bloom from June to August.
Fruits are drupaceous and show firm pulp with bittled sour taste and maturity ranging
from October to December (LORENZI et al., 2006).

In Asia there are different cultivars that inclueirly and late fruit producing plants,
so the harvest interval increases to three orroamths. Among the same plant, the interval

for harvesting does not exceed three weeks.

Mume fruits display a typical climacteric patterri pespiration and ethylene
biosynthesis. Green fruits can be collected diyeitdm the tree or shaken to fall in large
clothes, nets or trimmed grass. When there isestein using ripe fruits, the fruits are
dropped by their own while still green but physgitmlly mature. Then they are matured at
temperature above 20 °C ventilated (LUO, 2006)dBiyng these procedures, and removing
over-ripe and injured fruits, insects and flies g@ce during harvest period can be
significantly reduced. It is important to protectifs during maturation with the use of

protective screens.

The point of harvest, temperature and ambientarage can influence the quality or
shelf-life of fresh fruit, as well as the mume owdt. Normally mume fruits are refrigerated
to 0-10 °C when intended to extend the shelf-liféresh fruit, but no studies were found
about using modified atmosphere with this objec(id&éTA et al., 2007). Texture, color
and perfume of these fruits change significantlyirdpy maturation (MIYAZAWA et al.,
2009).
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Even though in Brazil there are no studies to imprproductivity and quality of
fruits, over the world there are over 200 cultivaf®runus mumeiebold et Zucc., which
fruits are consumed mainly in Korea, China and dagd SUBAKI, OZAKI and AZUMA,
2010). In Japan fruits price is about 1.68 US dollleg?’), and present an average
production vyield of 6.7 ton (A (JUN and CHUNG, 2008; TOPP, NOLLER and
RUSSEL, 2007).

P. mumehas been studied in Brazil as peaBhufius persicaand plums Rrunus
salicing rootstock, showing promising characteristics,hsas rusticity, high resistance to
plagues and diseases (MAYER; PEREIRA and MORO, p0aih resistance to plagues
and diseases, as well as rusticity enables friotlymstion without or with less use of

pesticides.

Several mume processed products have been consasneenlthy food and for the
treatment of several diseases because they arénrigioactive compounds, such as anti-
cancer and antioxidants substances (TSUBAKI et28l10; LIU et al., 2009; SHI et al.,
2009; ADACHI et al., 2007; SHI and MOY, 2005). Basa of the similarity of unripe
apricot and mume fruits, JUN and CHUNG (2008) depet sequence-characterized
amplified region (SCAR) markers to differentiate mm fruits due its higher value and
demand. This identification can be used both famgdasm classification and to detect
apricot unripe fruits commercialized as mume fruii® et al. (2006) used mume fruit
extract as a natural source of antioxidant compsutitht can inhibit lipid oxidation and
formation of “warmed over flavor” volatiles durirgjorage of cooked chicken meat. Mume
extract inhibits free radical formation during iation stages of oxidation. In high
concentrations, these highly reactive free radibedsik triglycerides chains to produce free

carboxylic acid that provide product alteration.

The objective of this research was to charact@razilian mume fruits for future use
as ingredient for food production with high nutital value and acceptance by most
consumers. To accomplish this, fruits were chareeetd chemically and the phenolic
content and the antioxidant activity were studiedruits from different regions during

ripening after harvest.
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2 MATERIAL AND METHODS

2.1. Plant material

The fruits used were green-to-yellow color soonerafbatural fruit dropping
occurred, approximately 88 DAF (days after flowgjimnd were held for up to 8 days at

26 °C ventilated until complete ripening of fruits.
Mume fruits were collected in Sdo Paulo State, Britem different locations:

* S - Angatuba, SP- Latitude 23°30'43"S; Longitud&l888"W; Elevation 737 m;
* CB - Capéo Bonito, SP- Lat. 24°02'52"S; Long. 4&2W; Elev. 705 m;
e SUN - Botucatu, SP- Lat. 22°57'56"S; Long. 48°2¥25Elev. 843 m.

Full-mature fruits were used for total soluble @sl{TSS) and total titration acidity
(TTA) content analysis. Analyses were performedluplicate for each sample and were
used 4 different samples for each treatment ottilmeaFor each sample were used 8 fruits,
manually pulped. TSS results were obtained usidgjigal refractometer Reichert, AR200,
expressed in Brix. TTA was expressed in termstoicccid, analyzed in duplicate for each
sample and used 4 different samples for each tegdtior location. Total solids content
were analyzed with four repetitions of 10 g of fsufrom each location and dried in
circulated heater at 105 °C for 24 hours (INSTITUADOLFO LUTZ, 2008).

Pectin content was analyzed mixing 4 g of lyopbkiliznume with 1:50 nitric acid
50 mM at 80 °C for 25 minutes. After filtration andoling to 4 °C, the acid extract was
mixed with 1:2 ethanol 96 °GL at 4 °C and allowedtand still for 30 minutes. After this
period, was filtered and kept inside permeable bagsnight with ethanol 70% under
agitation. Then, washed again with ethanol 95%, @nedd at 40 °C. Pectin analysis was

performed in triplicate.

Antioxidant power of mume fruits was analyzed irn fibked pasteurized pulp kept

for one year at room temperature. This pulp waaiobt from fruits thermally blanched at
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100 °C for 120 seconds, followed by mechanical ipglpn a brush pulper with 2.2 mm
perforations aperture, deaeration at -0.7 bar @dbm@utes at 50-60 °C and pasteurized at
90 °C for 10 minutes.

For total phenol content and antioxidant power ¥8ig) samples containing 8 fruits
were frozen at -86 °C for at least 2 days befonadéyophilized (Terroni, LD1500A).
After, 2.5 grams of dried pulp with peel were mix@ih 25 mL of solution containing
1mL formic acid 30% + 200 mL distilled water + 801 ethanol 70% in a centrifuge tube.
The product was left to stand at 15°C for 24 haamd then immediately centrifuged
(Celm, Combate) for 10 min at 2,232 g (3,500 rpihe samples were identified and
maintained in closed flasks inside a freezer fotaug months for total phenol content and

antioxidant activity analysis.

For each location, samples of fruits were prepdrech 1 day after harvest (DAH)

until complete maturation, up to 8 DAH.

2.2. Determination of total phenol content

Total phenol content of the ethanol extracts wagrdened with Folin-Ciocalteu
colorimetric method (SINGLETON and ROSSI, 1965)hnvitome modifications. Briefly,
0.1 ml extract was diluted with 8.4 ml distillatecater and mixed with 0.5 ml Folin-

Ciocalteu reagent. The contents were mixed by masaking for 15-20 s.

After 3 min, 1.0 ml of 20% sodium carbonate solntiwas added. The reaction
mixture was incubated at room temperature for héh iés absorbance was measured at
720 nm using a dual beam UV-Vis spectrophotome®@injadzu, Mod. UV-Mini 1240).
Catechin (SIGMA, C-1251) was used as an analytis@ndard for total phenol
guantification and it was expressed as milligrarhgadechin equivalents (CE) per gram
wet basis (g-WB) of fruit.

TPC analyses were performed in triplicate.
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2.3. Ferric-reducing antioxidant power (FRAP) assay

Hermetically closed hot filled pasteurized pulpidiesglass jars with painted metallic
cover was kept for one year at room temperatures palp was clarified using pectinase
enzyme and centrifuged in a Hitachi HIMAC CR 21Gefrigerated centrifuge with a
R12A6 support at 12,300g (11,000 rpm) for 15 miau€ther samples were just physically
separated by centrifugation to study the effeqiemtinase enzyme over antioxidant power.
Samples were lyophilized and prepared an ethartcde@xand kept at freezing temperature

(-16 °C) for over 4 months to perform antioxidanalysis.

The reducing ability was determined by using FRABag (BENZIE and STRAIN,
1996). The FRAP reagent was freshly prepared frét @mol (L) acetate buffer (pH
3.63), 10 mmol (L) tripyridyltriazine (TPTZ) made up in 40 mmol {.HCI and 20 mmol
(LY FeCk. All three solutions were mixed together in théioraof 10:1:1 (v/v/v). An
aliquot of 0.1 mL of the tested sample solution wased with 3.0 mL of FRAP reagent.
The absorption of the reaction mixture was measateée®3 nm after 15 min incubation at

26 °C. The reducing power was expressed as trajoiva&ent (TE) concentration.

FRAP analyses were performed in duplicate.

2.4. Statistical Analysis

Analysis were performed randomly and analysis fagnificant difference in
treatment means were analyzed using STATISTICAwsu& (version 5.5, StatSoft Inc.,
Tulsa, OK, USA) using Tukey (p<0.05).
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3 RESULTS AND DISCUSSION

3.1. Plant material

Fruits differed in size and weight by the locatidable 1 shows the average size and
weight and their standard deviation in parentheBégerent letters in the same column
mean the values are significantly different (p<(.05

Table 1- Dimensions and mass of mume fruits

Location Diameter (cm) Height (cm) Mass (Q)
CB 2.239 £0.128 2.310+0.128  6.892 +1.058
S 2.130+0.174 2.304+0.199 5.701 +1.298
SUN 3.153 + 0.264 3.164+0.21%5  16.909 + 3.667

Location SUN is the only commercial mume fruit puodr and the mass of the fruits
were higher than those from the locations CB anth Spite of this, the SUN fruits were
still at the lower limit of weight as reported byN and CHUNG (2008) probably due to
genetic improvement in Asian countries, were munug@s are consumed in larger scale
and are part of traditional food. The trees at St over 20 years old and no genetic
improvement was carried out during this periodallnfruits and plants used in the present

work were not applied pesticides.

Fruit flesh represented 71.3% £2.7 of total weighfresh fruit. The skin and stone
represented 13.8% 1.7 and 14.9% *2.0 respectiVé¢lis relative yield of pulp is lower
than values reported by TSUBAKI, OZAKI and AZUMAQZ20) that obtained 82.7% +2.9

of flesh. This difference is probably due to de Benaize of the fruits of the present work.
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Mume fruits are climacteric, in other words, ar@aifale to further metabolize and
increase respiration rates after harvesting. T8Shdi vary significantly during maturation
of fruits and ranged from 9.5 to 10.0 °Brix. Tosallids content ranged was 10.2-12.2%.
The pH value did not vary much and showed valuéwdrn 2.5 and 2.7 due a high acid
content with TTA values of 4.0-5.7 g (100ggreen-stage fruit and 2.0-3.8 g (1d0g
mature-stage fruit, expressed in citric acid. Theakies are similar to those found in
lemons and limes (PENNISTON et al., 2008).

Full-ripe mume fruits presented ratio values urlefhese values are very low and
makes product unacceptable by most consumers st freit. Thus, the consumption of
mume fruits is recommended as processed food ptedwere ratio can we increased by
sugar incorporation or acid dilution. These prodwgtiow a healthy appeal, due to the high
antioxidant capacity of these fruits (QUAST et 20]11).

Pectin content decreased slightly during maturatioom 11.2+0.1% to 10.8+0.1%
expressed in dry basis. This provides approximaieB2% in wet basis that represents

about half of pectin content in citric fruits argdsimilar to apple pomace (BAKER, 1997).

3.2. Determination of total phenol content (TPC)

Table 2 shows the mean and standard deviatiortafgbenol content of mume fruits
collected at green-stage maturation from diffedesations and during maturation until

complete ripeness. Results are expressed in grafresb fruit.
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Table 2— Total phenol content of mume pulp+peel collecedifferent locations

and in different stages of maturation (days aftevést — DAH)*

Samples Phenolic content (mg CE / g-WB)
CB - 1 DAH 199 + 217
CB - 2 DAH 207 £ 27
CB - 3 DAH 228 + 16°
CB - 4 DAH 203 + 31
CB - 5 DAH 226 + 2°
CB - 8 DAH (ripe fruit) 215 + 15%
S-3DAH 147 + 27°
S -4 DAH 161 + 8%
S-5DAH 162 + 3%

S -6 DAH 144 + 11°

S - 7 DAH (ripe fruit) 160 +  31%
SUN - 3 DAH 226 + 7°
SUN - 4 DAH 178 +  20°*
SUN - 5 DAH 164 +  15°
SUN - 6 DAH 148 + 11°
SUN - 7 DAH (ripe fruit) 169 +  7°%

*Expressed in mg of catechin-equivalent per grarfrof in wet basis
**Different letters means that the results are digantly different (p<0.05)

***_east significance difference (LSD) was 22
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According to Table 2 it can be seen that CB frpitssented a trend of higher TPC
values compared to other locations. This differecae be a result of difference among
cultivars, climate or handling. It also can be obed that TPC did not vary during
maturation of fruits, except for SUN-3DAH, that skex higher values compared to other
fruits collected at S and SUN locations. This infation is highly relevant because most
studies aboutPrunus mumeproducts are related to health benefits of greeitsf
consumption. Therefore, it is possible to develdfeent products from ripe mume fruits
keeping health appeal.

Mume fruits collected from CB location showed m&&C values of 225 mg CE{y
wet basis. These values are higher than pineagpta, mango, passion fruit, mandarin
and grapes frozen pulps (MELO et al., 2008). Howeaeerola fMalpighia glabrg frozen
pulp showed TPC values ten times higher than thtsfin the present work.

3.3. Ferric-reducing antioxidant power (FRAP) assay

Table 3 shows the FRAP assay of mume fruits cateétom different locations and
at different stages of maturation. Antioxidant powes expressed as trolox equivalent
(TE) in dry basis (DB) or wet basis (WB). Samplesrevidentified with letters according to
its origin followed by the number of days after \est (DAH). Different letters in
superscript beside the numbers on the same colemoies significant difference (p<0.05).

FRAP values did not show any tendency of resultsngumaturation or difference
between different regions. This is probably duetite methodology or the fact of the
analyses was performed just in duplicate for eaeaitinent. As result, FRAP analysis did

not show differences observed in TPC analysis.
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Table 3— FRAP assay of mume fruits collected at diffetenations

and different stages of maturation (days after éstrv DAH)

Samples Antioxidant 1power Antioxidantlpower
(uMol TE g°) DB (uMol TE g°) WB

CB - 1 DAH 145.65+ 18.62%* 27.24 + 3.44%

CB - 2 DAH 154.21+ 24.18° 30.51 + 4.07*

CB - 3 DAH 166.63+ 11.09° 32.94 + 2.73%

CB - 4 DAH 153.01+ 9.55° 31.17 + 2.84%

CB - 5 DAH 169.26+ 5.84° 34.45 + 4.85°

CB - 8 DAH (ripe fruit) 162.31+ 3.88° 33.27 + 1.51%

S - 3 DAH 96.48+ 22.59" 21.35 + 5.47°

S - 4 DAH 125.48+ 9.51% 28.74 £ 2.25%

S -5 DAH 131.55+ 10.14%*" 30.81 + 2.58%

S-6 DAH 116.52+ 0.86° 26.91 + 0.39%

S - 7 DAH (ripe fruit) 116.34+ 14.81° 26.96 + 4.65%

SUN - 3 DAH 159.34+ 6.95° 31.42 + 1.39%

SUN - 4 DAH 136.59+ 12.33%* 28.18 + 2.36%

SUN - 5 DAH 119.21+ 21.10° 23.57 + 3.95°

SUN - 6 DAH 116.99+ 32.34%* 22.35 + 6.43%*

SUN - 7 DAH (ripe fruity ~ 117.25+ 10.63" 23.78 + 1.88%

* LSD was 25.50 and 5.88tMol trolox-equivalent (g) in dry basis and wet basis,

respectively
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The antioxidant power is related to the presencibstances capable to react rapidly
with oxygen or free-radicals. Therefore, plottitng tvalues of TPC vs. FRAP can show if

the antioxidant power is significantly influenceg BPC. This graphic is presented in

Figure 1.
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Figure 1 — Relation between antioxidant power and totahpheontent

Mume fruits collected in S location showed lowerCTalues and different relation
FRAP:TPC, compared with other locations. Althought$ from S and CB locations did
not show significant difference in weight and disiens (Table 1), it can be seen that
antioxidant power and specially TPC values diffesgghificantly. Probably fruits from
location S present different phenol compositiorhwitgher antioxidant power that can be
result of difference in cultivar, soil and climaie agricultural handling. In fruits collected
at CB and SUN locations, increase of antioxidanvgrowas directly proportional to the
TPC increase, similar to studies in different Ewap plum genotypes (RUPASINGHE;
JAYASANKAR & LAY, 2006).

Table 4 shows the antioxidant power clarified anecipitated fraction of hot filled

pasteurized pulp kept for one year at room tempezagubmitted to physical separation or
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using pectinase enzyme. Results are expressed @ fitdlox (g%) of dry basis. It can be
observed that pectinase clarified pulp presentaifgigntly lower FRAP values. Also,
samples clarified just by centrifugation showedheigFRAP values. Thus, although the
separation yield is lower, but the antioxidant powge higher in samples separated just

using centrifugation.

Table 4— FRAP analysis of hot filled pasteurized mumeppul

kept for one year at room temperature

Antioxidant power

Samples (LMol Trolox / g-DB)
Pectinase clarified 28.43 8.40°
Pectinase precipitate 65.42 10.28°
Not depectinized clarified 66.58 1.48°

Not depectinized precipitate 80.52 15.24°

*Different letters means that the results are Sigantly different (p<0.05)

It can be seen that antioxidant power of hot fibegteurized mume pulp maintains at
least 50% of the original power, when comparingigalfrom Table 4 and values expressed
in pMol Trolox (g) in dry basis (Table 3). This fact can give anaidé the kinetics of
antioxidant power decline in processed products ar&y aid in the development of

products with health properties to the ready taldjuice consumer.

Further, it can be seen that in clarified fractiomated with pectinase enzyme the
antioxidant power decreased significantly comparted not depectinized clarified.
Mechanical separation can give a clarified juicéhvaintioxidant power close to the whole
fruit. QUAST et al. (2011) reported that the pekEhmme fruits contain the highest TPC.

This peel is incorporated during fruit pulping aodntributes to the health benefits of
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mume products. Appropriate technology should giweaeceptable product without losing

its advantageous properties.

4 CONCLUSIONS

The present work showed that mume fruits plante8datheast Region of Brazil are
significantly smaller and yield of pulping is lowehen compared to Asian countries fruits.
TPC values ranged from 148 to 228 mg CE) (&/B. Regarding to TPC, it was observed
significant differences between CB and S locati@®8( and 160 mg CE g-WB,
respectively). Antioxidant power using FRAP asshapwed lower differences between
analyzed samples. Values ranged from 96-169 uMo{grHEDB and 21-34 uMol TE (§
WB. TPC and antioxidant power did not vary durimgitf maturation, from green-mature
fruits. This shows promising applications for fulipe mume products that can show the
same health properties widely presented for grémgesmume fruits. The use of pectinase
enzyme decreased significantly the antioxidant posfeclarified fraction. This behavior
was not observed in mechanical separation. Alser ®0% of antioxidant power was
maintained in hot filled pulp kept at room temparatfor one year. Thu®runus mume
shows promising characteristics related to cromtpig due its rusticity and low need for

fertilizers and pesticides.
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Prunus mume pulp rheological evaluation

Artigo a ser encaminhado para a revista Journal oFood Engineering.

ABSTRACT

A study of the rheological behavior of mume pulphn8, 7, 8 and 9 °Brix was investigated
using a rotational viscometer at temperatures ftdnuntil 75°C. The data were fitted into
rheological models of Bingham, Casson, HerschekiByl and Ostwald-Waele (Power
Law). Mume pulp was described as time independaetiit wscosity of 1.9 Pa.s at 15 °C
and 1.1 Pa.s at 65 and 75 °C for 9 °Brix pulp. N@wtonian and pseudoplastic (Herschel-
Bulkley) characteristic was confirmed by n valuesier 0.4 and under 0.68 using Ostwald-
Waele and Hershel-Bulkley rheological models reSpely. The linearization of Arrhenius
rheological curve resulted in flow activation enerpat ranged from 6.6-10.6 kJ.rol
Consistence index was influenced more by the tetdlible solids concentration than
temperature, with values from 22.9-18.0 P&<9 °Brix pulp and 12.2-8.3 Pa.m 8 °Brix
pulp at temperatures varying from 15 to 75 °C. wilbdels represented high correlation

value for all the rheological data obtained atpghesent work.

Keywords: mume pulp, rheological model, consistemyn-Newtonian, concentration

1. Introduction

Prunus mume Sieb. et Zu@dth fruit name in Chines&/u Me) belongs tdRosaceae
family and has been widely cultivated in Asia fareo 3,000 years. There are about 200
cultivars of mume. Initially the plants were culited because of their flowers, but in the
past 2,000 years the interest has been focuséx ifitit medicinal properties (TSUBAKI;
OZAKI and AZUMA, 2010; SHI et al., 2009; SHI and MQ2005). Fruiting mume is
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consumed mainly in Korea, China and Japan. Theisregltivated in about 2,700 ha in
Korea, 9,000 ha in China and 17,000 ha in Japalm avitaverage production yield of 6.7
ton/ha (JUN and CHUNG, 2008; TOPP; NOLLER and RUSSIO07).

Prunus mumeSieb. et Zucc.has been studied as peadP. (persica rootstock,
showing promising characteristics, such as rugticitigh resistance to plagues and
diseases, adaptation and for reducing the peachnantiarines trees scales (MAYER,
PEREIRA and MORO, 2008; MAYER, PEREIRA and SANT@®05). Several mume
processed products have been consumed as heattrafabfor the treatment of several
diseases because they are rich in bioactive contispsnch as anti-cancer and antioxidants
substances (TSUBAKI, OZAKI and AZUMA, 2010; SHI at, 2009; SHI and MOY,
2005).

Studies on the effects over human health of substspresent in mume juice and
fruit showed that mumefral, a citric acid derivativimproves the blood flow helping
against cardiovascular diseases (UTSUNOMIYA et &002). In Brazil, mume
consumption is still almost restricted to the Asiscendants. Mume fruits can be used to
make jam by mixing with peaches and plums (CAMPOLD®RTO et.al., 1995/1998).

In industrial scale, it is better to use fruit pdgher than handling with fresh fruits.
Because of this, it is important to understand fgsical-chemical and rheological
properties that are largely influenced by the juc@ulp composition and it will depend on
the fruit type and treatments to which it was sotgé during the manufacturing process
(VANDRESEN et al., 2009).

The knowledge of the rheology of fruit juices isefig in quality control, sensory
evaluation and engineering applications when incagtlants are designed. The effect of
temperature and concentration over the flow praggennust be known to calculate and
choose the right equipment and size to ensure atieedpeat and mass transfer operations
(FALGUERA and IBARZ, 2010; CHIN et al., 2009; ALTANMind MASKAN, 2005;
NINDO et al., 2005). The aim of this work was toakate the rheological behavior of
mume pulp at different concentrations and tempegatand fit the obtained data to well-
known rheological models.
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2. Materials and methods

2.1. Raw Material — Mume pulp

The mume fruits used for this study were collectedngatuba, SP, Brazil, at green-
mature stage. Before processing, fruits were maietaat room temperature (26 °C)
ventilated for over six days until complete ripemdisat can be noted by significant change
of color to yellow and strong peach-like perfumehafioral notes. Overripe fruits present
brownish color and wrinkled skin. Batches of abdukg ripe fruits were thermally
blanched by immersion in boiling water for 120 set®and then immediately pulped in a
pilot-scale brush pulper with 2.2 mm perforationeer@ure. This equipment was set for
maximum speed rotation to maximize pulp extractiime pulp was poured into a jacketed
kettle equipped with vacuum for deaeration at Hai7 for 30 minutes at 50-60 °C. Then,
valve was closed for pasteurization at 90 °C for rhthutes with a paddle mixer.
Pasteurized pulp was removed using a tube instatietie bottom of the pan and hot-filled
into glass jars closed with metal covers. Herm#yicdosed glass jars were stored at room
temperature until its use. Original mume pulp cowdd 9 °Brix. For values of 8, 7 and 6
°Brix, potable water was used for dilution and camtcation was evaluated using a digital

refractometer Reichert, AR 200.

2.2. Rheological measurements

The rheological behavior of the mume pulp was detsed using a rotational
viscometer equipped with concentric cylinders (Bifeedd DVII + Pro) with SC4-27
spindle and a SC4-45Y assembly coupled to a theatodath Brookfield TC-501 with
accuracy of £0.1 °C. The measurements were madg,dt5, 35, 45, 55, 65 and 75°C for
each concentration level of 9, 8, 7 and 6 °BrixfdBe each test, samples remained in a
thermostatic bath at the same temperature progranfoneheological tests for 10 minutes.
The equipment was connected for data acquisitibearsstress, shear rate and apparent

viscosity.
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To verify if the viscosity of mume pulp is time-dapent, pulp concentrations of 6 to

9 °Brix at 15 to 75 °C had their apparent viscosigasured for up to 180 seconds.

Analyses were carried out varying the shear raimf® to 70 s (ascending curve)
and from 70 ¢ to 0 (descending curve). The shear rate of 0°A@as chosen because 10-
100 §' approximates the shear rate of tumbling and pgurihile 100-1000%
approximates the shear rate of home mixers (CHIMI|.et2009). The experiments were

conducted in duplicate and for each measuremeetvasample was used.

During an industrial operation a fluid product ibmitted to a range of shear rates
and it is important to quantify the effect of tlemperature over the viscosity for adequate
design and use of equipment (MACEIRAS et al., 200 effect of temperature over the
viscosity of mume pulp was determined using theh@mius equation that is commonly
used in literature for rheological studies of jsicand pulps (FALGUERA and IBARZ,
2010; VANDRESEN et al., 2009; BELIBGLI and DALGI@D07; ARSLAN et al., 2005)

and can be expressed by:

E
=n,exp—= 1
,7a ,70 RT ( )

Where 77, is the apparent viscosity (Pa.g), is an empirical constant (Pa.s), iE

the flow activation energy (J.mb), R value is 8.314J.mdK™ and represents ideal gas

constant and T is the absolute temperature (K).
The Arrhenius equation can be linearized as shown:

In(7,) = In(,) + =52 @

Applying Equation (2), the values @f,and E is obtained from the linear and the

angular coefficient of the plot of In{) as function of (1/T):

60



* In(no) = linear coefficient

* EJR = angular coefficient

Once analyzed the apparent viscosity behavior, &ldtWaele (Power law) model

was used to determine rheological parameters sl

r=k(y)" )

Where: T is the shear stress (Pa), consistency index (P&)s y is the shear rate tsand

n is the fluid behavior index (dimensionless).

Herschel-Bulkley, Casson and Bingham models arenoomy used for describing

non-Newtonian fluids. They can be described agvWd:

Casson: % =k, +k, () (4)
Bingham: T =T,+n.y (5)
Herschel-Bulkley: 7=71,+x(y)" (6)

Where: 7, and k. are the yield stress (Paj;andk_are the consistency indexes (Ppasd

n., is consistency index (Pd)®r Casson viscosity.
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3. Results and discussion

Figure 1 shows the results of apparent viscosity i variation with time using
mume pulp with 9 °Brix concentration. Similar belwavwas obtained for the other
concentrations but data are shown at the end of/tiik, in Figures A.1, A.2 and A.3. Data

were obtained maintaining the spindle rotation tamsat 40 rpm.
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Figure 1 — Apparent viscosity with time for temperatures 6fto 75°C
at 9 °Brix concentration

The apparent viscosity at temperatures ranging fiddnto 75°C and 9 °Brix
concentration showed that constant apparent viscealues were obtained after a period
of 3 minutes. During this period, viscosity was ghi@ally constant with time. This
behavior is characteristic of time non-dependantf. The knowledge of this information
is important when designing equipment or industpiadcesses, such as pasteurization or
sterilization of pulps or juices. The mume pulp iextied a typical juice behavior, where

apparent viscosity decreases with the increasengbérature.

In Figure 1 it also can be seen that the tempegadfiect over apparent viscosity was
more notably at lower temperatures. The raise wipgrature from 15 to 25 °C lowered

apparent viscosity values in 21% from 1.9 to 1.5P&emperature raising in 20 °C, from
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45 to 65 °C lowered apparent viscosity in 12% frb2b to 1.1 Pa.s and no difference was

observed in apparent viscosity of mume pulp witBfx at 65 and 75 °C.

At the present study, as can be noted in Figutee2decrease of 1 °Brix resulted in
significant reduction of the apparent viscosityisTsame behavior was observed at higher
temperatures, but is not shown. Thus, total soldadéds content should be strictly
controlled in an industrial application such as timga treatment, where the apparent

viscosity can greatly influence the final produagtity.
21
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Figure 2 — Apparent viscosity with time at 15 °C for difémt concentrations

Figure 3 shows the Shear Stress (Pa) versus Shéa(®) variation. Measurements
were performed at temperatures from 15 to 75 °C @mbstant 9 °Brix concentration.
Similar graphs were obtained for the other conegioins but no new information can be
obtained, so these data are shown at the end ofdte in Figures A.4, A.5 and A.6.

63



Yo}
o
)

80 - ¢
70 - . PS *
T 60 - L 2 = O
e ¢ 4 N [ | % @ 15°C
(7] 50 .
E <& B m B % X X W 25°C
R , X = )-f $ * 7 T s
230 - ’ s ¥
] ¥ 652C
20 - ¥
+752C
10 -
“+~
0 H T T T T T T 1
0 10 20 30 40 50 60 70

Shear Rate (s)

Figure 3— Shear Stress verus shear rate at temperatora<l to 75°C
at 9 °Brix concentration.

All samples (9, 8, 7 and 6 °Brix) evaluated at temapures from 15 to 75°C showed a
non linear relation of shear stress and shear madéating non-Newtonian behaviour as
reported by several authors (FALGUERA and IBARZ120IGUAL et al., 2010; CHIN et
al., 2009; TIZIANI and VODOVOTZ, 2005) for fruit joes. Preliminary experiments
showed no diference between increase or decreadesaf stress for mume pulp indicating
no thioxotropic effect (BELIBAGLI and DALGIC, 2007)

Table 1 presents the calculated valuegdnd E and the regression coefficient}R

obtained from the linearization of Arrhenius eqaatfor mume pulp flow at different shear
rates. Graphics of Arrhenius equation linearizat@wa shown at the end of the work, in
Figures A.10 and A.11.
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Table 1— Model parameters obtained for Arrhenius equation

20 §" 41 ¢ 68 "
Samples 1o Ea R? Mo Ea R? Mo Ea R2
(°Brix) (Pa.s) (kJ.mat) (Pa.s) (kJ.mad) (Pa.s) (kJ.ma))

6 0.0153 8.4739 0.99340.0055 9.9076 0.9969 0.003 10.6463 0.9991
7 0.0342 8.0023 0.99580.0179 8.4095 0.99590.0108 8.819 0.9958
8 0.0819 6.6012 0.94720.0484 6.6037 0.94290.0255 7.2672 0.9492

9 0.142 6.9361 0.94060.0573 7.9126 0.9466 0.0237 9.2167 0.9798

E. indicates the viscosity sensibility to temperatwariations. High E values
indicate that viscosity varies a lot with changétgemperature. As it can be seen in Table 1,
R? exceeded 94% in all cases, indicating an adeqadjiestment. The value of flow
activated energy growed slightly with the increaseshear rate. This fact can be seen in
Figure 3, as well as the decrease of apparentsitgcaith more intensive deformations.
Thus, heat transfer processes can be helped lagitagion in different stages of processing
(FALGUERA and IBARZ, 2010). Considering the largekear rate (687, the E value to
9 °Brix was 10.64 kJ.mdl This result is similar to the obtained by ALTANGAMASKAN
(2005), (& = 8.6 kJ.mol) for pomegranate juice at 35.2 °Brix and by GRATAOal.
(2007), (& = 11.59 kJ.mot) for soursop juice at 9.3 °Brix. The values qf $howed no
clear trend regarding changes in concentration.il&inbehavior was observed by
GRATAO et al. (2007) for soursop juice and CHINakt(2009) for pommelo juice.

Figure 4 shows the apparent viscosity (Pa.s) amnatibn of the shear rate.
Measurements were performed at temperatures frontol35 °C with 9 °Brix pulp
concentration. Similar graphs were obtained for ttleer concentrations but no new
information could be obtained, so these data apgvshat the end of the work, in Figures
A.7, A8 and A.9.
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Figure 4 — Mume pulp apparent viscosity versus shear taengperatures
from 15 to 75°C and 9 °Brix.

Regarding Figure 4, changes in viscosity with therease of shear rate showed a
pseudoplastic behavior and consequently a non-Neatocharacteristic fluid for all
temperatures (MACEIRAS et al.,, 2007; TIZIANI and BOVOTZ, 2005). The Non-
Newtonian behavior of mume pulp can be attributedhte presence of soluble pectin
around 11% in dry basis as well as other solulideré. Rheological properties of most
liquid foods change during the processing stagestaheir dependence upon temperature
and concentration (GRATAO et al., 2007). The appiavéscosity of mume pulp decreased
with the raise of the temperature, as previouslseoled in Figure 1. This same behavior
can be seen in Figures 3 and 4 (Shear Stress @ar Bate).

Table 2 presents the data obtained for the adjudtmeaccordance with the Power
Law model for mume pulp at different concentraticmsd temperatures. Due to an
experiment limitation, it was not possible to ohtdata for 6 °Brix at 75°C. The graphics
of the linearization of Ostwald-Waele model arevehat the end of the work, in Figures
A.12 and A.13.
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Table 2— Power law parameters for mume pulp at diffecemtcentrations and temperature

Temperature (°C)

Samples 15 25 45 65 75
(°Brix) Parameters

n 0.2937 0.2757 0.2465 0.1789 0.1519
9 k (Pa.§) 22.9439 19.5389 18.0164 19.7227 21.4914
R2 0.9996 0.9976 0.9937 0.9538 0.9706

n 0.2702 0.2497 0.2275 0.2243 0.2249
8 k (Pa.§) 12.1609 10.487 10.25199.1811 8.3157
R2 0.9978 0.9981 0.9961 0.9963 0.9897

n 0.3288 0.3104 0.2913 0.2829 0.2752
7 k (Pa.§) 7.2623 6.8795 5.8905 5.2258 4.7333
R2 0.9994 0.9991 0.9983 0.9989 0.9997

n 0.405 0.384 0.3489 0.2903 --
6 k (Pa.§) 3.1756 2.9711 2.5834 2.6686 -
R2 0.999 0.9987 0.9968 0.9962 --

Regarding the results shown in Table 2, it is giesio observe that n values were
smaller than a unity indicating non-Newtonian andeymoplastic behavior at all
concentrations and temperatures levels. The n svatlexreased with the increase of
concentration. Similar behavior was observed by BR$ et al. (2005) for sesame
paste/concentrated grape juices blend and by GRA®A@I. (2007) for soursop juice.
Additionally, as expected, the flow behavior indglightly decreased with the raise in

temperature for several concentrations.

For fruit juices, the flow behavior index usuallgaleases with the increase in

concentration of soluble solids because diluteegiitend to show rheological behavior
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similar to water. The value of n usually increaséghtly with the rise of temperature.

Because these variations are quite small, som@utonsider n as constant (GRATAO et
al., 2007). The fluid behavior for mume pulp atr@l® °Brix were similar to those found to

prune puree at 20 to 40°C studied by MACEIRAS g(2007).

Both analyses of n ang values are important in juice processing. For gdanthe
increase in consistency index will decrease theifig rate of juice in the pipe due to the
more resistance to flow. This means that holdinggetin flow lines during pasteurization at
recommended temperature will be longer for juicék Wwigher total soluble solids for the
same pressure drop (CHIN et al., 2009). Figuresdbashow the consistency index ) as

function of temperature and °Brix respectively.
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Figure 5— Consistency index of mume pulp as a functioteofperature for various concentrations.

It can be seen in Figure 5 that in general consistendex decreases with the raise of
temperature, as expected. But the increase ofetinpdrature over 60 °C for mume pulp
with 9 °Brix showed decrease &f. This can be result of chemical reactions and &bion
of products with higher consistency index. It atem be seen in Figure 6 that the mume
pulp consistency index changed more significantithwihe modification of concentration
than variation of temperature. Thus, a small déifee of pulp concentration form different
products from the same production batch can gi¥ierdint consistency index and this

effect can be more significant than the raise wigerature.
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Figure 6 — Consistency index of mume pulp as a funtion it Bor various temperatures

The mume pulp consistency index changed more gignifly with the modification
of concentration than variation of temperature. Toensistency index increased
exponentially with the concentration increase. khevalue for mume pulp at 9 °Brix and
25°C was about 19.54 P3.which is higher when compared with soursop jiiicé5 Pa.y
at 9.3 °Brix and 28.4°C (ARSLAN et al., 2005).

Tables 3, 4, 5 and 6 show the models paramete@Gasson and Bingham for mume
pulp at temperatures from 15 to 75°C and °Brix ragyfrom 9 to 6. Due to an experiment

limitation, it was not possible to obtain data otBrix at 75°C.
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Table 3— Casson and Bingham models parameters for muipeap@ °Brix

Temperature Casson Bingham
°C) K oc K¢ R2 T0 Ne R2
15 2.213 0.242 1.000 8.231 0.142  0.995
25 2132 0.214 0.999 7.383 0.116  0.995
45 1965 0.171 1.000 5950 0.081  0.997
65 2.633 0.294 0.996 5419 0.057 0.996
Table 4— Casson and Bingham models parameters for muipeapd °Brix
Temperature Casson Bingham
(°C) K oc Ke R2 T0 N R2
15 3.291 0.258 0.999 16.113 0.198  0.992
25 3.180 0.230 0.999 14.654 0.166  0.993
45 2917  0.193 1.000 12.011 0.124 0.994
65 2.740 0.173 0.999 10.469 0.104  0.993
75 2.606  0.157 0.997 9.347 0.088 0.986
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Table 5— Casson and Bingham models parameters for muipeap8 °Brix

Temperature Casson Bingham
(°C) K oc K R2 o Mo R2
15 4.154 0.247 0.999 23.651 0.220 0.993
25 3.830 0.203 0.995 19.522 0.161 0.985
45 3.735 0.177 0.998 18.068 0.134 0.991
65 2431 0.323 0.874 8.273 0.273 0.723
75 3.389 0.152 0.973 14731 0.103  0.949

Table 6 — Casson and Bingham models parameters for muipeap@ °Brix

Temperature Casson Bingham
°C) K oc K¢ R2 T0 Na R2
15 5.776 0.383 0.998 47.163 0490 0.990
25 5.277 0.323 0.999 38.469 0.369 0.993
45 4.991 0.264 0.998 33.117 0.275  0.995
65 5.051 0.175 0.954 31.039 0.168 0.944
75 5.210 0.144 0.942 31.895 0.135 0.906

Tables 7 and 8 show the Herschel-Bulkley model patars for mume pulp at
temperatures from 15 to 65°C and °Brix varying fr@mo 6. Due to an experiment
limitation, it was not possible to obtain data otBrix at 75°C.
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Table 7— Herschel-Bulkley model parameters for mume jail and 7 °Brix

Temperature 6 °Brix 7 °Brix
(°C) To K n R2 To K N R2
15 4236 4.236  0.587 1.000 7,203 3.010.471 1.000
25 4.054 4.054 0.583 1.000 7.570 2.340.484 1.000
45 4.408 4.408 0.678 1.000 7.720 1.300.537 1.000
65 4.133 4.133 0.636 1.000 5.929 1.516.478 1.000
75 - - - - 1.979 3.3330.325 1.000

Table 8- Herschel-Bulkley model parameters for mume il and 9 °Brix

Temperature 8 °Brix 9 °Brix
(°C) To K n R2 T0 K n R2
15 15.360 2.593 0.516 1.000 19.3350.464 0.414 1.000
25 7947 4.862 0.360 0.998 25.633900 0.5351.000
45 12.881 1.645 0.508 0.998 26.734..715 0.6320.998
65 1.272 8.235 0.237 1.000 19.606689 0.3710.956
75 2.531 10.496 0.196 0.991 4.884 17.370.172 0.968

Determination coefficients obtained in the adjusimef experimental data to

Herschel-Bulkley and Casson where equal or sindat00%, as shown in Tables 3 to 8.
The non-linear regression for Herschel-Bulkley mad®wed that yield stress) did not

show consistent behavior regarding to temperatar@aton. This situation was reported by
FALGUERA and IBARZ (2010) to concentrated orange&eguat temperatures from -12

until 30°C. However, it was observed that yieldessr values increased with the raise of
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concentration. Similar behavior was observed fer dbnsistency indexx(). Taking as an
example, the mume pulp with 8 °Brix at 15 to 25 %¥Bowed consistence index of
3.73 Pa% At the same temperature range, for carrot juic8.@4 °Brix, the consistency
index is 0.03067 PAYVANDRESEN et al., 2009), which indicates that theme pulp
has, in addition of soluble solids, other composenhich increase its consistency. The
consistency values for mume pulp were similar twséhobtained for concentrated orange
juice (FALGUERA and IBARZ, 2010). Regarding to Tebl7 and 8, flow behavior index
(n) values were higher than those determined bypihwwer law. However, all values

remained less than unity confirming a pseudopldbterschel-Bulkley) behavior.

4. Conclusions

Modeling of the rheological behavior of mume pulpowed that it is time non-
dependent, non-Newtonian and presents a pseudoplgstrschel-Bulkley) behavior,
similar to other fruit juices. The consistency olimme pulp depends strongly on its
concentration and in less importance, the temperalerschel-Bulkley, Casson, Bingham
and Ostwald-Waele models represented well the ogeml data with high correlation

coefficient values.
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Micro reestruturacéo da polpa de umé para adicao asuco

clarificado

Artigo a ser enviado para revista cientifica, em deicao.

RESUMO

Durante o despolpamento do umé, as células vegptaisompdem a polpa sdo destruidas.
Porém, este material pode ser micro reestruturagermanecer novamente na forma de
particulas em suspensdo, processo este geralmexitmdo por hidrocoloides. Para o
processo de micro reestruturacao, podem-se utdifarentes tipos de gomas, como gelana
e alginato de sodio, levando-se em considerac&aloses de pH do meio onde os pedacos
de goma com polpa serdo mantidos. Em valores dealphixo de 3,5 os pedacos
solubilizam-se novamente no suco. No caso da pdepaimé, cujo pH natural é de
aproximadamente 2,7, o pH deve ser ajustado (aaahemara 3,5), pois em valores de pH
acima de 4,5 o sabor da polpa é afetada, perdeadmmor e a acidez e ficando levemente
salgada. Foram produzidas particulas esféricas,di@metro de aproximadamente 3 mm.
A elevacgédo do pH para, no minimo 3,5 mostrou-selicén necessaria a estabilidade fisica
das particulas. A adicdo de 0,5% alginato de sadmwlpa de umé com pH corrigido,
mergulhadas em solucdo com 1% cloreto de célcio,ppoiodo superior a 5 minutos

forneceu particulas esféricas estaveis no sucificdao de ume.
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1. INTRODUCAO

O consumo de bebidas néo alcodlicas tem apresefagdocrescimento no Brasil.
Dentro deste mercado, existem as bebidas com daldontas, que podem ser classificadas
como: 1) sucos naturais, obtidos diretamente d@ fpor prensagem ou extragao fisica,
como no caso do suco natural de laranja ou de n2agajcos desidratados, produzidos a
partir da retirada de agua, geralmentespnay-drier, que contribui para o barateamento na
logistica e armazenamento, pela diminuicdo do peslome e da atividade de agua do
produto; 3) sucos concentrados, obtidos pela detipmarcial de agua, realizada geralmente
em evaporadores de multiplos efeitos, visando dip#io do peso e do volume, e
preservando a maior parte das caracteristicas d@&riengorima original, 4) sucos
reconstituidos, obtidos pela diluicdo de suco comado ou desidratado, até a
concentracao original do suco integral ou ao teimimo de solidos soluveis estabelecidos
pelo padrdo de identidade e qualidade (PI1Q) do;sk)coéctares de frutas, que sdo sucos
formulados prontos para beber, onde podem seroadiddos agua, adocantes naturais ou
artificiais e acido organico predominante da friMaste caso, o produto deve conter no
minimo 30% da polpa de fruta, salvo os casos dadrde sabor ou acidez muito forte; 6)
polpas congeladas, caracterizadas pela auséncjaatiguer adicdo de ingredientes, obtida
da extracdo, seguida do congelamento para a cagéendo produto (ROSA, COSENZA
& LEAO, 2006; BRASIL, 2003; WELTI-CHANES, BARBOSAANOVAS &
AGUILERA, 2002).

No panorama mundial, as bebidas a base de frutas pa@cipalmente
comercializadas na forma concentrada, sendo quemde laranja é ainda o principal suco
comercializado mundialmente. O suco de laranjaoredg por cerca de 40% do consumo
mundial de sucos seguido pela macéd, que correspangigroximadamente 25% deste
mercado. As principais companhias que atuam na roietizacdo de sucos sao: Gerber
Foods, Grupo Fischer (Citrosuco), Refresco GrotygeS-oods, Conserve Italia, Procter &
Gamble, Riedel Drinks , PepsiCo e Coca-Cola Comg®QSA, COSENZA & LEAO,
2006).
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No Brasil, o mercado de bebidas com sabor de fet@asapresentado crescimento
vigoroso, na ordem de 11 a 13% ao ano, nos ultkBanos, especialmente na categoria de
sucos prontos para beber, o que tem incentivadogresso de varias empresas neste
mercado. Este aumento do consumo alterou signivfiesaente a producéo de uvas, com o
aumento da producéo de suco de uva em detrimengmdacao de vinhos a partir de uvas
americanas, ndo recomendadas para a elaboracaohds.\Segundo IBRAVIN (2011), a
partir de 1999 o suco de laranja deixou de seriripal sabor no mercado nacional de
sucos prontos para beber, onde atualmente ocugraearé posicao, liderada pelo suco de

uva e seguida do sabor péssego.

No mercado nacional de bebidas com sabor de froagrodutos em pé ainda
apresentam grande participacdo, devido ao seu basto e facilidade de armazenamento
e conservacdo. Porém, o consumo de néctares tenentadn significativamente,
principalmente pelo forte apelo saudavel, aumentpatier aquisitivo médio da populacéo
e praticidade (CITRUSBR, 2010).

A maior parte dos sucos prontos para beber sd@reéctle frutas. No Brasil, o0
Decreto n°® 6.871 de 6 de junho de 2009 regulangeh& n® 8.918, de 14 de julho de 1994,
para os produtos comerciais, onde os de maior B&pca sdo 0s néctares e as bebidas a
base de soja (BRASIL, 2009). A Instrucdo Normativd4, de 04 de setembro de 2003
estabelece os padrées de identidade e qualidadeiats tropicais e néctares de frutas
(BRASIL, 2003). Dessa forma, sédo estabelecidostdsnminimos de polpa, bem como a

lista de aditivos permitidos.

No Brasil, os néctares e 0s sucos integrais sdalngemte comercializados em
embalagens de vidro de 500 mL, lata de 335 mL,nowa&tonados de 200 ou 1000 mL. O
desenvolvimento de novos sabores e tipos diferdaside produtos foram os principais
responsaveis por este aumento do consumo. Portenmercado ainda encontra-se distante
do seu potencial, fato que fica evidente quandoosgpara o consumo de sucos na ordem
de 8 litros por habitante-ano no Brasil, com o coms na Europa e Estados Unidos, na
ordem de 20 e 40 L/(hab.ano), respectivamente (RGESENZA & LEAO, 2006).
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Seguindo uma tendéncia mundial, a maior demandarpdutos saudaveis beneficia
0 consumo de sucos no Brasil. Com a crescente ypag&o com o aumento da obesidade
e doencas associadas ao aumento da massa copp@uwacao brasileira, os suchst e
light adquiriram rapida e intensa aceitacdo no mercadomal (ROSA, COSENZA &
LEAO, 2006).

Outra tendéncia atual € o desenvolvimento de socoos particulas em suspensao.
Estudos de mercado apontaram que 0s consumid@esas a presenca de particulas ou
pedacos de frutas com um produto saudavel (SI&)2060 Brasil, o langcamento de suco
de laranja com “gomos” segue este apelo. Com sgwpduto chega ao mercado a um
valor muito acima do néctar comum de laranja.

No caso de frutos onde ndo é possivel o corte separacdo mecanica de pedacos,
durante o despolpamento do fruto ocorre a perdarduato e da textura do fruto. Portanto,
para a elaboracéo de particulas em suspensdospader a polpa na forma de particulas e
garantir a sua estabilidade durante os processdrsangporte no interior de tubulagdes,
pasteurizacdo, envase e estocagem. Frutas reestlagypodem ser produzidas com 0 uso
de hidrocol6ides como goma gelana, alginato ouingeate baixo grau de metoxilacéo,
seguidas da retirada parcial da agua (GRIZOTTO, IRRE & MENEZES, 2005).
Particulas de menor tamanho podem ser obtidasapiglantacdo da polpa adicionada de
hidrocoléides a uma solucdo contendo calcio, pamiir a combinacdo do calcio a
estrutura formada pelo hidrocoloide. A massa efipaaila particula formada deve ser a
mais proxima possivel da massa especifica do sude ficara mergulhado, para evitar ou
retardar a separacéo fisica. A viscosidade dogode ser aumentada com o uso de gomas,
podendo impedir ou retardar a separacao fisicaasesf fazendo com que as particulas

permanecam igualmente distribuidas no produto (QRKE 2011).

A Lei de Stokes (Equacdo 1) mostra que a velocidaduinal de uma particula
imersa em um fluido é inversamente proporcionakeosidade (i), ou seja, quanto maior
a viscosidade do fluido, maior sera o tempo neciespara a separacdo (decantacdo ou
flotacdo) da particula. E possivel observar tambgue, para minimizar a velocidade de
separagdo, € necessario que a massa especificartttaulp pp) seja a mais proxima

possivel da massa especifica do fluiglo (
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. = (P =P)ID; (1)
‘ 18u

Onde: = velocidade terminal da particula;
g = aceleracdo da gravidade (9,819n/s

D, = diametro caracteristico da particula.

O desejo do consumidor brasileiro por sucos dedfifes sabores e que apresentem
beneficio a sua salde pode ser suprido pelo ddsengato de néctares de frutas tropicais
ou exdticas como o um@irunus mumk Diversos trabalhos atribuem ao consumo de frutos
de umé beneficios & saude, como a melhoria daefluib sangue, capaz de prevenir
doencas corondrias e 0 combate ao cancer em divérgdos e em estagios diferentes,
assim como o auxilio na prevencédo de doencas degieas, pelo combate aos radicais
livres formados no organismo (TSUBAKI; OZAKI and AKIA, 2010; SHI et al., 2009;
SHI and MOY, 2005; UTSUNOMIYA et.al., 2002). Alémisdo, apresenta grande
rusticidade agricola, o que permite vislumbrar adpcdo industrial de umé sem a

necessidade de defensivos agricolas.

Além disso, o sabor do umé lembra o péssego, corarama mais acentuado e mais
adocicado. No entanto, o suco de umé apresentadeleacidez e grande amargor. Grande
parte do amargor pode ser retirada pela clarificalgéisuco, por centrifugacdo ou com o
auxilio de enzimas pectinases. Porém, o clarificagsultante apresenta um poder
antioxidante significativamente inferior ao originBessa forma, o presente trabalho teve
como objetivo estudar a micro reestruturacdo dagpde umé, com elevado amargor e
elevada atividade antioxidante, para posteriorddeo suco clarificado, de modo a obter

um produto diferenciado com elevado poder antioxiela
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2. MATERIAL E METODOS

2.1. Preparo da polpa

Os frutos de umé foram colhidos na regido de Arga®P, ainda no estagio verde
de maturacdo, com inicio de coloracdo amareladaende clara. Em seguida, foram

mantidos em local protegido, mas com aberturasgeraitir a respiracao dos frutos.

De 6 a 8 dias apés a colheita, os frutos madun@snfeelecionados pela coloracdo
amarelada dos frutos. Neste ponto, a acidez tibtddhviel decresce significativamente e

ocorre formacgéo de perfume semelhante ao de péssagale maior intensidade.

Lotes de 5 kg de frutos maduros foram branqueagtosidcamente pela imersdo em
agua em ebulicdo por 120 segundos. O tempo minawahqueamento foi avaliado pela
inativacdo da enzima peroxidase. Amostras de 8drmteiros foram imersos em agua em
ebulicdo por periodos de 20 a 120 segundos, résfriam agua corrente logo apés este
periodo. Em seguida, foram cortados, imersos era dgstilada, adicionado 1 mL solugéo
de guaiacol-1%, seguido de 1 mL peroxido de hidnag®,5%, por 120 segundos. A

coloracdo marrom € indicio de acdo da enzima paaegi

Testes preliminares foram realizados para avalisenaimento do despolpamento
com a instalagdo de um inversor de frequéncia nomum despolpador. A faixa estudada
foi para a frequéncia entre 40 e 60 Hz. Para angateda polpa de umé, o despolpamento
foi realizado logo apds o branqueamento, ainda@®ifnutos quentes, em despolpador tipo
escovas com tela perfurada com aberturas de 2,Zomimmaxima velocidade de rotacao,

para obter maximo rendimento, conforme resultadssestes preliminares.

Em seguida, a polpa foi desaerada por 30 minutBsa 350 °C em tacho bule
encamisado a vacuo, dotado de pa misturadora. papdesaerada, ainda no bule
desaerador, foi rapidamente aquecida até 80 °Ctidagmor 10 minutos e imediatamente
envasada em potes de vidro com 600 mL de capacidade tampa metalica. Os potes

foram invertidos por 5 minutos, para garantir agaszacao da tampa.
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Apos a pasteurizacado, os produtos foram resfriadosagua corrente sobre a tampa.
Este preparo da polpa pasteurizada foi realizadplaata piloto de processamento de
Frutas e Hortalicas da Faculdade de EngenharialideeAtos da UNICAMP. A polpa de
umé pasteurizada foi mantida ao abrigo da luz,empératura ambiente até o momento do

uso.

2.2. Clarificacéo e obtencao das particulas mistaeiradas de polpa de umé

Em um dos tratamentos a clarificacdo da polpa &alizada fisicamente em
centrifuga refrigerada, modelo Hitachi HIMAC CR 2LGcom suporte R12A6 com
12.300g (11.000 rpm), por 15 minutos, resultando wma fracdo clarificada e um
precipitado. Na clarificacdo fisico quimica, a @olipi previamente tratada com enzima
pectinolitica Pectinex 100L Plus (Novozymes®), omaaentracdo de 0,03 mg/ L, a 25°C
por 2 horas. ApGs a acéo das enzimas, a mistuceftiifugada a 12.300g por 15 minutos.

O pH da polpa nao foi alterado, mantendo-se a 2,7.

O pH da polpa de umé foi analisado e diferentes st foram elaboradas,
elevando-se o valor do pH de 2,7 até o valor deedip a adicdo de citrato de sddio, para
verificar o efeito do pH sobre a estabilidade dadigulas de polpa com hidrocoldéide. O
suco clarificado também teve o seu pH elevado psn@mesmos valores utilizados para as

particulas.

Para obtencdo das particulas micro estruturadgelga de umé, concentracdes de
0,5 a 2,0% de alginato de sédio foram misturadaslpa. Em seguida, gotejou-se esta
polpa a um angulo de 45° a uma altura que varg@ chm até 10 cm, entre a ponta do
conta-gotas e a solucdo resfriada a 6 °C de clatetoalcio (concentracdo entre 1,0 e
2,0%), determinando-se as condi¢cOes ideais paraafgiio de particulas praticamente
esféricas. Apos o tempo pré-determinado de imeesfioyicro particulas foram separadas

da solugéo com o auxilio de uma peneira com alzediil mm.

A aparéncia e a textura das esferas formadas faxeatiadas em diversos tempos

apos imersao das particulas na solugéo de cloest@ldio. As particulas foram avaliadas
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visualmente e foram experimentadas sensorialmegite guipe participante do projeto,

para verificar a presenca de sabor ou texturardgetra

A estabilidade das particulas formadas foi avalimdatendo estas imersas em suco
clarificado com pH ajustado aos mesmos valores Hiep@r 24 horas, em repouso, a
temperatura ambiente. As amostras que resistiramegsao no suco clarificado por 24
horas foram submetidas ao aquecimento até 80 °6 ponutos, sem agitacdo, avaliando-

se também sua resisténcia térmica.

Para preparo do néctar clarificado de umé, foiiadédo 0,5% de goma gelana
kelcogel PS (CP Kelco®), com uso de um mixer, gaegparo de lotes de 2 litros de

produto.

Foram pesados 10 g de polpa micro reestruturadataoor de frascos de vidro,
seguido de enchimento a quente com 200 mL de nélaaficado com 0,5% de goma
gelana. Este produto foi deixado por 3 dias pasdiagéo visual com relacdo a separacao

das fases.

3. RESULTADOS E DISCUSSAO

3.1. Preparo da polpa

O pH original da fruta foi de 2,69+0,2. O teor d#idos sollveis totais da fruta
variou de 9,5 a 10 °Brix. A acidez total titulawelriou de 2,0 a 3,8 g/ 100g de fruta,
expresso em &cido citrico. A polpa final apreseniouteor médio de soélidos solUveis
totais de 9,0 °Brix, acidez titulavel de 2,2 g/ §@0‘ratio” de 4,09.

No branqueamento dos frutos, o tempo minimo des@&wedos frutos em agua em
ebulicdo foi de 80 segundos. Tempos inferiores rash a inativacdo somente da parte

externa dos frutos, como mostrado na Figura 1.
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(@) 40s (b) 50 s (c)80s
Figura 1 — Branqueamento de frutos inteiros, por imersa@gona em ebulicéo.

A partir de 100 segundos de branqueamento térnusdrdtos inteiros, observou-se
0 amolecimento da polpa, que aumentou o rendimeémtdespolpamento. No entanto, a
partir de 120 segundos de imersdo em agua em &buticorreu a perda da consisténcia e
rompimento da casca, com consequente perda des@l escorrimento.

O rendimento do despolpamento aumentou com o0 aomeot tempo de
branqueamento, devido ao amolecimento da polpaaudento da velocidade de rotagcao

das escovas do despolpador.

3.2. Clarificacdo e obtencao das particulas mistauiradas de polpa de umé

Na clarificacdo do suco de umé, ndo foi observaiierethca significativa no
rendimento de suco clarificado, que correspond&5-88% do volume inicial de polpa.
Isto ocorreu provavelmente a elevada aceleracatrifoga a qual as amostras foram
submetidas.

N&o foi observada a formacédo de particulas séldasolucédo de cloreto de calcio
nas amostras com pH 2,7 e 3,0. Particulas formeataspH 3,5; 4,0 e 4,5 apresentaram
estabilidade fisica somente a partir do tempo deirfutos apdés a imersao na solugcédo de
cloreto de célcio. O ion bivalente presente em c¢cdmudifunde-se para o interior da
particula e estabiliza a cadeia polimérica de atginconstituida por varias unidades de sais

de acidosp-D-manurdnico ea-L-gulurénico, unidas por ligacdes glicosidicasmeo
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mostrada na Figura 2. O fon“C@romove a ligacdo entre as cadeias lineares, faima
uma estrutura tridimensional gelatinosa insoluval forma de esferas (Garcia-Cruz,
Foggetti & Silva, 2008; Souza, Peralta-Zamora & ddweki, 2008).

COONa H
H o H 1O
H COONa o
OH OH o OH OH AN
H . H
H H H H

Figura 2 — Estrutura do alginato de sédio (Souza, Peratadéta & Zawadzki, 2008).

Em valores de pH inferiores 3,0 o &cido algingssume a forma ibnica, ndo
permitindo a ligacdo com o ion calcio, o que impadsstabilizacdo da cadeia e formacao
de gel. Por isso, a polpa com alginato de sodim, s@dificacdo do pH ndo resultou na

formacéo de micro particulas esféricas.

No experimento com a adicdo de 0,5% alginato déosédoolpa de umé, temos
469 mg de alginato (PM = 349 g/mol) para cada 1@@ golpa e se todas as ligacOes
ibnicas da molécula de alginato forem ligadas aocilcio, forneceria aproximadamente
96,5 mg de calcio por 100 g de micro particula. dicd de 5g de polpa micro
reestruturada para cada 100 mL de suco, forneamg @ calcio, o que € insuficiente para
o “claim” fonte de calcio, onde 100 mL de liquideveé fornecer no minimo 7,5% da IDR.

Dentro da faixa de trabalho utilizada, a conce@dade cloreto de calcio nao
influenciou na textura das particulas. Porém, ecalasndustrial o teor de ions calcio na
solucdo deverd ser monitorado e controlado, parantin a estabilidade das particulas
formadas. Para cada 100 L de suco clarificado caononparticulas em suspensao, sao
necessarios 5 kg de micro particulas formadas, sddeconsumidos aproximadamente

1,3 L de solucao de cloreto de célcio 1%.
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A altura de alimentacdo da mistura polposa exentgortante influéncia sobre o
formato da particula formada. Distancias entre imemitacdo da mistura polposa e a
superficie da solugéo de cloreto de calcio supesiar2 cm resultaram no achatamento da
particula devido ao aumento da velocidade e impemto a solucdo. Alturas inferiores a

2 cm nao apresentaram diferenca significativa.

Com o aumento do pH pela adicdo do citrato de s@d&abor da polpa alterou-se
significativamente, diminuindo a sensacao de amaggacidez e ficando salgado. Com a
tendéncia de reducgéo do teor de sédio nos alimeaiado a alteracdo do sabor original da
fruta, € recomendavel a minima elevacdo do pH,eneato até 3,5, que permita o

processamento desejado.

O aumento da concentracao de alginato a polpa é@eresaltou em micro particulas

mais consistentes, mas notou-se sensorialmentecansasténcia estranha e alteracdo do
sabor.

Todas as micro esferas formadas e imersas pompehos 5 minutos em solugéo de
pelo menos 1% cloreto de calcio apresentaram édtd® em suco em repouso por 24
horas a temperatura ambiente em pH de no minimd8rb como apds o0 aquecimento até
80 °C por 5 minutos, em repouso.

Portanto, o melhor preparo da polpa foi a mistuna ©,5% de alginato de sodio e
ajuste do pH para 3,5. Esta mistura gotejada a #Aeraltura em solugéo de cloreto de
calcio 1,0% forneceu particulas esféricas de apradamente 3 mm de diametro, estaveis
em pH 3,5 por 24 horas e a 80 °C por 5 minutos,agtacao.

Com a adicao de 0,5% de goma gelana ao suco cdatifj foram necessarios 2 dias
para se observar a decantacdo da polpa microueeatita. No entanto, na elaboragédo de
néctares sem adicdo de acucar, a diferenca de esgszifica deve aumentar, necessitando
utilizar maior concentracao de goma, para aumesmtastosidade da fracdo liquida.
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4. CONCLUSOES

A mistura de polpa de umé com 0,5% de alginatodditosteve que ter o seu pH
aumentado para 3,5 de modo a formar particulasieéestaveis, apos permanecer um
tempo minimo de 5 minutos em solugéo resfriadala®to de calcio 1%. As particulas
formadas ndo se dissolveram apos 24 horas em fardaccado com pH 3,5. Além disso,
mostraram-se estaveis apds o aguecimento a 80r°6 minutos. A adicdo de diferentes
teores de particulas de umé com alginato ao swrdichdo de umé pode fornecer um

produto completamente novo, com forte apelo deaaaldalém de muito prazeroso.
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Concluséo geral

Os frutos de umé na Regido Sudeste do Brasil agesemenores dimensdes e
massa (6 a 16 g), quando comparado com valoretadek em literatura dos paises
asiaticos (15 a 30 g), grandes consumidores e iadoFes destes frutos. A relagdo
polpa:carogo também se mostrou inferior nos frutnletados no Estado de Sao Paulo.
Observou-se que a casca apresenta maior teor deostma fendlicos, comparado com a
polpa. No entanto, durante o despolpamento, grpade da casca € misturada a polpa, o
gue ajuda a conferir sabor amargo e propriedadéac@uticas, como o combate aos

radicais livres no organismo ou em produtos praokss

O teor de compostos fendlicos e a atividade ardante dos frutos ndo apresentou
variagdo significativa durante a maturacdo do$ua partir dos frutos fisiologicamente
maduros. Dessa forma, é possivel vislumbrar a Ipibdside de produtos processados a
partir de frutos maduros apresentarem os mesmaibes relacionados ao consumo de
alimentos produzidos a partir de frutos verdesrmdé,.lamplamente divulgados na literatura
cientifica.

O comportamento reolégico da polpa de umé mostoeuagconsisténcia do produto
é fortemente influenciada pela concentracdo daapaendo ndo dependente do tempo e
pseudopléastico (Herschel-Bulkley). Os modelos des¢teel-Bulkley, Casson, Bingham e
Lei da Poténcia forneceram boa correlagéo de \aléreequacdo de Arrhenius permitiu o
calculo da energia de ativacdo para diferentes erdra;0es de polpa de umé. Estes
resultados séo importantes no dimensionamentoligaitbes industriais, equipamentos e

parametros de processo.

Para a micro reestruturacdo da polpa de umé, cepéldue ser elevado para 3,5 e
foram necessarios 0,5% de alginato de sédio e Bw&nmem solucado resfriada de cloreto de
calcio 1% por pelo menos 5 minutos. Estas parscidemadas mostraram-se estaveis ao
aguecimento e podem ser adicionadas ao suco depam#&a elaboracdo de um produto
inovador de grande aceitacdo e apelo de saudavel.
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1)

2)

3)

Sugestbes para trabalhos futuras

Realizar anéalise sensorial do néctar de umé indtegeaificar diferentes diluicoes,
teores de acucar e viscosidade. Avaliar a aceitdoaoéctar de umé em paralelo a
aceitacdo de néctar comercial de péssego.

Identificar com uma sequéncia aleatéria de trésemdsne a ordem de apresentacao
das amostras para diferentes provadores;

Realizar andlises afetivas utilizando escala heddestruturada de 9 pontos, onde: 9)
Gostei muitissimo; 8) Gostei muito; 7) Gostei medamente; 6) Gostei
ligeiramente; 5) Nao gostei/ nem desgostei; 4) Dstgj ligeiramente; 3) Desgostei
moderadamente; 2) Desgostei muito; 1) Desgosteissimo.

Analisar os resultados pelo teste das médias deyTpkra p<0,05 utilizando o
software Statistica, verséo 5.5 (Statsoft ®).

Realizar analise sensorial ddends néctar de umé integral e néctar de péssego
comercial. Verificar diferentes teores de mistyoaya avaliacdo da diferenca e
aceitacao.

Teste triangular, seguido de preferéncia da amdgeeente.

Realizar analise sensorial do néctar de umé dadé com adicdo de particulas de
polpa em suspensédo. Verificar o teor ideal de @das$ em suspensdo, bem como o
tamanho ideal. Avaliar a aceitacdo do néctar aadb com particulas em suspenséo

e comparar com a aceitacdo do néctar comerciadéskepo, realizado em paralelo.
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Anexos
Anexo A.1 Graficos de reologia
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Figura A.1 — Viscosidade aparente versus tempo para tempasada 15 a 75°C, a 8 °Brix
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Figura A.2 — Viscosidade aparente versus tempo para tempasada 15 a 75°C, a 7 °Brix
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Anexo A.2 Observations about Chapter Brunus mume- fruit characteristics and

phenolic content capacity

Figure 3: Whole and cut fruit collected in Sao Batrazil.

Mume fruits were collected in Valinhos, SP, Brakititude 22°59'28”S; Longitude
47°02'38"W; Elevation 640 m; Koeppen classificatina.

Fruits had their color evaluated every day aftervést. On the 8 day, fruits
presented yellow color and characteristic odoripé mume fruits, similar to peach with

floral notes. After the 7 day the fruits showed advanced signs of senescence

Total phenol content of the ethanol extracts wagrdened with Folin-Ciocalteu
colorimetric method (SINGLETON and ROSSI, 1965)hnvitome modifications. Briefly,
0.1 ml extract was diluted with 8.4 ml distillatecater and mixed with 0.5 ml Folin-
Ciocalteu reagent. The contents were mixed by masaking for 15-20 s.

After 3 min, 1.0 ml of 20% sodium carbonate solntiwas added. The reaction
mixture was incubated at room temperature for héh iés absorbance was measured at
720 nm using a dual beam UV-Vis spectrophotome®@injadzu, Mod. UV-Mini 1240).
Catechin (SIGMA, C-1251) was used as an analytis@ndard for total phenol
guantification and it was expressed as milligrarhgatechin equivalents (CE) per gram
wet basis (g-WB) of fruit.

TPC analyses were performed in triplicate.

Pulping was performed in pilot-scale brush pulpethw2.2 mm orifice apertures.
Vacuum was applied in 200g of pulp poured into epdalate with 20x20 cm and submitted
to 0.7 bar for 60 seconds. Then 150g of deaeratdl was weight inside co-extruded
polyethylene and polyamide flexible bags of 20xg0submitted to -0.7 bar for 20 seconds

and hot sealed.

Statistical comparison of means were performedgiSukey (p<0.05).
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