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RESUMO

As pequenas frutas vermelhas, bagasheuies vém sendo tema de
diversos trabalhos devido ao alto teor de compdstudicos e alta capacidade
antioxidante em sua composicéo, apresentando uortampe efeito de protecéo
contra doencas degenerativas. O objetivo destallrabfoi caracterizar e
determinar os compostos bioativos do morafgag@aria X ananassa)mirtilo
(Vaccinium corymbosum amora preta Rubus spp) framboesa Rubus
idaeug e cereja Prunus aviumlL.); desenvolver uma geleia mista de
framboesa amarela, vermelha e negra; avaliar @éimfia da cultivar de amora
preta nas caracteristicas fisico-qimicas, no peldil textura e na aceitacédo
sensorial da geleia e avaliar a degradacdo dos asio® bioativos no
processamento de geleias elaboradas com difemiitesres de amora preta. A
composicdo e teor de compostos bioativos das pagquémtas vermelhas
cultivadas em clima subtropical, no geral, foramekantes as frutas de climas
temperados, apresentando ainda maiores teoredaseina C. Em relacdo ao
processamento, percebeu-se que é viavel a elabodedgeleia mista de
framboesa, sendo que a proporcdo considerada éde30% de framboesa
amarela, 25-50% de framboesa negra e 30-75% dévdesa vermelha. Ja no
processamento de amora preta, conclui-se, comnzaseeitacdo e viabilidade
econbmica, que as cultivares mais adequadas pelabaracdo de geleia séo
Tupy, Comanche, Brazos, Guarani e Choctaw. Fofivadio também que ha
degradacdo dos compostos bioativos e reducdovidaale antioxidante devido
ao processamento das geleias de amora preta, gqeeda degradacdo desses
compostos foi significativante diferente entre adtivares. Destacam-se as
cultivares Brazos e Caingangue como as que sofsemeaores perdas com o
processamento, dando origem a geleias mais ricasoempostos bioativos e
com maior capacidade antioxidante.

Palavras-chave: Morango. Mirtilo. Amora preta. Hoaesa. Cereja



ABSTRACT

The small red fruits, berries or berries, have bbensubject of several
studies due to the high content of phenolic comdsuand high antioxidant
capacity in its composition, presenting a significprotective effect against
degenerative diseases. The aim of this study wabdoacterize and determine
the bioactive compounds of strawberrifrdgaria x ananassg blueberry
(Vaccinium corymbosuynblackberry Rubusspp), raspberryRubus idaeysand
sweet cherry Frunus aviumL.), developing a mixed yellow, red and black
raspberry jelly; evaluate the influence of blackpercultivar on the
physicalchemical, texture profile and sensory atzuege of jelly and evaluate
the degradation of bioactive compounds in the msiog of jellies prepared
with different blackberry cultivars. The compositi@and content of bioactive
compounds of small red fruit grown in subtropiciinate, in general, were
similar to the fruits of temperate climates, witker higher levels of vitamin C.
Regarding processing, realized that it is feastbl&eompile mixed raspberry
jam, and the ratio considered ideal is: 0-30% dfoyeraspberry, 25-50% of
black raspberry and 30-75% of red raspberry. Inpttoeessing of blackberry, it
is concluded, based on the acceptance and econahitity, the cultivars most
suitable for the preparation of jam are Tupy, Cochan Brazos, Guarani and
Choctaw. It was also verified degradation of biagctompounds and reduction
of antioxidant activity due to processing of blaektly jelly, and the degradation
of these compounds was significativante differanbag cultivars. Noteworthy
are the cultivars Brazos and Caingangue as suffdhie smallest losses in
processing, resulting in jams richer in bioactivempounds and higher
antioxidant capacity.

Keywords: Strawberry. Blueberry. Blackberry. RasppeCherry
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PRIMEIRA PARTE

1 INTRODUCAO

De acordo com Chang et al. (2006) e Kubota eR8ll%) pequenas frutas
vermelhas, bagas oberries sdo frutos diminutos carnosos e suculentos,
normalmente consumidos frescos ou em produtos ageieia, suco, doces,
bebidas fermentadas e xarope. Entre as pequertas frermelhas incluem a
amora preta Rubus spp.), framboesa vermelhaRubus idaeys mirtilo
(Vaccinium corymbosum morango Fragaria x ananassae cereja Rrunus
aviumL.) (SEERAM, 2008). Esses frutos sdo oriundosg@nmgnantemente, de
regifes de clima temperado, mas com os avancoshmramento genético e a
aprimoracdo do manejo cultural, algumas cultivéées sido adaptadas a outras
regibes e podem ser cultivadas em regifes com tetopas mais elevadas no
outono e inverno (PINTO et al., 2008).

As frutas, especialmente as vermelhas e azuisa&seem sendo alvo de
varios estudos por serem excelentes fontes de &tagbioativos (CARLSEN
et al., 2010; PANTELIDIS et al., 2007), apresentabéneficios adicionais a
salude (BEATTIE; CROZIER; DUTHIE, 2005; SAMEC et,&011; SERRA et
al.,, 2011). A protecdo contra doencas degenerato@®mo cancer e doencgas
cardiovasculares que o0s vegetais desempenham mes kamanos, esti
associada com uma variedade de componentes nerientao nutriente, sendo
muitos deles caracterizados por suas propriedadgsxidantes (ACOSTA
MONTOYA et al., 2010; ALMEIDA et al., 2011; MANACHet al., 2005;
PIETTA, 2000).

Os pequenos frutos vermelhos estao entre as fomesimportantes de
compostos fendlicos para as dietas humanas (HAKKIN& al.,, 1999a;
HAKKINEN et al., 1999b; HAKKINEN; TORRONEN, 20005egundo Kubota
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et al. (2012) aserries sao ricas em compostos fendlicos, como os acidos
fendlicos, taninos, estilbenos, flavonoides e datogas, mas essas bagas, em
particular, tém sido o foco de pesquisas em relasasuas propriedades ricas
em antocianinas.

Embora ja seja bem estabelecido que as pequenas fvarmelhas
sejam fontes de compostos bioativos, como polife@iantocianinas, esses
estudos séo principalmente focados em frutos adltis em climas temperados -
Europa, Asia e América do Norte (CHEN et al., 2018abendo-se que a
composi¢ao dos frutos varia com uma série de faterspécie, cultivar, manejo
cultural, regido, condi¢des meteoroldgicas, maioatempo de colheita e as
condicbes de armazenagem (AHERNE; O'BRIEN, 2002FFMER et al.,
2002; RICKMAN; BARRETT; BRUHN, 2007) - é extremanterrelevante a
caracterizacdo e comparacdo de frutas produzidasclenmas tropicais e
subtropicais com frutas tradicionais de clima terage. Maro (2011) em um
estudo comparativo das propriedades quimicas debfa@sas produzidas em
duas regides com diferentes caracteristicas cbagmgncontraram diferenca nos
teores de solidos sollveis e acidez da fruta. Eldes anteriores, Acosta-
Montoya et al. (2010), Mertz et al. (2007) e SzkjéeBorowska (2008) em
comparacdo com amoras pretas de climas tempe@dadyiram que as amoras
pretas montanhosas tropicais apresentam proprigdadecionais e funcionais
de grande interesse para os mercados internacioBais outro estudo, o
contetdo de fendlicos e de antocianina da ceremmfanaiores em anos de
climas mais amenos do que nos anos mais frios (GXRNES et al., 2004).

No Brasil, a principal fruta vermelha produzidaomsumida é o morango
(PINELI, 2009). Porém, o cultivo de framboesas @ pretas, por exemplo,
vem aumentando de forma constante, especialmeni@reas subtropicais dos
estados de S&o Paulo e Minas Gerais, onde as temmasr SA0 maiores no

outono/inverno e principalmente no verdo (MARO let 2012). Os resultados
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evidenciam que as amoras pretas produzem grandesidpdes de frutos em
areas subtropicais, com algumas cultivares prodozigquantidades mais
elevadas em comparacdo com as zonas temperadasP@@ANDOLO; PIO,
2012). No caso de framboesa, os resultados de gesbm produtivo de areas
subtropicais do Brasil sdo muito animadores, pgisoalucdo de framboesas é
constante ao longo do ano, com cultivares que gardgrandes quantidades de
frutas do inverno ao outono (MOURA et al., 201R)o. Brasil, o mirtilo ainda é
um fruto ainda pouco conhecido, mas com elevador \adregado e potencial
produtivo, sendo cultivado especialmente nos estaldoRio Grande do Sul,
Minas Gerais e Sdo Paulo. Assim como o mirtilogreja Prunus aviunlL.), é
um fruto ainda pouco conhecido e ainda ndo muitovedo no Brasil.

Devido a perecibilidade dessas frutas vermelhas WBR, 2007;
YOUSEFI; YOUSEFI; EMAM-DJOMEH, 2013) e devido a ltada producéo
no Brasil (&reas subtropicais), o processamentond@smas se torna uma
importante forma de aumentar a disponibilidade regay ainda mais valor a
esses frutos. De acordo com Byamukama et al. (284%to que uma pequena
guantidade que é consumida fresca ou congeladmsumo dessas frutas se da
principalmente na forma de seus subprodutos comuaetas, doces, geleias,
xaropes e bebidas fermentadas. Como ja é consagragzortancia nutricional
dessas frutas vermelhas, em especial devido aagitecidade antioxidante, alto
teor de compostos fenolicos como as antocianindee @utros, a degradacao
dos compostos bioativos com o processamento éndiarftental importancia, e
vem sendo alvo de diversos estudos (GANCEL et2éi11; MOTA, 2006a;
MOTA, 2006b; PATRAS et al., 2009; WU et al., 2010).

O objetivo deste trabalho foi caracterizar e deiteamos compostos
bioativos do morangd-¢agaria x ananassg mirtilo (Vaccinium corymbosum
amora pretaRubusspp), framboesaRubus idaeyse cerejarunus aviumi.)

(Artigo 1); desenvolver uma geleia mista de fransboamarela, vermelha e
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negra (Artigo 2); avaliar a influéncia da cultivate amora preta nas
caracteristicas fisico-gimicas, no perfil de texter na aceitacdo sensorial da
geleia (Artigo 3); e avaliar a degradacdo dos catgso bioativos no

processamento de geleias elaboradas com diferemtesares de amora preta
(Artigo 4).
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2 REFENCIAL TEORICO

2.1 Frutas vermelhas

As pequenas frutas vermelhas sdo pequenos frutoescs e suculentos
normalmente consumidos frescos ou em produtos ogefEa, suco, doces,
bebidas fermentadas e xarope (CHANG et al., 2008B®TA et al., 2012).
Entre as pequenas frutas vermelhas incluem a amp@ Rubus spp.),
framboesa vermelh&(ibus idaeys mirtilo (Vaccinium corymbosummorango
(Fragaria x ananassee cerejafrunus aviunl.) (SEERAM, 2008).

Existem varios estudos que afirmam que a inges&ssad frutas
vermelhas tem um impacto positivo sobre a saldeahamatuando na
prevencédo de diversas doencas (SEERAM, 2008). Ampairte dos beneficios
para a saude desses frutos é acreditada devidaisaceenpostos bioativos
(BEEKWILDER; HALL; DEVOS, 2005). Essas frutas sdcas em compostos
fendlicos, como os &cidos fendlicos, taninos, lestibs, flavonoides e
antocianinas, mas em particular, as bagas témosfdoo de muitas pesquisas
devido ao rico teor de antocianina (KUBOTA et 2012).

2.1.1 Morango

O morangueiro, Kragaria spp), € uma planta da familRosaceage
Ordem Rosales subfamilia Rosideag tribo Potentillae géneroFragaria L.
(HUTCHINSON, 1978; VIDAL; VIDAL, 2003). Ha mais d20 espécies do
género Fragaria com o nome comum de morangueircREEBW, 1966) e
diversas cultivares produzidas no Brasil (SANTOS805). O fruto, a parte
comestivel do morangueiro, carnosa, suculenta, adlerasada ou vermelha,

conhecida vulgarmente como “morango”, envolve, dio,fos verdadeiros
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frutos, que sdo os pequenos prontos amarelos amelados, diminutos,
superficiais (LOPES, 2005) (Figura 1a). O morangoréfruto ndo climatérico
de consumo humano frequente (AVIGDORI-AVIDOV, 1986)

O inicio do cultivo do morangueiro no Brasil, seda Camargo e
Passos (1993) ndo é bem conhecido, entretantdtuaaccomecou a se expandir
desde a década de 1960 (PASSOS; TRADI, 1997). dugéo de morangos no
Brasil tem crescido nos ultimos anos; estimandorsa producéo anual de 100
mil toneladas, com area ocupada de 3.500 ha. NailBra cultura do
morangueiro encontra-se difundida em regides deaclemperado e subtropical
(OLIVEIRA; NINO; SCIVITTARO, 2005), sendo sua progio concentrada
nas regides Sul e Sudeste, sendo os estados de @larais, Sdo Paulo e Rio
Grande do Sul os maiores produtores. O moranguain@senta grande
importancia econdmica na comercializagdo de friztato para seu consumo in
naturacomo para industrializagdo, destacando a produedgetias, sorvetes,
balas, sucos e principalmente iogurte (SANTOS, 1993

Ao lado da cor e sabor atrativos, 0 morango é éambma boa fonte de
vitamina C e outros compostos antioxidantes, taisac flavonoides e outros
fendlicos (ROBARDS et al., 1999). Sdo desse maditas conhecidas pelo alto
teor de compostos bioativos, e de acordo com Har{2064), os morangos sao
importantes fontes de compostos fendlicos, sendwiosipais, 0 &cido elégico
e alguns flavonoides, como as antocianinas, a wiatega quercetina e o
Kaempferol. Devido essas propriedades, o consummaltango exerce efeito
antioxidante, anti-inflamatério, anticarcinogénia antioneurodegenerativo
(HANNUM, 2004).
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2.1.2 Mirtilo

O mirtilo (ou ‘arandano”, em espanhol, ebfueberry, em inglés)
pertence a familia ddsricaceae subfamiliaVaccionoidear géneroVaccinium
sendo nativo da América do Norte, onde é bastartvado e comercializado
(SANTOS; RASEIRA, 2002; FACHINELLO, 2008). No Brhsé um fruto
ainda pouco conhecido, mas com elevado valor agoegaotencial produtivo.
As primeiras plantas foram trazidas em 1980 pelaBRKIPA - Clima
Temperado (Pelotas - RS), para avaliagdo de crd8va a primeira iniciativa
comercial no Pais comegou a partir de 1990, em isaeaRS (HOFFMAN;
ANTUNES, 2004). Assim como o estado do Rio Grandésdl, os estados de
Minas Gerais e S&o Paulo também possuem um pdtepoi@m reduzido
devido ao menor acimulo de frio hibernal, essemasah seu desenvolvimento
(RASEIRA; ANTUNES, 2004).

Os frutos do mirtilo caracterizam-se por sua @gao azul-escura e
formato achatado, tendo cerca de 1,0 a 2,5 cméaieetlio e de 1,5 a 4,0 g de
peso (REQUE, 2012) (Figura 1b). Possuem inUmergisguas sementes em seu
interior e sabor doce-acido a acido. Podem seruooidgis tanto in natura ou
apds 0 seu processamento por congelamento, des#at enlatamento, quanto
utilizados na fabricagdo de sorvetes, bolos, togekeias, licores, sucos, entre
outros (FACHINELLO, 2008).

De acordo com Moraes et al. (2007), do grupo dgsigres frutas que
abrange, entre outras, as culturas de morangobfresa, mirtilo e amora preta,
o0 mirtilo é classificado como a fruta fresca maisarem antioxidante ja
estudada, tendo um conteddo elevado de polifeadi® tha casca quanto na
polpa. E uma fruta que tém chamado atencdo devidoaaalta capacidade
antioxidante e elevada concentragdo de antociannasutros compostos

fendlicos, que rotula a fruta como um das mais jéeses e nutritivas entre



20

frutas e vegetais frescos (PRIOR et al.,, 1998).mAldas antocianinas, 0s
mirtilos também sdo uma boa fonte de acido clorn@génquercetina,
kaempferol, miricetina, procianidinas, catequingjca&equina, resveratrol e
vitamina C que contribuem para a atividade antexid (GIOVANELLI,
BURATTI, 2008).

2.1.3 Amora preta

A amoreira-preta pertencente a famfiasaceaee ao géner®ubus é
uma espécie arbustiva nativa da Asia, Europa e ikemdyem adaptada a regibes
com inverno bem definido (MOORE, 1984). O frutodaxteiro da amoreira é
denominado de minidrupa ou drupete, no qual existe pequena semente,
sendo que a sua juncdo forma o que é chamado tdeafjtegado (HIRSCH et
al. 2012; POLING, 1996). As frutas sdo compostasmalmente formadas por
75 a 85 drupetes com cerca de quatro a sete gI®AGOT et al., 2007). E do
tipo globoso, cheio, carnoso e apresenta coloragga quando maduro e sabor
doce a doce-acido, sendo que sua maturacao octrecaeprimavera e 0 verao
(CURI, 2012) (Figura 1c).

No Brasil, a amora-preta foi introduzida em 1950ap&stacao
Experimental de Pelotas, atual Embrapa Clima Teadwerno Rio Grande do
Sul, mas somente na década de 70 houve crescenddtido nos estados do
Rio Grande do Sul, Sdo Paulo e Minas Gerais, contreducdo e selecédo de
novas cultivares (ANTUNES, 2002). As amoras predaiio disponiveis na
forma fresca (in natura) e também congeladas eepsadas termicamente na
forma de geleias, sucos, polpa, entre outros posd@NTUNES, 2002;
MOTA, 2006b).

Existem inlmeras cultivares de amoreira-preta, asaselecionadas no

Brasil sdo: Tupy, Guarani, Negrita, Caingangue z8sa Cheroke, Comanche e
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Ebano (ANTUNES, 2002; CURI, 2012). As cultivaregementam diferentes
caracteristicas, como diferenciada produtividadeM@GNOLO; PIO, 2012) e
consequentemente, diferentes utilizacdes. As ewltss Tupy e Caigangue séo
recomendadas para o consumo in natura pelo faapmsentarem baixa acidez,
ja a Guarani é recomendada para industrializacgdNT®S; RASEIRA, 1988).

O interesse em amoras pretas aumentou nos Ultimass devido, em
parte, sua alta concentracdo de compostos fengtioo® as antocianinas e alta
capacidade antioxidante, o que pode ajudar a motegpntra doencas
degenerativas (BROWNMILLER; HOWARD; PRIOR, 2008; FHEEIRA,
ROSSO; MERCADANTE, 2010; JACQUES et al., 2010; SWRIHARN;
WROLSTAD, 2004). Além disso, varios outros pigmentanaturais,
principalmente antocianina, sdo usados na fabrcdedrodutos lateos, doces e
geleias (ANTUNES, 2002).

2.1.4 Framboesa

A framboeseira, pertencente a familRosaceage género Rubugs
ubgénero Idaeobatus é originaria do norte da Asia e Europa Oriental
(ALCAYAGA, 2009). Ainda pouco cultivada no Brasd, framboeseiraRubus
idaeusL.) é uma frutifera que tem despertado o intergsdes produtores
(MARO, 2011). Apesar de ter sido introduzida naadécde 50 em Campos do
Jordao-SP (PAGOT, 2004), as maiores areas emau@tizontram-se na regiao
do municipio de Vacaria-RS. No entanto, em anosmntes, foram iniciados
alguns plantios na Serra da Mantiqueira, tanto @m Baulo como no sul de
Minas Gerais (GONGCALVES et al., 2011; MARO, 2011).

A framboeseira produz frutos agregados de tamarmingto, com
coloracdo variada, e se adapta bem as regifes véden ameno e com
temperaturas moderadas (JIN et al., 1999; MOYERI.et2002). O fruto é
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constituido por muitas drupetes e uma cavidadeentre (CHANJIRAKUL et
al., 2006) (Figura 1d). De acordo com as espécias eultivares, a coloracao
dos frutos varia do amarelo ao preto, incluindotass alaranjados, rosa,
vermelho claro, intenso e purpuro (SOUSA et alQ720Além das framboesas
vermelhas e amarelas, pertencentes a espéad®is comumente encontradas
nas gbéndolas de supermercados, cabe destacar boésannegra (Rniveus
Thunberg), também  conhecida  comoraspberrydelJmysore e
raspberry_do_morro.

Exceto que uma pequena quantidade de framboesasiguwansumidas
frescas ou congeladas, a maioria dos frutos € gsada em produtos como
doces, compotas, geleias, xaropes e bebidas fadan{BY AMUKAMA et al.,
2005).

As framboesasRubus idaeud..) sdo largamente consumidas, tanto
frescas como processadas, ndo s6 devido as sues loothantes e sabor
caracteristico, mas também devido ao seu potenmgléfico a saulde
(CARVALHO; FRASER; MARTENS, 2013). As framboesaddiam o topo da
lista de frutos com alto poder antioxidante, emeersh devido aos altos niveis
de antocianinas, flavonoides e é&cidos fendlicosdseconsideradas uma boa
fonte de antioxidantes naturais, que podem forn@cetecdo contra varias
doencas humanas causadas por stress oxidativo (BHEMER; HALL,;
DEVOS, 2005; KAHKONEN et al., 2001; WANG; LIN, 19pAs framboesas
vermelhas sdo conhecidas por demonstrar a capacidatioxidante forte,
principalmente como resultado de seus altos nideisntocianinas e outros
compostos fendlicos (KAFKAS et al, 2008; KAHKONENHOPIA;
HEINONEN, 2001).
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2.1.5 Cereja

A cereja, Prunus spp planta da familiaRosaceage ordem Rosales,
subfamiliaRosideaes génerdPrunusé um dos mais populares frutos de clima
temperado, e em numerosas areas de producdo gascimscas sdo as
primeiras frutas da época, consumidas principalemenéio processadas
(USENIK; FABCIC; STAMPAR, 2008). Os frutos sédo daspcom 9-12 mm,
globosos, vermelho-escuro (também amarelada, veoaw&lo ou negra
conforme as cultivares), sobor doce; endocarpo(kggura 1e). A distribuicdo
da cerejeira estd em quase toda a Europa, oedisiaa noroeste de Africa
(CRESPI; CASTRO; BERNARDOS, 2005a; CRESPI; CASTRO;
BERNARDOS, 2005b; FRANCO, 1971).

A cereja € um fruto particularmente atrativo paraonsumidor pelos
seus atributos cromaticos e aromaticos, bem con@ ngueza em alguns
nutrientes com um forte impacto no bem-estar hunf@@NCALVES, 2006).
Além de varios componentes essenciais na diefacdano vitaminas, minerais,
proteinas e carboidratos, as cerejas também cditi@mitrientes que podem
proporcionar beneficios, além da prevencdo de i@aefims nutricionais
(FANIADIS; DROGOUDI; VASILAKAKIS, 2010). O consumade cerejas
doces ou amargas esta relacionado com a redugdscdale cancer (KANG et
al., 2003), dor de artrite e de inflamacéo (JAC®BIg2003; SEERAM et al.,
2002.), de sintomas de dano muscular por exergidiazido (CONNOLLY et
al., 2006), cstressoxidativo em pessoas mais velhas (TRAUSTADOTTIRIgt
2009), e oferecem protecdo contra doencas neunoelegivas (KIM et al.,
2005). Os efeitos benéficos das cerejas podem tebuidos a presenca de
compostos fendlicos tais como antocianinas e malao que exercem
capacidade antioxidante potente (BURKHARDT et 2001; SEERAM et al,
2002; VINSON et al., 2001).
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(@) (b)

© ()

(e)

Figura 1 Frutas vermehas: morangoa@aria x ananassg(a); mirtilo (Vaccinium
corymbosum(b); amora pretaRubusspp) (c); framboesa vermelfRAubus idaeus.)
(d) e cerejaRrunus aviuni.) (e)

Fonte: O VERDADEIRO... (2013); FREE IMAGES (2013)
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2.2 Compostos Bioativos

Os alimentos funcionais se caracterizam por ofenagrgos beneficios a
salde, além do valor nutritivo inerente a sua caigfo quimica, podendo
desempenhar um papel potencialmente benéfico mgaedio risco de doencas
cronicas degenerativas (NEUMANN et al., 2002; TAIR] FONTS; COHEN,
2002). Segundo Moraes e Colla (2006), o papel dedgmentos em relacdo as
doencas estara, na maioria dos casos, concenti@dmanreducao dos riscos do
gue na prevengao.

Dentre os alimentos naturais que sdo consideragasohais por suas
ac6es benéficas no organismo humano tém-se osdgémseais e leguminosas,
frutas e hortalicas, peixes, leite e seus derivaiids preto e verde e vinho
(SCARBIERI; PACHECO, 1999). De acordo com Lajd@26(@5), as substancias
ativas presentes nos alimentos, responsaveis poratdes bioldgicas, sao
chamadas de fitoquimicos ou compostos bioativosenfplos desses
componentes sao os flavonoides (como quercetinggwaa, genisteina e
antocianinas), carotenoides (licopeno, luteina, xa®#a e B-caroteno),
fotosterdis e acidos graxos.

As ‘“substéncias” ou “compostos bioativos” sdo dtuistes
extranutricionais, que ocorrem, tipicamente, emupagq quantidade, em
alimentos de origem vegetal, com atividades bickigiditas promotoras da
saude, tais como atividades antioxidantes, arlinmtoria e
hipocolesterolémica (KRIS-ETHERTON et al., 20024P0O, 2008). A Figura 2
representa as principais classes de compostosvomaresentes nos alimentos
de origem vegetal.
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Figura 2 Subdivisdo dos compostos bioativos presesn alimentos de origem vegetal
Fonte: Horst e Lajolo (2007)

O termo “composto fendlico” abrange uma grande edmile de
compostos quimicos cujo aspecto estrutural comum gresenca, nas suas
moléculas, de pelo menos um grupo hidroxila ligaéttetamente a um anel
aromatico (CROTEAU; KUTCHAN; LEWIS, 2000; SHAHIDINACZK,
1995a; SHAHIDI; NACZK, 1995b). Esses compostos espntam a maior
categoria de agentes fotoquimicos e encontram-géaamante distribuidos no
reino vegetal. Eles sdo derivados das vias do ackdquimico e acetato-
malonato (PINTO, 2008). Existe uma grande varidade na estrutura e
ocorréncia das substancias de natureza fenélieainqglui desde fenélicos muito
simples, como os acidos hidroxibenzoicos, até ®stsl mais complexas, como
os taninos condensados ou hidrolisaveis de elepado molecular (TOMAS-
BARBERAN; ESPIN, 2001), sendo basicamente divididos classes; os
flavonoides (que englobam antocianinas e flavondis) acidos fendlicos
(derivados de éacidos cindmico e benzoico), osbestils (resveratrol) e uma
larga variedade de polifendis (taninos) (FRANCI®0®. Os compostos

fendlicos naturais sdo metabolitos secundarios & das principais classes de
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antioxidantes encontrados naturalmente em todgdaasas, e frequentemente
em altas concentra¢des em frutas e legumes (YQU, 011).

Os flavonoides constituem um grupo de pigmento®teég de ampla
distribuicdo na natureza, e sua presenca nos Vegeteece estar associada a
funcbes de defesa e atracdo (SANTOS, 2007). Osrftasles sdo compostos de
baixo peso molecular, com estrutura geratQOgCq, caracterizados pela
presenca de dois anéis benzénicos ligados atraeéaund anel pirano
(IWASHINA, 2000; MARTINEZ-FLOREZ et al., 2002; SHABI; NACZK,
1995a; SHAHIDI; NACZK, 1995b). Esses compostos poder agrupados em
diversas subclasses incluindo antocianinas, flasoftavan-3-6is, flavanonas,
isoflavonas e flavondis (KING; YOUNG, 1999)

As antocianinas, cations de O-glicosideos de 35,7~
tetrahidroxiflavilium, sdo um grupo de pigmentostunais presentes em
vegetais, sendo amplamente distribuidas na natur& compostos
hidrossollveis responsaveis pelas cores verme#itarghdo, rosa, vermelho,
violeta, azul e roxo de diversas plantas (BRIDLEMBERLAKE, 1997;
CASTANEDA-OVANDO et al., 2009). Além de utilizadamo corantes
naturais para alimentos, o interesse pelas antoemrdecorre de evidéncias
relacionadas ao seu potencial benéfico a saude igndes de sua acdo
antioxidante (ESPIN et al., 2000; WANG et al., 199Numerosos estudos tém
mostrado os efeitos terapéuticos positivos das camimas, tais como
antioxidante, anti-inflamatérios, protetor de DNA mrotetor de doencas
cardiovasculares. A cianidina (3,5,7,3,4-pentahidlavilium), delfinidina
(3,5,7,3,4,5-exahidroxiflavilium), malvidina (3,Attetra-3,5-
dimetoxiflavilium), pelargonidina (3,5, 7,4-tetrdnbxiflavium), peonidina
peonidina (3,5,7,4-tetra- 3-metoxiflavilium), e peidina (3,5,7,3, 4-
pentahidroxi- 5 metoxiflavilium) sédo as seis aghias (sem presenca de agucar

ligado) mais comumente encontradas em frutas (VIE2(2012).
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Muita atencdo tem sido dada aos compostos bioategmecialmente
para aqueles com alto teor de antioxidantes os qoassivelmente, sdo capazes
de prevenir e/ou aliviar as dores de muitas doengdsicas, como doencas
cardiovasculares, cancer, doencas neurodegensrativinflamacgdes,
envelhecimento e problemas causados pelos radiveés. Embora existam
varios tipos de antioxidantes, os antioxidantesra#, tais como 0s compostos

fendlicos em frutas e vegetais tém recebido ma@rcd@o (YOU et al., 2011).

2.2.1 Compostos com atividade antioxidante

Frutas e vegetais sdo uma boa fonte de recursomaisaantioxidantes,
contendo varios componentes antioxidantes difesegtee fornecem protecéo
contra radicais livres prejudiciais, estado asstwciaom menor incidéncia e
mortalidade de céncer e doencas do coracao, alé@ivelsos outros beneficios
a salde (SHUI; LEONG, 2006; WANG; CAO; PRIOR, 1996)

Os antioxidantes apresentam papel importante nensis de defesa
contra espécies reativas de oxigénio que podenorggnarios de compostos
naturalmente presentes em alimentos, ou formadoent#uo processamento
(GUTTERIDGE; HALLIWELL, 2000; SHAHIDI; NACZK, 1995aSHAHIDI,
NACZK, 1995b). Os antioxidantes sdo agentes regp@is pela inibicdo e
reducdo das lesdes causadas pelos radicais livasscélulas e também
mecanismos de defesa contra os radicais livieppgdem ser empregados nas
indUstrias de alimentos, cosméticos, bebidas e adiona (DOROSHOW,
1983; WEIJL; CLETON; OSANTO, 1997).

O elemento quimico oxigénio pode atuar como subitamoxica
originada através de processos que desencadeiarmacfio de radicais livres,
compostos instaveis e altamente reativos que coelétmons desemparelhados.

Os radicais livres, altamente instaveis, reagem omiéculas estaveis, com o
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objetivo de capturar elétrons, transformando-as wam novo radical livre
(KAUR; KAPOOR, 2001). Embora a presenca dessesa@dse ja critica para a
manutencdo de funcbes fisioldgicas normais (POMPELL997), a sua
producdo continua durante os processos metabdgtoaula mecanismos de
defesa antioxidante, para limitar os niveis intii@daees e impedir a inducéo de
danos. O desequilibrio entre formacdo e a inatvagd radicais livres é
denominado estresse oxidativo (SIES, 1993), quea estsociado ao
desenvolvimento de doencas cronicas e degenerdfthaES; SHIGENAGA;
HAGEN, 1993). Sua ocorréncia é acompanhada peloeaiomdas defesas
antioxidantes enzimdticas, mas a producado de umadd quantidade de
radicais livres pode causar danos e morte celAldDERSON, 1996). Estudos
clinicos e epidemiolégicos tém mostrado evidénaas que antioxidantes
fendlicos de frutas e outros vegetais sdo os fatqree auxiliam na reducdo
dessas doencas (SHAHIDI, 1996).

Desse modo, visto que os radicais livres podemacalanos oxidativos
aos lipideos, proteinas e acidos nucleicos, podiewdo a um grande namero de
patologias, presume-se que a ingestao de antideslaapazes de neutralizar os
radicais livres possa ter um papel importante dag&o do risco dessas doencas
(HARBORNE; WILLIAMS, 2000). Dessa forma, a identdicido de fontes
vegetais com alta capacidade antioxidantes é deneatimportancia, sejam
esses derivados de compostos bioativos como os astasp fendlicos e/ou
vitaminas (PINTO, 2008).

2.3 Geleias de frutas
Embora apresentem potencial econdmico, frutas fimeo morango e

em maior intensidade mirtilo, framboesa, cerejanera preta, tém consumo in

natura restrito devido ao alto valor agregado, esnodéncia da producao
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limitada, dificil colheita, exigéncia em méao de abruidados com o transporte e
armazenamento e por serem altamente pereciveiqréges restringem seu
consumo tornando-as acessiveis apenas no picofda sando que dessa
maneira, uma das formas de disponibiliza-las évé@sralo processamento das
mesmas.

O processamento permite agregar valor econdmicmatgrias-primas,
transformando produtos pereciveis em armazenaveisomercializaveis
(MONTEIRO, 2006). As frutas apresentam menor vida pilateleira e sua
comercializacdo in natura € dificultada pelas gesndistancias, fazendo com
que as perdas pds-colheita variem de 15 a 50 % KBVUé& al., 2002).

As geleias podem ser consideradas como o segunddutpr em
importancia comercial para a industria de consedeadrutas brasileiras. Em
outros paises, principalmenteos europeus, assurapet ge destaque, tanto no
consumo quanto na qualidade (SOLER et al., 1991jaksformacéo de frutas
em produtos possibilita absorver grande parte dheita, favorecendo o
consumo de frutas durante o ano todo e a reducdtesjzerdicio de alimentos
(MELO; LIMA; NASCIMENTO, 1999).

Segundo Resolucédo - CNNPA n° 12, de 1978, gelefautke € o produto
preparado com frutas e/ou sucos ou extratos agquis®smesmas, podendo
apresentar frutas inteiras, partes e/ou pedacossehriadas formas, devendo
tais ingredientes ser misturados com acuUcares, aworaem adicdo de agua,
pectina, acidos e outros ingredientes permitidasgssas normas; tal mistura
sera convenientemente processada até uma congissénussolida adequada e,
finalmente, acondicionada de forma a assegurar paréeita conservacao
(BRASIL, 1978).

A geleia de fruta é o produto obtido pela concedimade polpa, suco ou
extrato de frutas, com quantidades suficientescdeaa, pectina e acido, até o

brix adequado para geleificacdo por ocasido do resdriton(MELO; LIMA,;
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NASCIMENTO, 1999). Segundo Martins et al. (2007)gmdeias e doces de
frutas séo resultantes do processamento adeq@adpattes comestiveis dos
vegetais, adicionados de aclcares, agua, pectha ((05%), ajustador de pH (3
a 3,4), além de outros ingredientes e aditivos fiigiss até alcancar
consisténcia adequada (ABIA, 2001; JACKIX, 1988).

Segundo a Resolucdo Normativa n°15/78, as geleidenp ser elaboradas
com uma ou mais espécies de fruta sendo, pori@desmnadas como simples ou
mistas, respectivamente (BRASIL, 1978). Esse pmogatle ser do tipo comum
ou extra, segundo a proporc¢édo utilizada de sudoutie e aclicar. A primeira €
elaborada com quarenta partes de suco de frutasserga partes de acucar,
enquanto que na segunda essa propor¢do € de dagaeres de suco de fruta e
cinquenta partes de aclUcar (BRASIL, 1978). A maiatas frutas pode ser
transformada em geleia, mesmo aquelas com baixodegectina e acido.
Nesse caso, torna-se necessaria a adicdo dessstnsigs, na forma de
ingredientes, durante o processamento (MELO; LIMASCIMENTO, 1999).

Os métodos de processamento térmico de geleia uoidizados em
indUstrias sdo a cocgdo em vapor, em agua em abuicem tacho aberto. Tais
processos, aplicados isoladamente ou associadoscaspos mecanicos e as
condicbes de armazenamento, podem levar a alteragée caracteristicas
fisicas e na composi¢do quimica dos alimentos,dmmo em suas propriedades
benéficas a saude (PINELI, 2009).

A influéncia do processamento e da cultivar dasabamp degradacdo dos
compostos bioativos e reducdo da capacidade agdiabeé de diferentes bagas
vem sendo alvo de diversos estudos. Kevid, Levaj e Dragowi-Uselac
(2009), Levaj et al. (2012), Pineli (2009) e Wiakduet al. (2005) verificaram
gue existe diferenca significativa na perda de astgs bioativos e da
capacidade antioxidante entre as cultivares dengoraa elaboracdo de doces e

geleias. Wu et al. (2010) em estudos sofre ososfelb processamento nos
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compostos bioativos e capacidade antioxidante agasiMarion' e 'Evergreen'
verificaram que as tecnologias de processamentiranam efeitos sobre os
compostos bioativos diferentes para as duas vaésdde amora preta. Patras et
al. (2009) verificaram que o tratamento térmicoventional no morango e na
amora preta provoca perdas significativas de attedantioxidante, de fendlicos
totais, antocianinas e vitamina C. Kim e Padill&kala (2004) verificaram que
0 processamento da geleia de cerejas resultou edaspeignificativas de
antocianinas e que ndo houve diferencas signifzatina degradacdo da
atividade antioxidante e compostos bioactivos. d&ikih et al. (2009)
verificaram que o processamento em geleia de difesebagas causa a reducéo
de fendlicos totais, antocianinas e também dadatilé antioxidante. Arancibia-
Avila et al. (2012) em estudos de diferentes dwac@e tempo de
processamento térmico em bagas descobriram que kaggitas a tratamento
térmico por mais de 20 min perdem a bioatividade.

Segundo Pineli (2009), tendo em vista a importamima métodos de
conservacao industrial para a reducéo de perdasgfidasita de alimentos ricos
com compostos fitoquimicos, é de grande relevéamadiar se as caracteristicas
guimicas das matérias-primas vegetais sofrem afiesaapds o processamento,
bem como se essas alteragBes séo significativassmetdecem a tecnologia
empregada. Além disso, € de extrema importanciatude da viabilidade de
elaboracdo de geleias com diferentes cultivareséesp de bagas que

atualmente sdo pouco utilizadas, visando seu rapimveitamento industrial.
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3 CONCLUSSAO

A composicdo e teor de compostos bioativos das gregu frutas
vermelhas de clima subtropical, no geral, foram elkamtes as frutas
tipicamente de climas temperados, apresentandoa aindiores teores de
vitamina C. Em relagédo ao processamento, é viaetlmoracdo de geleia mista
de framboesa, sendo que a propor¢éo consideraalaéid®-30% de framboesa
amarela, 30-50% de framboesa negra e 30-75% déodesa vermelha. Com
base na aceitacdo e viabilidade econbmica, avangd mais adequadas para a
elaboragédo de geleia sdo Tupy, Comanche, Brazoara@iue Choctaw. Foi
verificado também que ha degradacdo dos compostasivios e reducdo da
atividade antioxidante devido ao processamentogddsias de amora preta,
sendo que a degradacdo desses compostos foi cgjndinte diferente entre as
cultivares. Destacam-se as cultivares Brazos egéague como as que sofrem
as menores perdas com o processamento, dando @igefeias mais ricas em
compostos hioativos e com maior capacidade antokéd
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ABSTRACT

This study aimed to evaluate the chemical commositidentify the
bioactive compounds and measure the antioxidanvitgcpresent in
blackberry, red raspberry, strawberry, sweet chang blueberry fruits
produced in the subtropical areas of Brazil andetafy that the chemical
properties of these fruit are similar when compatedthe temperate
production zones. Compared with berries and clegiewn in temperate
climates, the greatest differences was: Braziliatd presented highest
levels of soluble solids and total sugar; for thmeral composition, the
analyzed fruits presented lower concentrations,ok,PCa, Mg and Zn
and higher levels of Fe; the phenolic content efstrawberry was higher
than reported; the blackberry presented higherldegt flavonoids and
raspberry was much lower than the literature; ahd blackberry,
strawberry and blueberry fruits showed lower angaom contents than
those found in the literature and in relation toaabic acid, as all fruits
analyzed showed levels well above those founderiitérature.

Keywords: bioactive compounds, antioxidant activity, bernjhemgy
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1. INTRODUCTION

Berry fruits, are small fleshy fruits, which arenmmercially cultivated
and commonly consumed in fresh and processed foimdude
blackberry Rubus spp.), black raspberry RUbusoccidental)s red
raspberry Rubusidaeus blueberry Yacciniumcorymbosum and
strawberry Fragariaxananassa(Seeram, 2008).

Berries are rich in phenolic compounds, such asnglie acids,
tannins, stilbenes, flavonoids and anthocyanins petries, in particular,
have been the focus of considerable research riegatftkir anthocyanin-
rich properties and according to Seeram (2008)etlaee many studies
that claim that that the dietary intake of berryits has a positive and
profound impact on human health, performance, ésehde.

Although it is already well established that besrend cherries are
sources of bioactive compounds such as polypheamalsanthocyanins,
these studies focused mainly on berries from teatpaslimates, mainly
in the temperate regions of Europe, Asia and NArtterica (Chen, Xin,
Zhang and Yuan, 2013). Knowing that the compositibthe fruits varies
with a series of factors that includes speciesietsgrcultivation, region,

weather conditions, ripeness, time of harvest atwlage conditions
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(Haffner, Rosenfeld, Skrede and Wang, 2002; Fasiddrogoudi and
Vasilakakis, 2010), is extremely relevant for theamcterization and
comparison of berries produced in tropical and reygital climates with
traditional berries from a temperate climate.

The raspberry and blackberry cultivation in Brahéhs been
increasing steadily, especially in the subtroparalas where temperatures
are higher in the fall and winter and especiallyhler in the summer, and
previous results show that blackberry plants predacge quantities of
fruit in subtropical areas, with some varietiesduang higher amounts
compared to temperate zones (Campagnolo and Pi&2).20For
raspberries, the productive performance resultt@tubtropical areas in
Brazil are very encouraging because the productibmaspberries is
constant throughout the year with certain cultivam®ducing large
quantities of fruit in the fall and winter (Mour&€ampagnolo, Pio, Curi,
Assis and Silva, 2012). Thus, the determination tleé nutritional
composition of the berries and cherries producefirazilian subtropical
zones is important to know the nutritional and tiom@al properties and to
verify that the chemical properties of the fruie aimilar when compared

to the temperate production zones.
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To this end, the aims of the present study wereviuate the
chemical composition, identify the bioactive compdsi and measure the
antioxidant activity present in blackberrRybusspp.), red raspberry
(Rubusidaeus) strawberry (Fragariaxananassg) sweet cherry
(PrunusaviunilL.) and blueberry\{acciniumcorymbosuniruits produced
in the subtropical areas of the states of MinasalSeand Sao Paulo,

Brazil.

2. MATERIALS AND METHODS

2.1 Fruit samples

The blackberry, red raspberry and strawberry frwere acquired
from a producer in the south of Minas Gerais statesreas the blueberry
and cherry plants were acquired from a produce3da Paulo state. The
fruits were harvested at their physiological mayum the morning and
transported in Styrofoam boxes to the post-harfrest and vegetable
laboratory of the Universidade Federal de LavraporUdelivery, the
fruits were sanitized, and all fruits were storadai cold room at -18 °C

during the analysis time.
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2.2 Chemical reagents

The following chemicals were used for the experitaetescribed
later: acetone, 2,2"-azino-bis(3-ethylbenzthiazsbasulfonic acid)
(ABTS), aluminum chloride (AIG), p-carotene, (+)-catechin,
hydrochloric acid (HCI), 2,4-dinitrophenylhydrazing2,4-DNPH),
chloroform, copper sulfate, 2,2-diphenyl-1-picrydigzyl (DPPH),
ethanol, ethyl ether, Folin—Ciocalteu reagent, igadicid, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Tx)|dKjeldahl reagent,
linoleic acid, methanol, nitric acid, perchloricidc petroleum ether,
phenolphthalein solution, phosphate buffer, potemssulfate, potassium
persulfate, sodium carbonate, sodium nitrate (NgN&ddium hydroxide
(NaOH), sulfuric acid and Tween 40 as well as termostable alpha-

amylase, protease, and amyloglucosidase enzymes.

2.3 Chemical analyses

Three repetitions were performed for all chemicahlgses. The
values of the titratable acid, soluble solids, Itstegar, pH, moisture, ash,
protein, lipid, carbohydrate and total dietary fibeontents were

determined (AOAC—Association of Official Analytic&lhemists, 1998).
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2.4 Minerals

The mineral levels were assessed in crushed andoderzed
samples prepared by organic wet digestion in aecwe with the
methodology described by Salinas and Garcia (198%). organic
digestion, the samples were treated with a mixtifireoncentrated nitric
and perchloric acids at a high temperature. The ronacand
microelements were solubilized, subjected to daffiertreatments and
diluted for further quantitative evaluation. Theaqtification of elements
was performed by spectrophotometry using a standarde for each
mineral. To determine the concentration of calcitnop and manganese,
we used an atomic absorption spectrophotometeaeetylene. A flame
photometer was used to determine potassium (768amd)a visible-light

spectrophotometer was used to determine phospf@20s1m).

2.5 Preparation of antioxidant and phenolic extracs

The extracts were obtained according to the metesdribed by
Larrauri, Ruperez and Saura-Calixto (1997). Briefsamples were
weighed (in grams) in centrifuge tubes and extrhsexjuentially with 40

mL of methanol/water (50:50, v/v) at room temperatior 1 hour. The
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tubes were centrifuged at 25,40@ %or 15 min, and the supernatant was
recovered. Then, 40 mL of acetone/water (70:30) was added to the
residue at room temperature. The samples werecgadtrdor 60 min and
centrifuged. To determine the antioxidant activig well as total
flavonoid, total monomeric anthocyanin and phenatientents, the
methanol and acetone extracts were combined andghrdo a final

volume of 100 mL with distilled water.

2.5.1 Antioxidant activity

The antioxidant activity was determined using tH&T&, DPPH and
B-carotene methods. For the ABTS assay, the proeetbliowed the
method of Re, Pellegrini, Proteggente, Pannala,gYamd Rice-Evans
(1999) with minor modifications. The ABTS radicahton (ABTSe+)
was generated by the reaction of 5 mL of aqueous\Bolution (7 mM)
with 88 uL of 140 mM (2.45 mM final concentration) potassium
persulfate. The mixture was kept in the dark forhbéirs before use and
then diluted with ethanol to obtain an absorbarfd® 4+0.05 units at 734
nm using a spectrophotometer. The fruit extrac@pul3 or a reference

substance (Trolox) were allowed to react with 3 ofiithe resulting blue-
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green ABTS radical solution in the dark. The deseeaf absorbance at
734 nm was measured after 6 min. Ethanolic solatminknown Trolox
concentrations were used for calibration. The tesate expressed as
micromoles of Trolox equivalents (TEs) per granfreth weight gmol

of TEs/g of FW).

The DPPH free radical-scavenging capacity was estidhusing the
method of Brand-Williams, Cuvelier and Berset (109Briefly, the
solution of DPPH (600uM) was diluted with ethanol to obtain an
absorbance of 0.7£0.02 units at 517 nm. The fixtitagts (0,1 ml) were
allowed to react with 3,9 mL of the DPPH radicausion for 30 min in
the dark, and the decrease in absorbance fromethdting solution was
monitored. The absorbance of the reaction mixtuse measured at 517
nm. The results were expressed asoEe§FW/g of DPPH).

The antioxidant activity was also determined by fhearotene
method, following the procedure described by Mat®68) with minor
modifications. Briefly, an aliquot (50 ul) of thgcarotene chloroform
solution (20 mg/mL) was added to a flask contairdi@gpl of linoleic
acid, 1.0 mL of chloroform, and 530 pL of Tween &&d then mixed.

The chloroform was evaporated using an oxygenafsiter the
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evaporation, oxygenated distilled water (approxehyatlO0 mL) was
added to obtain an absorbance of 0.65+0.5 unis’/@tnm. An aliquot
(0,4 mL) of Trolox solution (200 mg/L) or diluteduit extract (200
mg/L) was added to 5 mL of tifcarotene solution and incubated in a
water bath at 40 °C. The measurements were pertbafier 2 minutes
and 120 minutes at an absorbance of 470 nm usspgetrophotometer.
The antioxidant activity was calculated as the @etanhibition relative

to the control.

2.5.2 Total phenolic

The total phenolic content was determined accortiinthe adapted
Folin—Ciocalteu method (Waterhouse, 2002). Theaekdr (0.5 mL) were
mixed with 2.5 mL of Folin—Ciocalteu reagent (10%nd 2 mL of
sodium carbonate solution (4%). The mixture wagesti and kept at
room temperature for 2 hours in the dark. The di#sure was measured
at 750 nm against a blank. Aqueous solutions dicgatid were used for
calibration. The results are expressed as g gatd equivalents

(GAE)/100 g.
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2.5.3 Total flavonoid

The total flavonoid content was measured by themadum
chloride colorimetric assay (Zhishen, Mengcheng arhming, 1999).
An aliquot (1 ml) of extract or catechin standaotuson (5, 10, 25, 50,
100, 150 or 200 mg/l) was added to a 10 ml voluimé&tsk containing 4
ml of water. To the flask, 0.3 ml of 5% Nak@nd 0.3 ml of 10% AlGI
were added. After 6 minutes, 2 ml of 1 M NaOH wedeal and the total
volume was brought to 10 ml by the addition giOH The solution was
mixed and the absorbance was measured againspagdeblank reagent
at 510 nm. The total flavonoid contents of thetfruvere expressed as mg
catechin equivalents (CE)/100 g of FW. The samplese analyzed in

triplicate.

2.5.4 Total monomeric anthocyanin

The total monomeric anthocyanin content (TMAC) watmated
using the pH differential method (Wrolstad, 197BJiefly, each fruit
extract was diluted with pH 1.0 and pH 4.5 buffeysattain the same

dilution. The absorbance was measured at 510 nn7@dam in both pH
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1.0 and pH 4.5 buffers. Then, the TMAC (expressetims of cyanidin-
3-glucoside) was calculated using the followingrvata:

A= (As10— A700)pH1.0~ (As10—A700)pH45 (1)

TMA content = Ax MW x DF x Ve x 1000) x 1 x M) (2)

where MW is the molecular weight of cyanidin-3-gis@e (449 g mal
1), DF is the dilution factor, Ve is the extract wole, ¢ is the molar
extinction coefficient of cyanidin-3-glucoside (890), and M is the mass
of the berries extracted.

The results were expressed as mg cyanidin-3-gldeosi

equivalents/100 g of FW.

2.6 Ascorbic acid

The vitamin C content of each fruit pulp was deieed by a
colorimetric method with 2,4-dinitrophenylhydrazing¢2,4-DNPH)
according to Strohecker and Henning (1967). Thepsssrwere analyzed
in a spectrophotometer at an absorbance of 520 Tira. results are

expressed as mg ascorbic acid/100 g of fresh weight
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2.7 Statistical analysis

The data were reported as the means + the stawgardtion (SD)
experiments run in triplicate and were analyzechgisePSS 17.0. A
Pearson correlation test was conducted to deterrtiiee correlation

between variables. Significance levels were defmed).05.

3. RESULTS AND DISCUSSION

Table 1 presents the centesimal composition of kbiaecy, red
raspberry, strawberry, blueberry and sweet cheuiysfand compares the
composition listed in the National Nutrient Databakr Standard
Reference (USDA — United States Department of Adfiice, 2013) to

these fruits.



65

TABLE 1 - The composition (g/100g fresh weight) of blackipemed

raspberry, strawberry, blueberry and cherry andX8BA database.

FRUITS

Blackberry Redraspberry Strawberry Blueberry Cherry
MOISTURE 87.92+0.59 88.60+0.19 92.68+0.17 87.70#0.1 86.43+0.31
USDA database 88.15 85.75 90.95 84.21 82.25
PROTEIN 1.27+0.06 1.00+£0.08 0.50+0.02 0.48+0.01 (0.05
USDA database 1.39 1.20 0.67 0.74 1.06
LIPIDS 0.42+0.05 0.28+0.02 0.25+0.02 0.19+0.01 M1
USDA database 0.49 0.65 0.30 0.33 0.20
CARBOHYDRATES 10.18+0.61 9.88+0.11 6.30+0.13 11.5143  11.94+0.28
USDA database 9.61 11.94 7.68 14.49 16.01
DIETARY FIBER 4.47+0.67 5.77+0.57 1.31+0.18 1.9045B 2.07+0.22
USDA database 5.30 6.50 2.0 2.40 2.10
ASH 0.21+0.02 0.25+0.00 0.27+0.01 0.08+0.00 0.4210.
USDA database - - - - -
ENERGY VALUE (kcal) 49.57+2.18 46.00+0.85 29.4+0.75 49.86+0.59 53.59+1.22
USDA database 43 52 32 57 63

Mean valuetstandard deviation of fruit weight; n=3.
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All fruits had high moisture content, ranging fr@®.43% (cherry) to
92.68% (strawberry). The protein content rangethfb48% (blueberry)
to 1.27% (blackberry). All fruits were low in fabwetent; the blueberry
had the lowest fat content (0.19%) and the blaakbkad the highest
(0.42%). The carbohydrate content ranged from 6.38&&awberry) to
11.94% (cherry). Regarding dietary fiber, the lewegkre between 1.31%
(strawberry) and 5.77% (red raspberry). The aslgadnfrom 0.08%
(blueberry) to 0.42% (cherry). Based on these testhe energy value
was found to range from 29.4 kcal (strawberry) t6.54 kcal
(blackberry).

In general, the Brazilian berries and cherry shosigdlar centesimal
composition to the database values provided byU8BA with slightly
higher moisture content and slightly lower energyptein, lipid,
carbohydrate and dietary fiber values. Thus, alghothe climate, soill,
management, insolation and others conditions wefterent, these
differences seems to have not affect affect thepomsition of these fruits.

Table 2 presents the physical-chemical charadtsistf blackberry,
red raspberry, strawberry, blueberry and sweetrgharits. The range of

values found in the literature is also presented.
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TABLE 2 - The pH, titratable acidity (TA), soluble solidsS)$ total
sugar (TS)and the ratio of total sugar/titratabtedity (TS/TA) of

blackberry, red raspberry, strawberry, bluebery emerry.

FRUITS

Blackberry®  Red raspberry’ Strawberry®  Blueberry*  Cherry®

pH 2.99+0.04 2.8620.04 3.7320.01 3642005  4.0840.
Literature 2.51-4.12 3.11-3.65 3.27-3.43 2.56-3.15 3.11-4.81

TAJ/ (g citric acid/100g) 1.51+0.04 1.880.09 0.86:40 058007  0.55%0.07
Literature 1.26-1.54 0.62-3.59 0.60-1.31 0.68-0.84 0.57-2.53

SS (°Brix) 10.1740.29 10.33£0.58 10.50#0.50  14.6E8 18.67+0.58
Literature 6.19-11.11 8.4-14.7 6.33-10.86 10.6213. 12.5-22.73
TS (%) 4.47+1.35 6.38%1.71 5.08+0.39 12.74+1.06 7B31.01
Literature 2.75-22.1 2.62-9.24 4.50-6.52 9.96 718810
SSITA 6.71+0.18 5.50+0.55 12.27#1.39  28.61+6.27 0343.85

Mean valuetstandard deviation of pulp weight; n=3.

! Literature data for blackberry: Hassimotto et 20G8), Tosun, Ustun and Tekguler(2008);
Acosta-Montoya et. al (2010), Wu et al. (2010)

2 Literature data for red raspberry: Haffner e{2002); Cekic and Ozgen (2010), Moura et al.
(2012)

® Literature data for strawberry: Kafkas, Kosar, dfs; Kafkas and Baser (2007)

4Literature data for blueberry: Almenar, Samsudinras, Harte and Rubino (2008)
®Literature data for cherry: Ballistreri, Continel@entile, Amenta, Fabroni and Rapisarda(2012);
Benalti, Sabio, Herndndez and Gervasini(2003);aé8dla et al. (2012); Faniadis et al. (2010);
Serradilla, Lozano, Bernalte, Ayuso, Lopez-CorratesGonzalez-Cémez, (2011)

USDA (2013)
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The pH values ranged from 2.86 to 4.08 (red rasphbend cherry,
respectively), and the levels of acidity rangednifr®.55 g of citric
acid/100 g in the cherry to 1.88 g of citric aclaldlg in the red raspberry.
With respect to soluble solids and total sugars, litackberry had the
lowest levels (10.17 °Brix and 4.47%, respectiveywd cherry had the
highest levels (18.67 °Brix and 13.73%, respecyivelAmong the fruits
analyzed, the blueberry and the cherry stand oytrissenting the highest
levels of soluble solids and sugars and the loviestls of acidity;
consequently, they have the highest ratios of $elsblids/acid (28.61 to
blueberry and 34.07 to cherry).

In relation to physical-chemical characteristidse tmain difference
observed, compared with the literature, is thatfthigs evaluated showed
higher content of soluble solids and total sugatgéch can mean a tastier
fruit and a fruit with greater potential for sengoacceptance. This
characteristic can be explained by the climaticdaoons to which this
fruits have been cultivated - fruit grown in sulpical climate are
subjected to higher intensity light and temperatuban those cultivated

in temperate climates.
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The mineral compositions, including P, K, Ca, Mg, ahd Fe, of
blackberry, red raspberry, strawberry, blueberrgl aweet cherry fruits
are shown in Table 3. The mineral contribution atle fruit to the
Dietary Reference Intake (DRI) for a healthy adnétle in % per 100 g of
pulp (Institute of Medicine, 1999-2011) and thergture range of these

values are also presented in Table 3.
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TABLE 3 - The minerals contents and the %DRI contribution 86 g

of pulp of blackberry, red raspberry, strawberiyeberry and cherry.

Blackberry Red raspberry Strawberry Blueberry Cherry
P (mg/100g f.w) 7.25+0.35 5.70+0.10 6.59+0.16 8.61+0.10 12.21+0.28
DRI* 1.25 0.98 1.14 1.48 2.10
Literature** 12.00-29.00
K (mg/100g f.w.) 79.73+3.87 71.84+1.22 51.24+1.21 0.18+0.81  90.92+2.06
DRI* 1.70 1.53 1.09 1.49 1.93
Literature** 77.00-349.79
Ca(mg/100g f.w.) 7.25+0.35 1.14+0.02 2.20+0.05 @000 0.00+0.00
DRI* 0.91 0.14 0.27 0.00 0.00
Literature** 6.00-29.00
Mg(mg/100g f.w.) 15.70+0.76 15.9620.27 8.78+0.21 4.92+0.06 12.2180.2
DRI* 4.49 4.56 2.51 1.41 3.49
Literature** 6.00-44.80
Zn(mg/100g f.w.) 0.20+0.01 0.37+0.01 0.13+0.00 0.13+0.00 0.69+0.02
DRI* 2.13 3.94 1.38 1.38 7.34
Literature** 0.07-0.44
Fe (mg/100g fw)  1.28+0.066 1.06+0.02 1.00+0.02 2430.01 1.16+0.03
DRI* 21.33 17.67 16.67 20.67 19.33
Literature** 0.28-1.08

* Institute of Medicine, 1999-2011
**iterature: USDA (2013), Hakala et al. (2003), Toset al. (2008)

Among the fruits analyzed,

the concentration of arais

(measured in mg/100 g FW) was found to range betwe&0 (red
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raspberry) and 12.21 (cherry) for P; 51.24 (strawhend 90.92 (cherry)
for K; 0.00 (blueberry and cherry) and 7.25 (blaakip) for Ca; 4.92
(blueberry) and 15.96 (red raspberry) for Mg; O.E®awberry and
blueberry) and 0.69 (cherry) for Zn; and 1.00 (gberry) and 1.28
(blackberry) for Fe.

In comparison to the USDA database and data frenlitérature, the
analyzed fruits presented lower concentrationshefrhinerals P, K, Ca,
Mg and Zn and higher levels of Fe. This differerscpistified because, as
already mentioned, we compared the compositionrwtsf of different
cultivars subjected to different climatic condit®rand post-harvest
handling techniques. In studies of the effectsufivars and cultivation
conditions on the composition of strawberries, Hak&apvetelainen,
Houpalahti, Kallio and Tahvonen (2003) analyzedesab cultivars of
strawberries for two consecutive years and conduth@t the cultivar
and, to a lesser extent, the climatic conditiond aail influenced the
mineral composition of the strawberries. The sofisemperate regions
such as Europe, are typically basic, since thes sgiBrazil are typically
acidic, with low levels of P, Ca, K and Mg and higtntents of Al, Mn

and Fe (Santos et al. 2006); fact that can jusitéyresults.
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In general, the fruits analyzed do not significardbntribute to the
DRI of Ca, P or K, but have a significant contribatto the DRI of Fe
and an intermediate contribution to the DRI forahd Mg.

The results for the total phenolic, total flavonotdtal monomeric
anthocyanin and ascorbic acid contents as well@antioxidant capacity
of blackberry, red raspberry, strawberry, bluebemg cherry fruits are
shown in Table 4. The range found for the totalnafie compounds,
anthocyanin and ascorbic acid contents, which dre bioactive
compounds most often found in the literature, ée axpressed in Table
4. We chose not to include the literature valuesafatioxidant activity
due to the differences between the methods angbrésentation of the
results, which did not allow for a proper companisdddditionally,
because data found for the flavonoids were not ddwinin the literature,

these parameters was also not expressed.
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TABLE 4 - The antioxidant capacity (ABTS, DPPH afflecarotene

method), total phenolic, total flavonoid, total noomeric anthocyanin,

ascorbic acid and carotenoid content of blackbersd raspberry,

strawberry, blueberry and cherry.

FRUITS

Blackberry  Red raspberfy Strawberry  Blueberry Cherry
Antioxidant Capacity — 13.23 6.27 7.87 5.88 8.83
ABTS (umol/g f.w.) +1.37 +0.02 +0.87 £1.17 +1.32
Antioxidant Capacity — 2142.42 4960.58 3778.94 7775.45 6065.68
DPPH +125.64 +157.33 +333.88 +1009.60 +563.46
(ECs0— g f.w/g DPPH)
Antioxidant Capacity — B- 87.46 75.19 67.13 59.88 61.93
carotene (% protection) +3.09 892 +0.42 +1.06 +0.83
Total Phenolics 850.52 357.83 621.92 305.38 314.45
(mg GAEs/100g f.w.) +4.77 +7.06 +1551 +5.09 +5.05
Literature 176-1020 148-714 200-300 44.4-394 74-501.58
Total Flavonoid 87.03 9.61 38.17 47.53 59.92
(mg CE/100g f.w.) +4.85 +2.15 +2.76 +2.40 +3.76
Total anthocyanin (mg of 58.61 14.69 16.03 29.72 26.72
cyanidin 3-glucoside +2.19 +2.03 +0.50 +4.20 +3.22
equivalent/ 100 g of f.w.)
Literature 77-188 1.3-437 20-32 140-224 6-85
AscorbicAcid 52.41 92.17 90.13 73.21 62.42
(mg/100g f.w) +11.31 +10.11 +2.24 40.35 +7.69
Literature 10-17 15-38 32-85 10 7-103

Mean valuetstandard deviation of fruit weight; n=3.
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AbreviationsTEAC: Trolox equivalent antioxidant capacity (LMolax equiv./g fw); DPPH: 2-
diphenyl-1-picryhydrazyl radical scavenging acliviGAE: Gallic acid equivalent; CE: catechin
equivalent.

! Literature data for blackberry: Wang and Lin (2Q@@antelidis et al. (2007); Hassimoto et al.

(2008); Koca and Karadeniz, (2009); Wu et al. (20A@osta-Montoya et al. (2010); Samecand
Zegarac(2011)

2 Literature data for red raspberry:Haffner et 2042); Pantelidis et al. (2007):Jin et al. (2012);
Bobimaite, Viskelis and Venskutonis(2012); Cekid &wgenet al. (2010); Chen et al. (2013)

% Literature data for strawberry: Wang and Lin (20®bbert and Gordon (2003); Hakala et al.
(2003); Pantelidis et al. (2007)

4 Literature data for blueberry: Koca and Karade@0@); You, Wang, Chen, Huang, Wang and
Lin (2000)

®Literature data for cherry: Benalti et al. (2008%ntelidis et al. (2007); Faniadis et al. (2010);
Samecand Zegarac(2011); Serradilla et al. (2014l)isBeri et al. (2012); Serradilla et al. (2012)
USDA (2013)

In general, the antioxidant methods utilized areagreement; the
blackberry has the highest antioxidant activityge tktrawberry the
intermediate and the blueberry the lowest. The efediog order of
antioxidant capacity of the fruits for each antdaat method used is:

ABTS method: Blackberry > Cherry > Strawberry > Rabspberry >
Blueberry

DPPH method: Blackberry > Strawberry > Red RaspbeiCherry >
Blueberry

B-carotene method: Blackberry > Red Raspberry >wheary >

Cherry > Blueberry



75

According to Hassimoto, Genovese and Lajolo (20@®e of the
major problems with the antioxidant activity of lmgical materials is the
choice of the method of analysis because typithakyanalysis is specific
for only one property. The three methods used ptedecoherent results
for the fruits evaluated, which was mainly seenhwte DPPH andg-
carotene methods. The ABTS, DPHH¢carotene methods all show that
the blackberry is the richest source of antioxidaemd the blueberry is
the poorest.

According to Hassimoto et al. (2005), the values aotioxidant
activity are classified as high (>70% inhibitiom)termediate (40-70%
inhibition), and low (<40% inhibition). According tthis classification,
blackberries and red raspberries are good soufcastioxidants and the
other fruits (strawberry, cherry and blueberry) daintermediate
antioxidant activity. The red raspberry and therghantioxidant activity
(TEAC and DPPH) is in agreement with the range fbumthe literature
(Cekic and Ozgenet, 2010; Jin, Wang, Gao, Chennghaend Wang
2012).

The total phenolic content ranged from 305.38 (tsuey) to 850.52

mg GAE/100 g (blackberry). Following the polyphendassification
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proposed by Vasco, Ruales and Kamal-Eldin(2008)gukw (<100 mg
GAE/100 g), medium (100-500 mg GAE/100 g) and h{gb00 mg
GAE/100 g) denominations, the blackberry (850.52 G#g=/100 g) and
the strawberry (621.92 mg GAE/100 g) can be categdras having a
high concentration of phenols. This classificatiodicates that this fruit
is an excellent source of phenols. Red raspbe{888.82 mg GAE/100
g), blueberries (305.38 mg GAE/100 g) and cherrijg$4.45 mg
GAE/100 g) can be categorized as having an aveyageol content, and
they may also be considered a good source of ptieAotording to the
data from the literature for berries and cherriles,blackberry, raspberry,
blueberry and cherry all showed phenolic contentssistent with ranges
previously reported. Additionally, the phenolic temt of the strawberry
was higher than that reported in the literatureb(@d).

The total flavonoids ranged from 9.61 (red raspfeto 87.03 mg
CE/100 g (blackberry), with the cherry (59.92 mg/TI® g), blueberry
(47.53 mg CE/100 g) and strawberry (38.17 mg CEH4)Ofresenting the
intermediate values. Compared to literature ddu@,blackberry (87.03
mg CE/100 g) had higher levels than those foun&&wyec and Zegarac

(2011) (66.13 mg CE/100 g).
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For the total monomeric anthocyanin contents, tHackberry
presented the highest value (58.61 mg of cyanidugluBoside
equivalent/g), the blueberry and cherry presentedritermediate values
(29.72 and 26.72 mg of cyanidin 3-glucoside eqentl, respectively)
and the red raspberry showed the lowest value 91#@ of cyanidin 3-
glucoside equivalent/g). The blackberry, strawbeagd blueberry
anthocyanin contents were lower than those fountheénliterature, and
the raspberry and cherry were within the range iptsly found (Table
4). Compared with blackberries grown in temperéiteates, the tropical
blackberry presents a lower anthocyanin contenbgfezMontoya et al.,
2010).

The ascorbic acid levels ranged from 52.41 (blackpeto 92.17
mg/100 g f.w. (red raspberry). Ramful, Tarnus, Anap Bourdan and
Bahorun, (2011) classified fruits into three catégm according to the
ascorbic acid content: low (<30 mg/100 g), medid®d { 50 mg/100 g)
and high (> 50 mg/100 g). According to this clasation, all fruits
analyzed qualify as fruits with high ascorbic acidntent because all
berries fruits analyzed exhibited ascorbic acidteots well above the

ranges found in the literature (Table 4).
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The Pearson's correlation coefficients betweenosiatant activity,

total phenolic contents and ascorbic acid levedspaesented in Table 5.

TABLE 5 Pearson's correlation coefficients (p<0.05) betweatioxidant
capacity parameters, total phenolic contents, tid&bnoid, total monomeric

anthocyanin and ascorbic acid.

Antioxidant

TEAC DPPH B-carot. TPC TFC TMA AA
TEAC - - - 0.83 0.84 0.85 -
DPPH - - -.086 0.91 - - -
B-carot. - -0.86 - - - - -
TPC 0.83 091 - - - - -
TFC 0.84 - - - - 0.89 -0.93
TMA 0.85 - - - 0.89 - -0.88
AA - - - - -0.93 -0.88 -

Abbreviations:TEAC: Trolox equivalent antioxidant capacity; DPPHdiphenyl-1-
picryhydrazyl radical scavenging activif§scarot: 3-carotene method; TPC: total
phenolic contents; TF: total flavonoid content8JA: total monomeric anthocyanin;

AA: ascorbic acid

The total antioxidant capacity from the TEAC andHbPPtests was
highly and positively correlated to total phenotiontents. The total

antioxidant capacity (TEAC) was also highly and ipesly correlated
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total monomeric anthocyanin contents and DPPH ¢otthal flavonoid
contents. Several studies with berries and cherhase reported
relationships between the antioxidant activity amnlde phenolic
compounds and anthocyanin contents (Pantelidis,e2G07; Hassimoto,
Mota, Cordenunsi and Lajolo, 2008; Koca and Karaje2009; Wu,
Frei, Kennedy and Zhao, 2010).

The total flavonoid content was highly and positveorrelated tahe
total monomeric anthocyanin content, and both et¢hparameters were
highly and negatively correlated to the ascorbicid acontent.
Anthocyanins belong to a class of flavonoids that the water-soluble
pigments responsible for the orange, red and bilers of many fruits
(Hassimoto et al. 2008); therefore, one would ekp#is strong

correlation between the flavonoids and anthocyanins

4. CONCLUSION

The blackberry stands out among the fruits evatuate exhibiting
the highest antioxidant activity and the highestele of phenols,
flavonoids, anthocyanins and carotenoids. Compavild berries and

cherries grown in temperate climates, the greati$erences was:
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Brazilian fruits presented highest levels of sotubblids and total sugar;
for the mineral composition, the analyzed fruitsegemted lower
concentrations of P, K, Ca, Mg and Zn and higheelke of Fe; the
phenolic content of the strawberry was higher thaported; the
blackberry presented higher levels of flavonoidd easpberry was much
lower than the literature; and the blackberry, gb@arry and blueberry
fruits showed lower anthocyanin contents than thésmend in the
literature and in relation to ascorbic acid, asfallts analyzed showed

levels well above those found in the literature.
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ABSTRACT

Generally raspberry products as jams, jellies aedgyves are made with
red raspberry, however, yellow raspberry and esfigdilack raspberry
are also fruits adapted in Brazil, presenting eletter productivity and
quality. Thus, the aim of this study was to evau#ite processing
potential of other varieties of raspberry, but ted, in the preparation of
jellies through mixture design and response surfaethodology (RSM).
These technigues were used to optimize the follgwihree variables:
yellow (Golden Bliss cultivarRubus idaeys black Rubus niveysand
red raspberries (Batum cultivaRubus idaeysto formulate a mixed
raspberry fruit jelly through sensory evaluatioiswas found that jelly
formulated with a mix of colored raspberries grawrsubtropical regions
is a viable and alternative way to use yellow atatlraspberries. The
mixed raspberry jelly must have 0-30% yellow raspbs, 25-50% black
raspberries and 30-75% red raspberries. Withinrdggon, the optimum
formulation has ideal characteristics that are rofteot observed in

formulations with 100% black or yellow raspberries.

Keywords: optimization, response surface methodology, mixtiesign,

PARAFAC, red raspberry
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INTRODUCTION

In recent decades, the cultivation of temperaté Bpecies has
significantly increased in specific regions. Cution is no longer
practiced only in the coldest areas but has mowea mon-traditional
growing regions that experience mild winters anghkiemperature
summers. A recent example in Brazil is the cultoratof raspberries in
subtropical regions (Maro, Pio, Silva and Patto,120 Moura,
Campagnolo, Pio, Curi, Assis and Silva, 2012).

RaspberriesRubus idaeus.) are among the most popular berries
in the world, and they are consumed fresh or frapamly in processed
forms (juices, jams, jellies, syrups and wines) ooly because of their
bright color and characteristic flavor but increagy because of their
beneficial health properties (Byamukama, Kiremikndersen and
Steigen, 2005; Bobimaite, Viskelis and Venskuto2@12; Lim, Jeong
and Shin, 2013; Carvalho, Fraser and Martens, 2008 fruits of the
raspberry plant have a high free radical-scavengimgacity, and they
contain high levels of anthocyanins, flavonoidsd g@enolic acids that

offer significant health benefits to consumers (@xh Kesselera,
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Vulliouda and Lozano, 1999; Wang and Lin, 2000; katen, Hopia and
Heinonen, 2001; Jakobek, Seruga, Seruga, Novak Medvidovic-
Kosanovic, 2009; Khanizadeh et al. 2009). In additthese compounds
stand out for their natural pigments, mainly angtan which confers an
attractive coloration when fruits are processed ihiry products, jams, jellies
and fruit preserves (NouFrandafir and lonica2011).

Raspberries have a short market life because af thigh
perishability and high contents of water make thsusceptible for
microbial or enzymatic degradation (Yousefi, Yousahd Emam-
Djomeh, 2013). Because of their perishability aheé timited berry
production in Brazil (only in subtropical areaspeoway to increase
raspberry availability and add even more valueisreate new products
such as jellies and jams (Souza et al., 2012). Aicg to Zotarelli,
Zanatta and Clemente (2008), mixed fruit jamsjggeland preserves are
an interesting way of processing fruits because thdritional
characteristics of two or more fruits are combiretl they provide
pleasant sensory characteristics, which help tdugly gain prime space
in the consumer market.

The cultivation of berries, such as raspberriess hcreased

steadily in Brazil, especially in subtropical areatere temperatures are
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higher in autumn-winter and especially high during summer (Maro et
al., 2012; Campagnolo and Pio, 2012). In the cdsespberries, the
productive performance results from subtropical zBraare very
encouraging because the production of raspbegiesnstant throughout
the year, a variety of plants producing large quiastof fruit during fall
and winter (Moura et al., 2012).

In addition to the red and yellow raspberriesRofidaeus which
are commonly found on supermarket shelves, we igighithe black
raspberry R. niveusThunberg), which produces clusters of small fruit
with a dark purple color and is well suited to ctegs with mild winters
and moderate temperatures (Jin, Y@hun, GuilQin and WenIDun,
1999; Moyer, Hummer, Wrolstad and Finn 2002). Reugay raspberry
productivity in subtropical Brazil, Moura et al.Q®2) found that the
black raspberry stands out among the yellow and bedies as an
excellent choice for cultivation, with excellent agdability and high
productivity and fruit quality.

Thus it becomes extremely important studies ofpttoeessing of red,
yellow and black raspberries, when isolated ancombination to assess

the potential processing of these fruits. The petidn of mixed jams
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prepared with red, yellow and black raspberries agg/value to the final
product or enable the production of a superior iguglly (Silva et al.
2012).

In this context, this work aimed to evaluate thegesssing potential of
yellow (Golden Bliss cultivarRubus idaeus black Rubus niveysand
red raspberries (Batum cultiv&®ubus idaeysin the preparation of jellies
through mixture design and response surface mekhggldRSM). This
study also aimed to determine the physicochemieshrpeters for the

optimized formulation from the resulting models.

MATERIALS AND METHODS

Ingredients

The pulp of yellow (Golden Bliss cultivaRubus idaeys black
(Rubus niveysand red raspberries (Batum cultiv&uybus idaeyswas
used to make jelly. Fruits for jelly preparationre/eacquired from the
orchard of the Federal University of Lavras in Min&erais, Brazil.

These fruits were harvested in the morning at thleysiological maturity
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on the basis of their color and size and weregefdted in a cold room at
18°C until processing. In addition to the fruitscsose and high-methoxyl
pectin were also added (Danisco, SP, Brazil). €adid was not added to
the jellies because the pH of the fruits (2.98-B\Wwas not suitable for its

use.

Experimental Design

In the present study, a centroid mixture designrig€lh 1983) was
used to evaluate the effects of and to optimize graportions of the
yellow (Xy), black (%) and red raspberries §Xin the jellies based on
their physicochemical and sensory characteristitbe design and

experimental levels for the three factors are preeskin Table 1.
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Table 1 Level and composition of fruits in formulation jefly

Level (%) Yellow Black Red
Formula X; X, X raspberry’  raspberry’  raspberry’
1 100 0 0 60 0 0
2 0 100 0 0 60 0
3 0 0 100 0 0 60
4 50 50 0 30 30 0
5 0 50 50 0 30 30
6 50 0 50 30 0 30
7 33 33 33 20 20 20

*Percentage of fruit in the jelly, considering thlaé pulp represents 60% of the

formulation

Jelly Preparation

The preparation of mixed raspberry jellies was iedrrout in the
Laboratory of Processing Plant Products at the rfaédéniversity of
Lavras. The percentages of ingredients used to nthke jellies
formulations, as expressed in relation to the toibht (sugar and pulp),

were 60% fruit pulp, 40% sugar and 1.5% pectin.
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To process the jellies, a blend of fruit pulps waspared (according
to Table 1) and added to sucrose. The jellies \weveessed in an open
pan heated by GLP (Macanuda, SC, Brazil). High-methpectin was
added after the mixture reached a boil. At the @nthe process, after the
soluble solids reached 65° Brix, the cooking waspgeéd. The total
soluble solids were determined by using a portadleactometer model
RT-82 and the °Brix were measured at + 25°C. Thedibes were then
poured into 250 mL sterile bottles, cooled in ataorer of water and ice
and stored in a refrigerator at + 7°C. Figure 1lcdbss the jelly

processing.

preparation

blend and .
of the fruits mix ‘ add sugar boil
‘ hot filled cagk untl add pectin

desired brix

FIG. 1. Steps used in the preparation of jellies.
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Sensory Analysis

Sensory analysis was performed in the laboratoi§esisory Analysis
in the Food Science Department at the Federal UWsityeof Lavras. An
acceptance test was conducted for attributes afrctdste, consistency
and overall desirability using a hedonic 9-pointalsec(1 = dislike
extremely 9 = like extremely) (Stone and Sidel,3)99

The test was conducted with 90 participants (48 amm@nd 42 men)
who were students and office staff 18 and 40 yehegie. Panelists were
selected based on their regular consumption ot fams, jellies and
preserves. In the sensory evaluation, each paneistluated 7
formulations in two sessions spread over two cansex days. Four
formulations were evaluated during the first sassi@nd three
formulations were evaluated during the final sessio

Samples of approximately 5 g of jellies (Acostagiz and Cubero
2008) were served in 50 mL cups at refrigeratorpemature (7°C) in a
balanced manner (Wakeling and MacFie, 1995). Tlesaples were
coded with three-digit numbers drawn from a talfleamdom numbers.

The test was conducted in individual booths undéitevlight with
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adequate ventilation. Tasters were offered sufiiciavater for the
analysis. The laboratory temperature was set &€.2Bhe panelists were
instructed to taste and evaluate each set of sanam left to right and
to rinse their mouths with water between samplesddition, the testers

were instructed on the use of the hedonic scale.

Physicochemical analysis

Physicochemical analyses of the color (L*, a* arij] pH, total acidity,
soluble solids and soluble pectin were performedtlmn fruit blends
(Table 1), and the same analyses, except for tlblscsolids, total sugar
and soluble pectin tests, were also conducted endity formulations
prepared with the fruit-pulp blends.

Three repetitions were performed for each physieotgbal analysis. The
titratable acids, soluble solids and pH values wkermined according
to the IAL, or Instituto Adolfo Lutz (2005). The iied proposed by
Dische (1962) was used for the determination @fltetigar. The colors of
the fruit pulps and jelies were determined accaydin the method

described by Gennadios, Weller, Hanna and Frori®§g). The values
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of L*, a* and b* were determined using a Minolta @RO colorimeter
with D65 (daylight) and CIELab patterns, where Bhges from 0 (black)
to 100 (white), a* varies from green (-) to red &nd b* ranges from blue
(-) to yellow (+). The pectin extraction was perfird as indicated by
McCready and McComb (1952) and was quantified g®raentage of
galacturonic acid according to the colorimetric Inoet described by

Kintner and Van Buren (1982).

Statistical Analysis

Initially, the proportions of yellow (¥, black (%) and red raspberry
(X3) in the mixed fruit jelly were compared to consuraeceptance and
physicochemical parameters by a three-way extepnelerence map
obtained by PARAFAC (Nunes, Pinheiro and Bastos120dunes,
Bastos, Pinheiro, Pimenta and Pimenta, 2012) usieg SensoMaker
software, version 1.6 (Pinheiro, Nunes and Viet&l3).

A three-way array was arranged from matrices aws (i samples)
and j + m columns (j consumers + m physicochenmsahsurements).

These matrices were staked according to K consuttebutes (color,
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taste, consistency and overall liking), resultinghe three way array with
I, j + m and k. The individual i x j + m matriced the consumer
acceptance attributes were previously standardjzedelation matrix).

The i x m portion was the same for each i x j mortof the individual

matrices (Nunes, et al. 2012). The PARAFAC moded njatimized using
the value of Core Consistency Diagnostics (CORCONDd choose the
number of factors (Bro, 1997; Nunes et al., 20PBHRAFAC procedures
and the construction of a three-way preference raag three-way
external preference map were previously reportedetail (Nunes et al.
2011; Nunes et al. 2012).

The other statistical analysis was based on theligieel model
equation. A contour plot of the sensory attribmtes generated and then
superimposed to obtain the optimum region for be@sory acceptance.
From the predicted optimum region, the optimum pted point was
selected, and the physicochemical parameters watimated. Both the
analyses of variance used to examine the signdeah the data fit to the
model and the triangular contour plots generatednfthe polynomial
equations for each response were created usingstistat6.0 for

Windows (StatSoft Inc., USA, 2001).
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Physicochemical properties of the mixed raspberry gpip samples

Mean scores for the physicochemical propertieshef mixed pulp

samples from the raspberry jelly formulations ah®ven in Table 2.

There was a significant difference <(p05) in all of the studied

physicochemical properties.

Table 2 Physicochemical properties of the pulp samples

Physicochemical analysis

Pulp L a b pH Total Soluble Total Pectin
samples acidity solid sugar

P1 57.91 0.40 30.0f 3.04° 187 10.060 652 0.5¢
P2 1554 19.02 7.17 352 079 823 474 082
P3 32.4%5 37.09 2077 298" 187 1010 6.04 0.59
P4 22.4% 3462 13.06 3.07 128 867 469 054
P5 19.28 33.16° 11.9% 312 128 7.00 3.2 035
P6 37.38 33.14° 2128 293 165 867 458 0.39
P7 23.48 3520 14.07 3.04° 154° 7.80° 3.00 0.54

In a column, means with no common superscriptsigrgficantly different (p < 0.05).
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Total acidity- g citric acidy/100g fw, soluble sk °Brix; total sugar and pectin — g/100g fw.
P1- yellow raspberry; P2 — black raspberry; P3-respberry; P4 — 50% yellow and 50% black
raspberry; P5- 50% black and 50% red raspberry;: B8% yellow and 50% red raspberry; P7 —

33% yellow, 33% black and 33% red raspberry.

With regards to color, the yellow raspberry (P1)s hHarger
parameter values for L* and lower values for b* aripthese values refer
to its main characteristic, a clear yellow fruitlaration. The black
raspberry (P2) presented lower values for coloamaters L* and b*,
which refer to its intense black color. In turngethed raspberry (P3)
presented L* and b* color parameters situated betwellow and black
raspberries and a higher a* color parameter. Wathards to the pulp
mixture, the combination of characteristics for lredniit alone creates
new colorations; for example, when yellow raspbéR¥) is mixed with
black or red (P4, P6 and P7) there is a generakdse in the L* and b*
parameters and a significant increase in the aémater.

In relation to the pH and titratable acidity, tilack raspberry (P2)
has the highest pH and the lowest acidity, angthps from yellow (P1),
red (P3) and combinations of the three raspbemgmserally showed

similar pH and acidity levels. The pH of the fralbne or in combination
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ranged from 2.98 to 3.52; this is the ideal rangetle formulation of
jams and jellies because, according to Jackix (J,a88 optimum pH for
jam and jelly gelation is between 3.0 and 3.4.

The values for soluble solids and sugar contenégdrom 7.00 to
10.10 (°Brix) and from 3.00 to 6.52%, respectivébenerally, the black
raspberry (P2) had the lowest soluble solids andl tsugars, and the
yellow (P1) and red (P3) raspberries had simildues and the highest
total solids and sugars. In addition to contribgtio the formation of a
gel, sugar acts as a preservative to inhibit tlesvtr of microorganisms
because it increases the osmotic pressure witmsegoent reduction in
the water activity (Ferreira et al. 2004).

The black raspberry (P2) had the highest levelsohible pectin,
and yellow (P1) and red raspberries (P3) did ndfedibetween
themselves, and they had the lowest levels. Pptdiys an essential role
in the formulation of jams and jellies, contribgito the formation of gel
and consequently influencing the texture and ctersty of the final
product. The pectin content needed for preparingsjand jellies varies

from 0.5% to 1.5% for pulp mass + sugar (Jackixg88)9
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Sensory and physicochemical analysis of raspberrglly formulations

Figure 2 shows the three-way external map thatessmts the
distribution of consumers, samples, consumers’ @grattributes related
to acceptance and physicochemical properties. HRAFAC was fixed
with two factors, which led to a concordia value9gf06% and a variance

value of 42.32%.
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FIG. 2. Three-way external preference map for sensorybates (color,
taste, consistency and overall liking (OL)) and sbgchemical
properties (color L, a and b, pH, total acidity (TA) and total sugar (TS))

for the mixed raspberry jelly formulations.

F1- yellow raspberry; F2 — black raspberry; F3- raspberry; F4 — 50% yellow and 50% black
raspberry; F5- 50% black and 50% red raspberry-B6% yellow and 50% red raspberry; F7 —

33% yellow, 33% black and 33% red raspberry
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Mean scores for the sensory characteristics angbhilysicochemical

properties of the mixed raspberry jelly formulasare shown in Table 3.

Table 3 Sensory characteristics and physicochemical ptiegeof the

mixed raspberry jelly

Sensory attributes

Physicochemical parameters

£3

%

*

F Color Taste Consistency OL L a b pH TA TS

1 3.05 6.15 6.69 5.37 2445197 0.83 3.17 1.32 52.88
2 6.99 6.10 5.85 6.22 13.503.22 -0.59 359 0.68 43.14
3 7.70 6.69 6.74 6.91 20.703.82 -0.25 324 132 5275
4 752 6.95 6.85 7.08 21.722.34 -0.88 3.37 094 37.56
5 7.77 7.31 7.00 7.32 16.316.40 -0,70 3.27 1.37 60.17
6 7.24 6.84 6.80 6.94 2159589 -0.02 323 1.06 66.15
7 7.70 7.03 6.94 7.22 16.536.22 -0.58 336 115 35.15

Overall liking (OL); Total acidity (TA) - g citri@cidy/100g fw, total sugar (TS) - g/100g fw.

F1- yellow raspberry; F2 — black raspberry; F3- raspberry; F4 — 50% yellow and 50%

black raspberry; F5- 50% black and 50% red rasph&6 — 50% yellow and 50% red raspberry;

F7 — 33% yellow, 33% black and 33% red raspberry.

As shown by the three-way external preference maiEPM (Figure

2), samples F1 and F2, which correspond to theegeltith 100% yellow

raspberry and 100% black raspberry, respectiveBrewess preferred.
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Analyzing the TWEPM and the numerical values shawiiable 3, it is
observed that F1 is mainly characterized by higbtervalues (0.83),
which is explained by the specific color of thelgel raspberry. F2 stood
out in relation to the lower color parameter L* (@) and higher pH
(3.59), which is characteristic of black raspbepylp (Table 2). The
remaining formulations (F3, F4, F5, F6 and F7), alhcorrespond to
100% red raspberry and combinations of three raspligpes, were
preferred to the color, taste, consistency and advédiking attributes
(Figure 2). These formulations stood out in relatio the higher a*
values (between 2:34 and 6:40), which are assaciatth intense red
coloration (Figure 2 and Table 3).

Table 3 shows that the yellow raspberry jelly (Ff@nerally
resulted in higher acceptances for taste and densig and was similar to
other formulations, with an average hedonic termli&e slightly" and
"like moderately." However, the acceptance was Wwelbw average for
the color attribute, which was situated betweenhtb@onic terms "dislike
moderately” and "slightly disliked". This low acdapce for the overall
impression - which was also lower than that of ofleemulations, with

an average score between "neither liked/disliked dike slightly” - was
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most likely influenced by thecolor parameter. Thuss clear that F1 had
a lower acceptance than the others because ofkliswy color, which
negatively influenced the acceptance of the coldribate and
consequently influenced the overall impression. Jéléow color is most
likely not associated with the typical red raspbeoolor to which
consumers are accustomed.

From Figure 2 and Table 3, it is clear that themi@iation with
100% black raspberries (F2) had lower average smcep for all of the
analyzed sensory parameters and presented avecages or color,
flavor and overall impression ranging between tleeddmic terms "like
slightly" and "like moderately,” and F2 had a mexdigonsistency score
ranging between "not liked/disliked” and "like $iity." Through
TWEPM (Figure 2), it is clear that this formulatiblad markedly lower
values for the color parameter L* and higher pHueal The very dark
coloring and high pH (less acidity) in the jellyearharacteristic of black
raspberries (Table 2) and led to a lower acceptanoees than the other
formulations. The consumers appear to prefer abeasp jelly with a
certain acidity, such as that obtained with thdoyelraspberry, whereas

the black color of raspberry jam seems to be dasiralthough it does
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not remind the consumer of the red raspberry toclwhihey are
accustomed.

Although a texture analysis was not performed, 10BRck
raspberry jelly possibly presents a superior coescy to the others, due
to the higher pectin content in the black raspbewynpared to other
raspberries and their mixtures (Table 2). This mgylain the lower than
average grade for the sensory attribute consistémcyhis formulation
over the others.

The other formulations (F3, F4, F5, F6 and F7) wibe most
widely accepted for all of the sensory attributeégyre 2), with average
scores located between the hedonic terms "likéhttjigand "like very
much"” (Table 3). Figure 2 illustrates that the pbyshemical attribute
that correlates with these formulations was thercphrameter a*. Table
2 shows that these formulations generally had higlaues for this
parameter. This finding reinforces the idea tha ttonsumer has a
preference for raspberry jellies with a reddistocol

From Table 3 and Figure 2, it is observed that whraspberry

jellies are prepared only with yellow or black raspies, they do not
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result in good consumer acceptance, but when ymbice two or three

raspberries (including red raspberries), accepteeticeably greater.

Sensory optimization of raspberry jelly

The sensory and physicochemical data were subj¢éctezsponse
surface methodology analysis using response surfeegression
(RSREG), and a predicted equation was developedcedoh attribute
(Table 4). A complete quadratic model was fit te tiependent variables,
except for color L and pH, which were fit to linear models. All maoslel
presented R2 values greater than 0.8 and signif{parD.05) regressions,
indicating that they were suitable for predicti¢gHenika, 1982).

A contour curve was plotted (Figure 3) using theiapn for

predicted overall liking (Table 4).
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Table 4 Predicted model for sensory and physicochemictd tla the

raspberry reserve formulations

Attribute Predicted model R?
value

Color Y=3.08%+7.00+7.73%+9.52%X,+6.99X X 3+ 1. 25%X5 0.99
Taste Y=6.17%+6.12X%+6.70X+2.98X X ,+1.35X X3+3.33%:X3 0.97
Consistency Y=6.6925.86%+6.75X%+2.21 X X,+0.21 % X3+2.67X%X3 0.99
Overall Liking  Y=5.38X+6.24%+6.92X+4.85XX,+2.94%X5+2.74%Xs 0.99
L Y=24.88%+13.61%+19.71X% 0.89
a Y=1.92X+3.17%+3.77%-0.04%X,+12.96 % X5+12.50%X 5 0.98
b’ Y=0.82X%;-0.60X%-0.26X%5-3.85X;X»-0.93X%;X3-0.97 %X 3 0.99
pH Y=3.19%+3.55%+2.21% 0.84
Total acidity Y=1.31%+0.68X%+1.32X%5-0.21%,X,-0.97 X X3+1.47X%X3 0.99

X, — yellow raspberry; X— black raspberry; %- red raspberry
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FIG. 3. Contour plot for overall liking to the raspberrylye

The contour curve shows the optimal region whettainhble middle
notes of sensory acceptance were at 7.4, contai@idg% yellow
raspberries, 20-50% black raspberries and 25-7%%raspberries. The
response surface confirms the hypothesis propoasigre in which the
yellow and black raspberries contribute less tostesory acceptance of
the jellies, and the larger their proportions irgigen formulation, the

lower its acceptance.
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During studies on the phenology and yield of raspbeultivars in
subtropical Brazil, Moura et al (2012) concludedttthe black raspberry
stands out, is an excellent option for cultivatiohas excellent
adaptability, is high yielding (18.2 to 25 Mg Haand has good fruit
quality when compared with the yellow (5 Mghaand red raspberries
'Batum’ (4.4 Mg hd).

Based on the common optimal region of acceptanceemonomic
feasibility (as related to the adaptation, produisti and quality of
raspberries), the optimal jelly formulation had tbh#owing proportions:
50% of black raspberries, 20% of yellow raspberaesl 30% of red
raspberries. These levels were put into the prediotodels to determine
the average acceptance score and the value of hy&cpl chemical
characteristics for the mixed raspberry jelly witline optimum region of
acceptance. Thus, for a formulation containing 3@léeck, 20% yellow
and 30% red raspberries, the average sensory udtrikcores are as
follows: 8.18 for color, 7.18 for flavor, 6.92 faonsistency and 7.34 for
overall liking. For the physical and chemical &ttites, the jelly presents
color parameters L* of 17,69, a* of 5.76, b* of80. The pH is 3.08, and

the acidity is 1.14 g/100 g of citric acid.
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From these results, producing a mixed raspberlly geems
feasible and is an interesting alternative to use yellow and black
raspberries. When combined, raspberries make § j&lth better
acceptability than when processed alone, the ication for the lower
acceptance of raspberry jelly prepared from justklor yellow fruits is a

consequence of their coloring.

CONCLUSION

A jelly formulated with a mix of colored raspbesiggrown in
subtropical regions is a viable and alternative teayse yellow and black
raspberries. The mixed raspberry jelly must hav80% yellow
raspberries, 25-50% black raspberries and 30-7%%aspberries. Within
this region, the optimum formulation has ideal euéeristics that are
often not observed in formulations with 100% black yellow
raspberries, thus, it is clear that it is not feksthe jelly processing with
black and yellow raspberry only, however when imbmation with red

raspberry the jelly presented high sensory accépyab
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ABSTRACT

In Brazil, there are numerous blackberry cultivarsder cultivation,

however, only a few cultivars, such as the Guarami,displayed/used for
processing. In this context the aim of this worlswa study the effects of
different Brazilian blackberry cultivars (GuararBrazos, Comanche,
Tupy, Cherokee, Caingangue and Choctaw) on the iqdofsemical

characteristics, texture profiles and the consumereptance of the
resulting jelly to identify the potential use ofette cultivars in the jelly
industry. It is feasible to produce blackberry igdl with the Tupy,
Comanche, Brazos, Guarani and Choctaw cultivarausecthese jellies
demonstrated good acceptability combined with gqodductivity.

Consumers were shown to have a preference forter dgfickberry and

less consistent jelly.

Keywords: blackberry, Brazilian cultivars, jelly
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1. INTRODUCTION

Berries are small fleshy fruits that are typicaéigten fresh or in
products such as juice, jam, jelly, wine and sy(Kpbota, Ishikawa,
Sugyyama, Fukumoto & Miyagi, 2012). Berry fruite avidely consumed
in our diet and have attracted much attention dudeir potential human
health benefits, been and excellent source of biaccompounds
(Seeram, 2006 and Seeram, 2008).

Blackberry Rubussp.) fruit contains high levels of anthocyaninsgl an
other phenolic compounds, mainly flavonols and giiganins, which
contribute to its high antioxidant capacity andestbiological activities
(Ali, Svensson, Alsanius & Olsson, 2011 and Kaukleward & Latha,
2012). The blackberries also have natural pigmerdgspecially
anthocyanin, which imparts an attractive color ngrifruit processing
(Acosta-Montoya, Vaillant, Cozzano, Mertz, PéreZ&stro 2010).

The fragility and high post-harvest respirationeraif blackberries
contributes significantly to their nutritional andnicrobiological
deterioration, resulting in limited shelf-life ardiminished quality and
health benefits (Bower, 2007). Although blackberrgge available in a
fresh form {(n natura, they are mainly consumed as frozen or thermally
processed pulp in juices, jellies, jams and othedpcts (Antunes, 2002
and Mota, 2006b). Berry jams, jellies and preseraes an important
dietary form of berry fruits (Figuerola, 2007). Pas studies have
indicated that a small portion of flavonols weretlaluring strawberry
jam production (Hakkinen, Karenlampi, Mykkanen &riiamen, 2000),
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and total phenolics were preserved during blackb@m processing
(Amakura, Umino, Tsuji & Tonogai 2000).

The cultivation of blackberries in Brazil began hwthe launch of the
first Brazilian cultivars (Tupy, Guarani and Caingae) by the Embrapa
Temperate Climate breeding program (Fachinello,aP&chmtiz &
Betemps, 2011). An estimated 400 blackberry cultiveere produced by
this breeding program (Clark & Finn, 2011), but tme®st commonly
cultivated types in Brazil are: Tupy, Guarani, N&gr Caingangue,
Brazos, Cherokee, Comanche and Ebano (Antunes).200& cultivars
have different characteristics in terms of produtti (Campagnolo and
Pio, 2012b) and use. The cultivars Tupy and Guarfaniexample, are
recommended for fresh consumption because of lhweiacidity, and the
Guarani is recommended for industrial productioant8s & Raseira,
1988). The blackberry has adapted well to the spital climate of
Brazil, and has good productivity. Campagnolo aiwd(P012a) recorded
6430 kg/hd with the Tupy cultivar in Helena, PR. In the mupiglity of
Marechal Candido Rondon, PR, which has similar aionconditions, the
grain yields for Brazos was 18602.5 kg'ha5129.8 kg hafor Guarani,
11395.9 kg ha for Choctaw and 9412.5 kg thafor Comanche
(Campagnolo & Pio, 2012b).

According to Mota (2006b), blackberry cultivationash been
encouraged because of its potential for commereaidin  and
industrialization. In Brazil, there are numerouadberry cultivars under
cultivation (Antunes, 2002); however, only a fewtiears, such as the

Guarani, are displayed/used for processing (Samd®aseira, 1988).
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In this context, the aim of this work was to stuihe effects of
different blackberry cultivars (Guarani, Brazos, n@amche, Tupy,
Cherokee, Caingangue and Choctaw) on the physiodchkand texture
profiles and the consumer acceptance of the ragukily to identify the

potential use of these cultivars in the jelly inays

2. MATERIALS AND METHODS

2.1lIngredients

Jellies were made from the pulp of seven blackbeuftivars grown
in the subtropical climate of Minas Gerais state Brazil, namely,
Guarani, Brazos, Comanche, Tupy, Cherokee, Caingaagd Choctaw.
The fruits used for jelly preparation were acquifiexn an orchard at the
Federal University of Lavras, Minas Gerais, Bradihe fruits were
harvested at physiological maturity, which was dateed by their color
and size in the morning, and kept refrigerated @old room at 18°C until
processing. In addition to the fruits, sucrose armgh-methoxyl pectin
were also used in the jelly (Danisco®, SP, Braflitric acid was not
added during preserve preparation because the pté dfuits (3.32-3.41)
was not suitable.
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2.2 Jelly formulation

Seven blackberry jellies were prepared and the waliation between
the formulations was the blackberry cultivar. Thepared jellies were
then subjected to physicochemical, texture andsgraalyses.

Following Acosta, Viquez, Cubrero & Morales (2006)he
blackberries were thawed by immersion in potabléewat 25°C for 30
min. The fruit was drained in a plastic colandeeliminate excess water
and manually sorted for apparent physical and rhiofogical damage.
The fruits were then beaten in a blender and wereed following
homogenization to obtain clarified juice, and figathe clarified juice
was packaged immediately in high-density polyethglbags (250 g per
bag) and stored at -20°C for 2 days (the time rssagsto process all
formulations).

The blackberry jelly preparation was conductedhi& Laboratory of
Processing Plant Products at the Federal UniversityLavras. The
percentages of ingredients used to formulate gll@s expressed in
relation to their total weights (sugar and pulpgrev60% fruit pulp, 40%
sugar and 1.5% pectin.

To process the jellies, fruit pulps were addeduir@se and were then
processed in an open pan heated by a gas flamea(idda, SC, Brazil).
After reaching a boil, high-methoxyl pectin was addAt the end of the
process, after the soluble solids reached 65° B cooking was halted.
The total soluble solids were determined by using partable
refractometer model RT-82 and the °Brix was meabater 25°C. The

hot jellies were then poured into 250 mL sterildtles, cooled in a
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container of water and ice and stored in a refatggrat + 7°C. Figure 1

describes the jelly processing.

reparation .
gf tfme Fruits add sugar boil
. cook until .
hot filled desired brix add pectin

~ ,f‘ ~ /

Figure 1 Steps used in the preparation of blackberry gllie

2.3 Sensory Analysis

Sensory analysis was performed in the laboratoi§esisory Analysis
at the Food Science Department of the Federal Wsityeof Lavras. An
acceptance test was conducted on the attributescotdr, taste,
consistency and overall desirability by using admd scale of 9 points
(1 = dislike extremely 9 = like extremely) (StoneS&del, 1993).

The test was conducted with 90 participants (55 amm@nd 35 men)
who were students and office staff aged betweenad® 45 years.
Panelists were selected based on their regulauogutson of fruit jams,
jellies and preserves. During the sensory evaloatieach panelist
evaluated seven formulations over two sessions adprever two
consecutive days. Four formulations were evaluatadng the first

session, and three formulations were evaluateth®ofinal session.
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Samples of approximately 5 g of jelly (Acosta, gu& Cubero,
2008) were served in 50 mL cups at refrigeratorpemature (7°C) in a
balanced manner (Wakeling & MacFie, 1995). Thesepdas were coded
with three-digit numbers drawn from a table of ramdnumbers. The test
was conducted in individual booths under white tligiith adequate
ventilation. Tasters were offered sufficient wafer the analysis. The
laboratory temperature was set at 23°C. The pdselisre instructed to
taste and evaluate each set of samples from lafghtd and rinse their
mouths with water between samples. In additiorteteswere instructed

on the use of the hedonic scale.
2.3Physicochemical analysis

Physicochemical analyses of color (la and b), pH, total acidity,
soluble solids, total sugar and soluble pectin weeeformed for the
blackberry cultivars, as well as physicochemicallgses of color (L, a
and b), pH and total acidity were performed in the gili

Three repetitions were performed for each physieotbal analysis.
The titratable acidity, soluble solids and pH valugere determined
according to the IAL- Instituto Adolfo Lutz (2005)he method proposed
by Dische (1962) was used for the determinatiortotél sugar. The
colors of the fruit pulps and jellies were deterednaccording to the
method described by Gennadios, Weller, Hanna & iRgp1996). The
values of L*, a* and b* were determined by usingViaolta CR 400
colorimeter with D65 (daylight) and CIELab pattermgere L * ranges
from O (black) to 100 (white), a * varies from gneg) to red (+) and b*
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ranges from blue (-) to yellow (+). The pectin extion was performed
as indicated by McCready & McComb (1952) and quimcti as a
percentage of galacturonic acid according to tHeroetric method of
Kintner & Van Buren (1982).

2.4Texture profile analysis

Texture profile analysis (TPA) is a method for erding sensory
properties. The test consists of compressing thd {study sample) twice
in a reciprocating motion to mimic the action ok tmandible; a first
compression and relaxation followed by a second pression are
performed during testing. This test yields a graptforce versus time
from which the texture parameters are calculatezi{Be, 2002; Herrero,
Ordédnez, Avila, Herranz, Hoz & Cambero, 2007; Hehik998 and Lau
et al., 2000).

The texture profile analyses (TPA) were performedpenetration
mode under the following conditions (Pereira eRall3): a pre-test speed
of 1.0 mm/s, a test speed of 1.0 mm/s, a postsigsed of 1.0 mm/s, a
time interval between penetration cycles of 5.@ gjstance of 20.0 mm
and a compression with a 6.0 mm diameter cylintdiaaminum probe
using the Stable Micro Systems Model TA-XT2i teximeter
(Goldaming, England). The jelly samples were comsgped by
approximately 30%. The parameters analyzed weredness,
adhesiveness, springiness, cohesiveness, gumnandsshewiness. The

test was performed in triplicate. The analyses weeducted in the
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packaging containing the blackberry jellies (heid@.50 mm, diameter:
100.70 mm).

2.5Statistical analysis

To correlate physicochemical characteristics whid blackberry fruit
pulps and the physicochemical and texture chaiatiter with jelly
formulations, the physicochemical and texture det¢me analyzed by a
principal component analysis (PCA). The data se$ waanged in a
matrix of 7 lines (samples) and 8 (pulp physicocicamanalysis) or 11
columns (jelly physicochemical and texture params@teThe data were
standardized (correlation matrix) and the PCA wppliad. The PCA
score plot and loading was built from the first tprincipal components.

The acceptance data for the different formulativese analyzed by
using an internal preference map. Matrices to edtribute with 7 lines
(samples) and 90 columns (consumers) were stakedrdacg to
acceptance attributes, resulting in a 7 x 90 affag individual matrices
of the acceptance attributes were previously stawsd (correlation
matrix) and then plotted.

Data analysis was performed with SensoMaker so&warsion 1.6
(Pinheiro, Nunes & Vietoris, 2013).

3. RESULTS AND DISCUSSION

3.1Physicochemical analysis of blackberry cultivars
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A principal component analysis (PCA) was gener&tecorrelate the
physicochemical analyses with the different blackpeultivars (Figure
2).
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Figure 2 Principal Component Analysis (PCA) for the phybiead

chemical attributes of different blackberry samples

Physical and physical chemical parameters: TAal tatidity; SS — soluble solids; TS —

total sugar.
Sampleformulations: 1- Guarani cultivar; 2 —Brazaftivar; 3- Comanche cultivar; 4 —
Tupy cultivar; 5- Cherokee cultivar; 6 —Cainganguéivar; 7 —Choctaw cultivar.
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The mean scores for the different blackberry caftphysicochemical
properties used in the formulations of blackbeetlyjare shown in Table
1.

Table 1 Physicochemical properties of the different blackpeultivars

Physicochemical analysis

Blackberry L a b’ pH  Total Soluble Total Pectin
Cultivar acidity  solid  sugar
Ci 16.58 22.67 4.01 3.32 1.28 8.0 4.68 0.36
C2 17.30 25.89 6.22 3.32 1.15 8.7 5.35 0.35
C3 1471 2056 291 341 1.15 7.3 4.11 0.56
C4 15.72 25.73 540 3.34 1.19 4.9 3.21 0.48
C5 1541 16.34 147 3.27 1.73 9.7 5.86 0.52
C6 16.32 20.38 3.34 3.25 1.17 5.0 3.75 0.45
C7 20.12 25.62 6.51 341 1.09 7.7 4.57 0.55

Total acidity- g citric acidy/100 g fw; soluble gb} °Brix; total sugar and pectin — g/100 g fw.
C1- Guarani cultivar; C2 —Brazos cultivar; C3- Cartlae cultivar; C4 —Tupy cultivar; C5-
Cherokee cultivar; C6 —Caingangue cultivar; C7 -«@&w cultivar.

Through the PCA (Figure 2), it is possible to seat tcultivars C7
(Choctaw) and the lower intensity C2 (Brazos) weharacterized by
higher Hunter L* values (20.12 and 17.30, respetyly a* values (25.62
and 25.89, respectively) and b* values (6.51 ari2R,6respectively)
(Table 1). These samples have a less intense htatlk more intense red
coloration than the other cultivars, which is tyiof blackberries at the
less mature stages.

The cultivars analyzed in this study showed a hightensity of black

(L*) and Hunter a* and b* values, which were relaty similar to those
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found in studies by Hirsch, Facco, Rodrigues, Mittza& Emanuelli
(2012) for different blackberry cultivars developad Brazil. The
difference between the color parameters of differeuitivars can be
explained by differences inherent to the fruit @tvizeen the stages of
maturation, although care has been taken to calécultivars at similar
maturation levels. According to Tosun, Ustun & Teley (2008), the
Hunter L* value of blackberries tends to decrea#é Wuit ripening as
the color becomes deep/dark. According to TosurtuiJg Tekguler
(2008), because it is an index of redness and gessn the Hunter a
value increases during the early fruit ripeninggesa but the Hunter a
value decreases during the ripe mature stage beaduss violet color.
The Hunter bvalue, which expresses yellowness and bluenesge ater
with maturity.

Cultivar C5 (Cherokee) was run through the PCA (Feg2), and it
was characterized by a higher acidity (1.73g citdacidy/100 g
fw).Cultivars C2 (Brazos) and C5 (Cherokee) hacdhéigsoluble solids
(8.7 and 9.7, respectively) and sugars (5.35 ad@l, sespectively) (Table
1).

The different blackberry cultivars had pH valuesgiag 3.25 to 3.41
and acidity ranging from 1.09 to 1.73 g citric d&D g (Table 1). Mota
(2006b); Hassimoto, Mota, Cordenunsi & Lajolo (2pG8d Hirsch,
Facco, Rodrigues, Vizzotto & Emanuelli (2012) fouhdt the pH of the
fruits ranged from 2.78 to 3.83 and the titratadbedity ranged 1:24 to
1:58, values similar to those found in the studiethe physicochemical
characteristics from similar blackberry cultivaiihe pH of the fruit is

considered ideal for formulating jams and jelliescéuse, according
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Jackix (1988), the optimum pH for jam and jelly aj@n should be
between 3.0 and 3.4.

The soluble solids and total sugars in the blagkbeultivars ranged
from 5.0 to 9.7 °Brix and 3.21 to 5.86%, respedjiv@able 1). The
soluble solid and total sugar levels are consistgtit the range found in
the literature for studies on different Braziliaoltivars and different
blackberry cultivars from Turkey at the optimumgsaf maturity (Mota,
2006b; Hassimoto, Mota, Cordenunsi & Lajolo, 2008sun, Ustun &
Tekguler 2,008; Hirsch, Facco, Rodrigues, Vizzé&ttBmanuelli, 2012).

Through the PCA (Figure 2), blackberry cultivars (C&manche), C4
(Tupy) and C6 (Caingangue) were characterized blyigher pectin
content (0.45 to 0.56) (Table 1). In the jam arlly jrmulation, pectin
plays an essential role in the formation of the getl consequently
influences the texture and consistency of the fpralduct, and the ideal
pectin content for preparing jams and jellies \afiem 0.5% and 1.5%
(Jackix, 1988).

3.2 Physicochemical and textural analyses of blackbry jelly
formulations

The principal component analysis (PCA) was gendr&tecorrelate
the physicochemical and texture analyses with tleekberry jellies
(Figure 3).
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Figure 3 Principal Component Analysis (PCA) for the differesamples
of blackberry jelly and physical and chemical atites of texture.

Physicochemical and texture parameters: Gumm - gness; Chew- chewiness; Hard -
hardness; Sprin - springiness; Cohe - cohesiverfgdise - adhesiveness; TA - total
acidity

Samples: 1- Guarani cultivar; 2 —Brazos cultivar;manche cultivar; 4 —Tupy cultivar; 5-
Cherokee cultivar; 6 —Caingangue cultivar; 7 —Caactultivar.

The mean scores for physicochemical properties ted texture

analysis of the blackberry jelly formulations al®wn in Table 2.
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Table 2 Physicochemical properties and texture parametérghe

blackberry jelly formulations

Physicochemical properties Texture Parameters
F L a b pH TA Hard. Adhe. Spr Coh Gum Chew
1 23.98 4.95 -0.25 3.29 0.81 15.67 -17.45 0.95 0.34 54.15 47.92
2 21.59 8.34 0.76 3.33 090 11.57 -12.75 0.95 0.30 29.50 28.45
3 23.95 3.64 -0.54 3.33 0.77 28.76 -15.33 0.98 032 91.23 85.04
4 23.50 472 -0.17 3.36 0.81 24.25 -29.56 0.95 031 7411 71.63
5 23.39 421 -0.34 3.29 0.81 13.26 -17.03 0.93 0.30 38.20 37.93
6 23.44 3.28 -0.53 3.48 0.72 32.80 -32.41 0.94 0.33 113.96 104.85
7 20.38 3.69 -0.79 3.49 0.72 26.14 -37.50 0.93 0.3183.74 77.15

Total acidity (TA) - g citric acidy/100 g fw; totaugar (TS) - g/100 g fw.

Hard. — Hardness (N); Adhe — Adhesiveness (N/9)-Sppringiness; Coh — Cohesiveness; Gum —
Gumminess (N); Chew — Chewiness.

Samples: 1- Guarani cultivar; 2 —Brazos cultivar;Cdmanche cultivar; 4 —Tupy cultivar; 5-

Cherokee cultivar; 6 —Caingangue cultivar; 7 —Caactultivar.

With regards to color, the jelly formulations hadirtder L* values
(Table 2) ranging from 20.38 to 23.98, a* valuesgrag from 3.28 to
8.34 and b* values ranging from -0.25 to 0.76 (€abd). According to the
PCA (Figure 3) and Table 2, formulation F1 (Guaraahd F3
(Comanche) stood out as having the highest Hunteralue (23.98 and
23.95), so this jelly formulations has the lowestensity of black
coloration. In Table 1, it is apparent that thidtigars were not among
those with a lower intensity black color; howeveagtors such as the
reduced time required to acquire the final jam Baxild lead to a clearer
appearance because of the lower intensity of thetimns, such as the

Maillard. In relation to the Hunter a* and b* vafyeformulation F2
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(Brazos) stood out for its higher rates of theseup@ters (8.34 and 0.76,
respectively) (Figure 3 and Table 2). AccordingTable 1, it was this
cultivar that had the highest values for thesercoéwameters.

When compared with the samples without processhregHunter L*
value for jellies increased and the Hunter a* ahdvélues decreased,
indicating that the jelly had a lower intensity lofack and red colors
compared to the fresh fruit. Patras, Brunton, Pi&dutler, (2009)
observed that the thermal treatment caused theeaserof Hunter a
value (redness) in blackberry purées compared psogessed samples,
and according to these authors, the change im8teumental parameters
can be explained by the degradation of anthocyawith processing
because this pigment is mainly responsible for rde color of these
fruits. Mota (2006a); Mota (2006b); Wu, Frei, Kedge& Zhao (2010)
and Gancel, Feneuil, Acosta, Pérez & Vaillant (90idund that the
cooling and heating of blackberry pulp causes dmrable anthocyanin
losses, and this degradation may vary from 8.8%2%. Among other
factors, the loss of color at higher temperatues diso been attributed to
increased rates of enzyme-mediated losses via @awyrmmuch as
peroxidase, polyphenol oxidase and glucosidaseq(dernandez & De
Ancos, 1997).

With regards to acidity, the pH of the jellies readgrom 3.29 to 3.49
and acidity ranged from 0.72 to 0.90 g citric at@f) g (Table 2). The
PCA (Figure 3) and Table 2 show that formulation(Ehoctaw) stood
out for having the highest pH (3.49) and formulatk® (cultivar Brazos)
had the highest acidity (0.90) From Table 1, thedc@éw cultivar actually
presented the lowest acidity (higher pH and loviteatable acidity) and
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the Brazos cultivar was not among those with higigdity but might
have acquired this trait with processing.

Mota (2006a) characterized different Brazilian Blzerry jellies and
found that the pH ranged from 3.36 to 3.47, andattidity ranged from
1.22 to 1.79. Compared with fresh fruits, the jglif was slightly higher
and the acidity was considerably lower. The aciditgs inversely
correlated to the pH, and the increase in pH amdeguent decrease in
total acidity may be explained by the changes taturred during
processing because the organic acids can be ceduertsugars (Tosun,
Ustun & Tekguler, 2008).

In relation to the texture profile of jellies indtire 2, it is clear that
formulation F6 (Caingangue) is highly correlatedthwithe textural
characteristics of hardness, gumminess and chesyiaes in Table 2, it
is clear that this sample had the highest valuestliese parameters
(32.80, 113.96 and 104.85, respectively). Hardmasasures the force
required to achieve a given deformation (Friedmakhitney &
Szczesniak, 1963, Bourne, 1968; Van Vliet, 1991)mminess
determines the force required to chew a semi-dold (Oliveira et al.,
2009) and chewiness is the quantity of energy requio simulate the
mastication of a semi-solid sample to a steadye stdt swallowing
(Huang, Kennedy, Li, Xu & Xie 2007). Thus, the Gg@ngue cultivar
was used to produce a more rigid and firm jelly.

Jellies F1 (cultivar Guarani) and F3 (Comanche i} are
correlated with the texture parameters of elagti¢@.95 and 0.98,
respectively) and cohesiveness (0:34 and 0:32, ectisply). The
cohesiveness of the rheological parameters is latete with the
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properties of the food as it is swallowed, espécidlit is in a solid state

(Ishihara, Nakauma, Funami, Odake & Nishinari, 2@hdl Lucas, Prinz,

Agrawal & Bruce 2002). The cohesiveness parameiershen correlated
with the food disintegration, for example, the lowee cohesiveness, the
greater the disintegration during the first compi@s cycle (Extralab,

2010). Elasticity measures the speed with whichdé®rmed material

returns to its original condition after the defongiforce is removed

(Friedman, Whitney & Szczesniak, 1963, Bourne 1968) Vliet, 1991).

The jelly F7 (Choctaw) is correlated with the adixesess (Figure 3),
presenting highest module value of this paramel@able 2). The
adhesion measures the amount of force to simufetenbrk needed to
overcome the forces of attraction between the saréand the surface of
food in contact with it (Bourne 1968; Van Vliet,49, thus the Choctaw
cultivars produce a more adhesive jelly.

Several factors may explain the variation in textoetween the jellies
prepared with different blackberry cultivars; amdhgm are the amount
of sugar naturally present in each cultivar, pH anwlity, soluble pectin
content, factors that can influence gelation awmtsequently, the texture
of the final product. In addition, other factorcBias the moisture content
and chemical composition of the fruit can influenice texture profile by
influencing the cooking time, yield, and, hences thoisture content of
the final product (Oakenfull, 1987; Jackix, 198&v@, 1998 and Lofgren
& Hermansson, 2007).
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3.3 Sensory analysis of the blackberry jelly formwdtions

Figure 4 shows the internal preference map to émsary attributes,
which is a representation of the distribution ohsomers and samples

evaluated for consumer acceptance.
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Figure 4 Internal preference map for the color (a), tasde ¢bnsistency

(c) and overall desirability (d) of the blackbejeyly formulations.

Samples: 1- Guarani cultivar; 2 —Brazos cultivar;Cdmanche cultivar; 4 —Tupy cultivar; 5-

Cherokee cultivar; 6 —Caingangue cultivar; 7 —Caactultivar.
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The mean scores for the sensory characteristitsedblackberry jelly

formulations are shown in Table 3.

Table 3 Sensory characteristics of the blackberry jellyfatations

Sensory Parameters

Samples Color Taste Consistency Overall Liking
1 7.55 6.81 6.58 6.74
2 7.39 6.78 6.09 6.58
3 755 6.69 6.73 6.85
4 7.27 6.55 5.75 6.32
5 752 6.92 6.78 7.05
6 7.15 6.79 5.92 6.47
7 7.07 6.20 5.09 5.85

Samples: 1- Guarani cultivar; 2 —Brazos cultivar;manche cultivar; 4 —Tupy cultivar; 5-
Cherokee cultivar; 6 —Caingangue cultivar; 7 —Caactultivar.
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Through internal maps (Figure 4), it is clear thére was no
preference for any of the formulations for the cdleigure 4a) or taste
(Figure 4b). For consistency attributes and ovetaflirability, Figure 4c
and Figure 4d indicate that consumers have wettiiged around the
samples, but formulations F6 (Caingangue) and Hb¢@w) were the
least accepted. From Table 4, it is clear thagdneral, all formulations
had good acceptance grades for all sensory agsbenvaluated, and the
average scores for color range between the hedterims "liked
moderately" and "liked very much",the scores fastearange between
"liked slightly" and "liked moderately”, and theoses for consistency
and overall desirability range from "not liked/ndisliked" and "liked
very much".

Formulation F6 (Caingangue), which was among thstl@referred
for consistency and overall liking attributes (Figu4 c and 4d), is
characterized by a firmer and more rigid jelly hesm of its hardness,
gumminess and chewiness (Figure 2 and Table 23; tansumers seem
to have a preference for a jelly that is softer ls3$ consistent. Negative
results for the acceptance of jelly derived fromin@angue, coupled with
a low production (Campagnolo & Pio, 2012B), indec#tat this cultivar
IS not suitable for processing.

Formulation F7 (Choctaw), which together with F&dhhe lowest
acceptance, is characterized by the highest adhéBigure 2 and Table
2). Thus, consumers in addition to not want rigndi dirm jelly, do not
want a very adhesive jelly. This conclusion dravarlier, that consumer

prefers a softer and less consistent jelly.
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Formulation F6 (Caingangue) and F7 (Choctaw) welso a
characterized by its pH (Figure 2) presenting tiveelst acidity (Table 2).
This fact may had contributed to the negative texpparameters to the
consumers and probably an adjustment in the amafuatided acid can
improve their texture characteristics

Regarding the most preferred samples (F1, F2, £#3nd F5) (Figure
4), it is clear from the PCA, as shown in Figurettgt formulation F1
(cultivar Guarani) is characterized by the colorapaeter L* (Figure 2),
having presented the highest values for this paem{&able 2) and F2
formulation (Brazos) was characterized by having ltighest Hunter a*
and b* color and higher acidity. However, becalsesensory acceptance
for this color and taste was similar for all sansplee cannot correlate
consumer preference for these parameters. The ptiysicochemical
attributes for the jelly formulations have not bderther characterized
(Figure 2).

In general, all blackberry cultivars showed goodceptability.
Although acceptance for texture and overall likfing jellies elaborated
with the Caingangue and Choctaw cultivars was bekbw other
formulations, this fact can probably be reversed dwjusting the
ingredients and process. Regarding the economie, dide cultivar
Caingangue and Cherokee had low productivity, Xéa' and 3.01
kg/ha', respectively (Campagnolo & Pio, 2012b), beingt thay,
unviable for processing. Thus, based on their kigdeptability and good
productivity, Tupy, Comanche, Brazos, Guarani arwbcaw cultivars

have the potential to be processed into jelly.
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4. CONCLUSION

Although the different blackberry cultivars studiddhd different
physicochemical characteristics, which were refldcin jellies with
different physicochemical characteristics and texfrofiles, the sensory
acceptance was high and quite similar between ssml conclusion, it
is feasible to produce blackberry jellies with thepy, Comanche,
Brazos, Guarani and Choctaw cultivars because {b#igs demonstrated
good acceptability combined with good productivionsumers were

shown to have a preference for a softer blackbany less consistent

jelly.
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ABSTRACT

The berries are very recognized by high antioxidaagacity and high
content of bioactive compounds such as phenolshoagpanins,
flavonoids and vitamin C, which bring many healénéfits. The effect of
thermal processing and cultivar berries has beenstibject of several
studies, so that it can serve as a basis in oodieise as little as possible
of bioactive compounds and antioxidant capacitthese fruits. In Brazil,
there are numerous blackberry cultivars under\atitbn, however, only
a few cultivars, such as the Guarani, are displayged for processing. In
this context, the aim of this work was to study howe bioactive
compounds contents and antioxidant capacity of kblacy jellies
processing were influenced by cultivars (GuaranmiazBs, Comanche,
Tupy, Cherokee, Caingangue and Choctaw). It iclooled that occurs
degradation of the bioactive compounds and reductib antioxidant
activity due to the jam processing and the degrawlabf these
compounds was significantly different between tlifgeent blackberry
cultivars. The Brazos and Caingangue cultivarscstaut as suffering the
smallest losses in processing, resulting in ricjatlies in bioactive

compounds and higher antioxidant capacity.

KEYWORDS: blackberry, jelly, antioxidant activity, bioactv

compounds



162

1. INTRODUCTION

Berries are small fleshy fruits characterized bhigh content and
wide diversity of bioactive compounds (Szajdek &r@weska, 2008).
Berry fruits are widely consumed in our diet andréhattracted much
attention due to their potential human health benh¢Seeram, Adams,
Zhang, Lee, Sand, Scheuller & Heber, 2006; See?8®3). Most of the
health benefits of these fruits are believed to aeesult of their
antioxidant properties (Beekwilder, Hall & de Vd&)05). Berries are
rich in phenolic compounds, such as phenolic adisnins, stilbenes,
flavonoids and anthocyanins, but berries, in paldic have been the
focus of considerable research regarding theiraamydmin-rich properties
(Kubota, Ishikawa, Sugyyama, Fukumoto & Miyagi, 2R1

Blackberry Rubussp.) fruit contains high levels of anthocyaninsgl an
other phenolic compounds, mainly flavonoids anégiannins, which
contribute to its high antioxidant capacity andestbiological activities
(Ali, Svensson, Alsanius & Olsson, 2011; Kaume, ldoWv & Latha,
2012). However, the fragility and high postharvesspiration rate of
blackberries contributes significantly to their mtignal and
microbiological deterioration, resulting in limitedshelf-life and
diminished quality and health benefits (Bower, 20@ue to the fact that
these fruit are highly perishable most fresh blackbs are converted into
frozen, dried, and canned products, or processedjams, jellies, and
juices for longer storage to satisfy various makend consumer
demands (Rickman, Barrett & Bruhn, 2007).
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Berry jams, jellies and preserves are an importhetary form of
berry fruit, been an excellent sources of nutragiosubstances with
antioxidant potential. Kim & Padilla-Zakour, 2004;Figuerola, 2007,
Savikin, Zduni¢, Jankovt, Tast, Menkovi, Stevi & Dordevié, 2009;
Levaj, Kovaevi¢, Bituh & Dragovic-Uzeld, 2012). The extent to which
bioactive compounds are preserved in blackberrydymts depends
heavily on the specific processing technology, kilecry variety,
production location, maturity, time of harvest astbrage conditions
(Rickman et al., 2007). The effect of thermal pssteg and cultivar
berries has been the subject of several studiethatat can serve as a
basis in order to lose as little as possible oftiwe compounds and
antioxidant capacity of these fruits. (Kim & Padifakour, 2004;
Wicklund, Rosenfeld, Martinsen, Sundfor, Lea, Bruilomhoff &
Haffner, 2005; Kov&evié, Bituh & Dragovic-Uzela, 2009; Savikin,
Zdunic, Jankowt, Tast, Menkovi, Steve & Dordevi¢, 2009; Patras,
Brunton, Pieve & Butler 2009; Wu, Frei, Kennedy &ab 2010; Gancel,
Feneuil, Acosta, Pérez & Vaillant, 2011; Levaj, kevi¢, Bituh &
Dragovic-Uzeléd, 2012; Arancibia-Avila, Namiesnik, Toledo, Werner,
Martinez-Ayala, Rocha-Guzman, Gallegos-Infante &i@stein, 2012).

According to Mota (2006b) blackberry cultivation shabeen
encouraged because of its potential for commeraitdin  and
industrialization. The cultivation of blackberrigsBrazil began with the
launch of the first Brazilian cultivars (Tupy, Gaar and Caingangue) by
the Embrapa Temperate Climate breeding programh{ifelto, Pasa,
Schmtiz & Betemps, 2011). An estimated 400 blaakbeultivars were
produced by this breeding program (Clark & Finn120 but the most
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commonly cultivated types in Brazil are: Tupy, Gardr Negrita,
Caingangue, Brazos, Cherokee, Comanche and Ebamyr{@s, 2002).
In Brazil, only a few cultivars, such as the Guarare displayed/used for
processing (Santos & Raseira, 1988). Thus, it teemely important to
evaluate the feasibility of processing other calts/that are not used for
this purpose.

In this context, the aim of this work was to studyw the bioactive
compounds contents (phenolic, anthocyanin and kscaxcid) and
antioxidant capacity of blackberry jellies procegsivere influenced by
cultivars (Guarani, Brazos, Comanche, Tupy, Chezek€aingangue and
Choctaw).

2. MATERIALS AND METHODS

2.1lIngredients

To elaborate the jellies were used the pulps ofackberry cultivar
grown in subtropical climate of Minas Gerais stat8razil: Guarani,
Brazos, Comanche, Tupy, Cherokee, Caingangue aodt&. The fruits
used in the preparation of jellies were acquirednfithe orchard of the
Federal University of Lavras— Minas Gerais —BraZihis fruits were
harvested at their physiological maturity, basedcolor and size, in the
morning and kept refrigerated in a cold room atCL&fhtil the time of
processing. In addition, to process the jelly wased also sucrose and

high-methoxyl pectin (Danisco, SP, Brazil). Citdacid was not added in
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the preparation due to the suitable pH of the dr¢8.32-3.41) for the
processing this product.

2.2Formulation of the jellies

Were prepared seven blackberry jellies and the waljation between
the formulations was in relation to the blackbeayltivate. Fowling
Acosta et al. (2006) blackberries were thawed bsnémsion in potable
water at 28C for 30 min. Fruit was drained in a plastic colando
eliminate excess water and manually sorted for ipaiyslamage. The
fruits were then beaten in a blender, and after dgemization were
sieved in order to obtain clarified juice.

The percentages of ingredients used to elaborate jéilies
formulations, expressed relative to total weighigee and pulp) were:
60% of fruit pulp, 40% sugar and 1.5% pectin. Fgdr describes the
processing of the jellies. Initially fruit pulps veeadded to sucrose, and
then were processed in open pan heated by gas {lslaeanuda, SC,
Brazil). After a boil was reached, high-methoxytfie was added. At the
end of the process, after the soluble solids reh@@ Brix, the cooking
was stopped. The total soluble solids were detexdhunsing a portable
refractometer model RT-82 and °Brix was measured &5°C. The
jellies were then poured hot into 250 mL steriletles, cooled in a
container with water and ice and stored in a refagpr at + 7°C.
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reparation .
gf tfle fruits add sugar l boil
. cook until .
hot filled desired brix add pectin

," . ,, . i

Figure 1 Steps used in the preparation of blackberry gllie

The parameter to finish the jellies cooking was $eluble solids
of the product, however, all cultivars reached &siX with the same
processing time — between 28-29 minutes. Thus,tithe of thermal

processing cannot be considered as a relevant geu@ple.

2.3Analysis

Analysis was made of 7 cultivars of fresh blackpemd 7 blackberry
jellies formulations at time 0 (24 h after procesggiin triplicate. Was
performed the analysis of antioxidant activity, atopphenolics, total
anthocyanins and ascorbic acid.

2.3.1 Preparation of antioxidant and phenolic extacts

The extracts were obtained according to the metihestribed by
Larrauri, Ruperez & Saura-Calixto (1997). Samplesemveighed (g) in
centrifuge tubes and extracted sequentially wittmdOof methanol/water

(50:50, v/v) at room temperature for 1 hour. THeegiwere centrifuged at
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25,400 g for 15 min, and the supernatant was reedvdhen, 40 mL of
acetone/water (70:30, v/v) was added to the resilueom temperature.
The samples were extracted for 60 min and cengdudhe methanol
and acetone extracts were combined and broughtimnalavzolume of 100
mL with distilled water for the determination of texxidant activity,

phenolic content and total monomeric anthocyanitermt.

2.3.2 Antioxidant activity

The antioxidant activity was determined using tr&T& and DPPH
method.

For ABTS assay, the procedure followed the metHdey Pellegrini,
Proteggente, Pannala, Yang & Rice-Evans.(1999) feithmodifications.
The 2,2-azinobis (ABTS) radical cation (ABTSe+) wgenerated by
reaction of 5 mL of aqueous ABTS solution (7 mMYw88 uL of 140
mM (2.45 mM final concentration) potassium perg@glfaThe mixture
was kept in the dark for 16 hour before use and thieited with ethanol
to obtain an absorbance of 0.7£0.05 units at 734 wsing a
spectrophotometer. The fruit and jellies extra@8 (L) or a reference
substance (Trolox) were allowed to react with 3 ofiithe resulting blue-
green ABTS radical solution in the dark. The deseeaf absorbance at
734 nm was measured after 6 min. Ethanolic solatiminknown Trolox
concentrations were used for calibration. The tesate expressed as
micromoles of Trolox equivalents (TEs) per granfreEh weight gmol
of TEs/g of FW).
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DPPH free radical-scavenging capacity was estimatsithg the
method of Brand-Williams Cuvelier & Berset (199Friefly, the
solution of DPPH (60@M) was diluted with ethanol in order to obtain an
absorbance of 0.7+0.02 units at 517 nm. Fruit aliek$ extracts (0,1mL)
were allowed to react with 3.9 mL of DPPH radiaausion for 30 min in
dark and the decrease in absorbance from the iresigblution was
monitored. The absorbance of the reaction mixtuse measured at 517
nm. The results were expressed agofE@am of fresh mass per gram of
DPPH).

2.3.3 Total Phenolic

The total phenolic content was determined accordinthe adapted
Folin—Ciocalteu method (Waterhouse, 2002). Theaetdr (0.5 mL) were
mixed with 2.5 mL of Folin—Ciocalteu reagent (10%0)d 2 mL of
sodium carbonate solution (4%). The mixture wasesti and kept at
room temperature for 2 hour in the dark. The almwrb was measured at
750 nm against a blank. Aqueous solutions of galtid were used for
calibration. The results are expressed as g gatd equivalents
(GAE)/100 g.

2.3.4 Total monomeric anthocyanin
The total monomeric anthocyanin content (TMAC) westimated

using the pH differential method (Wrolstad, 1976)described by Meng
et al. (2012). Briefly each fruit and jellies exirawere diluted with
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buffers at pH 1.0 and pH 4.5 to attain the samatidih. Absorbance was
measured at 510 nm and 700 nm in both pH 1.0 and.pHuffers.
The TMAC (expressed in terms of cyanidin-3-gluce3idias
calculated using the following formula:
A = (As10— A700) pH1.0~ (As10 —A700) pHas (1)
TMA content = A x MW x DF x \, x 1000) / £ x 1 x M) (2)

where MW is the molecular weight of cyanidin-3-giside (449 g mot), DF is the
dilution factor, Ve is the extract volume (mlg),is the molar extinction coefficient of

cyanidin-3-glucoside (29,600), and M is the masthefberries extracted.
Results were expressed as mg cyanidin-3-glucosjdevaents 100g

of fresh weight- fw.

2.3.5 Ascorbic Acid

The vitamin C content of each fruit pulp and jelrgs determined by
a colorimetric method with 2,4 — dinitrophenylhydiree (DNPH 2.4)
according to Strohecker & Henning (1967). The rssate expressed as

mg ascorbic acid/100 g of fresh weight.

2.4 Statistical analysis

Data were reported as mean + standard deviation (Blies of
triplicate experiment. To correlate the antioxidanotivity and bioactive
compounds contents with the blackberry fruit pudpsl with the jellies

formulations, the data were analyzed by a princgmhponent analysis
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(PCA). The data set was arranged in a matrix ah&sl (fresh fruit or
jellies samples) and 5 columns (antioxidant agtiMiEAC, antioxidant
activity DPPH, total phenolics, total anthocyaram&l ascorbic acid). The
data were standardized (correlation matrix) and@é was applied. The
PCA score plot and loading was built from the fitgto principal
components.

The degradation percentage of each bioactive contpboand

antioxidant capacity was calculated:

Degradation (%) =

(Amount presented in the fruit — Amount presentethe jelly) * 100

Amount presentedtie fruit

®3)

This degradation expressed is not the real dedoedat the bioactive
compounds and antioxidant since it was not disénogrthe amount of
added sugar (40%) and was not considering the yadlg (concentration
of the pulp). But as the goal is to study the gslliprocessing were
influenced by cultivars, for more than the valuahef degradation rate be
overestimated, this fact will affect all cultivarsthe same way.

A medium test for the percentage of apparent dediad was
conducted, and to facilitate the visualization ttetda was plotted in a
graph of the percentage of apparent degradatitimecdintioxidant activity
and bioactive compounds depending on the cultivhidackberry.

Data analysis was performed with SensoMaker soéwarsion 1.6
(Pinheiro, Nunes & Vietoris, 2013).
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A Pearson correlation test was conducted to determihe

correlation between variables. Significance levedse defined p < 0.05.

3. RESULTS AND DISCUSSION

The means for the antioxidant activity and bioacttempounds to the
different blackberry cultivars and theirs jellieeeashow in Table 1. A
principal component analysis (PCA) was generatedcdaelate the
antioxidant activity and bioactive compounds withe t different
blackberry cultivars and theirs jellies formulatsoas show in Figure 2
and Figure 3, respectively.
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Table 1 The antioxidant capacity (ABTS and DPPH method}alto
phenolic, total monomeric anthocyanin and ascodgid content of the

different blackberry cultivars and in their jellies

Blackberry  Samples TEAC DPPH Total Total Ascorbic
Cultivars Phenolics anthocyanin Acid
Fruit 38.94+0.56  1933.93+74.11 852.65+62.68 13526% 87.03+7.66
Guarani Jelly 9.51+1.64 4485.45+155.91  386.84+7.25 11.85%1. 17.27+3.48
Brazos Fruit 29.34+1.60 1874.54+87.56 859.34+26.55 120489@ 80.54+12.35
Jelly 18.24+2.12 3762.63+83.21 467.88+7.66 15.08*1 13.75+0.89
Fruit 28.56+1.02 1972.72+74.24 1019.55+18.14 21839  89.52+2.24
Comanche Jelly 14.45+1.66 5020.45+43.18 414,83+5.13 16.2081. 16.77+1.82
Fruit 28.7242.47 2014.54+109.29 921.53+7.74 146436  81.30+8.25
Tupy Jelly 10.54+0.41 4994.24+560.45 357.98+12.21 110126 13.72+1.84
Fruit 25.37£1.92 2197.28+16.59 808.54+15.48 144318  94.08+18.81
Cherokee  Jelly 15.84+3.98 4757.12+503.79  437.54+4.24 20.0832 17.79+1.58
Fruit 20.95+1.75 2437.14+106.55 748.18+60.36 652630 75.76+18.81
Caingangue Jelly 13.57+2.74 4861.67+793.70 365.45+3.52 16.5330 20.08+1.36
Fruit 34.29+3.31 1998.49+169.87 943.20+17.02 1983305  65.37+2.14
Choctaw  Jelly 15.58+1.67 4252.42+227.70 433.87+2.57 111281 17.60+2.38

TEAC: Trolox equivalent antioxidant capacity (uMolox equiv./g fw), DPPH: 2-diphenyl-1-
picryhydrazyl radical scavenging activity (&G- g f.w/ g DPPH), Total phenolic (mg GAEs/
100g f.w.), Total anthocyanin (mg of cyanidin 3-giside equivalent/ 100 g of f.w.), Ascorbic
acid (mg/ 100g f.w)
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Figure 2 Principal Component Analysis (PCA) antioxidantiatt and
bioactive compounds of different blackberry samples
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Figure 3 Principal Component Analysis (PCA) antioxidantiatt and
bioactive compounds of different blackberry jellies

Abreviations: TEAC: Trolox equivalent antioxidant capacity, DPPHdiphenyl-1-picryhydrazyl
radical scavenging activity, AA: Ascorbic acid, TRatal phenolic, TA: Total anthocyanin.
Blackberry CultivarsC1- Guarani, C 2 —Brazos, C3- Comanche, C4 —Tupy,Gherokee, C6 —
Caingangue, C7 —Choctaw.

In Figure 2 and Table 1, it is noticed that theckkeerry cultivars
Guarani, Brazos, Comanche, Tupy and Choctow cheraet for having
the highest antioxidant activity, ie, these cultsszahowed higher TEAC
antioxidant activity ranging from 28.56 (Comanch®38.94 uM Trolox
equiv. / g fw (Guarani) and lower values of DPP&hging from 1874.54
(Brazos) to 2014.54 B¢ - g fw / g DPPH (Tupy). These cultivars also
showed the greatest total phenolic content, ranfyorg 852.65 (Guarani)
to 1019.55 mg GAEs/100 g of fw (Comanche) and tighdst levels of
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anthocyanins, ranging from 120.89 (Brazos) to 24 2ng of cyanidin 3-
glucoside equivalent / 100 g of fw (Comanche). TQagngangue cultivar
presented the lower antioxidant activity by DPPHhod (2437.14 EG-
g fw / g DPPH) and Cherokee and Comanche cultivavere
characterized by high content of vitamin C (94.68 89.52 mg/100g fw,
respectively) (Figure 2 and Table 1).

Regarding jellies obtained from different cultivao$ blackberry,
perceives in Figure 3 and Table 1 that the jellyaoied from cultivar
Brazos, has the highest antioxidant activity (1§24 Trolox equiv./g fw

e 187454 EG — g f.w/g DPPH). It can be seen that the loss of

antioxidant capacity is not similar for all cultiga ie, because of the
cultivars that had been highlighted showing thehbgy antioxidant
activity, just jelly prepared with Brazos cultivatood. The Guarani
cultivar, for example, had presented the highesibedant activity by

TEAC method (38.94 uM Trolox equiv./g fw), howevafter processing,
the jelly made with this cultivar had the lowestiaxidant activity (9.51

UM Trolox equiv./g fw).

The Brazos cultivar jelly stood also for having thaghest total
phenolic content (467.88 mg GAEs/100g f.w.) (Fig@reand Table 1).
The same fact discussed earlier is verified fornphecontent, this is
because the cultivar Brazos had the lowest comtephenols from the
group of cultivars with higher levels of this conypal (Guarani, Brazos,
Comanche, Tupy, Choctaw). As for anthocyanin, tié jhighlighted
showing the highest levels (20.04 mg of cyanidigilBoside equivalent/
100 g of f.w.) was prepared with the cultivar Che®, not one more time

corroborating with expected.
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Regarding the content of vitamin C, jelly prepanedh cultivar
Caingangue stood presenting the highest conterf@d420g/100 g fw) and
not to cultivate Cherokee, which had presentechigkest values for this
nutrient.

In Table 2 are expressed the percentage of avetegedation of
antioxidant activity and each bioactive compoundthwihe jelly
processing, and the medium test. The medium tesfircs what had
been seen in the principal component analysis (Bgy2 and 3), ie,
except for the antioxidant activity DPPH, blacklyeaultivars showed
losses for other bioactive compounds significadifferent (p <0.05) to
the jelly processing. For better visualizationFigure 4 is expressed the
significantly degradation percentage average cdidiive compounds and
antioxidant activity of the decay of different bkderry cultivars due to

processing in the form of jelly.
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Table 2 Average degradation of bioactive compounds and ydexa

antioxidant activity of different cultivars of blkleerry due to processing

in the form of jelly

Blackberry cultivars TEAC DPPH TP TA AA
Guarani 76.60 56.88 54.48 91.20@ 80.1%7
Brazos 37.90 50.16 4796 8754 82.782
Comanche 49.26 60.71 50.3% 92.392 81.262
Tupy 63.1F° 59.26 61.15 92.352 83.152
Cherokee 37.28 53.46 45.88 86.17 80.822

Caingangue 34.2P 48385 50.98 74.7F 73.37°
Choctaw 54.08° 52.92 50.99 94.2F 73.10

In a column, means with no common superscriptsigrgficantly different (p < 0.05).
Abreviations: TEAC: Trolox equivalent antioxidant capacity, DPPHdiphenyl-1-picryhydrazyl
radical scavenging activity, AA: Ascorbic aci@iP: Total phenolic, TA: Total anthocyanin.
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Figure 4 Average degradation of bioactive compounds anchylexf
antioxidant activity of different cultivars of blllserry due to processing
in the form of jelly

Abreviations: TEAC: Trolox equivalent antioxidant capacity, DPPHdiphenyl-1-picryhydrazyl
radical scavenging activity, AA: Ascorbic aciilP: Total phenolic, TA: Total anthocyanin.

In relation to the total phenolic content, levelslegradation reached
61.15% (Table 2 and Figure 4). Wu, Frei, KennedyZBao (2010)
reported losses of up to 67% degradation of phesaii the processing of
jelly blackberry. During processing strawberry inms, Kovéevic,
Levaj & Dragovié-Uselac (2009) and Levaj, Kodewvi¢, Bituh &
Dragovic-Uzelé, (2012) found levels of total phonelic degradation
63% and 70%, respectively. Already Savikin, Zdurlankové, Task,
Menkovi¢, Stevt & bordevi¢ (2009) found that jam processing of berries

fruits decreased the total phenolics content fes han 50%. Brazos and
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Cherokee cultivars highlighted by presenting thealsst loss with

processing (Table 2 and Figure 4). The Brazoswaultialthough not to
grow richer in phenolic compounds (Table 1) reslite a jam with the

highest level of this bioactive compound in ordehave presented lower
levels of degradation with processing (Table 2 Riglire 4). According

Zafrilla, Ferreres & Tomas-Barberan (2001) procegsind storage can
have marked effects on the phenolic content ottdrthat might affect

their health-promoting properties. Although the réegof degradation of
phenolic compounds have been high, all samplearog; following the

polyphenol classification proposed by Vasco et 2008), can be

categorized as having an average phenol contetityrary be considered
a good source of phenols.

The anthocyanin was more thermosensitive compouedching
levels greater than 90% of biodegradation (Tabken@ Figure 4). The
Caingangue cultivar was that stood out with the llEsia losses in
processing (Table 2 and Figure 4). Although thikivar has presented a
much lower content of anthocyanins comparing todtiers blackberry
cultivars (Table 1), due to less degradation, #tly had obtained one of
the highest levels of anthocyanins, being only loafgelly prepared with
cultivar Cherokee, which presented almost doubde ¢t anthocyanin in
the fruit (Table 1).

As the red/black color of berries belongs to theugrof anthocyanins,
the colour of the product depends on these napigghents and their
degradation products (Francis, 1985). Anthocyandegradation is
affected by temperature, pH, oxygen, sugar coni@stprbic acid and
metals (Withy, Nguyen, Wrolstad & Heatherbell (1R9Blota (2006a),
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Mota (2006b), Wu, Frei, Kennedy & Zhao (2010) anan€el, Feneuil,
Acosta, Pérez & Vaillant (2011) found that the @ogland heating of
blackberry pulp causes considerable anthocyanirsefys and this
degradation may vary from 8.8% to 80%. Already Bavét al. (2009) in
studies on the effect of processing of berrieseihies, found levels of
degradation of anthocyanins up to 85%.

The high loss of phenolic compounds, especiallp@ryanin, may be
explained by the acceleration in condensation awtlynperization
reactions of phenolic compounds after cellularupson and increase in
fruit temperature combined with oxygen exposure kiitéen,
Karenlampi, Mykk&nen & Torronen 2000). Some authesorted that
the anthocyanin degradation in processed berryustedas a result of
indirect oxidation by phenolic quinones generatggblyphenol oxidase
and peroxidase (Kader, Rovel, Girardin & Metche7,9%/esche-Ebeling
& Montgomery, 1990; Skrede, Wrolstad & Durst 2000). general,
several factors are believed to affect the stgtaftanthocyanins in fruits
and vegetables during preparation, processing,stordge, for jam and
jellies making, the main effects are due to cookielgperature, pH and
sugar concentration (Rhim 2002; Kim & Padilla-Zakd004).

Since anthocyanins are the predominant phenolic poomds in
blackberries, it was expected that total phenadictent showed a similar
trend as anthocyanins. However, as verified by Kevi, Leva] &
Dragovi-Uselac (2009) and Wu, Frei, Kennedy & Zhao (2016jal
phenolics were more stable during processing inpasison with total

anthocyanins, probably due to polymerization of prosric
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anthocyanins, which produced polymers detected hengics (Hager,
Howard, Liyanage, Lay & Prior, 2008a; Hager, Howakd rior, 2008b).

Levels of vitamin C degradation were high, achigunore than 80%
(Table 2 and Figure 4). Segundo Rawson, PatragriiNoci, Koutchma
& Brunton (2011), vitamins are among the most gesesifood
components in fruits to be affected by heat treatm€aingangue and
Choctow cultivars stood out for the slightest degteon of vitamin C
with processing (Table 2 and Figure 4). The samedhserved for total
phenolics and anthocyanins is repeated for themi#itaC content, ie,
although the growing richer in vitamin C has beattivating Cherokee,
the jelly was made with the Caigangue cultivar tiladwed the highest
levels of this vitamin (Table 1 and Figures 2 ahd 3

Jellies showed antioxidant activity losses of uy&60% for TEAC
and 60.71% DPPH (Table 2 and Figure 4). Kim & Radilakour (2004);
Kovatevi¢, Levaj & Dragové-Uselac (2009); Wu, Frei, Kennedy & Zhao
(2010) and Gancel, Feneuil, Acosta, Pérez & Vdil@d11) also found
that the heat processing promotes considerabledassthe antioxidant
capacity of berries. It is clear in Table 2 and ureg 4 that Brazos,
Cherokee and Caingangue cultivars showed the sshalkerease in the
antioxidant capacity TEAC. The Brazos cultivar yelpresented the
highest antioxidant activity, although not the ldaerry cultivar stands in
relation to other cultivars (Table 1).

The Pearson’s correlation coefficients betweenoaidant activity,
total phenolic contents, total anthocyanin and dscoacid levels are

presented in Table 3.
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Table 3 Pearson’s correlation coefficients (R) betweenioaidant
capacity parameters (TEAC e DPPH), total phenatital anthocyanin
and ascorbic acid contents in different blackbeuitivars and in their
respectively jellies.

Correlation coefficient (R)

Parameters TEAC DPPH TF TA
TEAC - - - -
DPPH -0.90* - - -

TF 0.90* -0.96* - -
TA 0.87* -0.89* 0.96* -
AA 0.84* -0.95* 0.94* 0.89*

Abreviations: TEAC: Trolox equivalent antioxidant capacity, DPPHdiphenyl-1-picryhydrazyl
radical scavenging activity, AA: Ascorbic acifiP: Total phenolic, TA: Total anthocyanin.

According to Table 3, all bioactive compounds andtioxidant
activity showed high correlation. As expected, tHeAC and DPPH
antioxidant activity showed high negative correlatwith each other and
content of anthocyanins and phenolics showed hagitige correlation
between them (Table 3). The total antioxidant agtiv TEAC was high
and positively correlated and the antioxidant digtiv DPPH was high
and negatively correlated with ascorbic acid, plieaacontent and total
anthocyanin. These results suggest that the ascadi and phenolic
compounds, such as phenolic acids, tannic acicanphocyanidin and
anthocyanin may be the most important contributorshe antioxidant
activity in the blackberry.

According to Patras, Brunton, Pieve & Butler (2Q0pdlyphenols,

ascorbic acid and anthocyanins are key antioxidgoups. Several
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studies actually demonstrate the high positive etation between the
antioxidant activity of fruit with their total phefic content and vitamin
C (Roesler, Malta, Carrasco, Holanda, Sousa & Ras&007; Rufino,
Fernandes, Alves & Brito 2010; Contreras-Caldedaimes, Hernandez
& Villanova, 2010; Ramful, Tarnus, Aruoma, BourdamBahorun, 2011,
Almeida, Souza, Arriaga, Prado, Magalhdes, Mais &mbs, 2011;
Souza, Pereira, Queiroz, Borges & Carneiro, 20IR)is, the decrease of
the jellies antioxidant capacity may be attribuéatd the destruction of
active antioxidant compounds such as vitamin C, nphes and
anthocyanins by the heating process during jellgparation (Kim &
Padilla-Zakour, 2004).

In general, it is noticed that the blackberry aalts richer in
antioxidant activity and bioactive compounds havghér levels of
degradation with processing (Table 1, Table 2 aiguirE 4). Thus, the
blackberry cultivars that had the lowest nutrievgskes, although not the
most nutritionally rich have, in general, lead telligs richer in
antioxidant activity and bioactive compounds. Le¥gvatevi¢, Bituh &
Dragovic-Uzel&. (2012) in studies with different cultivars ofatrberries
subjected to processing in the form of jam, showed cultivars with
higher levels of anthocyanins approved the gredégradation during
processing.

The Brazos cultivar stood out as being the onelthatthe lowest loss
of antioxidant capacity and total phenolic givimggerto a jelly with higher
phenolic content and antioxidant activity. So havwtltivate Caingangue
for having less degradation of anthocyanins andmiih C, which also

produces a jelly richer these bioactive compounds.
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The influence of processing and cultivation of kesrin the
degradation of bioactive compounds and reduceaxddant capacity of
different berries has been the subject of seveéualies showing that the
thermal processing of berries such as strawberbésckberries and
cherry significantly reduces the levels of phenoli@nthocyanins,
flavonoids, vitamin C and antioxidant activity, atiét this degradation is
similar for the different cultivars when subjectiedthe same processing
technology (Kim & Padilla-Zakour, 2004; Wicklund, o&enfeld,
Martinsen, Sundfor, Lea, Bruun, Blomhoff & Haffn@Q05; Kovaevic,
Levaj & Dragovt-Uselac, 2009; Patras Brunton, Pieve & Butler, 2009
Savikin, Zduné, Jankové, Tast, Menkovi, Stevi & Dordevié, 2009;
Wu, Frei, Kennedy & Zhao, 2010; Arancibia-Avila, miesnik, Toledo,
Werner, Martinez-Ayala, Rocha-Guzman, Gallegos+itéa& Gorinstein,
2012; Levaj, Kovaevi¢, Bituh & Dragovic-Uzeld, 2012).

It can be noticed that the antioxidant activity até content of
bioactive compounds of blackberry jam are conneut#d the loss that
each cultivar presents during processing and thealincontent of
phenolics, anthocyanins, vitamin C and antioxidaaotivity. Thus, to
obtain a blackberry jelly more nutritionally ricktention must be paid not
only to the quantity of the bioactive compounds amtioxidant initial
raw material, but also the effect of processings¢hbealth promoting

compounds.
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4. CONCLUSION

It is concluded that occurs degradation of the diiwa compounds
and reduction of antioxidant activity due to thenj@rocessing and the
degradation of these compounds was significantffierdint between the
different blackberry cultivars. The Brazos and @aimgue cultivars stand
out as suffering the smallest losses in processasgilting in jellies richer
in bioactive compounds and higher antioxidant capadll blackberry
jellies, although heavy losses in processing, ajeaa source of phenolic
compounds.
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