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RESUMO

Uma maneira de aumentar a disponibilidade e agsegar aos frutos
do cerrado brasileiro € a criacdo de novos produwtomo doces e geleias.
Devido ao aumento da conscientizacdo da estrelaga® entre saude e
alimentacao, os consumidores estdo desejando peodom reduzido teor de
acucares e produtos que oferecem beneficios a,saléde das funcdes basicas
de nutrir, conhecidos como funcional. Dado estéecdn, 0 objetivo deste
trabalho foi: (1) caracterizar os frutos: maroloritiujenipapo, maracuja doce e
graviola, (2) determinar a melhor combinag¢édo e @rggo de frutas (marolo
murici, jenipapo, maracuja doce e graviola) na @atfo de doce misto de
frutas, e (3) determinar a equivaléncia de dogoesfjl de docura e amargor e
aceitacdo sensorial do doce de frutas funcional asgmar adocado com
diferentes edulcorantes. A partir da caracterizatgifrutos, observou-se que as
frutas em geral tém alto teor de nutrientes, dasocfrutas estudadas, o marolo
se destacou. A polpa do marolo apresentou 0 maienpial para a atividade
antioxidante (131,58mol TEs / g), maior teor de compostos fenélico9(33
mMgGAEs/100g) e maiores concentracdes de acidolasodf59,05 mg/100g).
As melhores formula¢des de doce contém as seguirdpsrcdes de frutas: (1)
50% marolo e 50% de graviola; (2) 33,33% marolg33% de maracuja doce, e
33,33% de graviola; e (3) 60% marolo e 10% de eada das frutas: murici,
jenipapo, graviola e maracuja doce. Usando o métddoestimacdo de
magnitude, para promover a docura ideal do docéonte frutas (33,33%
marolo, 33,33% de maracuja doce e 33,33% de gegvédinecessario utilizar
uma concentracdo de 0,0358%, 0,0472%; 0,0464%;00%4e 0,0407%
de sucralose, sucralose/acessulfame- k (3:1), Isserd steviol de glicosideo
(2:1), sucralose / taumatina (1:0.6), e sucraloseéssulfame-k / neotame
(5:3:0.1), respectivamente. O doce misto de fritasbaixo valor calérico
apresentou perfil de dogura semelhante ao doceitiadl (com sacarose) e
perfil de amargor diferente do doce tradional, nsasnelhante entre eles.
Em relacdo a aceitacdo sensorial ndo foi obserdéei@nca significativa entre
o doce sem acucar e o doce tradional. De tododarzmates estudados, sugere-
se usar uma combinacdo de sucralose / acessulfgBi@)kno doce de frutas
sem adicdo de acUcar (marolo, graviola, maracug@e)dalevido ao melhor
custo/beneficio

Palavras-chave: Frutas do Cerrado. Doce. FunciBdalcorantes



ABSTRACT

One way to increase availability and add value lte fruits of the
Brazilian cerrado is the creation of new productshsas jams, and jellies. Due
to increased awareness of the strict relationskifwéen health and food,
consumers desire products with reduced sugar doateh products that offer
further health benefits beyond those basic to feedbuch products are known
as functional. Given this context, the objective tbe work was to: (1)
characterize the cerrado fruits: marolo muricijpapo, sweet passion fruit and
soursop, (2) determine the best combination angqution of fruit (marolo
murici, jenipapo, sweet passion fruit and sourdophe preparation of mixed
fruit jam and (3) determine the equivalence of dwess, bitterness and
sweetness profile and sensory acceptance of tlae-feg functional mixed fruit
jam with different sweeteners. From the characiion of fruit, it was observed
that fruits generally had high nutrient contenfsthe five fruits studied, marolo
stood out. The marolo pulp had the greatest patefdr antioxidant activity
(131.58 umol TEs/g), a higher content of phenolic compou(@39.37 mg
GAESs/100g) and higher concentrations of ascorbid é89.05 mg/100g). The
best jam formulations contained the following prdipms of fruit: (1) 50%
marolo and 50% soursop; (2) 33.33% marolo, 33.388es passion fruit and
33.33% soursop; and (3) 60% marolo and 10% eaofudti, jenipapo, soursop
and sweet passion fruit. Using the magnitude esitmanethod it was found
that to promote that ideal sweetness of mixed drjgim (33.33% marolo,
33.33% sweet passion fruit and 33.33% soursopk inécessary to use a
concentration of 0.0358%, 0.0472%, 0.0464%, 0.14088d 0.0407% of
sucralose, sucralose/acesulfame- k (3:1), sucralosteviol glycoside (2:1),
sucralose / thaumatin (1:0.6) and sucralose / #eeserk / neotame (5:3:0.1),
respectively. The reduced calorie jam presentedeetmess profile similar to
traditional jam (with sucrose) and bitterness peofiifferent from traditional
jam, but similar between them. In relation to sepsacceptance a ,significant
difference between the sugar-free jam and thetitoadi jam was not observed.
Of all the sweeteners studied, it is suggested 48 B combination of
sucralose/acesulfame-k (3:1) in sugar-free mixed fmarolo, soursop, sweet
passion fruit) jam, the value due to a better besi#fit.

Keywords: Cerrado fruits. Jam. Funtional. Sweetener
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FIRST PART

1 INTRODUTION

Brazil has the largest biodiversity in the worldhigh allows a large
number of fruit species. Many of these speciesuat@mown and therefore have
little commercial value. The North and Northeasgioas are home to the
greatest biodiversity (MATTIETO; LOPES; MENEZES, 12). Many of these
plant species provide fruits with unique sensomgrahteristics and high nutrient
concentrations. Therefore, they are of potenti@rest to the agroindustry and a
possible future source of income for the local pgaton (ALMEIDA et al.,
2011; CARDOSO et al., 2011).

However, few people have access to these fruitausecthey are found
in only some regions of the country and during amlfew months of the year.
One way to increase availability and add even nvalae to exotic Brazilian
fruits is to create new products such as jelliesd jams. The production of jelly
and jams from the fruits of Brazilian Cerrado igrdfore an option for many
producers to develop, not only in the domestic miariut also to attain higher
prominence in the export trade.

Among the native fruits, we can mention the mafdlonona crassiflora
Mart.), jenipapo Genipa americanal.), murici Byrsonima crassifolial.
RICH), soursopAnona muricatal.) and sweet passion fruiPdssiflora alata
Dryand).

Given the wide variety of fruits in the Braziliamrcado, a number of
products can be prepared from various mixtures.sdHeuits are capable of
producing jams and jellies with different tastesd aappearances. According

Zotarelli, Zanatta and Clemente (2008), mixed fjains join the nutritional
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characteristics of two or more fruits while providi pleasant sensory
characteristics in order to gradually gain primacspin the consumer market.

People are increasingly concerned about their hesid appearance
(MORAES; BOLINI, 2010), so consumers are incredsimmgpncern about their
food. According to Abdullah and Cheng (2001) conetsnare increasingly
knowledgeable about diet and health, and as atrekadire foods that offer, in
addition to convenience, quality and safety andebdtalance of nutrients, less
fat, cholesterol, sugar and calories. In additierptoducts known as light and
diet, the increased demand for food known as fanati has emerged.

Functional foods are those that offer multiple trehknefits in addition
to the nutritional value inherent in their chemicalmposition, and may play a
potentially beneficial role in reducing the risk afronic degenerative diseases
(NEUMANN et al., 2000; TAIPINA; FONTS; COHEN, 2002)

In product development which undergoes the replac¢énf sucrose
with sweeteners, a series of sensory tests aressageto ensure the maximum
similarity of the sweetened product to the tradiib product with sucrose.
According to Sandrou and Arvanitoyannis (2000) widlials who, for various
reasons, need to replace the non-caloric sweettaresacrose look for products
that are endowed with taste and characteristicedimthose of sucrose, ie, these
consumers are increasingly looking for food witkgdant features in terms of
taste, appearance, aroma and texture.

For a sweetener to replace sucrose successfubhpthformulations, we
must undertake studies towards prior knowledgdefsiveetener concentrations
to be used and their sweetness equivalent to su¢@SRDOSO; CARDELO,
2003). There are several methods to obtain thisrimition, but the most
applied method is to estimate the magnitude anghigzarepresentation of the
results normalized by the law of Stevens or “Pofmenction "(MOSKOWITZ,
1970; STONE; OLIVER, 1969).
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Besides being important in determining the optim@hcentration of a
sweetener in a product it is necessary to seeRitest similarity with sucrose,
in relation to taste. The time-intensity methodgldg a way to monitor the
sensations perceived during all stages of foodk@tahis technique allows to
trace the sensory profiles in detail, looking foe tproduct with the sensory
profile closer to that of sucrose (REIS, 2007).

The objective of this study was to characterizefthiés: marolo murici,
jenipapo, sweet passion fruit and soursop (Artitle determine the best
combination and proportion of fruit (marolo murigénipapo, sweet passion
fruit and soursop) in the preparation of mixedtffaim (Article 2) and determine
the equivalence of sweetness, bitterness and sesetprofile and sensory
acceptance of the jam with different sweetenerapahted with the best
combination and proportion of fruits (Article 3).
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2 THEORETICAL BACKGROUND

2.1 Cerrado fruits

Brazil is the third largest producer of fruits, wia natural abundance of
tropical fruits (LETERME et al., 2006) and accoglito Rufino et al. (2010) the
consumption of these fruits is increasing in domeshd international markets
due to growing recognition of their nutritional atérapeutic value.

The Cerrado covers an area of about 200 millioctanes, distributed
mainly in the states of Minas Gerais, Goias, Matosso do Sul, Tocantins,
Bahia, Piaui, Maranhao and Distrito Federal (Figl);ecorresponding to 22% of
Brazil (SILVA et al., 2001).

Figure 1 Map of the Cerrado ecosystem
Font: BIOMA... (2011)
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The Cerrado is home to a rich heritage of renewahteral resources
adapted to climatic conditions, soil and environtakmfactors that determine
their existence. The biodiversity of the Cerradovésy high, the number of
vascular plants is higher than that found in masgians of the world:
herbaceous plants, shrubs, trees and lianas tota than 7,000 species. Forty-
four percent of the flora is endemic and, acconginthe Cerrado is the most
diverse tropical savanna in the world (PIVELLO ket 5999).

Many Cerrado species are unknown and, therefoeep@orly marketed
(MATTIETO; LOPES; MENEZES, 2010). Thus, Brazil hadarge number of
underexploited native and exotic fruit species thia of potential interest to
agribusiness and a possible source of income fer Ittal populations
(ALMEIDA et al., 2011)

These fruits have an important role, both econolyicéhrough the
marketing of their products, and nutritionally fbeir consumption (CARDOSO
et al.,, 2011). These fruits also represent an dappity for local producers to
gain access to markets, where consumers emphésizexotic character and
presence of nutrients that can prevent degenerdiseases (ALVES et al.,
2008). The fruit is no longer just a result of éaand personal preference, but
has become a health concern due to the high nutderent.

According to Soares et al. (2009) there is curyeatt emerging and
potential market for native Cerrado fruit to betlfier explored by farmers, since
any use of these fruits has been done in an exteaanhd predatory manner. In
this scenario, the Cerrado has been attacked amttlgred, placing various
species of plants under risk of extinction, inchglsome native fruit.

In recent years, there has been an increase iroedorexploration of
products and by-products of some specific fruitRribauted to increasing
consumers concern of consumers and the relationmtigeen diet and health
(YAHIA, 2010). Brazilian fruits have been reportiedstudies around the world,
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reporting on their high nutritional value (ALMEIDét al., 2011; CARDOSO et
al., 2011; CLERICI; SILVA, 2011; DEMBITSKY et al2011; RUFINO et al.,
2010).

2.1.1 Marolo (Annona crassiflora Mart.)

The Marolo (Annona crassiflora Mart.) (Figure 2pitree species native
to the Brazilian Cerrado, belonging to the MagreBaorder and Annonaceae
family. In central Brazil, it is popularly known aaraticum-do-cerrado,
araticum-do-campo and pinha-do-cerrado, and isafrtke 25 most common
species of the Cerrado (SOARES et al.,, 2009). Taeybike fruit is sub
sphencalz, green when developing and brown when Tipe pulp, which varies
in color from white to yellow, is slightly sweet@ARES et al., 2009).

Its flowering occurs predominantly during the mantbf October and
November (LORENZI, 1998). The fructification begimsNovember, with fruit
ripening concentrated between the months of JarardyApril (CARVALHO,
2002).

The fruits are used as food and are highly prizedHeir sweet yellow
pulp, and quite strong aroma. The fruit is collddbetween February and March
(ROESLER et al., 2007).
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Figure 2 Marolo fruit

2.1.2 Murici (Byrsonima ssp.)

The murici (Byrsonima ssp.) (Figure 3) is a fruittioe Cerrado mainly
consumedn naturg being found from December to March, in the highka of
the Southeast, in the cerrado of Mato Grosso, Ganasthe coast of North and
Northeast Brazil. The murici belongs to the fanMglpighiaceae, the same as
the acerola. It has many species and therefordoednund in different colors,
depending on the location of their occurrence. Wimeature, it appears
yellowish, with diameters of 1.5 to 2 cm and a msgreancid cheese-like odor
(ALVES; FRANCO, 2003). Marketing is limited to sétemarkets and local
markets. The pulp is fleshy and soft, and can mswmed raw or in the form of
juices, jams, ice creams and liquors (ALVES; FRANQ@Q03).
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Figure 3 Murici fruit
Font: O PODER...(2011)

2.1.3 Jenipapo Genipa americana L.)

The jenipapeiro (G. americana L.) (Figure 4) betotg the Rubiaceae
family and is considered a species of economic apaoe, both for its forest
essence and food production (BARROS cited by FIGREEO et al., 1986). Its
geographical distribution in Brazil ranges from @og and Marajé to Sdo Paulo
and Mato Grosso. Outside Brazil, the distributisraiso wide, stretching from
Mexico to the West Indies (GOMES, 1982).

The fruits are berry-type subglobose, 8 to 10 cngland 6 to 7 cm in
diameter, soft shell, brown or brownish-yellow, nianous, thin and wrinkled
(CORREA, 1969). According to Figueiredo et al. (@pthe diameter of the fruit
can reach up to 8.5 cm. The pulp is sweet conginirmerous long, dark gray
seeds (PRANCE, 1975). Its flavor is characteriatid pronounced (POPENOE,
1974).
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Figure 4 Jenipapo fruit
Font: JENIPAPO (2011)

2.1.4 Soursop Annona muricata)

The sorsoup or cone of Guinea-Biss@&unr{fona muricata (Figure 5),
belonging to the Annonaceae family is native of Kdilles. S8o José et al.
(2000) reported that the producing areas are Idcatainly in coastal regions
and semi-arid Northeast, dominated by Northeastsoorsop, Creole or
Common. This genetic material has cordiform fruitark dark green
terminations styles (pseudo-spines) prominent,ramderous mass between 1.5
and 3 kg, soft flesh and sweet flavor of the arrflRAMOS, 1999).

The soursop is prized for its pleasant aroma aadacheristic, described
as a cream-like flavor when ripe, due to the presef ester compounds, fruit
sugars, organic acids and esters uncharacterizethamds (MCGORRIN,
2007). Moreover, its flesh is very juicy and swestd is commonly consumed
as fresh fruit (MACLEOD; PIERIS, 1981).
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The production was entirely designed for the adfuical industry, today
has a significant volume marketed as fresh frgipeeially in the markets of Sao
Paulo, Rio de Janeiro, Recife, Salvador, Fortaterh Brasilia (SAO JOSE et
al., 2000). However, the high perishability of theit and the short shelf life
after harvest (AZIZ; YUSOF, 1994) account for higltes of loss (MOSCA et
al., 1997).

Figure 5 Soursop fruit
Font: GRAVIOLA...(2011)

2.1.5 Sweet passion fruitHassiflora alata Dryand)

The botanical genus Passiflora has an extraordifiaeysity of species,
excluding hybrids. Among the many different speciext all produce edible and
usable fruit. And only a small number can occupgcgpin major national and
international markets. The best known and most ceroial applications are
basically two: the passion fruit and purple pasdiuit varieties of the same
species Rassiflora eduliy and sweet passion fruiP#ssiflora alataDryand)
(Figure 6) (SILVA et al., 2001).
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The sweet passion fruit has its production and etar§ limited by the
lack of consumption habit. The fruits are oval oyriform, orange peel,
reminiscent of papaya, and weigh 90 to 200 g (SlLl&tAl., 2001). It is less rich
in juice, which is sweet and has a pleasant ardina almost exclusively
consumed as fresh fruit, because the sweet pulp,anstrong and pleasant odor,
is nauseating when processed as juice. It canteedad for export, because the
fruits, due to their charasteristics, please comsaparticularly the European, a

still ungained market.

Figure 6 Sweet passion fruit
2.2 Fruits jam
On undertaking a study to characterize the fruitbaginess in the state

of Minas Gerais, Ferraz, Silva and Vilela (2002yaleped an agribusiness map
of the state showing the location of cities thaten&uit agribusiness, and the
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number of industries and their products, classifisdjuice / pulp and jams in
general, a category that includes paste jam, dligst and dried fruit and fruit

in syrup (Figure 7).
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Figure 7 Mapping of fruit agribusiness in Minas &ier
Font: Ferraz, Silva and Vilela (2002)

This mapping shows the strong presence of the jgribusiness in
Minas Gerais. Therefore, this branch of activity dge very promising, since
there are investments to improve the quality ofhsgroducts since jam
production is still based on traditional and oftendimentary methods.
According to these authors, the production segroémtaste jam, crystallized
fruit and fruit in syrup is characterized by micaond small enterprises, the vast

majority with an installed capacity of less thar® &g.
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According to the Normative Resolutiofl ©/1978: fruit jam paste is the
product resulting from the proper processing ofatile disintegrated parts of
plants, with sugar, with or without addition of &g pectin, pH adjuster and
other ingredients and additives permitted by thetsedards, until a proper
consistency, and finally packed to ensure theifepémreservation (BRAZIL,
1978).

According this resolution fruit jam is classified # the plant used and
the consistency. As to the plant employed, the jantalled simple when
prepared with a single plant species and callectdhixhen prepared with more
than one plant species. The consistency is cladsi#s creamy when the paste
has a smooth and soft consistency, it should rfet oésistance nor possibility
of cutting. The bulk jam is when the paste is hoem@gpus and the consistency
allows cutting.

According to Martins et al. (2007), bulk jams dne tesult of the proper
processing of edible parts of plants, added sugaater, pectin (0.5 to 1.5%),
pH adjuster (3 to 3.4), and other ingredients additawes allowed to reach
proper consistency. After processing, the jam nhestproperly packed and
stored under ambient conditions (ABIA, 2001; JACKDO88).

According Marcussi et al. (2003) the productiorbafk jam, a subject
widely studied by Jackix (1988), involves the hegtiof the pulp and other
ingredients for a specific amount of time, untitéches a concentration above
70°Brix, affecting, among other features, the calod texture and flavor of the
final product.

The type of sugar has importance in the developroérbnventional
jam. In practice, sucrose is usually added, whicpartially hydrolyzed during
the cooking process. The low inversion of sucrosg wause crystallization,
while the high inversion may result in the graniolat of dextrose (glucose) in
the gel (GAVA, 1998).
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According to Assis et al. (2007), the inversion sficrose and
caramelization reactions are important under thapheric pressure cooking.

In the preparation of fruit jams and jellies, theegence of reducing
sugars is desirable, considering that these adhggia brighter appearance,
avoiding, and in some cases, delaying the crys&ditin of sucrose, preventing
exudation and ultimately reducing the degree ofetess of the jelly and jams
(ASSIS et al., 2007).

Mixed fruit jam joins the nutritional characterisi of two or more
fruits, and provides pleasant sensory charactesisti order to gradually gain
prime space in the consumer market (ZOTARELLI; ZANR; CLEMENTE,
2008).

There are several authors who have studied theapaipn of mixed
jams and jellies such as Carneiro, Bezerra and &ué&D09) who studied the
manufacture of guava jelly with use of the albedldhe yellow passion fruit,
Mélo, Lima and Nascimento (1999), who undertoakdits conducted with
mixed pitanga and acerola; Abdullh and Cheng (2@@0) developed a low-
calorie pineapple, papaya and starfruit jelly; Zellg Zanatta and Clemente
(2008) who assessed mixed guava and passion éllyitgnd Machado et al.
(2008) who studied mixed jelly using umbu and aleeramong others.

2.3 Light and Diet Products

Currently, the consumer has adapted to healthtergehabits, by eating
less caloric and more nutritious foods (CHIM; ZAMENZI; BRUSCATTO,
2006). According to Abdullah and Cheng (2001) comsts are increasingly
knowledgeable about diet and health, and as atreladire foods that are offer,
in addition to convenience, quality and safetyettdy balance of nutrients, less

fat, cholesterol, sugar and calories. People are#asingly concerned about their
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health and appearance, and have sought alterrdi¢iteeto combat major health
problems that affect the global population, sucllassity and diabetes, both of
which have a close relationship to the high congionpf sucrose (MORAES;
BOLINI, 2010; SLOAN, 2005).

In Brazil, a healthy food product consumption tréwad been detected in
various market research works, including diet iiigroducts. According Fadini
et al. (2005), each year more than 180 new dietlightiproducts are launched
in Brazil. According to the Dietetic Food Industgsociation and for Special
Purposes and Congéneses (ABIAD), 47% of the pdpualatcluded in classes
A and B consume diet/light products every day arebeding to ABIAD, in the
last 10 years the market for diet/light productevgrmore than 800%
(ASSOCIACAO BRASILEIRA DE INDUSTRIA E DE ALIMENTOSPARA
FINS ESPECIAIS E CONGENESES - ABIAD, 2010).

Individuals who, for various reasons, need to meplthe non-caloric
sweeteners for sucrose look for products that amdowed with taste and
characteristics close to those of sucrose. Thessuogers are increasingly
looking for foods with pleasant features in terrh$aste, appearance, aroma and
texture. Despite the technological problems causethe substitution of sugar
(SANDROU; ARVANITOYANNIS, 2000), it is possible tbnd competitively
priced low-fat products with good sensory charasties, compared to similar
products containing sucrose, thanks to technolbgidyances (CARDOSO;
BOLINI, 2008).

The food industry has been offering a great difieegion of low-calorie
fruit-based products, similar to the conventiomalywhich sugar is replaced by
non-caloric sweeteners. By the relative reductionadrbohydrates and calories,
these products have application in low-calorie ditd regimes for diabetics,
subject to the quotas allowed, based on chemiaabposition detailed in the
product label (CHIM ; ZAMBIAZI; BRUSCATTO, 2006).
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According to the Agéncia Nacional de Vigilancia Bama (ANVISA),
light foods are those with minimum reduction of 2%5%ntent of any of the
constituents included in the category of dietatiods, the specifically for jams,
is to reduce the sugar content.

According to ordinance n° 27/1998 for food to besidered light in
relation to sugars, it must have a minimum sugartertt reduction of 25% in
relation to the reference formulation (with sucjoaed this reduction should
correspond a difference greater than 40 kcal/1G@nthe case of solid food.
Furthermore it must have a minimum reduction of 25%ecrose and this
reduction should correspond to a difference gretdtan 5g/100g (BRAZIL,
1998a).

According to ordinance n° 29/1998 the term "diedh coptionally be
used for foods for diets restricted in nutrientarbohydrate, fat, protein,
sodium), for food only used for weight control dodds for a controlled sugar
intake diet (BRAZIL, 1998b). Under this legislatidnods for a controlled sugar
intake diet are specially formulated to meet thedseof people who have sugar
metabolism disorders. It allows the presence aimadly occurring sugars in the
materials used (BRAZIL, 1998b).

According to Resolution RDC 18/2008, the use ofetemers for food is
justified only when there was partial or total sugaduction (BRAZIL, 2008).
That is, sweeteners are substances used when sugamoved from food.
According to ordinance n° 540/1997 sweeteners abstances different from
sugars that give sweet flavor to foods (BRAZIL, TR9

2.3.1 Low calorie fruits jams

In the preparation of low calorie jams and jellie pectin methoxy is

employed, which form gels in the presence of divalmetal ions (usually
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calcium). The presence of sugars is not requirefQNTIGALL; ZAMBIAZI,
2004).

The low pectin methoxy pectin does not form gelshiea same way as
the high pectin methoxy, which by containing lebant 50% of esterified
carboxyl groups, presents a high proportion of fiee groups (-COOH). The
three-dimensional structure of the low pectin meyhpectin gel involves two
sequences of galacturonic acids arranged in phraltening the C# ion bridge
and interweaving free carboxyls, supplemented krdngen bonds. Secondary
sealing areas may arise from hydrogen bonds witlenmolecules and sugar
(FISZMAN, 1989). However, high concentrations ofcaam ions can cause the
formation of repelling forces in junction areasepcessive links between the
molecules, causing contraction and generating sgi®r which consists of
spontaneous expulsion of the aqueous phase of ¢hengtwork (CHIM;
ZAMBIAZI; BRUSCATTO, 2006).

Products with reduced sugar content, such as jéghs, are susceptible
to syneresis, fragile texture, lack of clearnesss lof color and flavor; in this
sense, it is necessary to use bulking agents, aschums, to improve the
rheological characteristics and alleviate the protd inherent to the reduction of
solids in these products (VENDRAMEL; CANDIDO; CAMR)1997).

The gums are polymeric compounds that when disdavelispersed in
water, form viscous solutions or dispersions. Thaselucts have the ability to
retain large amounts of water, provide low levdlsalories and add texture and
oral tactile sensation to the fat substitutes. dlditton, gums assist in the
stabilization of emulsions and particle suspensidns the control of
crystallization, syneresis inhibition, encapsulatand formation of edible films
(GRANADA et al., 2005).

The use of hydrocolloids alone or in combinationaagelling agent

allows the implementation of the rheological praigs; benefiting the
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characteristics of food products formulated forcilepurposes, as well as the
light jam. Gelation occurs when an aqueous solutibthe polymer undergoes
cooling, presumably due to formation of doubleshediructure to produce a
three-dimensional polymer network (VENDRAMEL; CANDD; CAMPOS,
1997).

2.4 Sweeteners

Sweeteners are substances of low or no caloricevdiat provide a
sweet taste to food. Therefore they are used irclalarie and / or reduced sugar
products. However, there are restrictions on tleeaisome sweeteners, perhaps
due to lack of information on their sensory chagestics (REIS, 2007). Various
sweeteners have emerged in the market, but few bhaem demonstrably
established to be considered safe for human cortfmmpuith good stability
and satisfactory sweetening power (CARDOSO; BATTACHCARDELLO,
2004).

Ideally, a sweetener must present some specifiactaistics, such as
functional properties similar to those of sucrageod water solubility, stability
against processing and storage, low caloric conteet unit of food,
toxicologically harmless and have a competitive@(GIESE, 1993).

The use of combinations of sweeteners in foods laemkrages has
grown a lot because they have several advantages as, for example,
improved stability and improved sweetener accegasimce combinations of
sweeteners often reduces undesirable characterigcbitter aftertaste, among
other desirable effects (LIM; SETSER; KIM, 1989; NDLEY, 1991,
PORTMANN; KILCAST, 1998). In addition, the use ofweeteners in
combination can reduce the consumption of sweetegausing the amount of

each sweetener used to remain below the accepdalile intake (ADI) and
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within legal limits, while reducing caloric intaka the sweetener and the final
product (CANDIDO; CAMPOS, 1996; GAVA, 1986; LEONARD 1990;
WELLS, 1989).

All sweeteners receive a recommendation for acbéptdaily intake
(ADI), defined as that considered harmless, everitsif use is continued
indefinitely (WORLD HEALTH ORGANIZATION, 1987). Thealculations to
arrive at the IDA were based on animal studies, @rdespond to a dose one
hundred times lower than the maximum dose free fdmtectable effects in
animals, which guarantees a wide safety margin (WORHEALTH
ORGANIZATION, 1987).

Brazilian norms that determine the maximum limifsfaod additives
are developed based on international benchmark$ @ag the Codex
Alimentarius (Codex General Standard for Food Adei - GSFA), the
European Union and, further, U. S. Food and Drugnihistration (FDA).
Resolution RDC 3/ 2001, provides for the use of etemers in foods by
establishing their limits expressed in g/100 g 40§ ml of the product ready
for consumption. According to this legislation, tinge of sweeteners for food is
justified only when there has been partial or t&afjar reduction. Thus, the
RDC 03/2001 approves the use of sweeteners indodddrinks for controlled
sugar intake diets, sugar-restricted diets, forghieicontrol and supplemental
nutritional information (BRAZIL, 2001).

2.4.1 Estimation of the magnitude method

For a sweetener to replace sucrose successfuibpthformulations, we
must undertake studies on prior knowledge of thacentrations of the
sweeteners to be used and their sweetness equivalencrose (CARDOSO;
CARDELLO, 2003). There are several methods to abtiais information, but
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the most applied method is to estimate the magaitwhd graphical
representation of the results normalized by Steéviems or “Power Function"”
(MOSKOWITZ, 1970; OLIVER; STONE, 1969).

The equivalence of sweetness is an essential pnelign step to
determine the amount of a sweetener to be added gooduct in the same
equivalence of sucrose in order to obtain the sameetness perception by
consumers. However, the perception of sweetnessflisenced by several
factors such as chemical structure and sweetengrcentration, food
physicochemical characteristics (acidity, pH, terapge, etc..), methodologies
and even by the intrinsic characteristics of thdivildual (REIS, 2007).

In the magnitude estimation method described bynétand Oliver
(1969), tasters receive a reference sample withtansity of arbitrary value, for
example 100, followed by a series of samples indoamized order, with
intensities higher or lower than the reference. pheelists are asked to estimate
the sweetness of the samples in relation to agefersample. If the sample, for
example, has twice the sweetness in the refershogjd have the value 200 if it
were half, 50, and so on. It is not allowed to@ssi zero to any sample.

The magnitude estimation principle, or power fumati provides the
obtaining of several important tools for food semsanalysis evaluation
(MOSKOWITZ, 1970). The values obtained from theufessof judges and the
values of the concentrations are normalized, theltréogarithms calculated and
graphed along logarithmic coordinates. For eachetamer (or other compound)
a straight line is obtained, which obeys the lavtdvens, or "power function™:
S=aC, where S is the stimulus perceived, C is the amimaton of the stimulus,
a is the antilog of the value of Y at the inter¢egrtd n is the slope of the line.
Regions of the lines of sweeteners that are osdhae level, parallel to the axis

of abscissa are equivalent sweetening power (MOSKIQW1970).
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The magnitude estimation method was successfultyl iy Cardoso;
Battachio and Cardello (2004) and Cardoso and @ar(003) in determining
the equivalence of sweetness of various sweetémeduble powder matte tea.
Brito, Camara and Bolini (2004), Marcellini, Chatnnd Bolini, 2005, Moraes
and Bolini, 2010, Reis (2007) and Souza et al. {20determined the equivalent
sweetness of sweeteners in strawberrry petit suids®ese, instant coffe,

strawberry yogurt, pineapple juice and guava neotapectively.

2.4.2 Time-intensity analysis

The classical sensory evaluation techniques doprmtide important
information about some particular properties of etwaers. What is observed is
that the non-caloric sweeteners have numerous \distaes when compared
with sucrose, such as the delay in sweetness peEneepbsence of sweet taste,
presence of sweet aftertaste in the mouth, bitliertaste, as well as other
undesirable characteristics limiting its use in sdoods and beverages (CLIFF;
HEYMANN, 1993).

The time-intensity methodology is a way to monitbe sensations
perceived during all stages of food intake. Thisthmdology was initially
developed as a means of studying the persistentastds, for example, the
sweetness, but has been extended to implement denuof other food
characteristics (LEE 1ll; PANGBORN, 1986). Thisheiue allows to trace the
sensory profiles in detail, looking for the produdth the sensory profile closer
to that of sucrose (REIS, 2007).

Through this technique a curve is obtained thabndcthe variation in
the intensity of a sensory stimulus, perceivedhgypanelist with the passage of

time.
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Today this technique is based on the use of compubgrams for time-
intensity (TI) data collection and handling, whiths an interface in the form of
a scale in which the panelists indicate the intgnef the stimulus to be
collected using the computer mouse. Such progrdlow ¢he choice of scale
length to be used in each test and stores the skjaence for future use
(CARDELLO; DAMASIO, 1996). According to Cliff and éymann (1993) the
commonly used TI curve parameters are: maximumsitye (Imax), time to
reach maximum intensity (Timax) and total time &@fnsilus duration (Ttot).
However, with the advancement of computer technglother curve parameters
could be easily obtained, such as the area undecuhve (Area), maximum
intensity duration (plateau), and the time at whiled maximum intensity begins
to decline (Td) are often used (CARDELLO; SILVA; DASIO, 1999).

In recent years, many studies have been developedier to quantify
the temporal properties of sweeteners such as sweet bitter taste
(CARDELLO; SILVA; DAMASIO, 1999, 2001; HORNE et a002; TEMPLE
et al., 2002).

2.5 Funcional/Prebiotic foods

Functional foods are characterized by offering nuomg health benefits,
as well as nutritional value inherent in their cleahcomposition, may play a
potentially beneficial role in reducing the risk aironic degenerative diseases
(NEUMANN et al., 2000; TAIPINA; FONTS; COHEN, 20Q2According to
Moraes and Colla (2006) the role of food in relatio diseases will in most
cases, focused more on risk reduction rather thewveption.

The term prebiotic was introduced by Gibson andéRiobid in 1953,
defined as a food ingredient undigested, which fitsnihe host by selectively
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stimulating the growth and / or metabolic activatf one or a limited humber
of bacteria in the colon (BENGMARK; LORENZO; CULERS, 2001).

Prebiotics are non-digestible oligosaccharidesnéamtable but whose
function is to change the activity and compositidintestinal microbiota with a
view to promoting the health of the host. Dietailpef and nondigestible
oligosaccharides are the main substrates for grafitimicroorganisms of the
intestines (MORAES; COLLA, 2006). Prebiotics stiamel the growth of
endogenous microbial population groups, such Bifidobacteria and
Lactobacillos which are said to be beneficial to human hed®ibAUT, 2002).
Prebiotics more efficient will reduce the activiof potentially pathogenic
organisms (ROBERFROID, 2002). For a substancer@rmof substances) can
be defined as such, must meet the following requéms: be of vegetable
origin; form part of a heterogeneous set of compimtecules, not be digested
by digestive enzymes; be partially fermented byokmy of bacteria and is
osmotically active (RODRIGUEZ; MEGIAS; BAENA, 2003)

Some effects attributed to prebiotics are the netthi of key
physiological functions, such as calcium absorptioeducing the risk of
osteoporosis, lipid metabolism, modulation of themposition of intestinal
micriobiota and reduced risk of colon cancer (ROBR®ID, 2002). The
currently identified prebiotics are non-digestibtarbohydrates, including
lactulose, inulin and oligosaccharides many carddditgs that provide the
beneficial bacteria in the colon are able to fermé@UMMINGNS;
MACFARLANE, 2002).

The frutooligossaccharides (FOS) are formed byhtrarolysis of inulin
and plays various physiological functions in thedygjosuch as changes in
intestinal transit, promoting: reduction of toxietabolites, prevention of colon
cancer, lowering cholesterol and plasma hypertigfiglemia, improved

bioavailability of minerals and contribute to theclieased concentration of



36

bifidobacteria in the colon (GIBSON, 1999). Lact#o lactofermentativa
increases the ability of Lactobacillus populatiofke use of prebiotics, such as
lactulose and fructooligosaccharides has a syrt@rgistion, it stimulates the
growth of beneficial bacteria (SCHUMANN, 2002).

Already, polydextrose is a polysaccharide syntleebiby random
polymerization of glucose. It is used in many coi@stas an agent of the body
and as an ingredient in reduced calorie (1 kcal gram) in various foods.
Polydextrose is partially fermented in the largegtine, but is not digested nor
absorbed in the small intestine, and is mostly etedt in the feces (JIE et al.,
2000). Several studies have shown the same phyggaloeffects consistent
with those caused by dietary fiber (BEEREBOOM, 19AAMANAKA, 1987).
As polydextrose is partially fermented in the largaestine, the volume
increases the volume of the fecal mass, reducesrdhnsit time, softens and
lowers the pH of the stool.

According to ANVISA (BRAZIL, 2008) a product conteéng
polydextrose and / or FOS functional property caly alaim the portion of the
product ready for consumption provide at leastd §OS or polydextrose if the
food is solid or 1.5 g if the food is liquid. Evestablishes that the use of FOS
not exceed the recommended daily intake of 30guymtotady for consumption,
as indicated by the manufacturer, and the recomaigmdof daily consumption
of products containing polydextrose shall not resuthat fiber intake above 90
grams or whose single serving of consumption of/gttrose intake result in
more than 50g.
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3 FINAL CONSIDERATIONS

From the characterization of the fruit, it was oled that fruits generally
had high nutrient content, of the five fruits sedli marolo stood out. Of the
fruits studied, the most suitable for use in theparation of jams, were marolo,
sweet passion fruit and soursop. Jams elaboratédmirici and jenipapo did
not have good acceptability, requiring study talfan better way of using these
two fruits. It was possible to prepare reduced roalgno added sugar) mixed
fruit jam with prebiotics, and after determinatiohthe optimum concentration
of each sweetener studied, we observed that aletewers have sensory
acceptance similar to each other and similar tdittomal jam (with added
sugars), furthermore, all the formulations showeddyacceptability. This study
demonstrates the great potential of developmemdvefcalorie jam with added

prebiotics using combinations of fruits from ther@eo.
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ABSTRACT

This study aimed to evaluate the chemical commusitind to quantify the
bioactive compounds and antioxidant activities iwé fCerrado Brazilian fruit
pulps, including marolo, jenipapo, murici, soursop sweet passion fruit. All
of the analyzed pulps had high moisture conterisl893.48%), and they were
low in protein (0.18-1.35%), lipid (0.10-1.84%) aedergy value (21.60-85.47
Kcal). The pulp of marolo had the highest conterft lipids (1.84%),
carbohydrates (16.31%), energy value (85.47%) agtiebt contents of K
(391.48 mg/100g) and Mg (26.28 mg/100g) compareth wie other pulps.
Murici pulp had the highest content of dietary fil§8.08%). Sweet passion fruit
pulp had the highest content of P (34.9 5mg/10@d) ke (1.06 mg/100g). The
pulp of marolo had the greatest potential for aidiant activity (131.58mol
TEs/g), a higher content of phenolic compounds FBIngGAEs/100g) and
higher concentrations of ascorbic acid (59.05 m@g).0The pulps analyzed here
were low in B-carotene and lycopene (1.57-1.31 and 0.38-0.88100g/
respectively).

Keywords: bioactive compounds, antioxidant actividerrado Brazilian fruits
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1. INTRODUCTION

Brazil has the largest biodiversity of any counimythe world, which
includes a large number of fruit species (Letermheale 2006). Many fruit
species in Brazil are unknown, and therefore, ikadbt few fruit species are
commercially available (Mattietto et al., 2010).heT Cerrado, is a Brazilian
biome that have a large number of underexploitédeand exotic fruit species,
which is of potential interest to agroindustry aamdossible future source of
income for the local population (Almeida et al. 12D,

Many native species provide fruits that have unigsensory
characteristics and high nutrient concentrationscofding to Rufino et al.
(2010), tropical fruit consumption is increasinglie domestic and international
markets due to growing recognition of the nutriiband therapeutic value of
fruit. Therefore, fruits play important roles botbconomically, through
commercialization of their products and nutritidpalhrough their consumption
(Cardoso et al., 2011). Fruits represent an oppiytdor local growers to gain
access to specialized markets where consumers gém@na preference for
exotic characteristics and the presence of nusriaratpable of preventing
degenerative diseases (Alves et al.,, 2008). Frisemption choices are no
longer based purely on taste and personal preferdat they are also based on
a desire for better health. In recent years, there been an increase in the
economic exploitation of the products and by-prasluof specific fruits
attributed to increasing consumer concerns abautetationship between diet
and health (Yahia, 2010). Brazilian fruits haverbeabjected to several studies
throughout the world seeking to analyze their tiotral value (Rufino et al.;
2010; Almeida et al; 2011; Cardoso et al. 2011yi€lend Silva et al. 2011;
Dembitsky et al. 2011).
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According Mattieto et al. (2010), the charactei@atof fruit, exotic or
not, has attracted the interest of the scientibomunity. The physical and
chemical characterization of fruits and the quéaatifon of their bioactive
components are important for the understandingeif hutritional value and for
increasing the quality and value of the final praddiAmong the compounds
present in food that have functional propertied)stances with antioxidant
activities have received significant attention hessathey protect the human
body against oxidative stress, preventing a nundfechronic degenerative
disorders (Yahia, 2010; Canuto et al., 2010). Natantioxidants present in
foods have attracted interest because of theitysafel potential nutritional and
therapeutic effects (Rufino et al. 2009). Fruite & source of antioxidant
compounds, such as phenolics, vitamins, carotenaittd minerals, which
contribute to their chemopreventive effects (Alnae@d al. 2011).

In this study, we aimed to evaluate the chemicahmmsition, identify
the bioactive compounds and measure the antioxatdivity present in the pulp
of five types of Cerrado Brazilian fruits, whichvganot been well studied. The
fruits included in this study include: maroldArnona crassifloraMart.),
jenipapo Genipa americanal.), murici Byrsonima crassifoliaL. RICH),
soursop Annona muricata L.) and sweet passion fruittéssiflora alata
Dryand).
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2. MATERIALS AND METHODS

2.1 Pulp Samples

The pulps of jenipapo and murici were acquired fagompany located
in Uberlandia, Minas Gerais that processes fruitp.pBoursop pulp was
obtained from a company in Jarinu, Sao Paulo. Thmedps were stored in
sealed plastic bags, frozen and transported irof&iym boxes.

The pulps from sweet passion fruit and marolo wm@cessed at the
Laboratory of Food Analysis, Department of FoodeS8ce, Federal University
of Lavras (UFLA) after the acquisition of theseshiefruits from a region to the
north of Minas Gerais. The fruits were cleaned wéih water and then separated
into peels, seeds and pulp. The pulp was extraciuually with a knife, and
the husks and seeds were discarted. The pulps tiwveremixed in a blender,
stored in sealed plastic bags and frozen.

All pulps were stored in a cold room at -18 °C. Tak pulp was used

from the five studied fruits.

2.2 Chemical reagents

The following chemicals were used for the followimgperiments.
Acetone, 2.2°-Azino-bis(3-ethylbenzenothiazolinegulfonic acid) (ABTS),
Cloridric Acid (HCI), 2,4 — dinitrophenylhydrazif®NPH 2.4), Cooper Sulfate,
Enzymes: Thermostable alpha-amylase, Protease,ofimilosidade, Ethanol,
Ether, Folin—Ciocalteu reagent, Gallic acid, Kjeltlheagent, Methanol, Nitric
acid, Perchloric acid, Petroleum ether, Phenolpbihasolution, Phosphate

buffe, Potassium Sulphate, Potassium persulfateju8o carbonate, Sodium
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hydroxide (NaOH), Sulfuric  Acid, Trolox (6-Hydrox3,5,7,8-

tetramethylchroman-2-carboxylic acid).

2.3 Chemical analyses

Three repetitions were performed of all chemicallgses. The values of
titratable acid, soluble solids and pH (IAL—InstdtAdolfo Lutz, 2005) as well
as the moisture, ash, protein, lipid and total atietfiber contents (AOAC—
Association of Official Analytical Chemists, 1998yere determined. The
carbohydrate levels were calculated using the ftaml00 —%moisture
—%lipids —%protein —%of total dietary fiber —%asfHihe total energy value was
estimated using the conversion factors of 4 kcalo§ protein or carbohydrate
and 9 kcal @ of lipid (Merril and Watt, 1973). The method praed by Dische

(1962) was used for the determination of total suga

2.4 Minerals

The mineral levels were assessed in crushed amddenized samples
prepared by organic wet digestion in accordanceh wite methodology
described by Salinas and Garcia (1985). For orgdigiestion, the samples were
treated with a mixture of nitric acid and perchtoacid, which were both
concentrated at a high temperature. The macro-aictoetements were
solubilized, subjected to different treatments diidted for further quantitative
evaluation. The quantification of elements was @enkd by spectrophotometry
using a standard curve for each mineral. To detenthe concentration of
calcium, iron and manganese, we used an atomia@hmo spectrophotometer

and acetylene. A flame photometer was used forrmétation of potassium
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(768 nm), and a visible-light spectrophotometer wsead for the determination

of phosphorus (420 nm).

2.5 Carotenoids

B-carotene and lycopene were extracted and quahtfieording to the
method proposed by Rodriguez-Amaya (2001). Forethieaction, each sample
was added to acetone, and the resulting mixtures gleaken for 1 hour using a
Multi Shaker MMS shaker at 200 rpm. Next, each dampas washed with
acetone three times by vacuum filtration. A voluoh&5 mL of petroleum ether
was poured through a separating funnel, and thmqui¢s were then transferred
to the funnel in small fractions followed by dikid water. The lower phase was
discarded, and the samples were washed four nmoes tio completely remove
the acetone. The solution of pigments in petrolather was transferred to a
volumetric flask and brought to a final volume @01mL with petroleum ether.
The samples were analyzed in a spectrophotometeaatlengths of 450 and
470 nm forB-carotene and lycopene, respectively (Rodriguezyen2901). The
extinction coefficients fof-carotene and lycopene in petroleum ether are 3450
and 2592, respectively (Rodriguez-Amaya, 2001). fidseailts are expressed in

mg of B-carotene or lycopene per 100 g sample.

2.6 Total Phenolics and Antioxidant activity

The extracts were obtained according to the mettlescribed by
Larrauri et al. (1997). Briefly, samples were weaidhg) in centrifuge tubes and
extracted sequentially with 40 mL of methanol/wa{g0:50, v/v) at room
temperature for 1 hour. The tubes were centrifuaje2b,400 g for 15 min, and

the supernatant was recovered. Then, 40 mL of aegtater (70:30, v/v) was
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added to the residue at room temperature. The samptre extracted for 60
min and centrifuged. The methanol and acetone @straere combined and
brought to a final volume of 100 mL with distill@chter for the determination of

antioxidant activity and phenolic content.

2.6.1 Total Phenolic

The total phenolic content was determined accordinghe adapted
Folin—Ciocalteu method (Waterhouse, 2002). Theaexsr(0.5 mL) were mixed
with 2.5 mL of Folin—Ciocalteu reagent (10%) andnm2. of 20% sodium
carbonate solution (4%). The mixture was stirred k@pt at room temperature
for 2 hour in the dark. The absorbance was measatréd0 nm against a blank.
Aqueous solutions of gallic acid were used for lraliion. The results are

expressed as g gallic acid equivalents (GAE)/100 g.

2.6.2 Antioxidant activity

The antioxidant activity was determined using th&TS& assay
according to the method of Re et al. (1999) witimanimodifications. The 2,2-
azinobis (ABTS) radical cation (ABTSe+) was genedaby reaction of 5 mL of
aqueous ABTS solution (7 mM) with 88L of 140 mM (2.45 mM final
concentration) potassium persulfate. The mixture Wwept in the dark for 16
hour before use and then diluted with ethanol ttaioban absorbance of
0.7£0.05 units at 734 nm using a spectrophotoméetee. fruit extracts (3QL)
or a reference substance (Trolox) were allowedemctr with 3 mL of the
resulting blue-green ABTS radical solution in tharld The decrease of
absorbance at 734 nm was measured after 6 minnéibaolutions of known

Trolox concentrations were used for calibratione Tesults are expressed as
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micromoles of Trolox equivalents (TEs) per gramfrefsh weight gmol of
TEs/g of FW).

2.7 Ascorbic Acid

The vitamin C content of each fruit pulp was deiesd by a
colorimetric method with 2,4 — dinitrophenylhydnagi(DNPH 2.4) according to
Strohecker and Henning (1967). The samples werelyzsth in a
spectrophotometer at an absorbance of 520 nm. &hits are expressed as mg

ascorbic/100 g of fresh weight.
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3. RESULTS AND DISCUSSION

Table 1 presents the chemical characteristicseofrthit pulp of marolo,
murici, jenipapo, soursop and sweet passion fiiie range of values found in

the literature, either for fresh fruit or pulp,akso presented.

TABLE 1 - The composition, pH, titratable acidity (TA), sble solids (SS) and
total sugar content of marolo, murici, jenipapojrsop and sweet passion fruit
pulps.

FRUITS PULPS

Marolo' Murici® Jenipapd  Soursop Sweet
Passion

fruit

Moisture (%) 80.16+0.25 93.12+0.59 93.48+0.49 8843152 84.12+0.13

Literature 74.2-77.2 75.9-92.8 - 82.2-89 -

Protein (%) 0.92+0.02 0.18 +0.00 0.21+0.01 0.574#2.0 1.35+0.00

Literature 0.4-1.22 0.72-0.86 - 0.6-0.8 -

Lipids (%) 1.84+0.16  0.87+0.03  0.34+#0.01  0.30+0.04 0.10+0.04

Literature 1.04-3.83 0.6-3.02 - 0.1-0.2 -

Carbohydrat 16.31+0.26 2.59+0.32 4.43+0.36 9.84+1.39 13.05#0.1
es (%)

Literature 10.3-32.3 5.96-19.6 - 9.8-15.8 -

Dietary fiber 0.13+0.00 3.08+0.26  1.15#0.09 0.79+0.10 0.70+0.00

(%)
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Literature - - - 1.2-1.9 -
Ash (%) 0.64+0.13 0.16+0.05 0.39+0.13 0.19+0.00 8*6.09
Literature 0.85-1.37 0.78 - 0.4-1.0 -

Energy value 85.47+0.11 18.89+1.12 21.60+1.45 44.3+5.80 58.5340.

(kcal)

Literature 52-146.18 46.43 81.70 38-62 -
pH 4.44+0.04 3.32#0.05 3.18+0.02 3.19+0.03  3.3D20.
Literature 4.6-5.21 3.42-3.7 3.39-4.3 3.46-4.5 -

TA/ (g citric 0.47+0.07 0.47+0.07 0.37#0.00 0.72+0.04  2.00+0.19

acid/100g)

Literature - 1.0 0.13-0.98 0.58-1.5 -
SS (°Brix) 11.33+0.58 1.00+0.00 3.33+0.58  7.00+0.0(3.33+0.58
Literature - 15 - 10.7-13.11 -

Total sugars  8.83#0.24  1.83x0.02  3.89+0.09 6.56+0.21 11.37+0.18
(%)

Literature 12-14 - - 8.2 -

Mean valuetstandard deviation of fruit pulp weight3.

! Literature data for marolo in nature and pulp ofoim Almeida et al. (1998); Franco (1999):
Silva et al. (2004); Silva et al. (2008) and Sital. (2009).

2 |iterature data for murici in nature: Guimar&eSilea (2008); Silva et al. (2008) and Canuto et
al. (2010).

8 Literature data for jenipapo in nature: Figueireti@l. (1986); Franco (1992); Silva et al. (1998)
and Hansen et al. (2008).

4 Literature data for soursop in natura and pulpoofrsop: Marcellini et al. (2003); Sacramento et
al. (2003); Mata et al. (2005); Canuto et al. (204fd Taco (2006).
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Data for sweet passion fruit (Passiflora alata Ddyavere not found in
the literature. Furthermore, no similar analysishef five pulps described in this
study has been previously published, which furtfighlights the importance of
this work.

We observed that all of the pulps had high moistumetents, ranging
from 80.16% (marolo) to 93.48% (jenipapo). The eimtcontent ranged from
0.18% (murici) to 1,35% (sweet passion fruit). Aflthe fruits were low in fat
content; sweet passion fruit had the lowest fatemn(0.10%), and marolo had
the highest amount of fat (1.84%). The carbohydcatgent ranged from 2.59%
(murici) to 16.31% (marolo). With regard to dietafiper, the levels were
between 0.13% (marolo) and 3.08% (murici). The emshged from 0.16%
(murici) to 0.68% (sweet passion fruit). Based tese results, the energy
content was found to range from 18.89 kcal (mutxi$5.47 kcal (marolo).

In general, the pulp of marolo had the lowest niéstontent (80.16%)
and the highest contents of lipids (1.84%) and aaytrates (16.31%) as well as
the highest energy value (85.47 kcal). Sweet pasfioit had the highest
contents of protein (1.35%) and ash (0.68%), andanpulp had the highest
dietary fiber content (3.08%).

The pH values ranged from 3.18 to 4.44 (jenipapd amarolo,
respectively), and the levels of acidity rangedrfr@.37 g of citric acid/100 g in
jenipapo to 2.00 g of citric acid/100 g in sweesgan fruit. Acidity is one of
the criteria that affect the classification of feubased on taste; fruits with levels
of citric acid levels ranging from 0.08 to 1.95%ndae classified as mild in
flavor and are well accepted for consumption infthren of fresh fruit (Paiva et
al. 1997). All of the fruits evaluated here falldrthis category.

With respect to soluble solids and total sugarstiehhhad the lowest
levels (1 °Brix and 1.83%, respectively) and swaatsion fruit had the highest
levels (13.33 °Brix and 11.37%, respectively). Tdontents of soluble solids
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correlated with the levels of sugars and organidsaavhich is an important
feature of products that are sold fresh as consuprefer sweeter fruits (Silva
et al., 2002). Therefore, fruits with the highesblmbility of acceptance are
those with higher levels of soluble solids and Itstagars. Among the fruits,
marolo and sweet passion fruit had the highestidewé soluble solids and
sugars.

The chemical and physical characteristics of feaih be influenced by
several factors, such as the time of harvest, ntyatwariety, weather and soil
conditions, sun exposure, location of fruit on fitent and post-harvest handling
(Fagundes and Yamanishi, 2001; Amira et al. 20breover, the differences
between the chemical characteristics presentedig gaper compared with
previously published data can be explained by Hamnges in the fruit associated
with isolation of the pulp and freezing. It is imBnt to emphasize that the
characterization of exotic fruit pulp is a mattépoactical interest because fruits
that are produced in specific regions and duringgfbseasons are most
commonly marketed in the form of pulp.

The mineral compositions, including P, K, Ca, Mgl &re, of the pulps
of marolo, murici, jenipapo, soursop and sweetipassuit are shown in Table
2. The mineral contribution of each fruit pulp teetDietary Reference Intake
(DRI) for a healthy adult male is given in % per01@§ of pulp (Institute of
Medicine, 1999-2011).
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TABLE 2 - The minerals contents of marolo, murici, jenipapoursop and
sweet passion fruit pulps and the %DRI contribufyen 100 g of pulp.

Marolo Murici Jenipapo Soursop Sweet
passion fruit
P (mg/100g f.w) 15.97 2.60 0.59 11.79 34.95
% DRI 2.28 0.37 0.08 1.68 4.99
K (mg/100g f.w.) 391.48 103.05 92.55 163.14 375.42
% DRI 8.33 2.19 1.97 3.47 7.99
Ca(mg/100gf.w.) 2.18 5.50 13.23 2.22 4.76
% DRI 0.22 0.55 1.32 0.22 0.48
Mg(mg/100g 26.28 10.14 8.17 10.61 19.82
fw.)
% DRI 6.57 2.53 2.04 2.65 4.95
Fe (mg/100g 0.59 0.17 0.22 0.42 1.06
fw.)
% DRI 7.37 2.12 2.75 5.25 13.25
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Among the pulp samples, the concentration of mieenas found to
range between 0.59 (jenipapo) and 34.95 mg/10® gsfveet passion fruit) for
P, 92.55 (jenipapo) and 391.48 mg/100 g f.w. (n@rfr K, 2.18 (marolo) and
13.23 mg/100 g f.w. (jenipapo) for Ca, 8.17 (jepippand 26.28 mg/100 g f.w.
(marolo) for Mg, and 0.17 (murici) and 1.06 mg/ POw. (sweet passion fruit)
for Fe.

The sweet passion fruit pulp contributes the moghé Recommended
Daily Intake (RDI) of P and Fe, marolo contributike most to the RDI of K and
Mg. For Ca, jenipapo pulp is the richest, but ingyal, the fruits pulps analyzed
in this study contribute little to the RDI of calon.

According to the Brazilian Table of Food CompositioTACO (2006),
frozen soursop pulp contains 10 mg of Mg, 17 mg,00.1 mg of Fe, 170 mg of
K and 6 mg of Ca in 100g. The values of K and Mg eery similar to the
values reported here, the levels of Ca and Fe higher in our study, and the P
content was lower.

According to the TACO (2006), in 100g of frozenlgel passion fruit
pulp contains 10 mg of Mg, 15 mg of P, 0.3 mg of 8 mg of K and 5 mg of
Ca. In our study, the pulp of sweet passion frad kimilar levels of Ca to those
reported in the TACO, but it was richer in Mg, I, d&nd K.

Due to lack of studies in the literature on the enéth composition of
exotic Brazilian fruits, we decided to make the pamison with the banana, a
tropical fruit that is well known for its abundanoeminerals.

In general, potassium was the most abundant elemeall fruits, as
reported by Sulaiman et al. (2011) in their studiéth different varieties of
banana, fruit, which according to Wall (2006), ¢enconsidered a good source
of K. According to Sulaiman et al. (2011), the lsvef potassium in banana

pulp reported in different studies ranged on averfagm 295.7 to 463.6 mg/100
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g of pulp. Therefore, the sweet passion fruit aratato pulps had potassium
levels similar to certain varieties of banana.

Leterme et al. (2006) found values of P rangingnf@to 3 mg/100 g in
banana pulp. All of the fruits analyzed possesigh kevel of P compared with
the banana pulp analyzed by Leterme et al. (2@@aiman et al. (2011) found
that the P content in different varieties of banpokps ranged from 26.4 to 70.9
mg/100 g. In the present study, only the sweetipadsuit was found to have
levels of P similar to certain varieties of bananas

The marolo and even the sweet passion fruit wemmdoto have a
significant concentration of Mg compared with trenana. The values of Mg
reported in the literature for this fruit are ranffem 21 to 67 mg/100 g
(Hardisson et al., 2001; Leterme et al., 2006; \W4106; Emaga et al., 2007).

The jenipapo and sweet passion fruit had the higb@scentrations of
Ca (13.23 mg/100 g) and Fe (1.06 mg/ 100 g), cimdy.

The fruit pulps analyzed in this study presentephificant amounts of
minerals, and marolo pulp, in particular, was foundbe rich in K and Mg.
Sweet passion fruit is the richest in P and Fe, jangbapo presented a higher
concentration of Ca.

Our results for antioxidant capacity, total phenaibntent, ascorbic acid

content and carotenoid content are shown in Table 3
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TABLE 3 - The antioxidant capacity (ABTS), total phenolimtant, ascorbic
acid content and carotenoid content of marolo, ojujénipapo, soursop and

sweet passion fruits pulp.

Fruits Antioxidant Total Ascorbic Carotenoids Carotenoids
pulps Capacity  Phenolics  Acid (mg B- (mg

(mmol TEs/g (mg (mg/100 carotene/10 lycopene/10

fw.) GAEs/10 g f.w) 0gfw.) 0gfw)
Og f.w.)

Marolo 131.58 739.37 59.05 0.57 0.38
+19.61 +7.92 +0.46 +0.01 +0.01

Murici 57.25 334.37 47.44 1.25 0.88
+4.05 19.07 +3.26 +0.12 +0.08

Jenipapo 7.31 47.94 27.01 0.93 0.63
+1.74 +1.81 +2.84 +0.03 +0.03

Soursop 35.95 281.00 21.83 1.21 0.86
+2.04 15.40 +3.99 +0.17 +0.12

Sweet 10.84 245.36 24.66 1.31 0.87
passion +2.20 +3.70 +4.29 +0.03 +0.03

fruit

Mean valuexzstandard deviation of fruit pulp weigmt=3; TE = trolox

equivalentes; GAE: gallic acid equivalents
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The lowest level of antioxidant activity was obshin the jenipapo
pulps (7.31umol TEs/g f.w.), followed by sweet passion fruit0@4 pmol
TEs/g f.w.), soursop (35.95mol TEs/g f.w.), murici (57.2umol TEs/g f.w.)
and marolo (131.58umol TEs /g fw.). The marolo pulp showed high
antioxidant activity, soursop and murici had intediate antioxidant activities,
and sweet passion fruit and jenipapo showed lowl$eaf antioxidant activity.
In their studies with different exotic fruits in mbeastern Brazil, Almeida et al.
(2011) concluded that the murici is a fruit withghilevels of antioxidant
activity. Using the DPPH method, Melo et al. (20@®ncluded that soursop
pulp has moderate antioxidant activity and thatsjmasfruit has low activity.

According to Almeida et al. (2011), foods rich intiaxidants play an
essential role in the prevention of diseases. Thimxdant capacities of fruits
vary depending on their contents of vitamin C, mita E, carotenoids, and
particularlyp-carotene (Rice-Evans and Miller et al. 1996) amopene (Shami
and Moreira 2004) as well as flavonoids and othl@yghenols (Saura-Calixto
and Goni, 2006).

Following the example of Vasco et al. (2008), wested 17 fruits from
Ecuador for their polyphenol contents, we clasgifieur fruits into three
categories: low (<100 mg GAE/100 g), medium (10@-5@y GAE/100 g) and
high (>500 mg GAE/100 g). Marolo pulp had the leghlevels of polyphenol
(739.37 mg GAE/100 g f.w.) followed by murici (334.mg GAE/100 g f.w.),
soursop (281.00 mg GAE/100 g f.w.) and sweet paséioit (245.36 mg
GAE/100 g f.w.). The marolo pulp can therefore btegorized as having a high
concentration of phenols, indicating that this tfrig an excellent source of
phenols. The murici, soursop and sweet passion @am be categorized as
having an average content of phenols, and theyatsny/be considered a good
source of phenols. Jenipapo had the lowest levélphenols (47.94 mg
GAE/100 g f.w.), corresponding to the low categdfpassimotto et al. (2005)
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reported that there are 120.8 mg GAE/100 g and §7GAE/100 g of total
phenols commercially available frozen soursop g murici, respectively,
and these values are lower than the levels reptwteel Almeida et al. (2010)
found 159.9 mg of GAE/100 g murici in nature, adiRu et al. (2010) found
2380 GAE/100 g of total phenols in dry murici. Rieeset al. (2007) found
20.31 g GAE/kg in the dry matter of marolo.

Ascorbic acid levels ranged from 21.83 in soursamfb9.05 mg/100 g
f.w. in the marolo pulps. Marolo had levels of akio acid equivalent to those
found in a variety of oranges from Australia (67/&@ g) according to Lim et
al. (2007). Ramful et al. (2011) classified fruitscording to the ascorbic acid
content into three categories: low (<30 mg/100nggdium (30 - 50 mg/100 g)
and high (> 50 mg/100 g). According to this cldsation, marolo gqualifies as a
fruit with high ascorbic acid content, murici hagege content, and jenipapo,
soursop and sweet passion fruit are considerednaitamin C.

The murici, soursop and sweet passion fruit pulps higher levels of
carotenoids, corresponding to 1.25, 1.21 and 1. 100 g f.w., respectively, of
B carotene and 0.88, 0.86 and 0.87 mg/100 g f.\epedtively, of lycopene.
According to Agostini and Cecchi (1996), in the \honarolo contains 0.69
mg/100 g ofp-carotene, which is slightly higher than the amdiauind in the
pulp (0.57 mg/100 g). One of the most importanesodf carotenes, especially
B-carotene, is its provitamin A activity (RodriguAmaya, 1989).

With regard top-carotene levels, the fruits analyzed in this studye
compared with carrots, which are known to have highcentrations of this
carotenoid. Campos et al. (2006) concluded thabbséven vegetables studied,
carrots had the highest levels ptarotene, with an average of 5.18 mg/100 g.
All of the pulps studied here had low concentragiof3 carotene in comparison
with carrots, and the fruit with the highest lewdlp-carotene was the sweet

passion fruit with 1.31 mg/100 g.
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All of the pulps analyzed had low concentrationsyobpene compared
with tomatoes, a lycopene-rich fruit. Carvalho &t (2005) studied different
tomato hybrids and concluded that the contentadpgne in the ripe fruit varies
from 8.2 to 10.5 mg/100 g.

The Pearson's correlation coefficients betweerozidtint activity, total
phenolic contents and ascorbic acid levels areepted in Table 4. There was
no significant relationship between antioxidantivdist and the contents of
minerals, B-carotene or lycopene. The total antioxidant aftiwas high and
positively correlated with the phenolics content0(064, g0.01) and ascorbic
acid levels (r=0.902,40.05). These results suggest that the ascorbic aaxid
phenolic compounds, such as phenolic acids, taawgitt and proanthocyanidin,
may be the most important contributors to the aident activity in the fruits

studied in this research.

TABLE 4 Pearson's Correlation Coefficients (r) betweenoaidant capacity
parameters and ascorbic acid and the total phenodictents in marolo, murici,

jenipapo, soursop and sweet passion fruit.

Parameters Correlation Coefficient (r)

Antioxidant Capacity

Ascorbic Acid 0.902
Total Phenolics 0.964"
*p<0.01

** n<0.05

Several studies have reported relationships betvpdemolic contents
and antioxidant activity; some authors found a higirelation between phenolic



70

content and the antioxidant activity (Roesler et 2007; Rufino et al., 2010;
Contreras-Calderén et al.,, 2010; Ramful et al.,1204Imeida et al., 2011),
while others found no relationship (Imeh and Khakh2002; Ismail et al.,
2004). The same observation has been reporteceinethtion to ascorbic acid
and antioxidant activity; some authors have repore positive correlation
between ascorbic acid content and antioxidant iact{Contreras-Calderon et
al., 2010; Rufino et al., 2010), and others hawmbno correlation (Barreto et
al., 2009; Almeida et al., 2011)

Of all the pulps analyzed, the pulp of marolo Haes greatest potential
for antioxidant activity as it has a higher contefitphenolic compounds and
higher concentrations of ascorbic acid. Therefthis, fruit may have a greater

nutritional and economic value.
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4. CONCLUSION

The fruit pulps analyzed in this study had high shmie content, and
they were low in protein, lipid and energy valudeTpulp of marolo had higher
lipid and carbohydrate contents and a higher engadiye compared with the
other pulps analyzed. Murici pulp had a higher eohof dietary fiber. Sweet
passion fruit pulp was found to contribute the ntoghe DRI of phosphorus (P)
and iron (Fe). Marolo was found to contribute miréhe DRI of potassium (K)
and magnesium (Mg). For calcium (Ca), jenipapad fipuip is the richest, but in
general, the fruit pulps analyzed in this studytdbuate little to the DRI of
calcium. The pulp of marolo has the greatest pitefutr antioxidant activity, as
it had higher contents of phenolic compounds arghédti concentrations of
ascorbic acid. The levels ffcarotene and lycopene in the pulps analyzed were

found to be low.
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ABSTRACT

The Brazilian Cerrado is a cradle of great biodiitgr with many species of
fruits that are still unknown or rarely found oretimarket. These fruits have
exotic flavors and high nutrient content, and thtesat economic potential. One
way of increasing availability and adding valuethe fruits of the Brazilian
cerrado is the creation of new products such as @mi jellies. The aim of this
study was determine the optimum proportion of thet§ murici (Byrsonima
crassifélia L. RICH), marolo (Annona crassiflora tla jenipapo (Genipa
americana L.), sweet passion fruit (PassifloraaalBrryand) and soursop
(Annona muricata L.) in the formulation of cerraBeoazilian mixed fruit jam
through the sensory evaluation of the jams’ foriotes. The Parallel Factor
Analysis (PARAFAC) and response surface methodolagjgg mixture design
were utilized. The best formulations containedfti®wing proportions of fruit:
50% marolo and 50% soursop; 33.33% marolo, 33.38&espassion fruit and
33.33% soursop; and 60% marolo and 10% each ofcmighipapo, soursop
and sweet passion fruit. The use of PARAFAC in goaofion with the modeling
of mixtures is useful in elucidating the effectsfadds’ components on sensory
attributes, especially in mixtures with more tharee components, in which the

graphic analysis is difficult.

Keywords: optimization, jam, Brazilian fruits, mixe design, Parafac



83

1. INTRODUTION

Brazil has the largest biodiversity in the worldthwaccess to a number
of fruit species. Many of these species are unknawd therefore have little
commercial value. The North and Northeast regiaiesteome to the greatest
biodiversity (Mattieto et al., 2010). Many of thegkant species provide fruits
with unique sensory characteristics and high notré®ncentrations. Therefore,
they are of potential interest to the agroindusing a possible future source of
income for the local population (Almeida et al.120Cardoso et al., 2011).

However, few people have access to these fruitausecthey are found
in only some regions of the country and during amlfew months of the year.
One way to increase availability and add even nvalae to exotic Brazilian
fruits is to create new products such as jellied jams. The production of jelly
and jams from the fruits of Brazilian Cerrado igrdfore an option for many
producers to develop not only on the domestic miakbkg also to attain higher
prominence in export trade.

Given the wide variety of fruits in the Braziliarrcado, a number of
products can be prepared from various mixtures.sdHeuits are capable of
producing jams and jellies with different tastesd aappearances. According
Zotarelli et al. (2008), mixed fruit jams join thetritional characteristics of two
or more fruits while providing pleasant sensory reloteristics in order to
gradually gain prime space in the consumer market.

Mixture design experiments are a very powerful teol quantify
different factors’ effect on production processaesd ultimately to determine
which combinations of factors and levels providetimpl output quality
(Katelaere et al., 2011). Mixture design methodplagn be utilized for the
optimization and investigation of the functionspsbcessed foods’ ingredients,

and supports the importance of ingredient inteoasti(Abdullah and Cheng,
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2001; Dooley et al. 2011). Mixture design experitsare suitable for the study
of products that involve more than one ingrediesihce the levels and

proportions of the components in the mixture angedelent on each other, and
the sum of all components is always one or 100%€HE74; Cornell, 1983;

lop et al., 1999; Dutcosky et al., 2006; Dooleyakt 2011). This technique

allows one to obtain a predictive mathematical @spntation of the relationship
between mixture factors and responses. In genarahecial cubic model is

satisfactory to describe the additive terms and theeractions among

components (Cornell, 1983; Neto et al., 2003).

According to Plaehn (2009), product optimizationoise of product
developers’ primary goals, and a number of metHwise been developed to
address it. Response surface methodology (RSM)beansed to model and
optimize any response affected by the levels of@m@more quantitative factors
(Dean and Voss, 1999), such as ingredients or psogariables. RSM uses
quantitative data to determine and simultaneouslyesmultivariate equations
that specify the optimum product for a specified s¢ factors through
mathematical models, while considering interactiomsiong test factors
(Giovanni, 1983).

This method has been successfully applied by skwauthors to
determine the optimum formulation for a food pradwbile evaluating sensory
or physicochemical attributes. Response surfacenadetogy using mixture
design was used to determine the optimum ratio inégpple, papaya and
carambola in the formulation of reduced-caloriepittal mixed-fruit jam by
Abdullah and Cheng (2001). Acosta et al. (2008)dusesponse surface
methodology to evaluate and model the effects &fettiactors (sweetener, low
methoxyl (LM) pectin and calcium content) at thifeeels each on the overall
acceptability of a tropical mixed-fruit (pineappbgnana and passion fruit) jelly.

Mixture design experiments were used to study ffexieof interactions among
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pine, flower and highland honeys on the rheologpmralperties of salep-honey
drink mixture (SHDM) samples (Karaman et al., 2011)

During the development of new foods, it is extrgmihportant to
evaluate sensory attributes, which will define feed's acceptance in the
market. At present, various statistical methodsaaaglable for this review, and
recently the Parallel Factor Analysis (PARAFAC) haeven useful for this
purpose (Nunes et al., 2011).

PARAFAC is a method of decomposition of higher-erdata and can
be considered a generalization of the Principal @mment Analysis (PCA) to
multidimensional data (Bro, 1997). PARAFAC is atWeprovide an exploratory
interpretation of samples and variables while tgkito account the K different
conditions in which the data were generated. TheeefPARAFAC is able to
decompose an | x J x K array, which in the casatefnal preference mapping
studies is an array of products x consumers xbates. The loadings obtained
by PARAFAC can then be used to construct a multiimégrnal preference map
for consumer acceptance data analysis, while camidge an evaluation of
several attributes simultaneously. The PARAFAC mdtthas been used
successfully for numerous authors; Cocchi et 80062 used this method in
sensory analysis of Aceto Balsamico Tradizional®ddena of different ageing
and Nunes et al. (2011) used PARAFAC in studietarb cakes and onion
cakes.

The three-way map created by PARAFAC and responséace
methodology using mixture design was used to déterrthe proportions of
murici (Byrsonima crassifélia L. RICH), marolo (Aoma crassiflora Mart.),
jenipapo (Genipa americana L.), sweet passion {Raissiflora alata Dryand)
and soursop (Annona muricata L.) in the formulatidcerrado Brazilian mixed

fruit jam through sensory evaluation of the forntiglas.
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2. MATERIALS AND METHODS

2.1 Materials

We used pulp of murici (Byrsonima crassifélia L.QRl), marolo
(Annona crassiflora Mart.), jenipapo (Genipa an@rixL.), sweet passion fruit
(Passiflora alata Dryand) and soursop (Annona rataicl.), high-pectin

methoxyl (Danisco ®), citric acid and sucrose.

2.2 Obtention of fruit pulps

Pulp of jenipapo and murici were acquired fromatfpulp processing
company located in Uberlandia - Minas Gerais. Tiavigla pulp came from a
fruit pulp processing company located in Jarinuae aulo. These pulps were
stored in sealed plastic bags, frozen and transgdmtStyrofoam boxes.

Pulps of sweet passion fruit and marolo were piseEgsat the
Laboratory of Processing Plant Products, Federaladsity of Lavras (UFLA)
after the acquisition of fresh fruits from the modf Minas Gerais. These fruits
were cleaned with tap water and then separatedpie¢d seed and pulp. The
pulps were extracted manually with a knife and thesk and seed were
discarded. The pulps were then beaten in a blerael,after homogenization
were stored in sealed plastic bags and frozen.

All pulp was stored in a cold room at 18°C.

2.3 Preparation of the jams

The preparation of Brazilian cerrado fruits jam wasducted in the

Laboratory of Processing Plant Products, Federalddsity of Lavras (UFLA).
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To process the jams, a blend of fruit pulps waser(adcording to Table

1) and added to sucrose.

TABLE 1 Compositions of jam mixture samples in a simplattide mixture
design.

Level Jenip Mar Muri  Sourso Sweet
X1 Xy Xz X4 Xs apo olo Ci p (%) passio
(%) (%) (%) n
fruit
(%)
1 1 0 0 0 0 100 0 0 0 0
2 0 1 0 0 0 0 100 O 0 0
3 0 0 1 0 0 0 0 100 0 0
4 0 0 0 1 0 0 0 0 100 0
5 0 0 0 0 1 0 0 0 0 100
6 05 05 O 0 0 50 50 0 0 0
7 05 O 05 O 0 50 0 50 0 0
8 05 O 0 05 O 50 0 0 50 0
9 05 O 0 0 05 50 0 0 0 50
10 O 05 05 O 0 0 50 50 0 0
11 0 05 O 05 0 0 50 0 50 0
12 0 05 O 0 05 O 50 0 0 50
13 0 0 05 05 O 0 0 50 50 0
14 O 0 05 O 05 O 0 50 0 50
15 0 0 0 05 05 0O 0 0 50 50
16 06 01 01 01 01 60 10 10 10 10
17 01 06 01 01 021 10 60 10 10 01
18 01 01 06 01 01 10 10 60 01 01
19 01 01 01 06 01 10 10 10 60 10
20 01 01 01 01 06 10 10 10 10 60
21 02 02 02 02 02 20 20 20 20 20

The proportion of sugar and fruit pulp used was. The jams were
processed in open pan heated by gas flame (MacaB@jdBrazil). After a boil
was reached, 1.5% high-methoxyl pectin was addédhé end of the process,
after the soluble solids reached 75°Brix, 6% citi@d (2%) was added and
cooking was stopped. The total soluble solids vdatermined using a portable

refractometer model RT-82 and °Brix was measuretl 26°C. The jams were
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then poured hot into 250 mL sterile bottles, codted container with water and

ice and stored in a refrigerator at + 7°C. Figude&cribes the processing of the

jams.
preparation blend and add sugar boil
of the fruits mix e o
hot filled s ook add pectin

acid desired brix
FIGURE 1 Steps used in the preparation of jams
2.4 Sensory Analysis

Sensory analysis was performed in the laboratoresfsory Analysis,
Food Science Department, Federal University of aatJFLA). An acceptance
test was conducted on the attributes of color, ampee, smell, taste and the
global aspect using a hedonic scale of 9 points (lslike extremely 9 = like
extremely) (Stone and Sidel, 1993).

The test was conducted on 85 participants (50 woarah 35 men),
among them students and office staff aged betw&eantl 40 years. Panelists
were selected based on their regular consumptiduibfjams and jellies. In the
first sensory evaluation, each panelist evaluafietb@mulations in five sessions
spread over five consecutive days. In the first feessions, four formulations
were evaluated, and the fifth and final sessioa farmulations were evaluated.
In the second sensory evaluation, the panel ewufite formulations in a

single session.
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Samples of approximately 5 g of jam (Acosta et2008) were served
in cups of 50 mL at refrigeration temperature (7i@)a balanced manner
(Wakeling and MacFie, 1995). These were coded ilittee-digit numbers
drawn from a table of random numbers. The test eealucted in individual
booths under white light, with adequate ventilatibasters were offered enough
water for the analysis. The laboratory temperatae set at 23°C.

For each set of samples, the panelists were instiuto taste and
evaluate from left to right and rinse their mouttith water between samples. In

addition, testers were instructed on the use oh#u®nic scale.

2.5 Experimental Design and Statistical Analysis

From the simplex lattice mixture design (Corne83), the proportion
of fruit jenipapo (%), marolo (>¢), murici (Xs), soursop (%) and sweet passion
fruit (Xs) used in the preparation the mixed fruit jam wetednined. In total, 21
formulations were evaluated. The design with coaledl experimental levels for

these five factors is presented in Table 1.

The polynomial model equation used was:

Y= B1X1 + BoXp + BaXs + BaXy + PsXs + P1oX1Xo + B1aX1 X5 + PraX1 Xy +
B1sX1X5 + BogX X3 + P2aXoX g + P2sX X5 + B3aX X4 + P3sX3Xs + BasXaXs

where Y is the estimated responfeare constant coefficients for each
linear and non-linear (interaction) term produced the prediction models of

the processing components (Cornell, 1983; DearVasd, 1999).



90

Due to the difficulty of analyzing five variabley lbesponse surfaces,
variables were initially decided through analysiglata acceptance by parallel
factor analysis (PARAFAC). The PARAFAC analysis wadwmsen because it
provides more general information about sensorggtence by simultaneously
considering all the evaluated sensory attributesnticate differences and
similarities between samples.

With this analysis, it is possible to identify tfi@mulations that had
higher sensory acceptance and to develop a direafit which to identify a set
of two variables (X Xz Xz, X4 and / or X%). From the response surfaces
generated by the global aspect model, it is pasdiblidentify the best level at
which to set the two selected variables to obtaéndptimal formulation.

From the models of sensory attributes evaluatedatierage acceptance
for samples more accepted by PARAFAC and obtaineithd optimal response
surface were estimated. The five formulations wltigher averages were
selected and taken to a second sensory analys@nfom the best formulation
of mixed jam.

To choose the most accepted formulation, sensosjysia parallel
factors (PARAFAC) were used again.

To determine the levels of the factors studied gederate the model
and contours curves provided by the equations, seel the program Statistica,
1998 (Statistica, 1998 (Statistica for Windows caiep program manual, Tulsa,
OK)). To develop the internal preference maps okthby PARAFAC, we used
the statistical package SiSMapp (SiSMapp, versioh 2
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3. RESULTS AND DISCUSSION

Table 2 shows the complete predicted models andsitiréficance of
regression coefficients and?Ralues for the attributes of color, appearance,
smell, taste and global aspect after the sensalyses of 21 formulations of
jam. As shown in the table, the linear terms predicin all models were
significant (p <0.01). The Rvalues of the models provided were in excess of

0.8689, indicating that they were suitable for pluepose of prediction (Henika,
1982).
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TABLE 2 Predicted models for sensory data from mixed fauts samples.

Atribute Predicted model R’
value
Color Y= 4.29% + 6.49% + 6.26% + 5.17% + 6.21% 0.9109

+ 2.98XX, + 2.21%X5 + 7.94 %X, + 1.31%Xs —
0.38%X3 + 4.65%X, + 1.97%Xs + 1.83%X, —
1.09%:Xs + 5.73%Xs "

Appearance Y= 4.32X+ 6.40% + 6.25% + 5.75%, + 5.74% 0.9133
+ 2.91X%X, + 2.05%X;5 + 6.50%X, + 2.44%Xs +
0.27%Xs + 3.62%X, + 2.31%Xs + 1.46X%X, —
0.55%:X5 + 5.05%Xs

Smell Y=3.99% + 6.15% + 5.45X% + 5.47% + 5.91% 0.8689
+ 2.44%X, + 2.65%Xz + 4.63%X, + 1.72%Xs +
1.07%X3 + 4.05%X, + 2.44%Xs + 3.66X%X, +
2.25%:X5 + 2.92XXs

Taste Y=3.08X + 5.95% + 4.55% + 5.78%, + 6.26% 0.9258
+ 2.31X%X, + 3.52%X5 + 5.60%X, — 2.84%X5 +
5.36XX3 + 4.92%X, + 2.59%Xs + 3.88%X, +

5.1XsXs + 3.06%Xs
Global Y=3.50% + 6.15% + 5.21X% + 5.91X% + 6.22% 0.9236
aspect + 2.41X%X, + 2.78%X3 + 6.13%X, - 1.20%Xs +

3.81%X35 + 5.36%X, + 1.94%Xs + 3.12%X, +
2.95%:X 5 + 3.60%Xs

"p<0.01;" p<0.05.

Due to the difficulty of analysis of five variables the mixture design
(or response surface contour curves of the modgl the design was decided
primarily by the use of parallel factor analysi®\FAFAC).

Figure 2 shows an internal three-way map, a reptagen of the
distribution of consumers (squares), the samplestgvs), the evaluated sensory
attributes (points) and acceptance by consumeimogiig the number of factors
is a critical stage in construction of the interpedference map for a three-way

PARAFAC. This choice can be made by a consistenayyais of the core value
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(CORCONDIA) (Bro and Kiers, 2003). A CORCONDIA valabove 90% can
be interpreted as an appropriate model, while aevalf 50% would mean a
problematic model. A value close to zero or negatiuplies an invalid model.
The most appropriate value is one that provideseatgr number of factors and
involves a valid model (Bro and Kiers, 2003, Nueesl., 2011). Therefore, we

chose to use a model with two factors that showe&D&RCONDIA value of
63.8886%

0.5F

Factor 2
o

-0.5F

4 05 0 05 1
Factor 1
FIGURE 2 Map of three-way internal preferences for col@pearance, smell,
taste and global aspect obtained for the 21 fortiamis of fruit jam.

The large number of consumers preferring samplesl2115, 17, 18,
19, 20 and 21 show that they were the most prafeofeall the analyzed
parameters. Table 1 shows that of the eight fortimla with sensory

acceptability, murici is present in five formulat® but only appears in large
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quantities in formulation 18. Jenipapo also appearsfive of the eight
formulations, but always in small quantities. Weuldohave set these two
variables (jenipapo and murici) at low levels, g decided to set them at 0,
because the formulations with 100% jenipapo (1f06@nipapo (16), 50%
jenipapo (6 and 9), 50% jenipapo and 50% muriciaf®d 100% murici (3) did
not have good sensory acceptance. No consumeesngetthese formulations,
which indicates that these two fruits will probalbiyntribute to the reduction of
sensory acceptance of the jam.

To confirm this hypothesis, a curved contour of pnedictive model of
the global aspect of the attributes of these fr(igble 2) was made, with the
variables jenipapo (X and murici () set to 0 (Figure 3a), 15% (Figure 3b) and
25% (Figure 3c). The fixation on 15% and 25% waly tm confirm that the use
of these two factors leads to the reduction of @gnscceptance. This same
behavior was observed in the acceptance of othroaes evaluated (data not

shown).
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Passkan fruil
00, 1,00
0,00 0.25 0,50 075 1.00 =56
Marala Soursop
Passion fruit
0.00, 1,00 (C)

: 000 g <57
0.00 0,25 0,50 075 1,00 B <56
Marolo Soursop

FIGURE 3 Contour curves for global aspect, with jenipape) @hd murici (%)
setto 0 (a) 15% (b) and 25% (c).

With increasing concentrations of jenipapoi)>and murici (%) a
decrease in sensory acceptance is clear, althawgltdncentrations (15% or

less) of these two variables obtain a relativelpdyacceptance (note around 6,
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6, according Figure 3b). However, since the objecin this study is to select
the best formulation of fruit jam, it was decidedik the murici and jenipapo at
0% because the models generated showed (Figuhat3he lower the levels of
jenipapo and murici, the greater the sensory aecept By setting these
variables to 0% (Figure 3a) it is possible to ojenthe formulation (OF),
which is the central point. Therefore, the formiglatshould contain 33.33%
marolo, 33.33% soursop and 33.33% sweet passiiin fru

Figure 3 also shows that when the jenipapo andainare present in
high concentrations, a higher concentration of meai® required to get the
highest possible sensory acceptance.

From the models generated (Table 2), we deterntime@dverage scores
of acceptance provided for the attributes of apmeze, smell, color, taste and
global aspect. We also established the averagalbgensory acceptance (Table
3) of the eight formulations chosen as the mostepterl PARAFAC
formulations provided by the contour curve genetdtem the model-predicted
global aspect.

TABLE 3 Provided notes to global aspect for the eight madely accepted
formulations, selected by PARAFAC and the optimizedmulation (OF)
selected by contour of the curve

Formulation Color  Appearance Smell Taste Global Overall
aspect Average
11 6.99 6.98 6.82 7.10 7.17 7.01
12 6.84 6.65 6.64 6.75 6.68 6.71
15 7.12 7.01 6.42 6.79 6.77 6.82
17 6.82 6.77 6.55 6.63 6.73 6.70
18 6.37 6.39 6.19 6.07 6.22 6.25
19 6.71 6.81 6.47 6.57 6.55 6.64
20 6.61 6.44 6.40 6.43 6.46 6.47
21 6.77 6.74 6.51 6.47 6.58 6.61

OF 7.24 7.10 6.81 7.09 7.09 7.07
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In general, the nine formulations selected had gecdres for all
parameters analyzed, with scores ranging betwesrd@, which correspond to
the hedonic terms “liked slightly” and “liked modéely,” respectively.

We chose to perform a second sensory analysisvef df the nine
selected formulations to confirm the mixed jamg tleally has the best sensory
acceptance. Of the nine formulations presentedalilel3, it was concluded that
formulations 11, 12, 15, 17 and the optimized fdatian (OF) have the highest
average score provided for the attributes of cdémte, global aspect and overall
average.

Figure 4 shows the internal three-way map, whictihésrepresentation
of the distribution of consumers, samples and sgnsttributes as to the
acceptance of five analyzed jam formulations (2,15, 17 and OF). A model
was chosen with two factors that showed a CORCON®&ilye of 96.6448%.
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FIGURE 4 Three-way internal preference mapping to colopeapance, smell,
taste and global aspect, obtained for the five fdations of jam (11, 12, 15, 17
and OF).

Figure 4 demonstrates that the formulations 11add the optimized
formulation (OF) seem to have better sensory aeocept compared with the
others, as the higher density of consumers is tsiluaround these three
formulations. Formulation 11 has 50% marolo and SoMrsop; formulation 17
has 60% marolo and 10% each of murici, jenipaporssp and sweet passion
fruit; the optimized formulation (OF) has 33.33%ussop, 33.33% marolo and
33.33% sweet passion fruit.

Although Figure 3 shows that increasing the comedioh of jenipapo

and murici reduces its acceptability, formulatioh tvhich has 10% of each of
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these two fruits, was one of the most acceptedlisaussed earlier, the contour
curves for global aspect (Figure 3) show that gacckptability can be obtained
from low concentrations of jenipapo and murici (fig 3B) and that higher
concentrations of these two fruits requires a greebncentration of marolo to
balance the soursop and sweet passion fruit (Figfirand 3B) and obtain better
sensory acceptance. The selection of formulation dfich has a high
concentration of marolo and a low concentratiorjesfipapo, murici, soursop
and sweet passion fruit, as one of the most widalgepted formulations
confirms the expected contour curves for the glalspkct (Figure 3).

Table 4 expresses the average scores for coloeasgqpce, smell, taste

and global aspect of the five formulations analyzed

TABLE 4 Means sensory score of fruits jam

Formulation Color Appearance Smell Taste Global
aspect
11 6.36 6.63 6.21 6.45 6.49
12 6.12 6.25 6.25 6.26 6.25
15 6.06 5.42 5.86 5.87 5.72
17 6.29 6.15 6.01 5.73 6.00
FO 6.52 6.52 6.48 6.53 6.42

In general, the five formulations had good sensargeptance, scoring
each of the attributes between 6 and 7, which spaed to the terms “liked
slightly” and “liked moderately.”

It is important to emphasize that the hedonic scareserved for the
sensory attributes evaluated for 11, 12, 15, 17@iRdormulations were slightly
lower than the scores provided

By the models, possibly due to differences in cameusensory scales.

The difference in the scores presented in theseuiations compared to
the first sensory analysis in which five samplesenevaluated in a group of 21
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formulations can be justified by the contrast dffdn other words, the first
sensory analysis showed a large variation betwesmulations and their
acceptability. The preferred formulations may halrewn higher average scores
because there were very few accepted formulatidiee second sensory
evaluation was performed with only the five mostiely accepted formulations,
and therefore showed a smaller variability of ataepe. However, it is
important for sensory evaluation to validate thalelo

Therefore, development of jam made with Braziliarrado fruits is
viable. Among the fruits studied, the soursop, rftasnd sweet passion fruit
have the greatest potential for use in jam becthese three fruits were present
in the formulations selected as the most acceptedipapo and murici are
tolerated only in small concentrations; high conions contribute to
reduction of acceptance of the jam. When they egsgmt in low concentrations,
the jam requires a high concentration of marolootsain good sensory
acceptance. Therefore, more study is needed tondet the best uses and
enjoyment of these fruits.
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4. CONCLUSION

Multivariate optimization methods are an effectiteol for the
improvement of sensory characteristics during #netbpment of new products.
The use of PARAFAC in conjunction with the modelimigmixtures is useful in
elucidating the effects of foods’ components orsseen attributes, especially in
mixtures with more than three components, in whiod graphic analysis is
difficult. The best formulations of jam were thosith the following proportions
of fruit: 50% marolo and 50% soursop; 33.33% mar8®.33% soursop and
33.33% sweet passion fruit; and 60% marolo and &a&kh of murici, jenipapo,
soursop and sweet passion fruit. The preparatiojaroé made with Brazilian
Cerrado fruits is viable because it is possible ottain a good sensory
acceptance, with averages ranging from 6 (“likedjhsly”) to 7 (“liked
moderately”). Through the development of producishsas jams, it is possible
to add value to fruits from the Brazilian cerradwtt are little known and

marketed, and to create products with new send@sacteristics.
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ABSTRACT

For a sweetener to successfully replace sucrogeoith formulations, studies
must first be conducted to determine the concaatratof the sweeteners to be
used and their equivalent sweetness compared tossudAfter establishing the
optimal concentration of each sweetener it is remngsto determine which is
more similar to sucrose. The objective of this gtuwdas to determine the
equivalent amount of different sweeteners (suceglssicralose/acesulfame-K
(3:1), Thaumatin/sucralose (4:1), sucralose/stevglicoside (2:1) and
sucralose/acesulfame-K/neotame (5:3:0,1)) necestarpromote the same
degree of ideal sweetness in mixed fruit (maroleet passion fruit and
soursop) jam, and to characterize the time-intgngibfile and consumer
acceptance of all formulations. Using the magmtedtimation method was
found that to promote that ideal sweetness (40%osag of mixed fruit jam it is
necessary to use a concentration of 0.0358% ofakss, 0.0472% of
sucralose/acesulfame-K (3:1), 0.0464% of sucradtesabl glycoside (2:1),
0.1407% of sucralose/thaumatin (1:0.6) and 0.0407%ucralose/acesulfame-
K/neotame (5:3:0.1). The sweeteners presentedeatsess profile similar to
sucrose and bitterness profile different from sserdout similar between them.
In relation to sensory acceptance, a significaffédince between the sugar-free
jam and the traditional jam was not observed. Othal sweeteners studied, it is
suggested to use a combination of sucralose/aeesedK (3:1) in mixed fruit

(Marolo, soursop, sweet passion fruit) jam, theigalue to a better cost/benefit.

KEYWORDS: sweeteners, mixed fruit jam, equivalent sweetrtess,

intensity
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1. INTRODUCTION

New health concerns associated to high sugar irtadtede excessive
calorie consumption and decreased diet quality (#ie& Finke, 2003). The
growing concern with health and the higher incidemmé obesity, metabolic
syndrome and diabetes have resulted in an inclieasgerest for foods with
lipid and sugar reduction (Dabelea, Bell, D'Agostinmperatore, Johansen,
Linder, Liu, Loots, Marcovina, Mayer-Davis, Petti& Waitzfelder, 2007;
Ogden, Carroll, Curtin, Mcdowell, Tabak & FlegaQ(®). Within this context,
there is a growing trend towards the consumptiomief and light products,
which are indicated, among other purposes, for lgewjith diabetes or other
medical restrictions, including obesity (Cardosd&lini, 2007) and for people
who are concerned with aesthetics and health. Hexvéve development of new
food products turns out to be increasingly challegg as it must fulfill
consumer expectancy for products that are simultasig appealing and healthy
(Cruz, Antunes, Sousa, Faria & Saad, 2009).

Determining the best sweetener for a product requieveral sensory
tests. These sweeteners, in addition to being(sadeting current law), must be
compatible with the food and present the greaiastasity to the characteristic
flavor of the sucrose-based product (Fernandes1)20furthermore it is
desirable that sweeteners have a low calorie deagitl commercial viability
(Malik, Jeyarani & Raghavan, 2002).

For a sweetener to successfully replace sucrogeoi formulations,
studies must first be conducted to determine tme@atrations of the sweeteners
to be used and their equivalent sweetness comparexlicrose (Cardoso &
Cardello, 2003). There are several methods forimibta this information, but
the most common method is the estimation of the niiade and graphic

representation of standardized results throughLtwe of Stevens, or “Power
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Function” (Moskowitz, 1970; Stone & Oliver, 1969WWorks involving
sweetness and equivalent sweetness are already beiducted by several
researchers. Among many of these works we can aretitiose of Pangborn
(1959), Powers & Pangborn (1978), Stone & Pangld@890), Cardoso &
Bolini (2007), Moraes & Bolini (2010); Souza, Pimtwe Carneiro, Pinto, Abreu
& Menezes (2011).

According to Lawless & Heymann (1999) it is widddglieved that the
consumer acceptability of different intensive sweets depends on the
similarity of their time profile to that of sucraséccording Bolini-Cardello,
Silva & Damasio (1999) the replacement of sucrogalternative sweeteners
can provide changes in the perception of bitter sadet taste. The goal of
intensity-time technique is to monitor these change order to find the
sweetener that is most similar to the sensory leraff sucrose. The time—
intensity technique measures the sensory percegtitire intensity of a specific
attribute, and enables the monitoring of perceptotnsity changes during
product evaluation (Lee & Pangborn, 1988iff & Heymann, 1993; Desobry-
Banon & Vickers, 1998; Piggott, 2000; Chung, Heymat Grin, 2003).
According to Cadena & Bolini (2011) the time—intéysanalysis has been
widely used in studies to determine the behaviorswketeners, in studies
concerning beverages, chewing gum, meat produlsd sdressing, olive all,
gelatins and in the study of dairy products. Warkoiving sweeteners is already
being undertaken by several researchers; amongmidugy works we can
mention those of Swartz (1980); Lee, Barrick & Wg]l(1992); Ketelsen, Keay
& Wiet (1993); Ujikawa & Bolini (2004); Melo, Bolin& Efraim (2007);
Mosca, Van De Velde, Bult, Van Boekel & Stiegef1R); Cadena & Bolini
(2011).

The objective of this study was to determine theiedent amount of

different sweeteners (sucralose, sucralose/acesedfa (3:1),
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Thaumatin/sucralose  (4:1), sucralose/steviol glidms (2:1) and
sucralose/acesulfame-K/neotame (5:3:0,1)) needgulamote the same degree
of ideal sweetness in mixed fruit (marolo, sweetspan fruit and soursop) jam,
and to characterize the time—intensity profile aotisumer acceptance of all
formulations.
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2. MATERIALS AND METHODS

2.1 Materials

The following is a list of materials used in thedopreparations in this
study: marolo, sweet passion fruit and soursop ,phligh-methoxyl pectin
(Vetec®) , low-methoxyl pectin (Danisco®), gum regeenan (Danisco®),
locust bean gum (LBG) (Danisco ®), CaCllsofor®), polydextrose
(Nutrmax®), fructooligosaccharides-FOS (Danisco@i}ric acid (Nuclear®),
potassium sorbate (Vetec®), sucrose, sucralose rghak®), blend of
sucralose/acesulfame-K (3:1) (Nutramax®), ThaumafMutramax®), steviol
glicoside (Nutramax®), blend of sucralose/acesuifdfineotame (5:3:0,1)
(Sweetmix®).

The sucralose/acesulfame-K and sucralose/acesuZnemtame
blends have been acquired in pre-established giopdrom additive suppliers
(Nutramax® and Sweetmix®, respectively). The préiporof Thaumatin and
steviol glicoside in relation to sucralose was mkedi by tests and supplier

recommendations.

2.2 Preparation of the jams
The jams were processed in an open pot heated By flgme

(Macanudo, SC, Brazil). To process the traditiojaath (ideal sweetness), a
blend of fruit pulps was made (marolo:sweet pasfioitsoursop (1:1:1)) and
added to sucrose. After reaching ebulicdo, highhmet pectin was added. At
the end of the process, after the soluble solidshed 75°Brix, citric acid was
added and cooking was stopped. The concentratibrsach ingredient are
shown in Table 1.
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TABLE 1: Proportions of ingredients used in the traditigaen and in sugar-

free mixed fruit jam

Ingredients Concentration Concentration

(traditional jam)  (sugar-free jam) *

Mixed fruit pulp 58.3% 58.3%
Sucrose 40% -
Polydextrose - 26.7%
Fructooligosaccharides-FOS - 13.17%
Low content methoxyl pectin - 1.16%
High conten methoxyl pectin 1.5% -
Carrageenan gum - 0,16%
Locust bean gum - 0.16%
CaCb - 0.3%
Citric acid 0.2% 0.2%
Potassium sorbate - 0.05%
TOTAL 100% 100%

* The concentration of sweeteners was based otothkwheight

To process the sugar-free jam, a blend of fruipputas made (marolo:
sweet passion fruit: soursop (1:1:1)) and polydesdradded. After the soluble
solids reached 45°Brix, the low-methoxyl pectinQGacarrageenan and locust
bean gum previously dissolved in water at 80 °C added, for each 4 g of
pectin 50 mL of hot water was used. After the sielumlids reached 55°Brix,
the fructooligosaccharides-FOS dissolved in wateaas wadded, in a 1:1
proportion. At the end of the process, after thieitde solids reached 75°Brix,
citric acid, potassium sorbate and sweeteners agded and the cooking was
stopped (Table 1).
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The proportion of fruit used and the concentratidreach ingredient
used in traditional and sugar free jam were presfiodetermined. As has been
stripped of its sugar, polydextrose and FOS wegsl s bulking agents, but
beyond this function, these two ingredients give f@am a functional feature,
because they are soluble fiber.

The total soluble solids were determined using rapte refractometer
model RT-82 and °Brix was measured at + 25°C. Tdmasj were then hot-
poured into 250 mL sterile bottles, cooled in ataorer with water and ice and

stored in a refrigerator at + 7°C.

2.3 Equivalent sweetness
2.3.1 Selection of panelists

Sixteen subjects were selected for the determimaifothe equi-sweet
concentrations of the different sweeteners. Thecieh was made using the
sequential method proposed by WALD (Amerine, Pangl@ Roessler, 1965),
in which triangle tests are used to select subjedth a good ability to
discriminate samples (p = 0.30; # 0.70,0 andp = 0.10). Two samples were
sweetened with a significative difference of 0. 1¥sweetness. To establish this
difference, a paired comparison test was carrigdisimg 30 subjects, in which

the two samples were presented and the differeece @onfirmed.

2.3.2 Training of tasters to use the magnitude sl

Panelists preselected by the Wald sequential deakese trained to use
magnitude scales with different sweetness potetagdards (Souza, Pinheiro,
Carneiro, Pinto, Abreu & Menezes, 2011). The trainwas based on an
explanation of the methodology and the correct afsthe magnitude scale as
well as establishing whether the panelists disistged if the sweetness

intensities of the traditional mixed fruit jam wittifferent concentration of
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sucrose (10%, 20% and 40% sucrose) were percegvbiyher, lower or equal
to the reference sample (20% sucrose). The elaborat the jam was described

in the section 2.2.

2.3.3 Determination of the equivalent sweetness

The selected and trained panelists received aergfersample (mixed
fruit jam with 40% of sucrose) with a potency desitgd by an arbitrary
sweetness value of 1, followed by several mixed fam samples coded and
balanced (Macfie, Bratchell, Greenhoff & Valli€Q809) with potencies higher
than or lower than the reference. The panelistsevamked to estimate the
intensities of the sweetness of jam samples cordptrethe reference. For
example, if the sample produced twice the sweetokt®e reference, it should
receive a value of 2; if it presented half the dwess, it was given a value of
0.5.

Central concentrations of sweeteners were basedhensuppliers
recommendations confirmed by pretests. To caleulad other concentrations,
a multiplication factor of 1.3 was used for sucresel the factor 1.6 was also
used for all the other sweeteners, following Caodd3attochio & Cardello
(2004); Marcellini, Chainho & Bolini (2005) (TabB.
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TABLE 2 Concentrations of the sweeteners used for detenmitie equivalent

sweetness in mixed fruit jam to 40% sucrose.

Sweetener Concentrations for the

equivalent sweetness (%)

Sucrose 23,67 30,77 40.00 52.00 67,6
Sucralose 0.015 0.024 0.039 0.062 0.099

Sucralose/Acesulfame-K 0.018 0.029 0.047 0.075 0.120
(3:1)

Sucralose /Thaumatin  0.055 0.088 0.141 0.226 0.361

(1:0.6)

Sucralose/ steviol glicoside0.022  0.035 0.057 0.091 0.145

(2:1)

Sucralose/Acesulfame- 0.016 0.025 0.041 0.066 0.105
K/neotame (5:3:0,1)

For data analysis, the estimated sweetness magnialdes of sucrose
and sweeteners were converted into geometric asgramd these values were
set to a logarithmic scale. The curves of concéintrasersus sensory response
for each sweetener corresponded to a power funétower Function") with
the following characteristics: S = d,Qvhere S is the sensation perceived, C is
the concentration of the stimulusjs the antilog of the y value at the intercept
andn is the slope obtained in a log graphic (Moskoyi@70).

To calculate the equivalent concentration of eawleetener, the
equation obtained for the jam with sucrose was ,usedl in place of C
(sweetener concentration), the value of 40% wagy@ad, which is the ideal
sweetness of sucrose. Thus, the value of S (suskesetness perceived) was
mathematically estimated. The S values for sucwesee substituted into the
other equations (for the other sweeteners) and tlaisrmined the optimal
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concentration of each sweetener or combinationetdfemn reference to the

equivalent mixed fruit jam with 40% sucrose.

2.3.4 Determination of the sweetener potencies

The strength of each sweetener was defined asutiner of times that
the compound is sweeter than sucrose based ormutisagent sweetness to
sucrose. That is, the power of the sweeteners alaslated by the ratio between
the optimal concentration of sucrose (40%) andetingivalent concentration of

sweetener in the equivalent mixed fruit jam witl#8ucrose.

2.4Time intensity analyze
2.4.1 Pre-selection
We recruited 10 participants (8 F and 2 M) fromestmess equivalence

to participate in the time intensity analysis.

2.4.2 Training section

At this stage, operation time intensity was exmdinto the ten
participants of the program, and initial waitinighe, residence time in the
mouth and time after ingestion, which were 10, &8 45 seconds respectively
were defined. To become familiar with the prograestérs did analysis of
traditional jam (40% sucrose) in two replicatesngsithe "System Data
Collection Time-Intensity"-SCDTI software (Bolinigedello, Silva, Damasio &
Lobao, 2003).

2.4.3 Final Selection
The panel evaluated three samples of mixed fruit jdat is, a ideally-
sweet standard sample (40% sucrose), a standarplesavith the bitterness

intensified (40% sucrose and 0.05% caffeine) asdgar-free mixed fruit jam
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with a higher amount of sweetener to intensify theeetness (0.0624%
sucralose). The panelists evaluated the attrilwestness and bitterness of the
samples with the monadic presentation, using anbathcomplete block design
(Walkeling & MacFie, 1995), and three repetitionsjng the mouse to record
the intensity of the attribute according to thedispent on the SCDTI software
scale (Bolini-Cardello, Silva, Damasio & Lobao, 3p0

In the final selection of the judges with T-I ess®ment, the analysis of
variance (ANOVA) was applied for each panelist aath parameter (Imax,
Timax, plateau, area, Td and Ttotal) in each stimsweetness and bitterness)
separately, all of 10 panelist were chosen to @pdte according to their
discriminating capability (p<0.30) and repeatapili(p>0.05), while an

individual consensus was also considered (Damésiostell, 1991).

2.4.4 Time intensity analysis

In this section, for traditional jam (40% sucrose)d five samples of
sugar-free mixed fruit jam with different sweeteny@ombinations in sweetness
equivalence of 40% sucrose were used, equivalegfaged in Section 2.3.3.

The 10 panelists evaluated the attributes (swestaesl bitterness)
respecting the same criteria used in the selestige of the tasters.

The TI curve parameters evaluated were: Imax (maminintensity),
Timax (time of maximum intensity), Plateau (runnitigne of maximum
intensity), area (area under the curve), Td (tioreesponding to the point where
the maximum intensity begins to decline) and Tt¢tadal time duration of the
stimulus). The scale used for the analysis wasdiftg with O referring to no
perception and 10 referring to an extreme perceptfdhe taste evaluated.

Data collected for all parameters (Imax, Timaxatghu, area, Td and
Ttotal) of sweetness and bitterness, were subjetteanalysis of variance -

ANOVA - (sources of variation: samples and tasten®)l interaction for each
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parameter. The Tukey test was applied to compasnsef samples. Statistical
analysis was performed using the R Project foristedl Computing. When
significant difference was observed in the sampldtaster interaction, we used
the Panel Check statistical program (Nofima, 200&s, Brockhoff & Tomic,
2010) to identify testers who were not in consensus whth team, therefore,
after identifying the panelists who disagreed, theye excluded from ANOVA
and it was repeated.

To better view results, they were representedticafly. A graph was
made representing the sensory profile of the tredigam sample (ideal
sweetness- 40% sucrose) and sugar-free mixed famt with different
sweeteners in equivalent sweetness of 40% sucvosacth attribute (sweetness
and bitterness). Tl curves were obtained with Msofo Excel 2000, using
parameters collected during Tl analysis (by medrSatculating parameters of

Tl curves over all panelists and replicates).

2.5 Acceptance analysis

The test was conducted on 85 participants (50 ieraad 35 male),
among them students and office staff between 184@ngkars of age. Panelists
were selected based on their regular consumptidruitfjams and jellies. An
acceptance test was conducted on the attributesolof, appearance, smell,
taste, texture and the global aspect using a 9 padonic scale (1 = dislike
extremely, 9 = like extremely) (Stone & Sidel, 1993

The formulations evaluated were the tradional jaitleal sweetness (40
% sucrose) and the five sugar-free mixed fruit jgamthe same sweetness that of
40 % sucrose, determined in Section 2.3.3. Sangblapproximately 5 g of jam
(Acosta et al., 2008) at 7°C were served in 50 mpsccoded with three-digit

numbers in a balanced manner (Wakeling & MacFi85)9
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Data from parameters obtained from the acceptamadysis were
evaluated using a univariate statistical analysisalysis of variance —
ANOVA) and the Tukey’'s mean test, using the R Riojfor Statistical
Computing, to check if there was a difference betwéhe samples at a 5%
significance level (§0.05). Such data were also evaluated by an Internal
Preference Mapping multivariate statistical analy$MacFie & Thomson,
1994), which allowed the generation of a multidisienal sensory affective
space formed by the consumers and samples usingdfitware Sismapp -
version 2.0 (Nunes, 2011).
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3. RESULTS AND DISCUSSION
3.1 Equivalent Sweetness

A linear regression of points obtained for sucrase for the various
sweeteners was then made, and a straight lineiequeds obtained for each of

the sweeteners and their combinations (Figure 1).

#® Sucrose
Sucralose
0,4
A Sucralose/Acesulfame-K (3:1)
0,3 - o
< Sucralose/Esteviol glicosyde (2:1)
0,2 7 ¢ Sucralose/Acessulfame-k/Neotame
(5:3:0,1)
0,1
0,0 T ]
-2,5 0,5 0,5 1 2,5
0,1 -
'0,2 T .
0,3
0.4 -

FIGURE 1 Linearized power function for sugar-free mixedtfijam sweetened
with sucralose, sucralose/acesulfame-K (3:1), $oseAThaumatin  (1:0.6),
sucralose/steviol glicoside (2:1), sucralose/adamd-K/neotame (5:3:0.1) and
sucrose.

x-axis is the logarithmic concentration of the steaers (%)

y- axis is the logarithmic values of the estimatedgnitudes appropriately

normalized.
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Comparing the sweeteners (Figure 1), it was obsertrat the
combination of sucralose/thaumathin (1:0.6) in orde reach the same
sweetness sensation, a higher concentration isededédan for the other
sweetener. Apparently the sucralose, sucraloseMase-K (3:1),
sucralose/steviol glicoside (2:1) and sucralossflstame-K/neotame (5:3:0.1)
have a similar sweetness, which means that a simdacentration of these
sweeteners promote the same feeling of sweetness.

From the equation for sucrose and each sweeteimIréFl), a simple

power function was obtained: S=a(TCable 3).

TABLE 3 Angle coefficient log (a), intercept on the ordmahn), linear
coefficient of determination @R and power function (Power function) of the
results to determine the equivalent sweetness afrosa, sucralose,
sucralose/acesulfame-K (3:1), sucralose/Thaumatif®.g), sucralose/steviol
glicoside (2:1) and sucralose/acesulfame-K/neotér&0.1) in relation to the
40% sucrose concentration of mixed fruit jam.

Sweetener Log(@a n R? Power
Function

Sucrose -2.265 1.41380.9983 S=0.00543C"*

Sucralose 0.6877 0.4872.9670 S=4.8719C%"

Sucralose/Acesulfame-K (3:1)  0.6574 0.494D9116 S=4.5436C%°

Sucralose /Thaumatin (1:0.6)  0.4632 0.54489451 S=2.9054C*%

Sucralose/steviol glicoside (2:1) 0.7471 0.56@9364 S=5.5859 ¥°%°
Sucralose/Acesulfame- ~ 0.8434 0.6070 0.9795 S=6.9727C°"°
K/Neotame (5:3:0,1)

From the power functions obtained for sucrose amceich sweetener,

the equivalent amount of sweetener necessary toderdhe same sweetness as
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40% sucrose in the mixed fruit jam was calculatdts potency was also

calculated (Table 4).

TABLE 4 Concentration and potency sucralose, sucraloseiiame-K (3:1),
sucralose/Thaumatin  (1:0.6), sucralose/steviol ogide (2:1) and
sucralose/acesulfame-K/neotame (5:3:0.1) in relatto the 40% sucrose

concentration of mixed fruit jam.

Sweetener Concentration Potency
Sucralose 0.0387% 1033.59
Sucralose/Acesulfame-K (3:1) 0.0472% 847.45
Sucralose /Thaumatin (1:0.6) 0.1407% 284.29
Sucralose/steviol glicoside (2:1) 0.0464% 862.07
Sucralose/Acesulfame-K/Neotame 0.0407% 982.80
(5:3:0,1)

There are few data in the literature on the usenafeteners in sugar free
mixed fruit jam, the use of the exact combinatiohsweeteners used in this
work was also not found in the literature. Howewearmparing the concentration
values of pure sucralose, it appears that it wak ab®ve the values found in
instant coffee with 9.5% sucrose (Moraes & BolR010), pineapple juice with
8.5% sucrose (Marcellini, Chainho & Bolini, 200%ga with 8.3% sucrose
(Cardoso, Battochio & Cardello, 2004), guava neatiéin 9.6% sucrose (Brito,
Camara & Bolini, 2007and peach nectar with 10% sucrose (Cardoso & Bolini
2007). On the other hand, the concentration ofadose found for the mixed
fruit jam was lower than that found by Souza, Pird)eCarneiro, Pinto, Abreu
& Menezes (2011) in petit suisse cheese with 17&6ose. The concentration
found for the combination of sucralose/acesulfamesds close to pure

acesulfame-K, since the concentration found for tbembination of
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sucralose/stevia was well above that found foriatevits pure form according
to data from the literature (Cardoso, Battochio &rdzllo, 2004; Marcellini,

Chainho & Bolini, 2005; Brito, CaAmara & Bolini, 200 Cardoso & Bolini,

2007; Moraes & Bolini, 2010).

The major difference between the concentration eslof sweeteners
found for sugar-free mixed fruit jam and the valfiesnd in literature can be
explained by the difference in the type of prodused, according to Wiet &
Beyts (1992) and Cardoso, Battochio & Cardello @0@he perception of the
sweetness of a sweetener is influenced by a nuofdfactors such as type and
concentration of the sweetener, dispersion mediaqudous, lipidic or other
food ingredients), synergy, temperature, pH anérgbhoperties.

According to Table 4 it was observed that sucraload the highest
sweetness, with a potency value of 1033.59, foltbyg sucralose/acesulfame-
K/neotame (5:3:0.1), sucralose/steviol glicosidel)2sucralose/acesulfame-K
(3:1) and sucralose/Thaumatin (1:0.6). This valoiency found for sucralose is
much higher than that found in the literature, rmggrom 494-635 (Cardoso,
Battochio & Cardello, 2004; Marcellini, Chainho &#Bni, 2005; Brito, CAmara
& Bolini, 2007; Cardoso & Bolini, 2007; Moraes & Bami, 2010; Souza,
Pinheiro, Carneiro, Pinto, Abreu & Menezes, 2011).

According to studies in the literature, stevia poteranged from 63-116
and acesulfame-K from177-277 (Cardoso, Battochio Gardello, 2004;
Marcellini, Chainho & Bolini, 2005; Brito, Camara Rolini, 2007; Cardoso &
Bolini, 2007). In this study, combinations of sdoss/stevia (2:1) and
sucralose/acesulfame-K (3:1) showed the poten®paf07and 847.45. Because
frequently in the literature, acesulfame-K and istdvave much lower power
than sucralose, and in this work the combinatiohssucralose/stevia and
sucralose/acesulfame-K showed a high power (slidfgtlow the sucralose), it is

suggested that the sucralose increased the potératgvia and acesulfame-K,
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although we have not studied stevia and pure deeselK to prove this
hypothesis. This fact can be of great intereshtiustry because the higher the
power, the lower the amount required to achievendeessary sweetness power,
hence a cost reduction can occur.

Regarding the combination of sucralose/Thaumatif®.$), a potency of
284.29 was found. Although the literature has regabthat Thaumatin has up to
3000 times (Shibao, Santos, Gongalves & Golluck89%, this paper concludes
that the Thaumatin sweetness had low power, siriecreases the sweetness
power of the sucralose, which alone had power nabicive (1033.59the same
was observed by Souza, Pinheiro, Carneiro, Pirtboeh& Menezes (2011).

Since the combination of sucralose/acesulfame-Kéme (5:3:0.1)
showed power very close to pure sucralose, acesedfa according to the
literature, which shows power well below the suzsal may have contributed
to decrease its power, as neotame, according fofdah the literature that has
power much greater than sucralose, ranging from0-@BD00 (Nofre & Tinti,
2000; Flamm, Blackburn, Comer, Mayhew & StardeD2MMayhew, Comer &
Stargel, 2003) may have contributed to an increapewer. But to confirm this
suspicion it would be necessary to determine theepmf pure acesulfame-K

and neotame in the jam.

3.2 Time intensity analysis

In relation to the attribute sweetness, the sasnpliéfer only with
respect to the attribute Imax, and the sample witbrose had higher Imax,
significantly similar to sucralose, sucralose/atfasie-K (3:1) and
sucrose/steviol glicoside (2:1). In relation to #té&ibute bitter taste, a sample
sweetened with sucrose differed from the otherwaip lower values of the

attributes Imax, Timax, Ttotal and Area (Table 5).
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TABLE 5 Means from the sensory panel for the time—intgritve parameters

for the sweetness and bitter taste.

SWEETNESS
Sweetener Imax  Timax* Ttotal* Td* Plateau Area
Sucrose 6.19a 23.04 50.19 33.81 1285 186.34
Sucralose 5.70ab 21.02 48.79 32.88 13.39 166.42
Sucralose/Acesulfame-5.29ab  21.85 50.40 33.53 13.37 149.34
K (3:1)
Sucralose /Thaumatin 5.10b  23.13 47.73 35.35 13.09 149.40
(1:0.6)
Sucralose/steviol 6.18a  23.11 53.72 3494 13.04 197.88
glicoside (2:1)
Sucralose/Acesulfame-5.17b  22.92 51.39 33.17 12.01 151.21
K/Neotame (5:3:0,1)
BITTER TASTE
Sweetener Imax Timax* Ttotal* Td* Plateau Area
Sucrose 1.28a 19.57a 30.97a 28.03 9.39 29.84a
Sucralose 3.63b 25.16b 43.20b  35.07 11.05 96.20b
Sucralose/Acesulfame- 3.76b 24.60b  45.38b 35.11 12.43 102.59b
K (3:1)
Sucralose /Thaumatin 3.70b  24.22b  45.38b 35.68 12.50 101.08b
(1:0.6)
Sucralose/steviol 3.31b 25.35b 42.37b 34.35 11.56 86.39b
glicoside (2:1)
Sucralose/Acesulfame- 3.59b 25.03b  43.85b 35.84 11.88 104.29b

K/Neotame (5:3:0,1)

Means with common letters in the same column indithat there is not a significant

difference between samples<(p05) from Tukey's mean test.

* Time in seconds.
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Imax- maximum intensity; TImax - time of maximuntensity; Plateau- Running time
of maximum intensity; area-area under the curvetii@ corresponding to the point
where the maximum intensity begins to decline amatal-total time duration of the

stimulus.

Time-intensity curves obtained from averages of taéters better
illustrate these results (Figure 2A and 2B). Thme jsith the addition of sucrose
and jams sweetened with different sweeteners shawesty similar sweetness
profile (Figure 2A). Thus, one can conclude that$lveeteners used do not alter
the perception of sweetness compared with sucréseording to CIiff &
Heymann (1993) sweeteners have numerous disadesntdten compared with
sucrose, such as the delay in perception of swestméich is not observed in

the studied sweeteners with mixed fruits jam.
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FIGURE 2 Time—intensity profile of mixed fruit jam sample$ sucrose and
each sweetener for sweetness (A) and bitter tB3te (
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In general, samples of jams sweetened with sweetehave no
differences between them in relation to the bitieste for all parameters,
demonstrating that the studied sweeteners havengasibitter taste profile
(Figure 2B). According to Cliff & Heymann (1993) eeteners leave an
aftertaste in the mouth, a bitter residual tastewall as other undesirable
characteristics, so the different behavior of semets compared to sucrose with
respect to the bitterness attribute was expectetiaa been verified by Cadena
& Bolini (2011) working with vanilla ice cream.

In relation to the sweetness, any of the sweetermrkl be used, since
they were similar with respect to sucrose. Howetf@r,the bitterness, as the
sweeteners differed from sucrose, it was not diwav best to use them, so we

decided to conduct an acceptance test to aidengrdtation of results.
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3.3 Acceptance analysis

There was no significant difference €p0.05) between the mixed fruit
jam with sucrose and sugar-free mixed fruit jamdthrthe attributes evaluated
(Table 6).

TABLE 6 Means sensory scores of fruits jam

Formulation Color Appearance Texture Smell Taste Global
Aspect
Sucrose 6.31 6.25 6.32 6.24 6.64 6.55
Sucralose 6.60 6.37 6.25 6.20 6.29 6.38
Sucralose/Acesulfame-K  6.83 6.48 6.07 6.36 6.30 6.34
(3:1)
Sucralose /Thaumatin 6.51 6.21 6.02 6.22 5.98 6.23
(2:0.6)
Sucralose/steviol glicoside 6.70 6.37 6.24 6.20 6.23 6.35
(2:1)
Sucralose/Acesulfame-  6.88 6.55 5.79 6.20 5.83 6.18

K/Neotame (5:3:0,1)

In general, the all formulations had good sensocgptance, each of the
attributes scoring between 6 and 7, which corredptin the terms “liked
slightly” and “liked moderately” (Acosta et al, 280

The Figure 3 shows a bidimensional MDPREF for dlaspect, where
Dimension one explains 30.25% and Dimension twolagxp 22.74% (total
52.99%) of the total variation between the samplBse consumers were
represented by points in a vectorial space, whiaticated the direction of
preference of each consumer in relation to the EBn@he consumers are
uniformly distributed around the samples, indiogitino preference for any

specific sample. As the result obtained by analgbigriance - ANOVA, it can
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be seen in the preference map that the sampleseshtve same degree of

preference in relation to global aspect.

1f .
08l . -Suc/Acci
06+
0.4rf 0
< o SHSEHThau
NJ .
N~ * ¢
§ o . 1
~ gSuc . | g Sucro
Q -0.2 -
-0.4
-0.6
-0.8
At ;Su/Aée/Neo :
-1 -0.5 0 0.5 1

PC1 (30.25%)

FIGURE 3 Bi-dimensional graphic from the analysis of theeintl preference

Mapping for the six mixed fruit jam samples to gibbspect.

Since sucralose was used alone and in combinatiomk since all the
blends studied showed a similar profile of sweetnditterness and sensory
acceptance, there is a hint that sucralose (sweetertommon) contributed to
improve the perception of sweetness and reducer kattd metallic aftertaste.
Such occurrence can be supported, because accdadiGgndido & Campos
(1996) sucralose has a sweetness that is quicklyeiped, without giving a
bitter or metallic aftertaste. In addition, the F@&tooligosaccharides and
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polydextrose may have provided the occurrence @Mahillard reaction in jams

without the addition of sucrose (Pfizer, 2000), impng flavor and masking the
aftertaste due to production of jam flavors chamastic of conventional (with

the addition of sucrose), which may explain thedyaad similar acceptance of
all jams.

It's important to emphasize that although, in timeetintensity analysis
there were differences in the perception of bittem with the jam with
sweeteners in relation to jam with sucrose, thifedint behavior did not affect
the acceptance.

Given these results, choosing the best sweetanéredbest sweetener
blends for the mixed fruits jam shall be subjecttst and sweetening power.
We suggest the use of the combination sucralosiiame-K (3:1) in the
preparation of mixed fruit jam marolo/soursop/swexstssion fruit, since,
according to Brazilian suppliers, among the studiegeteners, acesulfame-K
has lower cost and, moreover, the combination ofadose/acesulfame-K (3:1)
showed a high power sweetness, requiring a smadluamof this blend to
achieve the desired sweetness.
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4. CONCLUSION

Using the magnitude estimation method it was foilwad to promote the
ideal sweetness (40% sucrose) of mixed fruit janisitnecessary to use a
concentration of 0.0387% of sucralose, 0.0472% wifradose/acesulfame-K
(3:1), 0.0464% of sucralose/steviol glycoside (2:10.1407% of
sucralose/thaumatin (1:0.6) and 0.0407% of susedmesulfame-K/neotame
(5:3:0.1). For time intensity analyze the sweetengresented a sweetness
profile similar to sucrose and bitterness profiléfedent from sucrose, but
similar between them. In relation to sensory acmeg significant difference
was not observed between the sugar-free jam anatiigional jam. In relation
to sensory acceptance, it was found that both rdditional mixed fruit (with
sucrose) jam and the sugar-free jam showed goodsenidar acceptance in
respect to all attributes. Of all the sweeteneusliet], it is suggested to use a
combination of sucralose/acesulfame-K (3:1) in mi%euit (Marolo, Soursop,

Sweet passion fruit) jam, the value due to a betist/benefit.



133

REFERENCES

Amerine, M. A., Pangborn, R. M., & Roessler, E. @965). Principles of

sensory evaluation of foollewYork: Academic Press.

Bolini-Cardello, H. M. A., Silva, M. A. A. P., & Daasio, M. H. (1999).
Measurement of the relative sweetness of steviaaext aspartame and
cyclamate/saccharin blend as compared to sucrodéfatent concentrations.
Plant Foods for Human Nutritigrb4, 119-130.

Bolini-Cardello, H. M. A., Silva, M. A. A. P., Darsio, M. H., & Lobao, F.
(2003). Programa Sistema de Coleta de Dados Tentpnsidade — SCDTI.
Ciéncia e Tecnologia de Aliment@&¥ (Suppl.), 54-60.

Brito, C. A. K., Camara, V. H. A., & Bolini, H. MA. (2007). Equivaléncia de
dulcor e poder edulcorante de néctares de goiabaadds com diferentes
edulcorantesRevista Brasileira de Techologia Agroindustrial, 26-36.

Cadena, R. S., & Bolini, H. M. A. (2011). Time—insity analysis and
acceptance test for traditional and light vanilze icream,Food Research
International 44, 677-683.

Céandido, L. M. B. & Campos, A. M. (1996)Alimentos para fins especiais

dietéticos. Sdo Paulo: Varela Press, 423p.

Cardoso, J. M. P., & Cardello, H. M. A. B. (2003otency sweetener

equivalent sweetness and acceptance, and diffenardteners in beverage with



134

yerba mate (LLex paraguariensis ST. HIL.) solubbsvger, when served hot.
Food and Nutricion14, 191-197.

Cardoso, J. M. P., Battochio, J. R., & Cardello, Ml. A. B. (2004). Equi-
sweetness and sweetening power of sweetening agewlifferents different
temperatures of consumption of tea drink soluble power. Ciéncia e
Tecnologia de alimentog4, 448-452.

Cardoso, J. M. P., & Bolini, H. M. A. (2007). Diflent sweetners in peach
nectar: ideal and equivalent sweetn&€ssod Research Internacionad0, 1249-
1253.

Cliff, M., & Heymann, H. (1993). Development andeusf time—intensity
methodology for sensory evaluation: A reviedood Research International
26, 375-385.

Chung, S. J., Heymann, H., & Grin, I. U. (2003)mperal release of flavor
compounds from low-fat and high-fat ice cream dyigating.Journal of Food
Science68, 2150-2156.

Cruz, A. G., Antunes, A. E. C., Sousa, A. L. O.Fria, J. A. F., & Saad, S. M.
I. (2009). Ice cream as a probiotic food carfierod Research Internationad 2,
1233-1239.

Dabelea, D., Bell, R. A., D'Agostino, R. B., Impenm, G., Johansen, J. M.,
Linder, B., Liu, L. L., Loots, B., Marcovina, S.,aer-Davis, E. J., Pettitt, D. J.,
& Waitzfelder, B. (2007). Incidence of diabetesyimuth in the United States.
Journal of the American Medical Associati@®7, 2716-2124.



135

Damasio, M. H., & Costell, E. (1991). Analisis semnal descriptivo: generacion
de descriptores y seleccion de cataddResvista Agroquimica y Tecnologia de
Alimentos 31, 165-178.

Desobry-Banon, S., & Vickers, Z. (1998). Cohesiwnef mass evaluation by
time— intensity and single-value measuremedtsirnal of Food Scien¢es3,
174-176.

Fernandes, L. M., Pereira, N. C., Mendes, E. Sali®. C. M. L., & Costa, S.
C. (2001). Clarification of agueous extract of $aerebaudiana (Bert.) Bertoni

using cactus, Cerus peruvianista Scientiarium23, 1369-1374.

Flamm, W. G., Blackburn, G. L., Comer, C. P., Mayh®. A., & Stardel, W.
W. (2003). Long-term food consumption and body \weichanges in neotame
safety studies are consistent with the allometlationship observed for other
sweeteners and during dietary restrictiorRegulatory Toxicology and
Pharmacology38, 2, 144-156.

Ketelsen, S. M., Keay, C. L., & Wiet, S. G. (199B)me—intensity parameters
of selected carbohydrate and high potency sweetelmrrnal of Food Scienge
58, 1418-1421.

Lawless, H.T., & Heymann, H. (199%ensory Evaluation of Foo@rinciples

and Practices, Aspen, New York, NY.

Lee, W. E., lll, & Pangborn, R. M. (1986). Time-ensity: the temporal aspects
of sensory perceptiof.ood Technology, 40, 71-78.



136

Lee, W. E., lll, Barrick, D. M., & Welling, E. S1092). Time—intensity study of
prolonged sweet stimulllournal of Food Scieng®&7, 524-525.

Macfie, H. J., Bratchell, N., Greenhoff, K., & Vil L. V. (1989). Designs to
balance the effect of order of presentation arst-firder carry-over effects in
hall testsJournal of Sensory Studie$ 129-148.

MacFie, H. J. H., & Thomson, D. M. H. (1994Measurement of Food

PreferencesBlackie Academic & Professional. 310p.

Malik, A., Jeyarani, T., & Raghavan, B. (2002). Angparison of artificial
sweeteners’ stability in a lime-lemon flavored caréted beveragdournal of
Food Quality 25, 75-82.

Marcellini, P. S., Chainho, T. F., & Bolini, H. M\.. (2005). Ideal sweetness and
acceptance analysis of pineapple juice concenteatenstituted sweetened with
sucrose and different sweetenéisod and Nutricion16, 177-182.

Mayhew, D. A., Comer, C. P., & Stargel, W. W. (2D0Bood consumption and
body changes with neotame, a new sweetener wiginget taste: differentiating
effects of palatability from toxicity in dietary fedy studies. Regulatory
Toxicology and Pharmacolog$8, 2, 124-143.

Melo, L. L. M. M., Bolini, H. M. A., & Efraim, P. 2007). Equisweet milk
chocolates with Intense sweeteners using time-sittermethod.Journal of
Food Quality 30, 1056-1067.



137

Moraes, P. C. B., & Bolini, H. M. A. (2010). Diffent sweeteners in beverages
prepared with instant and roasted ground coffezalidnd equivalent sweetness
Journal of Sensory Studie®h, 215-225.

Mosca, A. C., Van De Velde, F., Bult, J. H. F., VBoekel, M. A. J. S., &
Stieger, M. (2010). Enhancemente of sweetness sitfenn gels by
inhomogeneous distribution of sucrof®od Quality and Preferenc@1, 837—
842.

Moskowitz, H. R. (1970). Ratio scales of sugar dwess. Perception
Psychophys7, 315-320.

NAEs, T., Brockhoff, P. B., & Tomic, O. (2010%tatistics for Sensory and

Consumer Sciencést. ed. United Kingdom: Wiley.

Nofima Mat. (2006)PanelCheck Softwaré&orway.

Nofre, C., & Tinti, J.M. (2000). Neotame: Discovepyroperties, utility.Food
Chemistry 69, 3, 245-257.

Nunes, C.A. SiSMapp, version 2.0. Lavras, 2011.
Ogden, C. L., Carroll, M. D., Curtin, L. R., McdollyeM. A., Tabak, C. J., &
Flegal, K. M. (2006). Prevalence of overweight abésity in the United States,

1999-2004Journal of the American Medical Associati@®5, 1549-1555.

Pangborn, R. M. (1959). Influence of hunger onetwess preferences and taste

thresholdsAmerican Journal of Clinical Nutrition7, 280-28.



138

Pfizer (2000). Catalogo Técnico Litesse/Litesse I

Piggott, J. R. (2000). Dynamism in flavor sciencal @ensory methodology.
Food Research Internationa33, 191-197.

Powers, N. L., & Pangborn, R. M. (1978). Paired parison and time-intensity
measurements of the sensory properties of bevemggselatins containing

sucrose or synthetic sweetendm,rnal of Food Sciencd3, 41-46.

Shibao, J., Santos, G. F. A., Goncalves, N. F., élugke, A. P. B. (2009).
Edulcorantes em alimentos: aspectos quimicos, légimms e toxicoldgicas

Sao Paulo: Phorte Press.

Souza, V. R.; Pinheiro, A. C. M.; Carneiro, J. D, Binto, S. M.; Abreu, L. R,,
& Menezes, C. C. (2011). Analysis of various sweets in petit Suisse cheese:
Determination of the ideal and equivalente sweatndsurnal of Sensory
Studies26, 339-345.

Stevens, S. S. (1957). On the psychophysical Paychol Rev64, 153.

Stone, H. S., & Sidel, J. L. (1993%ensory Evaluation Practice#cademic
Press, San Diego, CA.

Stone, H., & Oliver, S. M. (1969). Measurement lof trelative sweetness of
selected sweeteners and sweetener Mixtdaanal of Food Scienc&4, 215-
22.



139

Stone, L. J., & Pangborn, R. M. (1990). Preferermses intake measures of salt
and sugar, and their relation to personality tr&iteod Science and Technology
15, 63-79.

Swartz, M. (1980). Sensory screening of synthetieeteners using time—
intensity evaluationslournal of Food Sciencd5, 577-581.

Ujikawa, M., & Bolini, H. M. A. (2004). Descriptiverofile, time—intensity
sweetness profile and affective taste of traditicmal low-calorie nectar peach
(Prunus persicajcta Alimentar, 357, 85-92.

Walkeling, I. N., & Macfie, J. H. (1995). Designimgnsumer trials balanced for
first and higher orders of carry-over effect wheya subset ok samples from

T may be testedzood Quality and Preferencé, 299-308.

Weaver, D., & Finke, M. (2003). The relationshiptveeen the use of sugar
content information on nutrition labels and constiorpof added sugarg.ood
Policy, 28, 213-219

Wiet, S. G., & Beyts, P. K. (1992). Sensory Chtawstics of Sucralose and
Other High Intensity Sweetenedaurnal of Food Scien¢®7, 1014-1019.



