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Il Summary

The objective of this study was to use the pulp of the Brazilian Savannah fruits araticum and cagaita to develop new
products, and to evaluate their sensory acceptance by children from 7 to 9 years of age. The products developed were: three
milk caramel formulations: DP (standard), DA (araticum pulp) and DB (araticum pulp and grated coconut); three cagaita
refresher formulations: RP (cagaita pulp), RA (cagaita pulp and orange juice) and RB (cagaita pulp and carrot juice); and a
cagaita jam formulation. It was found that the three formulations of milk caramels were equally accepted (p>0.05), whereas
the RA refresher was more accepted (p<0.05) than the others (RP and RB). In addition, the cagaita jam received high sensory
acceptance scores. All the products developed were well accepted since their acceptability indexes were greater than 70%.
There was no influence (p>0.05) of gender on the sensory acceptability of the products evaluated. It was concluded that the
products developed showed good acceptability from a sensory point of view, which suggests high market potential.

Keywords: Annona crassiflora; Eugenia dysenterica; Milk caramels, Refresher;, Jam; Children.

Il Resumo

O objetivo deste estudo foi utilizar a polpa dos frutos do Cerrado brasileiro araticum e cagaita para desenvolver novos
produtos e avaliar a aceitabilidade sensorial por criancas de 7 a 9 anos de idade. Os produtos desenvolvidos foram: trés
formulacoes de doce de leite: DP (padrdo), DA (com polpa de araticum) e DB (com polpa de araticum e coco ralado); trés
formulacoes de refresco de cagaita: RP (polpa de cagaita), RA (polpa de cagaita e suco de laranja) e RB (polpa de cagaita
e suco de cenoura); e uma formulacao de geleia de cagaita. Verificou-se que as trés formulacbes de doce de leite foram
igualmente aceitas (p>0,05), enquanto o refresco RA foi mais aceito (p<0,05) que os demais (RP e RB). Além disso, a geleia
de cagaita apresentou elevados escores de aceitacio sensorial. Todos os produtos desenvolvidos foram bem aceitos, uma vez
que seus indices de aceitabilidade foram maiores que 70%. N&o houve influéncia (p>0,05) do género sobre a aceitabilidade
sensorial dos produtos avaliados. Conclui-se que o0s produtos desenvolvidos apresentaram boa aceitabilidade do ponto de
vista sensorial, 0 que sugere um elevado potencial de mercado.

Palavras-chave: Annona crassiflora; Eugenia dysenterica;, Doce de leite; Refresco, Geleia,; Criancas.
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Il 1 Introduction

The Savannah biome is the most characteristic of
Brazil, covering 13 states and the Federal District and
occupying about 2 million km2, which represents 25%
of the country. The Savannah contains major sources of
natural biological resources, with diverse flora and fauna,
and is considered the second largest biome in the country,
surpassed only by the Amazon Forest. The species include
about 30% of the total existing in Brazil, but knowledge of
its plants and animals is still scarce (ARRUDA; ALMEIDA,
2015; SILVA et al., 2008b).

The Savannah fruits have been used since the early
days of occupation of the region, and their inclusion in
cooking has attracted the attention of various segments
of society, such as farmers, industry, research institutions
and health agencies. Currently, more than 58 species of
native Savannah fruits used by the population have shown
high nutritional value besides offering sensory attractions,
such as uniqgue and intense colours, flavours and aromas
(ARRUDA et al., 2012). Although these fruits present many
sensory properties, they have not been systematically
studied and are not commercially available. These unique
sensory characteristics make the Savannah fruits very
suitable for use as food or as natural food additives. In
addition, many plants used as typical foods have caught
the attention of consumers and are being welcomed onto
the world market as functional and nutraceutical foods
(FINCO et al., 2012).

Many Savannah fruit species are potential sources for
economic exploitation, as they have high levels of sugars,
proteins, fatty acids, minerals, carotenoids and vitamins
(especially of the B complex) (SILVA et al., 2008a). Although
showing great potential, they have mostly been exploited in
an extractivist manner, since the fruits are not well-known
or appreciated outside the Savannah region (FINCO et al.,
2012). Thus, the regional consumption of food with potential
nutritive and functional value can be encouraged through the
use of post-harvest technologies which increase the shelf
life of these fruits, providing new products and generating
added value (CAMPQOS et al., 2012).

The economic exploitation of the Savannah has
been made possible by the research and development of
technologies under this ecosystem. In addition, there has
been a special focus on the best way to use native fruits in
order to preserve and use them in a rational and sustainable
manner (QUEIROZ, 2011). Among the numerous native
Savannah fruits with potential for use in the development
of new products, araticum (Annona crassiflora Mart.) and
cagaita (Eugenia dysenterica Mart.) can be highlighted,
since they have acceptable sensory characteristics as well
as significant nutritional and functional potential.

The araticum and cagaita fruits showed good
sensory acceptance by children, as previously reported
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by Arruda et al. (2015). Furthermore, some recent studies
have shown that these fruits are rich in nutrients and
bioactive compounds. According to Cardoso et al. (2013),
100 g of araticum pulp contains 1.52 g proteins, 3.50 g
lipids, 14.39 g carbohydrates, 0.47 g ash, 95.12 kcal,
6.80 g dietary fibre, 4.98 mg carotenoids, 288.79 RAE
(Retinol Activity Equivalent) (vitamin A), 5.23 mg ascorbic
acid, 494.04 mg vitamin E and 27.36 mg folates, besides
a total titratable acidity of 0.54%, total soluble solids of
22.54 °Brix and a pH value of 4.89. On the other hand,
100 g of cagaita pulp contains 0.63 g proteins, 0.57 g
lipids, 5.54 g carbohydrates, 0.18 g ash, 29.83 kcal, 1.51 g
dietary fibre, 0.77 mg carotenoids, 45.53 RAE (vitamin A),
34.11 mg ascorbic acid and 25.74 mg folates, besides
a total titratable acidity of 0.73%, total soluble solids of
9.12 °Brix and a pH value of 3.33 (CARDOSO et al., 2011).

Despite the great potential of these fruits, only the
native people consume araticum and cagaita as fresh fruit
or in juices, ice cream, cakes, sweets, jellies and jams
(ARRUDA et al., 2015; ARRUDA et al., 2016). The limited
consumption of these fruits is partly due to scarce information
regarding their potential uses, and the processing and
quality of the processed foods obtained from araticum
and cagaita. In order to overcome this limitation, this study
aimed to use the Brazilian Savannah fruits araticum and
cagaita in the formulation of products, and evaluate their
sensory acceptance by children aged 7-9 years from a
school in the municipality of Rio Paranaiba (MG/Brazil).

I 2 Materials and methods
2.1 Obtaining the fruit and pulp

The araticum and cagaita fruits were manually
collected in regions near the city of Rio Paranaiba
(MG/Brazil), respecting their respective seasonality.
The araticum fruits were harvested in March 2014, while
the cagaita fruits were harvested between October and
November of the same year. The morphologically perfect
and completely mature fruits were washed with tap water to
remove surface dirt, sanitized by immersion for 10 minutes
in a 100 ppm sodium hypochlorite solution, and rinsed
again. The pulps were obtained from the peeled (except
cagaita) and pitted fruits, packed into polyethylene bags
(100 g) to reduce contact with the air, and immediately
stored at =18 °C until used.

2.2 Product development

2.2.1 Milk caramels containing araticum pulp

Three formulations of milk caramels were developed:
DP (standard: no added araticum pulp), DA (with added
araticum pulp) and DB (with added araticum pulp and
grated coconut), as shown in Table 1.



http://bjft.ital.sp.gov.br

Development and sensory evaluation of products containing the Brazilian Savannah fruits araticum (Annona crassiflora

Mart.) and cagaita (Eugenia dysenterica Mart.)
Arruda, H. S. et al.

All the ingredients were mixed manually until
obtaining a homogenous mixture. The mixture obtained
was concentrated in stainless steel containers with manual
stirring, using a semi-industrial stove. On reaching the
proper consistency (for a solid consistency after cooling),
the heat source was turned off and stirring continued until
hardening of the mixture. The mixture was then poured
into moulds and cut into 2 cm? cubes. After cooling they
were stored in coded plastic containers and stored at
room temperature until the sensory analysis.

2.2.2 Cagaita refreshers

Three formulations of refresher containing cagaita
pulp were developed: RP (standard: cagaita pulp), RA
(cagaita pulp and orange juice) and RB (cagaita pulp
and carrot juice), as described in Table 2.

The carrot juice was obtained as follows: washing,
sanitizing (100 ppm sodium hypochlorite for 10 minutes),
peeling, cutting, formulation (for each 400 g of chopped
carrots 200 mL of added water), trituration in a blender for
2 minutes and separation of the solids by passing through
a fine mesh cloth (voil - 100% polyester), used for pressing
foods. The whole orange juice was obtained by manually
peeling and pulping the oranges. The refreshers were
obtained by mixing the ingredients in the proportions shown
in Table 2, and storing in a refrigerator at approximately
5 °C until completion of the sensory analysis.

2.2.3 Cagaita jam

Cagaitajam was prepared according to Santos et al.
(2012). Initially, the cagaita pulp (800 g) and sugar (545 g)
were mixed while stirring and the mixture then heated

Table 1. Ingredients used in the formulation of the milk caramels.

Ingredients DP DA DB
Milk (L) 2.0 2.0 2.0
Sugar (g) 500.0 500.0 500.0
Araticum pulp (g) 500.0 500.0
Grated coconut (g) _ 200.0

Sodium bicarbonate (g) 5.0 5.0 5.0

DP (standard: no added araticum pulp); DA (with added araticum pulp)
and DB (with added araticum pulp and grated coconut).

Table 2. Ingredients used in the formulation of the cagaita
refreshers.

Ingredients RP RA RB
Water (L) 2.5 2.0 2.0
Cagaita pulp (kg) 1.0 1.0 1.0
Sugar (g) 350.0 350.0 350.0
Orange juice (L) _ 0.5 _
Carrot juice (L) _ _ 0.5

RP (standard: cagaita pulp); RA (cagaita pulp and orange juice) and
RB (cagaita pulp and carrot juice).
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to 100 °C. The heat source was then turned off and the
dissolved pectin (5 g dissolved in hot water) added. Stirring
continued for about 2 minutes to homogenize the mixture
and the heat source then switched back on and the mixture
cooked to a final soluble solids concentration of 67 °Brix,
measured using a pocket refractometer. Cooking was
done in a stainless steel container with manual agitation
on a semi-industrial stove. After processing, glass bottles
previously sterilized at 121 °C for 15 minutes were hot
filled with jam, closed with a metal lid, immediately cooled
by immersion in cold water for 15 minutes, and stored at
room temperature until the time of analysis.

2.3 Sensory analysis

The project was approved by the Ethics Committee
of the University Centre of Patos de Minas (Unipam),
Protocol 55/10, and all participants signed Informed
Consent Forms (ICM).

The study was carried out with children aged
between 7 years and 9 years and 11 months at the State
School ‘Professor José Luiz de Araujo’ in the municipality
of Rio Paranaiba (MG/Brazil). 190 children took part in the
sensory evaluation of the milk caramels containing araticum
pulp; 84 boys (44.21%) and 106 girls (55.79%), whereas
the cagaitarefresher sensory tests involved 162 children,
of which 67 were boys (41.36%) and 95 girls (58.64%).
A total of 151 children took part in the sensory tests with
the cagaita jam, 62 boys (41.06%) and 89 girls (58.94%).

The sensory analyses of the products were carried
out in the morning and in the afternoon in appropriate
rooms kindly provided by the aforementioned school.
The acceptability of the products was evaluated using
a 7-point facial hedonic scale. The children were
directed to an appropriate room where they received the
samples of milk caramels with and without araticum pulp
(formulations DP, DA and DB) of approximately 2 cm?,
which were presented on plastic plates; the cagaita
refresher samples (formulations RP, RA and RB) were
offered in 50 mL disposable cups; and the samples of
cagaita jam, offered together with a cracker, served on a
plastic dish. All samples were properly coded with three
digit numbers (REIS; MINIM, 2010). The samples of milk
caramels, cagaita refresher and cagaita jam were presented
randomly in a monadic way (STONE; SIDEL, 1993) always
accompanied by a disposable cup with 50 mL of filtered
water at room temperature for cleansing the palate, in order
to ensure adequate perception of the sensory aspects of
each sample product evaluated. A numerical value was
assigned for each illustration on the hedonic scale: the
picture corresponding to a facial expression of “dislike
extremely” was assigned the numerical value of 1, while
the picture corresponding to the facial expression “like
extremely” was assigned the value 7. The acceptability



http://bjft.ital.sp.gov.br

Development and sensory evaluation of products containing the Brazilian Savannah fruits araticum (Annona crassiflora

Mart.) and cagaita (Eugenia dysenterica Mart.)
Arruda, H. S. et al.

index (Al) was calculated using Equation 1 as shown
below (CASTRO et al., 2007):

100x(Averagescoreobtainedfortheproduct)

Al(%) =
( ) Highestscore giventothe product

(1

2.4 Statistical analysis

The acceptance test data were evaluated by an
analysis of variance (ANOVA), followed by Tukey’s test in
the case of significant difference. The Student t test was
used to assess whether there were differences according
to gender in acceptance of the products. All tests were
done at 5% of probability (p<0.05).

I 3 Results and discussion

It is important to stimulate the intake of fruits and
vegetables in young children (NEDERKOORN et al.,
2015). Studies with the fruits of the Savannah are recent,
and only a few scientific publications on the development
and sensory evaluation of products containing araticum
and cagaita fruit pulps can be found, which restricts the
comparison between the present results and those of other
studies. Thus, the results of this study were compared
with products developed from araticum and cagaita and
also from other Savannah and/or exotic fruits found in
the literature.

The mean scores for the sensory evaluation and
acceptability index of the milk caramels according to
gender are shown in Table 3.

There was no statistical difference (p>0.05) between
genders regarding the sensory acceptance of any of the
milk caramel samples evaluated. Significant difference
was not observed (p>0.05) between the formulations of
milk caramels (DP, DA and DB) regarding acceptance by
both genders and also in general. The average acceptance
scores for the milk caramels were between the terms “like
moderately” and “like very much” on the 7-point facial
hedonic scale. Good sensory acceptance of the products
by children who were potential consumers of the sweets
was verified. A product can be considered as accepted in
sensory terms, when it has an acceptability index greater
than 70% (CASTRO et al., 2007). From the evaluation of
this index, it can be seen that the samples of milk caramels
were well accepted. According to Mesquita et al. (2007)

and Morzelle et al. (2011), araticum is highly appreciated
due to its sweet yellowish pulp, and its intense aroma.

Similar results were obtained by Villela et al. (2013)
when evaluating formulations of bread with the addition of
different amounts of araticum flour (10 and 20%). These
authors noted that the formulations were well-accepted and
did not differ statistically from the control formulation. The
mean scores ranged between 4.03 and 4.11 (comparable
to “I'liked” and “I liked very much” on the 5-point hedonic
scale) in the acceptance test, and reached 80.60 to 82.20%
on the acceptability index.

Snack bars containing increasing amounts of araticum
flour (5 to 20%, expressed in w/w) were produced and a
sensory analysis carried out by Silva et al. (2014). The mean
score for the sensory descriptors (appearance, aroma,
taste, texture, overall acceptance) was 7 (comparable
to “liked moderately” on the 9-point hedonic scale),
slightly superior to the control bar category and similar
to those obtained for the formulations of milk caramels.
In addition, the authors found that the addition of up to
10% of araticum flour significantly improved the taste of
the snack bars. Moreover, Morzelle et al. (2012) noted an
indifferent behaviour from potential consumers regarding
the attribute of flavour (mean score of 3.30 on the 5-point
hedonic scale) and purchase intent (mean score of 3.01
on the 5-point hedonic scale) for ice cream formulated
with araticum pulp.

On evaluating the acceptance of araticum yogurts
with respect to their flavour, Oliveira et al. (2008) observed
that, with the exception of the formulation with 50% araticum
pulp (mean score of 5.60), the other experimental yogurt
formulations (with 12.5 and 25% araticum pulp) did not
differ from the standard formulation (without pulp), and
these formulations had mean scores between 6.00 and 7.00,
equivalent to the terms “like slightly” and “like moderately”
on the 9-point hedonic scale. Lucia et al. (2012) also
showed higher acceptability means for yogurt formulations
with the addition of 20 or 30% araticum pulp with scores
between 6 (“liked slightly”) and 8 (“liked very much”).

Morzelle et al. (2011) observed high acceptance
levels for mixed nectars of araticum and passion fruit,
and the nectars with 50 and 70% araticum pulp showed
an average acceptability of 7.94 and 8.00, respectively,

Table 3. Mean scores for the sensory evaluation and acceptability index of milk caramels according to gender.

Sample Acceptance Test
Male Female Overall
DP 5.73 + 1.33% 5.73 + 1.26"2 573 + 1.29*
DA 5.65 + 1.38% 572 £ 1.29% 5.69 + 1.33*
DB 5.46 + 1.43% 5.81 + 1.33% 5.66 + 1.39*

Acceptability Index (%)

Male Female Overall
81.86 81.86 81.86
80.71 81.71 81.29
78.00 83.00 80.86

Different upper case letters in the same column indicate significant difference between the formulations at 5% probability according to the Tukey’s
test. Different lower case letters in the same row indicate difference in acceptance regarding gender at 5% probability according to the Student t
test. DP (standard: no added araticum pulp); DA (with added araticum pulp) and DB (with added araticum pulp and grated coconut).
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scores in the category of “like very much” on the 9-point
hedonic scale.

Table 4 presents the mean scores for the sensory
evaluation and acceptability indexes of the cagaita
refreshers according to gender.

The cagaitarefreshers analysed were equally accepted
(p>0.05) by both genders. However, the cagaita refresher
containing orange juice (RA) was more accepted (p<0.05)
than the other formulations (RP and RB) by both genders and
in general. The average acceptance scores for the cagaita
refresher with orange juice (RA) were between “like very
much” and “like extremely” on the 7-point facial hedonic
scale, while for the standard cagaita refresher (RP) and
that with carrot juice (RB) the scores were between “like
moderately” and “like very much”, verifying the sensory
acceptance of the products by the children, especially
with respect to the beverage with orange juice. A previous
study carried out by Arruda et al. (2015) showed that the
cagaita fruits were highly appreciated by children.

It can be observed that the cagaita refresher with
orange juice showed the highest acceptability index; the
values found for boys, girls and overall were 95.29%,
90.86% and 92.71%, respectively. A similar result was
found by Torregrosa et al. (2006), who observed that the
combination of orange juice with carrot improved the
acceptance of the product compared to carrot juice alone.
The fact that orange juice is the most well-known juice
amongst children, since the juice and the fruit itself are
widely marketed in Rio Paranaiba, may be related to the
greater acceptance of the cagaita refresher with added
orange juice. According to Branco et al. (2007), despite
the great diversity of industrialised fruit juices available
in Brazil, what stands out most is orange juice, due to
its well-known taste, wide acceptability and availability.
Although the cagaita refresher with orange juice received
the highest sensory acceptance score, it was noted that
the formulation containing only cagaita pulp had an
acceptability index above 70%, demonstrating that the

provision of a refresher containing only cagaita pulp could
be commercially promising.

When assessing the acceptability of yogurts flavoured
with Savannah fruits, Rocha et al. (2008) observed that
araticum and cagaita flavoured yogurts were well accepted
by consumers. The araticum yogurt showed an average
score of 7.40, between “| would eat it often” and “I would
eat it very often”, while the average score of the cagaita
yogurt was 7.00, corresponding to “l would eat it often”.

Assumpcéao et al. (2013) also found high scores
for acceptability (7.51 and 7.96) and purchase intent
(4.12 and 4.43) for mixed cagaita and mangaba nectars.
The mean acceptability of the products was “like very
much” on the 9-point hedonic scale, whereas the scores
for purchase intent were between “would probably buy”
and “would definitely buy”, according to the 5-point
hedonic scale.

Morzelle et al. (2009) found similar levels of
acceptance for mixed sugar apple (Annona squamosal..)
and passion fruit nectars, in agreement with those found
for the refreshers developed and evaluated in the present
study. The nectars with 50 and 70% sugar apple pulp had
an average acceptability of 8.00, in the category of “like
very much” on the 9-point hedonic scale.

The mean sensory evaluation and acceptability
index scores for the cagaita jam according to gender are
shown in Table 5.

There was no significant difference (p>0.05) in
sensory acceptance for the cagaitajam between the boys
and the girls. The average scores in the acceptance test for
cagaita jam were between “like moderately” and “like very
much” on the 7-point facial hedonic scale. It was observed
that the cagaita jam was well accepted according to the
acceptability index, since it presented an index above
70% for both sexes and in general (CASTRO et al., 2007).
Similar results were found by Santos et al. (2012) who,
when evaluating the sensory characteristics of cagaita

Table 4. Mean scores for the sensory evaluation and acceptability indexes of cagaita refreshers according to gender.

Gl Acceptance Test
Male Female Overall
RP 5.70 + 1.7252 5.71 + 1.6482 5.70 = 1.678
RA 6.67 + 0.90% 6.36 + 1.15% 6.49 + 1.074
RB 5.81 + 1.698 5.38 + 1.74%2 556 = 1.73%

Acceptability Index (%)

Male Female Overall
81.43 81.57 81.43
95.29 90.86 92.71
83.00 76.86 79.43

Different upper case letters in the same column indicate significant difference between the formulations at 5% probability according to the Tukey
test. Different lower case letters in the same row indicate difference in acceptance regarding gender at 5% probability according to the Student
t test. RP (standard: cagaita pulp); RA (cagaita pulp and orange juice) and RB (cagaita pulp and carrot juice).

Table 5. Mean scores for the sensory evaluation and acceptability index of cagaita jam according to gender.

Samole Acceptance Test Acceptability Index (%)
P Male Female Overall Male Female Overall
Cagaita Jam 5.60 + 1.982 5.94 + 1,552 5.80 + 1.75 80.00 84.86 82.86

Different lower case letters in the same row indicate difference in acceptance regarding gender at 5% probability according to the Student t test.
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jams noted they were accepted for the attribute of flavour
with average scores between 7.60 and 7.99, equivalent to
the hedonic terms “like moderately” and “like very much”.
Lago-Vanzela et al. (2011) found satisfactory acceptance
of peel and pulp caja-manga jams, with mean scores of
7.19 and 6.49, respectively, between the hedonic terms
of “like slightly” and “like very much”. A similar result was
observed by Lago et al. (2006) working with jambolan jam,
who found an average score of acceptance for flavour
equal to 7.

Among all the products developed, the cagaita
refresher with orange juice showed the greatest sensory
acceptance score, since it showed the highest acceptability
index (95.29% for boys and 90.86% for girls) and the
average scores in the acceptance test for both genders were
between the terms “like very much” and “like extremely”
on the 7-point scale. On the other hand, the other products
(the three formulations of milk caramels, the other cagaita
refresher formulations and the cagaita jam formulation)
showed lower acceptability indexes (between 76.86 and
84.86%), the average acceptance scores for the products
being situated between the categories of “like moderately”
and “like very much”. Thus, the cagaita refresher with
orange juice showed the best potential for insertion onto
the food market.

Il 4 Conclusions

There was no influence of gender on the sensory
acceptance of any of the products evaluated (milk caramels,
refreshers and cagaitajam). Regarding sensory acceptance,
it was found that the three formulations of milk caramels
were equally accepted, whereas the cagaita refresher with
orange juice was more accepted than the others. Moreover,
all the products developed were well accepted by the
group of children, showing that these products proved to
be attractive due to their sensory characteristics, presenting
technological potential, especially when related to the
aspect of adding value to products from the Savannah.
Thus all these formulations could be placed on the market
as products for children with prospects for success, due
to the good acceptance by those consumers.
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