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Abstract

Yellow Araga (Psidium cattleyanum cv. Ya-cy) is a Brazilian native fruit that can be consumed fresh or turned into food products.
However, distribution and consumption of fresh fruits are still limited due to faulty post-harvest handling. Thus, the present
study aimed to evaluate the nutritional and functional potential of fresh Yellow Arac4 fruit, turned into flour, in formulations of
cereal bars. Ripe fruits preserved higher nutritional and functional indexes, presenting high antioxidant potential. As observed
during the sensory analysis, addition up to 20% of fruit flour into the cereal bar was well accepted by the consumers. The cereal
bar showed significant levels of omega-6 (n-6) and omega-9 (n-9), and minerals nutrients such as iron, magnesium, potassium,
zinc. Significant levels of phenolic compounds and low levels of sodium and saturated fatty, free from trans fatty acids, were also
observed. The cereal bar presented high amount of crude fiber content, indicating a high potential for use as a functional food.

Keywords: fruit; natural antioxidants; nutraceuticals; food preservation and processing; cereal processing.

Practical Application: Utilization of native fruit, Yellow Araca flour, in the processing in cereal bar.

1 Introduction

Brazil is a country of abundant territorial extension, standing
out for the diversity of native plant species. However, only few
species of fruits are explored and commercialized fresh or turned
into industrialized products. This fact can be associated with
high perishability of fruits, and logistics for industrialization
and distribution. Several studies indicate that fruit consumption,
in general, can help in the prevention of chronic-degenerative
diseases, such as cancer, cardiovascular diseases, diabetes
and neurodegenerative diseases (Santos & Meireles, 2009;
Boffetta et al., 2010, Veggi et al., 2011; Cavalcanti et al., 2011).

Yellow Aragd is a Brazilian native fruit that presents
nutritional and functional potential, with significant capacity of
antioxidant activity due to its large amount of phenolic content
(Medina et al., 2011). This fruit has an exotic flavor, widely
accepted by consumers, with significant levels of vitamin and
nutrients (Damiani et al., 2012, Neri-Numa et al., 2013). This fruit
is generally consumed fresh, however, due to its high perishability
(two to three days postharvest), processing remains as viable
alternative to make it available to consumers in any region, at
any time, in the form manufactured food (Medina et al., 2011;
Damiani et al., 2012).

Dehydration, or drying process, has been used by food
industries to turn fruits into flour, offering the consumer a product
of good nutritional and sensory quality (Fasolin et al., 2007;
Marquetti et al., 2018; Assis et al., 2019). Considering conservation
limits, due to the short post-harvest life caused by the high
moisture content and sensitivity of its pericarp, yellow aracd is

an interesting raw material for processing differentiated flour,
providing nutritional and bioactive properties with health
benefits through antioxidant compounds.

Fruit flours can be applied into various food matrices such
as bread, cakes, ice creams, cookies, cereal bars, among others,
with considerable addition of bioactive compounds. Studies
report that by-products of tropical fruits such as pineapple,
passion fruit and mango present high potential to be used as a
functional ingredient. Providing dietary fiber (for nutritional and
technological purposes) and/or natural antioxidants to special
foods with health appeal, like cereal bar and cookie (Ajila & Prasada
Rao, 2013; Selani et al., 2014, 2016; Toledo et al., 2017).

Cereal bars constitute a differentiated category of food
products, serving various segments of consumers seeking a
healthy diet. Cereal bars, while promoting health benefits,
are pleasant to the taste and this favored their consumption
(Oliveira et al., 2018). Therefore, the present study aimed to
produce and evaluate cereal bars formulated with Yellow Araca
flour (Psidium cattleyanum cv. Ya-cy), in order to enhance their
nutritional and functional quality.

2 Materials and methods
2.1 Sample collection

Fresh fruits of yellow araga (Psidium cattleyanum cv. Ya-cy)
were obtained from the orchard located in the didactic station at
Universidade Tecnoldgica Federal do Parand (UTFPR) - Campus
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Dois Vizinhos, Parand State, Brazil (25°41°48.0”S; 53°05°37.1”W,
650 m altitude, under subtropical climate). The fruits were
harvested and placed into polystyrene packages for later transport
to UTFPR - Campus Francisco Beltrdo, Parana State, Brazil,
where the analyses were performed.

In the Laboratory at UTFPR - Campus Francisco Beltrao,
the fruits were classified according to the ripening stage in
unripe (green color) and ripe (yellow color). Both, unripe and
ripe whole fruits were submitted to physical and chemical
characterization analyses. Fruits were placed for thirty minutes
into a sodium hypochlorite solution (50 mg.L") for sanitization.
The ripe and unripe fruits were divided into two groups:
two-third of the fruits underwent the dehydration process and
other one-third remaining was frozen at -18 °C for subsequent
characterization analyses.

2.2 Flour preparation

Prior to flour preparation, the fruits were cut into four equal
parts. Each part was packed in aluminum trays and placed in a
forced-air oven at 70 °C, until reaches a moisture content below
25%. To obtain the flour, after drying, the fruits were crushed
in a commercial food multiprocessor and sieved (mesh 8).
The flour produced were then stored into vacuum plastic bags
and frozen (-18 °C).

2.3 Cereal bar preparation

The cereal bars were elaborated with the addition of yellow
aracd flour according to the formulation recipe adapted from
Freitas & Moretti (2006). Pre-tests were performed to establish
the amount of flour to be added in the formulations. As observed,
20% of the total volume of the cereal bar was the maximum of
araga flour that could be used without negative interference
in the sensorial and technological characteristics of the final
product. Defined the percentage limited of flour to be added in
the formulations, an experimental factorial design was applied,
two factors by two levels (2?).

The amount of yellow ara¢a flour and amount of oat
flakes established the factors, with minimum (-1) and
maximum (+1) levels, plus the central point performed in
triplicate (Table 1).

The ingredients used to formulate the cereal bars were
purchased from the local market, except the yellow Aracd
flour. The bars were prepared in the processing Laboratory at
the UTFPR Sensory Analysis Laboratory, Campus Francisco
Beltrdo. The syrup solution was prepared by adding all the
ingredients (crystal sugar, glucose syrup, vegetable fat and water)
in a stainless-steel jar and heated until reach 100 °C.

The soluble solids concentration was measured until reaches
the range of 82 °Brix to 86 °Brix, when the prepared syrup
solution was then added to the pre-blended dry ingredients
(Aracé flour, oat flakes, soybean textured protein and lecithin).
The formulations were prepared, pressed and, after 24 hours,
cut and packed using flexible films intended for food (PVC,
plasticized, polyvinyl chloride) (Table 1).
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Table 1. Factorial design used to define and formulate the cereal
bars added with different percentages of yellow araga flour (Psidium
cattleyanum cv. Ya-cy) and ingredients used in formulations.

Aragd Oats Levels
Trataments* flour flakes
(%) (%) Araga Oats
T1 10 10 -1 -1
T2 20 10 +1 -1
T3 10 15 -1 +1
T4 20 15 +1 +1
Cp 15 12.5 Cp Cp
Cp 15 12.5 Cp Cp
Cp 15 12.5 Cp Cp
Formulation (g.100g™)
Ingredients
F1 F2 F3 F4 F5
Moist Ingredients
Crystal Sugar 25.0 25.0 25.0 25.0 25.0
Glucose syrup 10.0 10.0 10.0 10.0 10.0
Vegetable fat 2.0 2.0 2.0 2.0 2.0
Water 23.0 13.5 13.5 13.5 16.0
Dry Ingredients
Araca flour 10.0 20.0 10.0 20.0 15.0
Oats flakes 10.0 10.0 15.0 15.0 12.5
Textured Soy Protein 15.0 15.0 15.0 10.0 15.0
Soy lecithin 5.0 4.5 4.5 4.5 4.5

T = treatment; Cp = Central point. Formulation: F1 = T1, F2 = T2, F3 = T3, F4 = T4
and F5 = Cp.

2.4 Analyses

Proximate composition characterization

The analyzes of moisture, protein and ash content, and total
acidity were performed according to analytical procedures proposed
by AOAC (Association of Official Analytical Chemists, 2010).
The determination of lipid content was performed according
the method proposed by Bligh & Dyer (1959). The carbohydrate
and energy value analysis were performed as proposed by
Osborne & Voogt (1978). Total carbohydrates were calculated
by difference, subtracting the other components, and the caloric
value was determined applying the Atwater conversion factors.
The results were expressed on a wet basis.

Fatty acids profile characterization

Fatty acids were determined by gas chromatograph (Varian
model 3900), equipped with a flame ionization detector (FID),
workstation with STAR software and split injector, with a sample
split ratio of 75:1. A ZB-WAX capillary column, 60 m long and
0.25 mm of internal diameter, with 0.25 pm film thickness,
was used. Hydrogen was used as the carrier gas, at a flow rate
of 2 mL minute”, and nitrogen as the make-up gas, at a flow
rate of 25 mL minute™!, with an injector temperature of 270 °C,
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detector temperature of 300 °C and volume of injection of 1 uL
(Association of Official Analytical Chemists, 2010).

The identification of fatty acids was performed by comparing
the retention times of fatty acids from samples and standards.
A total of thirty-seven fatty acid methyl esters were used for the
identification of fatty acids (Supelco IM 37 Component FAME
Mix by Sigma-Aldrich), by normalizing the fatty acid peaks
areas (in percentage) for presentation of their results.

Quantification of bioactive compounds

The total phenols were determined at a wavelength of
765 nm, as described by Folin-Ciocalteau (Singleton et al., 1999),
and the results expressed in GAE - Gallic Acid Equivalent
(g GAE 100g™"). The methodology described by Zhishen et al.
(1999) was used to analyze the total flavonoids, and the extract
reading was performed at 510 nm. The results were expressed
in mg of catechin equivalents (CE) per 100 g of the fruit.

The antioxidant activity potential was determined by DPPH
(2,2-diphenyl-1-picryl-hydrazyl), with values expressed in EC50
(g fruit g DPPH™), according to Brand-Williams et al. (1995),
adapted by Rufino et al. (2007). The Ferric Reducing Antioxidant
Power (FRAP) was measured according to Rufino et al. (2006),
read in a spectrophotometer to a wavelength of 595 nm, with the
results being expressed in uM FeSO4 g FW. These results were
used to determine which flours (unripe or ripe fruit) would be
added to the formulations.

Sensory analysis

The sensorial analysis was conducted after approval by the
UTFPR Research Ethics Committee (CAAE 42177715.0.0000.5547),
and the microbiological evaluation (thermal tolerant coliforms,
Bacillus cereus e Salmonella spp), which attested the safe condition
of the samples.

To assess the acceptance of the cereal bar with araca flour
by consumers, affective preference and acceptance tests were
applied for evaluate the global appearance, color, flavor, aroma
and texture attributes, in addition to the purchase intention
test. In the tests of preference and acceptance, a hedonic scale
of 9 points was used, ranging from like extremely to dislike
extremely. In the purchase intention test, a hedonic scale with
five points was used, ranging from 1 “certainly would not buy”
to 5 “certainly would buy”. One hundred untrained volunteer
panelists signed a free informed term of consent (FITC), following
recommendations and guidelines of Resolution 466/2012 of the
Brazilian Ministry of Health on ethical aspects (Brasil, 2012).

The formulation with the best acceptance in the sensory evaluation
was subjected to physical-chemical characterization - Moisture,
ash, lipid, total dietary fiber, protein and total carbohydrates
content (Association of Official Analytical Chemists, 2010).

Data analyses

The data obtained from the analyzes of moisture, ash, acidity,
proteins, lipids, antioxidant potential and phenolic compounds
were subjected to the normality test, analysis of variance (ANOVA)
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and to the Tukey test using Statistica 7.0 software (test version).
The total flavonoids were analyzed by the Genes software®, to
verify normality (Lilliefors test) and Sanest software®, whose
standardized data considered non-normal (by equation) and
applied Duncan test at 5% significance level (p < 0.05). In the
sensory analysis, to access the main components, the data were
interpreted by programs XLSTAT (Addinsoft, 2015) and MS
Excel, version 2013, with the free supplement ACTION 2.3°.

3 Results and discussion

3.1 Physical-chemical characterization, bioactive
compounds and antioxidant potential of unripe and ripe
yellow araga fresh fruit and flour

The physical-chemical results of fresh and dehydrated fruits,
in the unripe and ripe forms, did not show significant difference
(p < 0.05), as shown in Table 2. Bioactive compounds, at the
same stage of maturation, differed significantly in the amount
of flavonoids and antioxidant potential via FRAP (p < 0.05),
whereas for dehydrated fruits none of the bioactive compounds
were significantly influenced (p > 0.05) (Table 2).

When dehydrated, the reduction in the percentage of
moisture content in yellow araga fruits varied from 65.29%
(immature or unripe) to 66.14% (mature or ripe), contributing
to elevate the concentration of other components. After the
dehydration process (reaching approximately 15% of moisture
content), yellow aragd can be used in the manufacturing of food
formulations, providing stability and increasing characteristic
components of this fruit.

The total mineral content (ash) did not differ significantly
between unripe and ripe fruits of yellow araga, within fresh
and dehydrated form (p > 0.05). However, when dehydrated,
the variation was four times greater when compared fresh and
dehydrated fruits (Table 2). These indices are highly positive,
considering its maintenance and concentration in the fruits
during the dehydration process. Minerals are compounds of great
importance to maintain the activities of the human organism
(Granato et al., 2009).

Products of plant origin normally present low percentage of
protein, as showed in Table 2, fresh araca fruits and its dry flour
form presented protein content with values varying from 2.42 to
6.00%, similar to the values obtained by Dalla Nora et al. (2014),
evaluating red aracd (3.77%). This content observed is considered
median when compared to other plants used as a source of protein.

The lipid content observed in the fresh fruit and flour were
low, ranging from 0.71 to 1.51%. As expected, araga is not a great
source of lipids, even if dried and turned into flour. In the flour, the
content of lipids is comparable to the ones reported by Pereira et al.
(2012) (1.53%), but higher than the value reported by Canuto et al.
(2010) (0.30%). From a nutritional point of view, lipids and proteins
have significant importance, however, as in most vegetables, these
rates are below the daily needs indicated for human consumption.

The total carbohydrate was difference (p < 0.05) comparing
the content in fresh fruit and in its dry flour, the latter value
being 5 times higher than that found in fresh fruit. The caloric
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Table 2. Physical-chemical characterization, bioactive compounds and antioxidant potential of unripe and ripe yellow ara¢a fresh fruit and flour.

Cereal bars with fruit native flour, Yellow Ara¢a

Variables Araga fruit Araga flour
Unripe Araga Ripe Araga UAF RAF

Moisture (%) 80.30 + 0.52A 81.33 £ 0.57A 15.01 + 0.35b 15.19 + 0.46b
Ash (%) 1.15+0.03B 1.10 £ 0.10B 4.52 £ 0.22A 4.69 £ 0.29A
Proteins (%) 3.31 £ 0.58B 2.42 +0.88B 6.00 + 0.20A 5.47 £ 0.22A
Lipids (%) 1.09 +£0.11B 0.71 +0.20B 1.51 £ 0.18A 1.57 £ 0.20A
Carbohydrates (%) 14.15 £ 2.30B 14.43 £5.21B 72.96 + 0.33A 73.06 + 0.38A
Titratable acidity (%) 0.91 £ 0.09B 0.93 +£0.03B 1.98 £ 0.11A 1.94 £ 0.12A
Caloric value (Kcal.100g") 79.66 = 2.53B 73.77 £ 2.43B 329.43 + 76A 328.29 + 88A
Total Flavonoids' 18.69 + 0.36B 13.28 £ 0.33C 35.04 + 1.50A 37.70 + 2.83A
Total Phenolic Compounds? 172.82 +2.28B 154.20 + 1.55B 229.25 + 10.98A 233.28 £ 14.72A
AP (CE50)* 3093 £ 211AB 3589 + 571A 2743 +266B 2459 + 430B
AP (FRAP)! 84.27 +5.11A 63.00 + 5.76B 99.24 + 4.15A 99.72 + 7.26A

UAF: Unripe Araga Flour; RAF: Ripe Araga Flour. Mean rates (n = 3) followed by their standard deviation; 'Catechin Equivalent. 3 mg of cyanidin-3-glucoside 100 g flour’; > mg GAE
g flour-1; *Antioxidant Potential (CE50) (g fruit or flour. g DPPH); *Antioxidant Potential. FRAP: Ferric Reducing Antioxidant Power (uM ferrous sulphate/g fruit or flour); Means
followed by the same capital letter in the same line do not statistically differ at 5% probability by Tukey test.

value of yellow ara¢a remained stable with the ripening stage, for
fresh fruit and flour (p > 0.05). However, comparing fresh fruit
with flour, without considering the maturation stage, the caloric
value of the flour was approximately four times greater than the
one observed in the fresh fruit, resulted from the concentration
of components, due to water loss occurred during dehydration
process. The high percentages of carbohydrates found in the
flours can be of great benefit, since these indices can contribute
to the energetic enrichment of foods through addition.

The total titratable acidity considers the major acids present
in fruits, being directly related to the maturity stage. However, as
shown in Table 2, the variation in the percentage of acidity
did not differ statistically (p > 0.05) in fresh fruit (unripe and
ripe), as well as in flours (Flour of unripe ara¢a - FUA and and
flour of ripe ara¢a - FRA). As expected, total titratable acidity,
proteins, lipids, total carbohydrates and caloric value increased
significantly with the dehydration process of the fruits.

The content of flavonoids and phenolic compounds were
higher in unripe yellow ara¢a (fresh) when compared to the ripe
ones (Table 2). In the maturation process, as expected due to the
metabolism and transformation processes, a significant decrease in
the concentration of flavonoids was observed, which significantly
changed its quantity in the fruits (p < 0.05). The difference
between unripe and ripe fruits was also described by Dantas et al.
(2013), observing a concentration of 1.56 mg.100 g in unripe
fruits and 3.56 mg.100g" in the ripe ones. The development of
maturation process can explain this behavior, with polymerization
of phenolic molecules, predominating in immature or unripe
fruits. Considering the accumulation of phenolic compounds,
due to the dehydration process, ripe fruits are the best option for
preparing the flour, once the concentration of these compounds
are 52% higher, compared to the unripe ones. According to
Cataneo et al. (2008), after subjecting the fruits to heat treatment,
occurs the conversion of insoluble phenolic compounds into the
soluble ones, without breaking their covalent bonds.
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The Araga flour showed high antioxidant potential (Table 2).
These results are very interesting as they show a potential natural
ingredient, which can be used to aggregate value in the processing
of healthy foods and special appeals. The antioxidant capacity
in fresh fruits was higher than the observed by Dalla Nora et al.
(2014) (16713.2 g.g* DPPH). The values obtained were lower
than those presented by Dantas et al. (2013) and Pereira et al.
(2012) for yellow and red Araca, respectively. The drying process,
and subsequent processing into flour, affected the antioxidant
potential of yellow araga, increasing its concentration by 31.5%
and 11.3% after drying ripe and unripe fruits, respectively.

According to Lim & Murtijaya (2007), an increment in the
antioxidant capacity and phenolic compounds content were also
observed in some processed foods. The manufacturing process
and/or prolonged storage time can promote or progressive enhance
the enzymatic and/or chemical transformations. However, this
fact is dependent of some intrinsic variables as well as on the
processing conditions, storage time and packaging method of
the foods (Queiroz et al., 2011).

3.2 Cereal bars sensory analysis

After the initial characterization of the yellow araca flour,
it was used to develop a cereal bar based on a factorial design
2? (Table 1). The cereal bars developed were then subjected to
sensory evaluation to select the most acceptable formulation by
the panelists and, finally, to evaluate its nutritional and chemical
characteristics.

The Table 3 shows the scores assigned by the panelists to
the formulated cereal bars. There was no significant difference
among the formulations for attributes such as color, flavor, aroma,
and overall appearance (p > 0.05). The only significant changes
observed were in texture and preference test, with formulation
F4 (20% of FA) receiving the highest scores (p < 0.05).

The sensory behavior is better explored when the data is
presented in a principal components structure (Figure 1). There is
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Table 3. Sensory analysis, preference test and purchase intention of cereal bars added with yellow araga flour.

Vanin et al

Attributes Samples
F1 F2 F3 F4 F5

Color 7.92A 7.93A 7.52A 7.57A 7.59A

Flavor 7.21A 7.19A 7.32A 7.35A 7.20A

Aroma 6.98A 7.04A 7.12A 7.10A 7.16A
Texture 6.87AB 6.58B 6.79AB 7.33A 6.88AB

Overall Appearance 7.53A 7.26A 7.29A 7.38A 7.24A

Preference Test 2.81AB 3.08AB 2.98A 2.72A 3.35B

Test PT' 3.73A 3.59A 3.62A 3.65A 3.45A

*Purchase Intent. Means of sensory scores with 100 consumers; Means of the same capital letter in the same columns do not statistically differ at 5% probability by Kruskall-Wallis test.

PCA (PC1and PC2:90.98 %)
GA 2
textu re, F4
EAL .
flavor
R
o~
&
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[ | } | } 4
(& ]
835 -2 -1.5 1.5 2 2.5 3
1
) aroma
F2 e 5
PC1 (56.16 %)

Figure 1. Principal component analysis in the acceptance of sensorial evaluated samples. PC1: Principal Component 1; PC2: Principal Component
2; P1 and P2 (Vectors that indicate the preference of the judges); F1, F2, F3, F4 and F5: Cereal bar formulations added with yellow ara¢4 flour.

GA: Global Appearance.

a highly positive relation of the use of yellow araca flour, with
panels highlighting flavor and texture attributes of the cereal
bar, issues of extreme importance in quality.

Among the parameters evaluated, texture was the only
one that showed a statistical difference (p < 0.05) between F2
and F4 formulations. The average scores for the attributes such
as color, flavor and overall appearance reached values greater
than 7 for all formulations, being attributed to the concept of “I
liked it moderately”. Given this, texture can be considered as a
threshold parameter in the acceptance of this product. However,
it is noteworthy that the addition of 20% araca flour received the
best scores for the texture attribute, indicating high technological
property, besides qualities in composition.

Food Sci. Technol, Campinas, 41(Suppl. 2): 529-538, December 2021

From the scores of the purchase intention test, it was not
possible to establish differences that would define the purchase
of a specific formulation. However, the preference test shows
a difference between formulations F4 and F5. To further
understand which attributes contributed to the preference of
F4 by the panelists, a Principal Component Analysis (PCA)
was performed (Figure 1).

The first component (PC1) showed 56.16% of variability
among the samples, with F4 formulation obtaining more positive
scores, represented by the sensory attributes of flavor and texture
(Table 3), even though these attributes were not significant
different when compared to other formulations.
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The variations between formulations can be explained, in
part, by the Principal Component 1, but better evaluated when
associated with Principal Component 2, being explained with
90.98% of the information contained in the scores of sensory
attributes (Figure 1). According to Sodré et al. (2008) if, in an
PCA, the sum of the percentages of the first two components
accumulates more than 70% of the total variation, the analysis
will satisfactorily explain the variability manifested between
the evaluated samples.

In formulation F4, texture and flavor were determining
factors for acceptance by the panelists. For the F1 formulation,
the overall appearance was the factor that influenced the
observations made by the judges. The vectors P1 and P2 indicate
that all parameters considered in the sensory analysis explain
the consumers’ preference in relation to samples F1 and F4.
Thus, it is observed that the texture and flavor attributes are
positively related to each other in the acceptance and preference
of sample F4.

Additional to the nutritional content, cereal bars with yellow
araca flour displayed good general acceptance, combining several
sensorial attributes such as firmness, texture and preference
(Zamora-Gasga etal., 2014; Oliveira et al., 2018). These important
characteristic to the overall quality of food depend on many
factors such as ingredients and their interactions with the
rheological properties of the cereal bar (Foschia et al., 2013).
The interaction among cereal ingredients can be improved by
changes in the process. In this case, Severini et al. (2016) suggests
that the rheological properties and their relation to the 3D food
printing variables are of paramount importance for quality.

3.3 Physical-chemical and mineral characterization of
cereal bars

Once formulation F4 reached better results in the sensorial
analysis, physico-chemical and minerals characterization were
carried out (Table 4).

Moisture is a parameter of product stability, being directly
related to the development of microorganisms and sensorial
characteristics of the final product. Lower values of moisture in
cereal bars (10.70%) where reported by Freitas & Moretti, (2006).

Significant percentages of protein were found in the
cereal bar added with yellow ara¢a flour, comparing to other
products developed with green banana flour (5.05%; Tavares da
Silvaetal., 2014), acerola fruit (6.32%; Marques et al. 2013), and
commercially available cereal bars, whose values range from 5.00
to 7.00% (Tabela Brasileira de composi¢do de alimentos, 2010).

The percentage of lipids (5.83%) observed is similar to
that contained in cereal bars sold on the market, with values
ranging from 3.70 to 6.00%, dependent on the ingredients in
the composition, being considered a low-saturated fat food
(1.50%), free from trans fatty acids (Gutkoski et al., 2007;
Marques et al., 2013). The World Health Organization (2002) has
setas a goal the exclusion of these compounds in the composition
of food, once the impact of trans fats on human health, due
to their consumption, has been related to the development of
chronic diseases.
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Table 4. Physical-chemical and minerals characterization of cereal
bars with yellow araca flour, referring to the formulation with the best
sensory preference (F4).

Proximal Composition Main Minerals

Variables Means (nl\l/lgi'nle égl;) Means
Moisture (%) 12.74 + 0.65 Iron 2.56 +£0.11
Proteins (%) 9.92 +£0.33 Magnesium 73.71 £0.98
Lipids (%) 5.83 £0.25 Potassium 549.73 + 8.71
Saturated fat (%) 1.50 + 0.31 Zinc 1.18 £0.07
Trans fat (%) <0.01 Copper 0.36 +0.04
Total fiber (%) 15.68 +0.34 Phosphor 254.88 +2.31
Ash (%) 2.16 £ 0.05
Carbohydrates (%) 53.6 +0.79
Caloric value’ 307.13 £ 3.39

*kcal. 100 g'; Results are means of 3 replications with the respective estimates for standard
deviation.

The amount of fiber in the developed product can be
considered high, indicating that the consumption of a portion
of 30 g (1 unit) of the cereal bar added with yellow ara¢a flour
contributes with 12.30 to 18.80% of the recommended daily
intake (RDI). This condition is well accepted by consumers,
who associate the presence of this component as evidence of
maintaining human health (Mauro et al. 2010).

The total carbohydrates content in the formulated cereal
bar was 12.00% less than the formulation used as a reference
(Freitas & Moretti, 2006). This is basically due to adaptations in
the constituents of the syrup solution or agglutination syrup, such
as the reduction in the amounts of sugar and glucose syrup.

The average caloric value in the formulation was 307.13
kcal in 100 g of product, which indicates that when consuming
a cereal bar (30 g) added with yellow araga flour the consumer
will be ingesting 92.14 kcal, corresponding to 4.50% of the total
indicated for daily calorie consumption based on a 2000 kcal
diet (Food and Drug Administration, 2018).

The consumption of foods that provide a minimum amount
of minerals in the human diet is essential for the performance of
the body’s functions, such as the regulation of enzymatic activities
and absorption of essential nutrients (Granato et al., 2009).
The cereal bar developed can be considered a source of iron,
magnesium, potassium and zinc. In addition, it has a high
content of copper and phosphorus.

Thus, by consuming a 30 g portion of the cereal bar added
with yellow arac¢d flour, made with ripe fruits, the consumer
will satisfy 2.98% of the calcium recommended daily intake
(RDI), as well as 12% of the copper RDI, 5.48% of iron RDI,
10.92% of phosphorus RDI, 8.5% of manganese RDI, 4.7% of
potassium RDI, 0.66% of sodium RDI and 7.71% of zinc RDI.
The absorption of minerals depends on the balance among
nutrients. For example, vitamin A (b-carotene) and proteins
promote the absorption of zinc, even inhibiting the inhibitory
effects of phytate in the intestinal complex (Casgrain etal., 2010).
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Considering the good nutritional balance in yellow ara¢a flour,
the cereal bar has indices that allow this quality.

The fatty acid composition in the formulated cereal bar,
which contains 20% of yellow araga flour made from ripe fruits
and 15% of oat flakes, was analyzed to obtain the lipid profile of
the product (Table 5). Eleven fatty acids were identified, of which
three were saturated (16.73% of the total), two monounsaturated
(50.64% of the total) and six polyunsaturated (32.63% of the total).

In terms of fatty acids composition, unsaturated fatty acids
were the major contributors, contributing with more than
80% of the total content. Among unsaturated fatty acids, the
polyunsaturated fatty acids (PUFAs), molecules that cannot
be synthesized by the human body, being necessary to ingest it
through the diet, corresponded to more than 32%. These fatty
acids can support cell integrity, prevent cardiovascular diseases and
disorders, stimulate insulin release, inhibit vasoconstriction
and inflammatory processes, and participate in fetal growth
(Andrade & Carmo, 2006).

The profile showed considerable amounts of linoleic and oleic
acids (both unsaturated), which can contribute beneficially to
human health (Covino et al.,, 2015). Among the monounsaturated
fatty acids, the oleic acid presented the highest content (46.31%),
while among the polyunsaturated, the linoleic acid (18:2n-6)
was the one presenting the highest content (22.93%). In relation
to linolenic acid, main fatty acid in the series omega-6, to be
considered a “source”, the legislation requires that at least 45%
of the fatty acids present in the food correspond to the linolenic
acid. This assumption also applies to the product elaborated
in this work.

The major monounsaturated fat acid in the cereal bar was the
oleic acid (18: 1n-9). The oleic acid (C18:1) has been identified as
hypolipidemic, which acts by decreasing low density lipoproteins
(LDL), presenting a protective effect against the development
of atherosclerotic coronary disease. In addition, it is also used
by the body as a preferred source of metabolizable energy for
rapid growth (Zanqui et al., 2013; Li et al., 2020).

The ratio given by the content of polyunsaturated and
saturated fatty acids (PUFA/AGS) has been used as a way to
evaluate the nutritional value of oils and fats. This ratio in the
formulated bar was around 1.95. According to the Department
of Health and Social Security (Her Majesty’s Stationery Office,
1984) values greater than 0.45 indicate that food is considered
a good contributor to human health.

In general, in this study, the cereal bar added with yellow
aracd flour demonstrates a great nutritional balance, besides a
considerable acceptability in relation to the sensorial attributes.
This food fits into a special profile, where is possible to alter its
formulations with modifications in nutrient content, which can
be suitable for use in different diets or for people with specific
physiological and metabolic conditions (Brito et al., 2013). This cereal
bar meets the health and food appeal, once it presents desirable
nutrients such as fiber, unsaturated fatty acids, vitamins, minerals
and bioactive compounds (Farinazzi-Machado et al., 2012).

As important as being a source of nutrients, it is necessary
that this type of food presents highly bio-digestible nutrients.

Food Sci. Technol, Campinas, 41(Suppl. 2): 529-538, December 2021

Table 5. Composition, sum and ratio of fatty acids in cereal bars added
with yellow aragé flour (Formulation F4).

Percentage of

Fatty acids peak area (%) Sums (%)

Cl6:0 10.90 +0.30 MUFA 50.64 + 0.66
C18:0 4.82+0.17 PUFA 32.63 £0.15
C18:1n-9¢ 46.31 £ 0.62 SFA 16.73 £ 0.53
C18:2-n-6¢ 22.93 £ 1.06 n-9 50.64 = 0.66
C18:3n-3 0.85 £ 0.09 n-6 28.02 +0.72
Cl18:3n-6 3.10 £ 0.29 n-3 1.65+0.28
C20:0 1.02 £ 0.07 Ratio

C20:3n-3 0.80 £0.19 PUFA/SFA 1.95 £ 0.06
C20:4n-6 1.99 £0.25 n-6/n-3 17.38 £+ 3.17
C22:1n-9 4.33+£0.25

C22:2 2.96 £0.41

MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids (unsaturation
>2); SFA: saturated fatty acids. n-9: omega-9; n-6: omega-6; n-3: omega-6; PUFA/SFA:
ratio between polyunsaturated and saturated fatty acids. n-6/n-3: ratio between omega-6
and omega-3 fatty acids. Sample triplicate means + standard deviation.

These (bioactive) compounds act directly by improving the growth
of intestinal cells and probiotic microorganisms, promoting health
benefits such as immunoregulatory activity and production of
beneficial metabolites, like different types of vitamins including
the B complex (Albuquerque et al., 2019).

Considering the sensitivity to degradation of polyphenols,
which are partly bound to fibers and protected by polysaccharides,
the proposed formulation was appropriate for the use of fruits.
Thus, these compounds can be used as substrates in the fermentation
process in the intestinal microbiota, producing various metabolites
(e.g. folates), which provide health benefits (Chamorro et al., 2012).
Another example of a cereal bar presenting functional properties is
the one formulated with the addition of Allium fistulosum extract,
related to an increase in the content of niacin and folic acid, which
may have a protective action against liver oxidative stress, as well
as an anti-obesity effect and metabolic disorders (Sung et al., 2014)

4 Conclusion

The drying process of ripe ara¢é fruits maintained or even
increased the content of phenolic compounds and their antioxidant
potential. A cereal bar showing good acceptance by the consuming
public was made using 20% of ripe yellow araca flour and 15%
of oat flakes (F4 formulation). The product showed significant
levels of nutrients, being considered a source of omega 6, iron,
magnesium, potassium, zinc. In addition, presented low content of
sodium and saturated fats, being free of trans fats. The formulated
cereal bar can be considered functional due to its high fiber content.
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