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Abstract: Licuri (Syagrus coronata) is an oilseed fruit common in the Brazilian caatinga and cerrado
biomes. This fruit has high socioeconomic importance in the regions where it grows, being incorpo-
rated into exported animal feed and also into gastronomic preparations. Cereal bars are ready-to-eat
highly consumed products with increased demand, commonly made with cereals and oilseeds such
as licuri. In this sense, the incorporation of licuri in cereal bars may increase its socioeconomic value
and expand its potential use. Thus, the objective of the study was to analyze acceptance and describe
the sensory characteristics of cereal bars incorporated with licuri nuts. This study was conducted in
four stages: (1) development of samples; (2) chemical composition analysis; (3) sensory analysis; and
(4) statistical analysis. Cereal bars with licuri presented proportionally lower carbohydrate and pro-
tein content as the incorporation of licuri nut increased. However, the dietary fiber content increased.
Further, 122 untrained panelists participated in the analysis. The results showed that samples with
all proportions of incorporation of licuri nuts were acceptable. Furthermore, the sensory descriptors
related to the presence of licuri were positively associated with product acceptance. In this way, this
study demonstrates yet another possibility for use of the fruit, increasing its socioeconomic potential.

Keywords: licuri; cereal bars; acceptance test; CATA

1. Introduction

The search for foods that offer nutrition and functional benefits is on the rise, as people
seek information and seek to improve their eating habits [1]. The trend towards consuming
healthier foods has opened space for developing products with functional, ready-to-eat
ingredients, such as cereal bars [2].

Cereal bars stand out as unique food products, comprising processed cereal grains that
can be enriched with various components, such as whole grains, dehydrated or candied
fruits, chestnuts, walnuts, almonds, sugar, confectionery, and other ingredients [3]. The
careful combination of these elements plays a fundamental role in ensuring harmonious in-
tegration, addressing aspects, such as flavor, texture, and physical characteristics, including
the balance of water activity [4,5].

In the early 2000s, the consumption of cereal bars in Brazil began to gain prominence,
given that in 2005, cereal bar consumption grew considerably, reaching the mark of 464 million
units, with a notable increase of 32% compared to the previous year [6]. This indicated
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a growing interest in these products in the Brazilian market, with national companies
competing for a share of a market valued at RRL 80 million at the time [6]. However, the
phenomenon of cereal bars is far from being exclusively Brazilian.

Looking ahead, the global outlook for cereal bars is equally impressive. The global
market is expected to grow, with a compound annual growth rate of 8.5% predicted between
2021 and 2026, surpassing the overall chocolate market by 4% [6]. This increase reflects
the growing popularity of cereal bars, representing a global market worth around USD
4 billion, driving the diversification of products, labels, and ingredients to attract increasing
consumers [7].

In the rich native flora of Brazil, there are several species that, although not widely
known, have great potential in the almond and chestnut market, ingredients commonly
used in cereal bars [8]. The Cerrado and Caatinga are Brazilian biomes with a wide diver-
sity of vegetables and unknown varieties of spontaneous food plants, which may have
nutritional, environmental, and commercial relevance [8,9].

Licuri (Syagrus coronata) is an oily fruit from the Aracaceae family, native and endemic
to Brazilian territory [10]. Resulting from a palm tree, licuri grows in arid conditions in the
Brazilian “Caatinga” region with a high-temperature climate and limited water availability,
providing raw material for the manufacture of a wide variety of products in regions where
agriculture is restricted [8,10]. Its pulp, which represents a negligible percentage of the
fruit’s mass, is commonly ignored; however, the licuri nut stands out for its use [11].

The licuri nut is of great importance in the regions where it is located, as it represents a
source of income for the population. Mainly, licuri nut is incorporated into the diet of beef
cattle and animals that supply milk exported outside Brazil, as an alternative to feeding
grains whose production is limited in the area [12,13]. However, it is important to note that
exploitation still occurs only in an extractive way [14].

As a food ingredient, licuri is consumed in various ways, as an ingredient in regional
preparations, in its natural, caramelized form, or even in a vegetable drink made from
the fruit. Also, an oil used in cooking by the semi-arid population is extracted from the
almond [14,15].

In the context of cereal bars, commercial formulations are commonly based on a
mixture of cereals, mainly oats, combined with dried fruits or even oilseed fruits, as in the
case of licuri [16]. Thus, the hypothesis created is that licuri, already consumed in different
ways in the regions where it is cultivated, could be an interesting ingredient in cereal bars,
from a commercial, sensorial, and nutritional point of view.

Commerecially, the incorporation of licuri in a product with increasing consumption
can exponentially increase its commercial value, adding to the populations that survive
with its extraction; in addition, nutritionally being an almond rich in proteins (11.5 g/100 g)
and with considerable energy value (240 kcal/100 g), it might be suitable for incorporation
in cereal bars that aim to provide high nutritional density in a reduced portion [14,17].

Another point to be considered is the sustainable nature of licuri production, which
requires little water and has reduced greenhouse gas (GHG) emissions, given that its
production is exclusively extractive [18]. Furthermore, considering the sustainable develop-
ment objectives stipulated by the United Nations Organization, the increased appreciation
of licuri as a culinary ingredient is related to the fulfillment of several of these objectives,
mainly those that refer to the consumption of local production and the valorization of
products from family and organic farming [19].

However, although some studies already incorporated licuri nuts in different prepara-
tions such as bread and cake, no studies aimed to develop and describe the sensory profile
of cereal bars incorporated with licuri nuts [14,15].

In this context, considering the demand for cereal bars and the need to incorporate
licuri into preparations to make better use of this local production, this study aimed
to produce cereal bars using different proportions of licuri nuts as a key ingredient, in
addition to describing its sensory profile to determine the best proportion of incorporation
of licuri nuts.
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2. Materials and Methods

This study was conducted in four steps: (i) sample development, (ii) chemical compo-
sition analysis, (iii) sensory Analysis, and (iv) statistical analysis.

2.1. Sample Development

The samples of cereal bars were developed by the authors, in two stages, one consisting
of the production of the clumping syrup and the other a mixture of dry ingredients. For
the clumping syrup, the following ingredients were combined: invert sugar syrup (70%),
sunflower oil (15%), glucose syrup (10%), and isomalt (5%).

Regarding the dry ingredients, different proportions of fined rolled oats (Avena sativa)
and licuri nuts (Syagrus coronata) were combined to produce five different samples:

A control one, with only oats, four others with licuri nuts in the proportions of 25%,
50%, 75%, and the last one, with 100% of licuri oats. Then, the cereal bars were produced
with 50% clumping syrup and 50% dry ingredients mixture. Table 1 below summarizes all
sample compositions.

Table 1. Proportion of ingredients implemented in developed samples of cereal bars.

Sample Code Clumping Syrup Rolled Oats  Licuri Nuts % of Substitution
1 (Control) 936 50% 0% 0%
2 583 37.5% 12.5% 25%
3 859 50% 25% 25% 50%
4 375 12.15% 37.5% 75%
5 247 0% 50% 100%

Then, the mixture of the clumping syrup with the different dry ingredients propor-
tions was baked at 180 degrees, for twenty minutes. Cereal bars were cooled to room
temperature, then portioned in bars with 15 g each and kept in hermetic recipients for
better conservation. All samples of cereal bars were produced on the same day as the
subsequent sensory analysis.

2.2. Chemical Composition Analysis

To analyze the chemical composition of the cereal bars developed, the management in-
strument created by Camargo et al. (2023), called technical preparation card, was used [20].
This instrument systematizes the ingredients used in preparations and based on nutritional
composition tables, estimates the nutritional value of authorial recipes.

In this sense, the energy value of cereal bars (kcal) was estimated, as well as the values
of carbohydrates (g), proteins (g), lipids (g), and dietary fiber (g). The nutritional value of
licuri nuts was estimated based on values found in the literature [10].

2.3. Sensory Analysis

The sensory analysis was conducted to list applicable descriptive characteristics and
evaluate the acceptance of developed cereal bars. Both descriptive and acceptance analyses
were assessed at the same time, in the University Center IESB sensory evaluation lab, from
1 pm to 8 pm, on 29 November 2023.

The acceptance test was performed using a structured 9-point hedonic scale, where 1
is equivalent to extreme dislike, 5 to neither dislike or like, and 9 to extreme liking [21]. In
this phase, the following attributes were assessed: appearance, texture, flavor, aroma, and
overall acceptance. To evaluate its acceptance, the following cutoff points were adopted:
average evaluations with values equal to or below 5 were considered as disliking; averages
equal to 5 as indifferent and equal to or above 6 as acceptance [21].

The check-all-that-apply (CATA) test was performed to list descriptive characteristics
of produced cereal bars. All sensory and non-sensory descriptors for the CATA test were
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elaborated based on Kelly’s Repertory Grid Method [22], with the presence of five assessors,
all with 500 h minimum experience related to the development of food products.

In total, four sessions of 30 min each were conducted, and with aid of an expert panel
moderator, 60 descriptors were raised by the method. Of these descriptors, 12 were raised
for describing appearance, 15 for aroma, 5 for color, 15 for flavor, and 13 for texture.

Regarding the panelists, all participants were recruited randomly from the university
center campus. Before the tests, the panelists were informed of the aims of the study and
signed an informed consent form. The project was approved by the University Center IESB
ethics committee (Register number: 75048323.1.0000.8927).

A recruitment questionnaire was handed to panelists to collect sociodemographic
information, frequency of consumption of cereal bars, presence of food allergies, and
willingness to participate. Samples were coded with random non-consecutive 3-digit codes.

In the given forms, both samples” orders and CATA descriptors were presented in
a randomized and balanced order to prevent sensory overload, resulting in bias in the
evaluation. Further, 5 g of each sample was served in disposable white plates, while
panelists also received two glasses, one with room temperature water and the other for
disposal of samples if needed.

Subsequently, panelists completed the given forms according to their perception of
hedonic attributes and applicable CATA descriptors. A total of 117 untrained panelists
participated in the sensory analysis.

2.4. Statistical Analysis

For analysis of the acceptance test, an analysis of variance (ANOVA) with 95% sig-
nificance level (p < 0.05) was performed to find possible differences between evaluated
attributes among samples. Then, a post hoc Fisher’s HSD test, also with 95% significance
level, was carried out. Also, radar graphics were generated to visualize the distribution of
acceptance of each evaluated attribute for each sample.

The CATA analysis began by comparing descriptors using the non-parametric Cochran’s
Q test (p < 0.001) to identify significant differences in consumer perceptions of various
attributes across different samples. Subsequently, a multiple pairwise comparison test
was conducted using the Bonferroni (McNemar) procedure with a significance level of 5%
(p <0.05).

Additionally, a correspondence analysis (CA) based on chi-squared distances was
employed to create a sensory map of the samples. A test of independence between rows
and columns was carried out at a 5% significance level (p < 0.05). Xlstat® (Addinsoft, Paris,
France, 2018) was used to perform all statistical analyses.

3. Results and Discussion

The chemical composition of 100 g of cereal bars is shown in Table 2, below.

Table 2. Chemical composition of 100 g of developed cereal bars.

Sample Energy Value (Kcal)  Carbohydrates (g/100g)  Protein (g/100 g) Lipids (g/100 g) Dietary Fiber (g/100 g)
936 (0% of Licuri Nuts) 413 kcal 7940 g 8.00g 6.88 g 490¢g
583 (25% of Licuri Nuts) 430 kcal 72.75¢g 744 ¢ 1224 ¢ 555¢
859 (50% of Licuri Nuts) 448 kcal 65.10¢g 6.88 g 1760 g 73lg
375 (75% of Licuri Nuts) 465 kcal 58.24 ¢ 632¢g 229 ¢g 8.12¢g
247 (25% of Licuri Nuts) 482 kcal 51.04 g 575¢g 2831¢g 942 ¢

In general, given the lipid-rich nature of licuri nuts, the lipid content of cereal bars
increased proportionally as the percentage of licuri in the bars increased [10]. This also
increased the energy value of the bars. However, it is important to highlight that despite
the increase in energy value, an increase was also observed in terms of dietary fiber content,
while the carbohydrate and protein values were reduced.
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Considering the common nutritional composition of commercial cereal bars, carbohy-
drates stand out as predominant nutrients, mainly given the sugar content and the use of
cereals, such as oats, rice flakes, or quinoa [17]. Commonly, cereal bars can contain between
50 and 75% of their weight in sugar, compared to the bar developed in this study, which
used a minimum proportion of 50% [17]. In this way, one of the potential benefits of the
licuri nut bar is to provide a product reduced in sugar and increased in dietary fiber and
can be included in diets that restrict the aforementioned nutrients.

As another potential benefit, the content of antioxidant phenolic compounds in licuri
nuts stands out, whose average value is around 75.48 g.¢ DPPH ™!, also highlighting its
stability at high temperatures [23].

At the end of the sensory analysis, a total of 122 panelists participated through random
recruitment on the university campus. Of these, all reported habitual consumption of
both coconut and cereal bars (At least 1 x per week), and no panelists were lost due to the
exclusion criteria used.

Of these, 45% were between 18 and 25 years old, 22% between 26 and 35 years old,
16% between 36 and 50 years old, and 15% were over 50 years old. Regarding gender
distribution, most panelists were female, representing 59% of the sample, while male
panelists comprised 41% of the total.

The results of the acceptance analysis of cereal bars incorporated with licuri are shown
in Table 3 and Figure 1 below.

Table 3. Means and standard deviations of the evaluated attributes on the acceptance test.

Sample Appearance Flavor Aroma Texture Overall Acceptance
247 (100% of Licuri Nuts) 8.34+1.067 799 £1.402 797 £1.272 793 +1502 811+ 1162
375 (75% of Licuri Nuts) 8.244+0.952 7914+1.352 7.80+1.252 793 +1.192 8.05+1.052
859 (50% of Licuri Nuts) 8.02£1.332 789 +£1.35% 770 £1.39°2 781+1.27% 798 +1.16%
936 (0% of Licuri Nuts) 7.40 £ 1.81P 7.36 £ 18" 7.02+£201P 7.07 £2.16" 7.30 = 1.87P
583 (25% of Licuri Nuts) 721 +1.60P 6.49 +1.60 ¢ 6.45+1.59°¢ 6.27 +1.69 € 6.65 +1.57 ¢
Means with different superscript letters in the same column statistically differ at a 95% confidence level (p < 0.05,
Tukey’s HSD test).
Texture Flavor
247 247
583 375 583 375

Overall Acceptance

936 859
936 859 247

583 375

Aroma Appearance

247 247

583 375 936 859 583 375

936 859 936 859

Figure 1. Radar graphs generated from evaluated attributes on the acceptance test for each sample.
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From the sensory analysis, it was possible to observe that the introduction of licuri
nuts was successful in all formulated samples, given that all attributes presented average
evaluations above 6 [21,24]. However, higher overall acceptance levels with no significant
differences between them were found in samples incorporated with 100% (247), 75%
(375), and 50% (859) of licuri, highlighting licuri’s nut potential to be implemented as an
ingredient in cereal bars. Furthermore, when observing the radar graphs generated from the
acceptance data, it is possible to observe that the vertices referring to these same samples
(247, 375, and 859) present visible symmetry, thus denoting the absence of significant
differences [25]

It is worth noting that even regional products subject to sensory analysis tend to be
well accepted, and those rich in sugar, such as cereal bars, usually present good purchasing
intentions [26]

The licuri nut is phylogenetically close to the coconut (Cocus nucifera L.), thus present-
ing a characteristic flavor and aroma like conventional coconut [10,15]. Coconut, in turn, is
already widely incorporated into cereal bars successfully, mainly given the sensory charac-
teristics it provides in preparations [27]. As an oleaginous fruit, when incorporated into
preparations, it provides well-accepted sensorial characteristics, such as lubricity, pleasant
aftertaste, shine, and unctuousness [10].

However, a limitation in the use of coconut refers to its cultivation. Demanding
environments with sandy soil and a high content of mineral salts and humidity, typical of
coastal areas, mean that its mostly extractive cultivation is restricted to locations close to
beaches [28]. In this sense, this ingredient is more economically viable in tropical regions,
as evidenced in studies that used this fruit in cereal bars produced in regions of Africa,
Brazil, and Asia [27].

The licuri, in turn, is adapted to both hotter and colder regions; however, originating
from the Brazilian Caatinga, it is a specimen adapted to low relative humidity (<25%) and
rigid soils, reddish due to the presence of ore of iron, presenting more viable cultivation in
regions away from the coast [11]. Such soils stand out for being ideal for growing berries
common to the northern hemisphere’s eating habits, such as blueberries and cranberries
that require more iron [29]. In this sense, one of the potential uses of licuri is to replace
traditional coconut in preparations such as granola and cereal bars.

Given the high number of descriptors (60), 12 of them were excluded given that there
were no frequencies associated with these, resulting in a final 48 descriptors. The presence of
significant differences among descriptors and their frequencies highlights the dependence
between rows and columns. A contingency table containing the absolute frequencies of
signed descriptors and its respective p-values from Cochran’s Q test is shown in Table 4.

Table 4. List of sensory descriptors utilized in CATA evaluation, with p-values from Cochran’s Q test.

Descriptors/Samples 247 375 583 859 936 p Value
Appearance
Regular Appearance 324 44 b 56b 46 b 55b 0.001
Visible Whole Nuts 484 35¢ 52 21b 24P <0.0001
Irregular Appearance 162 152 132 172 52 0.050
Soft Appearance 7 ab g ab 20b 13ab g ab 0.006
Visible Pieces of Dried Fruit 430 41b 302 33 b 172 <0.0001
Bright Appearance 102°¢ 98 be 284 83 b 97 be <0.0001
Homogeneous Appearance 162 182 29 ab 25 ab 33b 0.005
Fibrous Appearance 202 194 362 262 302 0.021
Matte Appearance 32 22 56 ¢ 16P 6ab <0.0001
Heterogeneous Appearance 262 194 162 232 132 0.084

Dry Appearance ga 12 ab 34¢ 13 ab 23 be <0.0001
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Table 4. Cont.
Descriptors/Samples 247 375 583 859 936 p Value
Aroma
Coconut Aroma 78 ¢ 73 ¢ 40P 56 be 3a <0.0001
Biscuit Aroma 152b 112 28b 23 ab 20 b 0.011
Sweet aroma 514 464 494 522 344 0.057
Caramel Aroma 23 ab 28 b 112 18 ab 102 0.001
Intense Aroma 17b 120b g ab 6ab 02 0.000
Light Aroma 332 342 52 ab 48 ab 58P 0.000
Roasted Aroma 21b 19b gab 14 ab 132 <0.0001
Cereal Aroma 324 41 b 57 be 44 b 73¢ <0.0001
Woody Aroma 15b 9 ab 4 ab 5 ab 3a 0.005
Color
Light Caramel Color 204 34 ab 35 ab 46 b 34 ab 0.005
Copper Color 15P 12b 14 4ab 3ab 0.000
Golden Caramel Color 28 b 32b 15ab 24 ab 92 0.000
Dark Caramel Color 444 23¢ 12 11 be 4ab <0.0001
Bright color 162 32 ab 72°¢ 48P 86°¢ <0.0001
Flavor
QOat Flavor 162 274 80 ¢ 53b 104 d <0.0001
Penetrating Flavor 25b 192b 82 152b 82 0.001
Cereal Flavor 402 57 ab 65P 65P 60 ab 0.002
Caramel Flavor 29 be 29 ¢ 12 ab 20 abe 62 <0.0001
Bitter Residual Taste 2P g ab 72 10 ab 52 0.000
Rancid Taste 184 82 82 62 82 0.019
Roasted Flavor 22b 19 @b 11@b 17 ab 62 0.007
Intense Coconut Flavor 52d 45cd 11b 31¢ 12 <0.0001
Toasted Coconut Flavor 64d 34¢ 16P 31 be 12 <0.0001
Bland Coconut Taste 16 b 36¢ 41°¢ 35 be 122 <0.0001
Moderately Sweet Taste 332 4 ab 50 ab 45 ab 52 0.037
Cookies Flavor 43 10 2P 21b gab 112 0.002
Texture
Hard Texture 11 @b 42 52 gab 20b 0.001
Pleasant Texture 71 be 75 be 58 ab 79 ¢ 392 <0.0001
Soft Texture 102 152 34b 132 22 ab <0.0001
Fibrous Texture 38 ab 29a 45 ab 302 50 0.001
Cohesive Texture 14 ab 25b 18ab 25b 102 0.004
Sticks to teeth sensation 45b 262 202 212 3pab 0.000
Dry Texture 122 132 31b 19 ab 20 ab 0.001
Dense Texture 154 192 72 132 154 0.071
Crunchy Texture 47b 46P 152 41°b 112 <0.0001
Chewy Texture 112 182 214ab 152 39P <0.0001
Granular Texture 242 152 312 262 282 0.044

Different superscript letters in the same row present significant statistical differences (p < 0.05); p values highlighted
in bold represents p values associated with significant differences. 247 (100% of licuri nuts); 375 (75% of licuri

nuts); 859 (50% of licuri nuts); 936 (0% of licuri nuts); 583 (25% of licuri nuts).
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A total of 41 descriptors (85.41%) presented significant differences among their respec-
tive frequencies, thus discriminating samples, and suggesting heterogeneity between the
panelists’ perceptions of the different cereal bars produced. Among all evaluated modal-
ities, discrepancies were found in 72.72% (n = 8) of descriptors for appearance, 88.88%
(n = 8) for aroma, 100% (n = 5) for color, 91.66% (n = 11) for flavor and 81.81% (n = 9) for
texture. From all descriptors, the following did not present significant differences between
samples: “Irregular appearance”, “Fibrous appearance”, “Heterogeneous appearance”,
“Sweet aroma’, “Rancid taste”, “Dense texture”, and “Granular texture”.

A preference map generated based on chi-squared distances between evaluated de-

scriptors and overall acceptance of the developed cereal bars is shown in Figure 2.

Symmetric Plot
(F1'and F2: 90.75%)

0.8

0.6
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Figure 2. Preference map generated based on chi-squared distances between evaluated descriptors
and overall acceptance of the developed cereal bars. In red are the descriptors, and samples are in
blue. 247 (100% of licuri nuts); 375 (75% of licuri nuts); 859 (50% of licuri nuts); 936 (0% of licuri nuts);
583 (25% of licuri nuts).

Within the context of the descriptors of all evaluated modalities, the different
percentages of incorporation of licuri nuts were determining factors for the acceptance
obtained in the bars developed, given that descriptors placed on the positive side of the
F1 axis (which explains 71.98% of the variance) presented higher frequencies in samples
with more incorporated licuri nut, such as samples 859 (50%), 375 (75%), and 859 (100%)
(Table 3 and Figure 2).

For the appearance modality, descriptors, such as “Bright appearance”, “Visible whole
nuts”, “Bright appearance”, “Heterogenous appearance”, and “Irregular appearance”,
were present in the positive side of the F1 axis, more frequently associated with bars with
concentrations of licuri nut starting from 50% up to 100%, in samples 859, 375, and 247,
respectively. On the other hand, descriptors, such as “Regular appearance”, “Dry appear-
ance”, and “Soft appearance”, are associated with bars with lower levels of incorporated
licuri nuts, such as samples 583 and 936, with 25% of licuri nuts and 0%, also appearing on
the negative side of the F1 axis.

The appearance of a product is a determining factor in its purchase intention, both in
products aimed at children and those aimed at adults [16,30]. In the case of the developed
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bars, the presence of the licuri positively influenced the acceptance of the bars. For example,
asitis a small (5 to 10 mm) and round nut, its incorporation into cereal bars was in its entire
form, without cutting or crushing, which possibly justifies the frequency of descriptors
related to heterogeneity and irregularity of the cereal bars, as well as the perception of the
presence of nuts (as evidenced in “Visible whole nuts”) [31].

The “shininess” (evident in “Bright appearance”), in turn, results both from the
incorporation of the licuri nut, which, being an oilseed, exudes part of its oily content during
cooking, and also from the clumping syrup used, whose caramelization also contributes to
the presence of this attribute [32].

In another study, also carried out with cereal bars, the dry appearance negatively
influenced the acceptance of the developed bar, in a similar way to that found in our study,
reinforcing that this attribute is undesirable in the case of cereal bars [33]. In the case of
the cereal bars developed, the descriptors that negatively influenced the acceptance of the
bars possibly derive from the greater proportion of oats, which become soft and integrate
as a result of rheological phenomena inherent to their cooking, such as gelatinization and
dextrinization [34,35].

For aroma, descriptors within the positive axis were also associated with samples 859,
375, and 247, as “Caramel aroma”, “Roasted aroma”, “Woody aroma”, “Burnt aroma”,

/AT

“Sweet aroma”, “Coconut aroma”, and “Intense aroma”. In samples, 583 and 936, the
most frequently associated descriptors were “Cereal aroma”, “Light aroma”, and “Biscuit
aroma”. In the case of cereal bars, other descriptive studies have already demonstrated that
the aroma is also decisive in their acceptance [16,33,36]. Commonly being baked and sweet
preparations, the ingredients incorporated in these products contribute in different ways to
the final aroma of the product.

Sugar, used as a binder for dry ingredients, has a characteristic aroma resulting from its
caramelization, which occurs during the cooking process of cereal bars [37]. Furthermore,
the incorporated ingredients, such as fruits and oilseeds, have volatile compounds with
characteristic aromas, as in the case of licuri nuts [38,39].

In a study that used licuri nuts in bread, the aroma of samples that contained higher
proportions of licuri nuts presented higher scores compared to samples with lower pro-
portions of nuts [40]. Thus, the descriptors such as “Caramel aroma” and “Sweet aroma”
are possibly related to the sugar incorporated in the clumping syrup, while the other de-
scriptors positively associated with the acceptance of cereal bars are related to the cooking
of licuri nuts and the release of its aromatic compounds, as evidenced in the descriptors
“Coconut aroma”, “Roasted aroma”, and “Woody aroma” [39,41].

Regarding color, descriptors located on the positive F1 axis were “Copper color”,
“Dark caramel color”, and “Golden caramel color”, being associated with the overall
acceptance of samples 859, 375, and 247, as other evaluated descriptors. Samples located
on the negative side of F1 axis (583 and 936) were most associated with color descriptors
such as “Light caramel color” and “Bright color”. The licuri nut has shades that vary from
light brown to dark brown, which tend to darken during the cooking process [11]. In this
sense, it is likely that the licuri nut is responsible for the higher frequency of descriptors
positively associated with the acceptance of bars with higher licuri content.

As for the flavor modality, samples 859, 275, and 247 were associated with “Bitter
residual taste”, “Penetrating flavor”, “Rancid taste”, “Roasted flavor”, and “Intense co-
conut flavor”, noting that all these descriptors were located on the positive side of the
F1 axis. However, similar to that noted with other modalities, descriptors located on the
negative side of the F1 axis were associated with samples 583 and 936, such as “Oat flavor”,
“Moderately sweet taste”, “Cookies Flavor”, and “Cereal flavor”. Although flavor is not
the first sensory modality to be perceived when tasting a product, it is decisive in aspects
related to purchase intention and customer loyalty to the evaluated product [42,43].

It is noteworthy that the development of products with regional foods is challenging,
as the flavors of these foods are not common in widely consumed products [44,45]. In the
context of the bars developed, the descriptor “Intense coconut flavor” was the most present,
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being a direct consequence of the incorporation of licuri nuts, which have a flavor similar to
traditional coconut [16]. In contrast, descriptors negatively associated with bar acceptance
are common in cereal-based products, such as oats.

However, one point to highlight is the presence of sugar in the cereal bars developed.
Sugary products are the most accepted by the general population, and in the case of other
studies related to the development of cereal bars, the presence of this ingredient was
associated with positive descriptors [46,47].

Finally, regarding the texture modality, with the same tendency as aforementioned
modalities, positive descriptors associated with samples 247, 375, and 936 were “Sticks to
teeth sensation”, “Cohesive texture”, “Pleasant texture”, “Crunchy texture”, and “Moist
texture”, whereas on the negative side, descriptors were “Chewy texture”, “Fibrous tex-
ture”, “Granular texture”, “Soft texture”, and “Dry texture”. Oilseeds in general have
sensory characteristics, such as crunchiness, greasiness, and moisture; therefore, it is likely
that the presence of licuri is responsible for the presence of descriptors positively associated
with the acceptance of cereal bars incorporated with a higher proportion of licuri [48]

In general, with regard to the acceptance of the cereal bars developed, the presence of
licuri nuts stood out as being determined based on their acceptance, since despite there
being no significant differences in relation to the acceptance of all the bars developed, the
samples with a higher proportion of licuri (247, 375, and 936) presented both higher scores
and descriptors associated with the presence of licuri nuts located on the acceptance axis of
the preference map.

Such results are promising, since despite being incorporated into regional preparations,
the greatest economic value related to licuri is found in its incorporation into animal
feed [12,49]. Furthermore, as it is a product derived from extractivism in economically
vulnerable Brazilian populations, the wider use of licuri nuts is in line with sustainable
development objectives [19].

Thus, despite not exhausting the subject in any way, the present study highlights a
possibility of incorporating a regional Brazilian ingredient into a product of widespread
consumption, acceptance, and commercialization such as cereal bars, thus expanding the
use of licuri and its socioeconomic potential.

One of the study’s main limitations is the lack of characterization of the chemical
composition of the cereal bars developed. Food composition tables are validated methods
for describing the chemical composition of foods, also accepted in Brazilian law [37].

However, although the literature already highlights the multiple benefits of incorporat-
ing this ingredient, laboratory analyses would provide greater robustness to the nutritional
viability of this product [11,48]. Based on the acceptance of bars with different proportions
of licuri, it is hoped to stimulate this production and subsequent analysis. Being an impor-
tant cultural product in several communities in regions of Brazil, the addition of another
preparation can result in greater socioeconomic value [31].

4. Conclusions

Regarding the chemical composition, cereal bars incorporated with licuri nuts presented
higher energy and lipid concentration as the proportion of implemented licuri nuts increased.
However, the dietary fiber content increased with the incorporation of licuri nuts.

This study demonstrated that cereal bars incorporated with licuri nuts were well
accepted, independent of the proportion of licuri nuts incorporated. However, the rapid de-
scriptive analysis demonstrated that descriptors associated with the presence of licuri nuts
were positively associated with product acceptance. In contrast, traditional characteristics
of bars with a lower percentage of licuri or just oats presented descriptors less associated
with product acceptance.

Given the socioeconomic importance of licuri in the regions of Brazil where it is grown,
this study demonstrated that this ingredient could be successfully incorporated into cereal
bars, one of the preparations whose consumption is growing worldwide.
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