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Abstract In the processing for obtaining acerola juice, a large
amount of residues, which is usually discharged, is generated
(seeds and bagasse). Adding value to these by-products is of
great interest, since their use can enrich human food as a good
source of nutrients and dietary fiber. In this study, acerola seed
flours (ASF) and acerola bagasse flours (ABF) were used to
develop cereal bars (CB) in different combinations with
brown oats: CB 1: control - with the addition of 25% brown
oats, CB 2: with the addition of 12.5% ASF and 12.5% ABF,
CB 3: with the addition of 6.25% ASF and 18.75% ABF, CB
4: with the addition of 12.5% ASF and 12.5% brown oats and
CB 5: with the addition of 12.5%ABF and 12.5% brown oats.
These bars were sensorially evaluated and CB 1, CB 4 and CB
5 received the highest scores. We conclude that CB 4 and CB
5 can be considered as products with enhanced nutritional
value, containing iron with a low energetic value and high
levels of dietary fibre, besides being enriched with
antioxidants.

Keywords Malpighia emarginata . Seed, Bagasse . Sensory
analysis . Dietary fibre

Introduction

The demand for healthy, nutritious and safe food is growing
worldwide, and a balanced food intake is the correct way to
prevent or even remedy health problems, such as obesity,
diabetes, malnutrition, cardiopathies and others, which largely
originate from dietary mistakes.

Cereal bars (CB) meet this trend and are elaborated from
the mass of grains of sweet and pleasant taste, and are a source
of vitamins, mineral nutrients, fibre, protein and complex
carbohydrates (Izzo and Niness 2001). These products use a
variety of ingredients and cater to various segments of con-
sumers concerned about a healthy life (Palazzolo 2003). Their
sensory attributes, added to the demand for health benefits,
have enabled the development of CB with new food ingredi-
ents, which are also nutritional and functional.

An important constituent found in CB is dietary fibre,
mainly derived from oats. Oats are a relatively expensive
product, and the search for other cheaper fibre sources be-
comes relevant to the food industry. Thus, the use of fruit
agroindustrial residues could meet this demand, as they are
rich in this constituent. The consumption of dietary fibers
regulates bowel function, making them relevant to healthy
people’s welfare and to the dietary treatment and prevention
of many pathologies (Donatto et al. 2006), such as cardiovas-
cular and gastrointestinal diseases, colon cancer, hyperlipid-
emia, diabetes, obesity, constipation, and hemorrhoids.

Fruit juice processing industries generate large amounts of
residues (peel and seeds). These residues are currently used by
farmers in the supplementation of animal feed or placed in
landfills, causing environmental problems. As this volume
corresponds to several tons, adding value to these by-
products is of great interest, since these residues are sources
of nutrients and fiber.

The use of agroindustrial residues (seed, peel, bagasse) in
the manufacturing process of flours as a raw material rich in
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fibre, for the production of foods that can be included in the
human diet, such as acerola residues (seed and bagasse) is
considered as an alternative.

Chemical constituents of acerola residues have been report-
ed previously (Aguiar et al., 2010; Marques et al., 2013).
Aguiar et al. (2010) studied the chemical composition of
acerola seed flour and found, in g 100 g1 dry matter (DM),
contents of: proteins (18.70), ether extract (4.33), ash (0.49),
total fibre (29.29) and vitamin C (0.08).

Marques et al. (2013) analyzed acerola seed flour and
acerola bagasse flour and found high levels (in g 100 g−1

DM) of: insoluble fiber (75.66 and 28.58), soluble fiber
(4.76 and 8.74), phenolic compounds (4.73 and 10.82), and
vitamin C (12:48 and 10:28), respectively. Furthermore, these
flours also showed low levels of antinutritional substances and
high levels of minerals. Thus, combining the wealth of con-
stituents and the high volume of discarded residues, they were
chosen for the preparation of cereal bars, adding more value to
the fruit acerola

Thus, the objective of this study was to use flours of acerola
agroindustrial residues (seed and bagasse) by replacing oats in
the development of CB and making them more nutritious,
with diverse functional properties, as well as verifying their
acceptability, with lower prices.

Material and methods

Sample collection and preparation of Residues (seeds and
bagasse) of acerola, Malpighia emarginata DC Variety BRS
238 Frutacor, resulting from pulp extraction, were supplied by
a fruit pulp company located in Perdões, State of Minas
Gerais, Brazil. Three batches were collected and mixed into
a single one to be used in all experiments. The seeds were
washed with running water, scrubbed to remove any residual
pulp and weighed still wet. The bagasse was frozen at −18 °C,
and then seeds and bagasse were dehydrated as described
below.

The seeds were placed in ten fine mesh metallic material
baskets containing 400 g, and dehydrated at temperature of
45 °C in a forced air oven. Readings for loss of seed weight
were performed every 24 hours. The baskets were removed
from the oven, weighed on a 3-decimal-place semi-analytical
scale and quickly returned to the oven until constant weight.
The bagasse was freeze-dried in twelve beakers containing
250 g portions, and protected from light until constant weight.

After dehydration, the seeds were ground in a knife mill
(TE 631 Tecnal®) for 3 minutes, packaged in hermetically
sealed vials and protected from light in a refrigerator. The
lyophilized acerola bagasse from each batch was homoge-
nized in a mortar and subsequently collected and stored the
same way as acerola seed flour. Acerola seed flour (ASF) and

acerola bagasse flour (ABF) were used in the preparation of
cereal bars (CB)

Elaboration of cereal bars The CB were elaborated contain-
ing a liquid phase (50%) and a solid phase (50%). In the liquid
phase, the proportions of the binder syrup ingredients were
determined by a sequence of preliminary tests, yielding the
final formulation for the five cereal bar (CB) treatments in
fixed amounts. The amount of each ingredient was determined
after preliminary tests.

Brown oats (I-nutri), rice flakes (Harald), honey (Russuel),
brown sugar (I-nutri), glucose syrup (Yoki), salt (NaCl)
(Cisne), acerola seed flour (ASF) and acerola bagasse flour
(ABF) were used for the production of the CB, according to
Table 1.

The binder syrup ingredients (brown sugar, glucose syrup
and salt), were mixed and heated in a water bath at 90°C for
about tenminutes in a stainless steel pot, until reaching soluble
solids values from 80° Brix to 85° Brix (Paiva et al. 2012).

The dry phase ingredients (ASF, ABF, rice flakes and
brown oats), following the ingredients for each treatment
according to Table 1, were manually homogenized in a stain-
less steel bowl.

After that, the dry phase was added to the binder phase and,
during a period of three minutes under heating in a water bath
at 90°C, the two phases were mixed, and a uniform mass was
obtained. The mass was then distributed in an aluminum form
smeared with a thin layer of hydrogenated vegetable fat
(Primor) and pressed with a spatula up to a thickness of
1.5 cm.

After cooling at room temperature, the mass was cut to
obtain the CBs, which were 2.5 cmwide and 10 cm long, with
approximately 25 g each; they were then wrapped with alu-
minum foil and kept in a sealed plastic container until the
beginning of the sensory tests.

Microbiological analyses Bacteria and yeast counts were
made according to Silva et al. (2010), to ensure their micro-
biological quality. The microorganisms studied were Bacillus
cereus, Samonella sp, total and thermotolerant coliforms (fe-
cal ones), besides the fungus Penicillium sp.

Sensory evaluation The evaluation of the CB acceptance in
this study was approved by the Ethics Committee on Human
Research of Universidade Federal de Lavras (UFLA—Proto-
col 0008.0.461.000-11).

The formulations of the cereal bars (Table 1) were evalu-
ated by 80 untrained adult consumers (aged 18–30 years). The
attributes evaluated were aspect, texture, flavor, overall ap-
pearance and purchase intention. The acceptance test was
performed using a 9-point hedonic scale (9 = like extremely,
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1 = dislike extremely) and the purchase intention test using a
5-point scale (5 = certainly would buy the product, 1 =
certainly would not buy the product).

The tests were conducted in individual booths, under white
light, and the samples (CB 1, CB 2, CB 3, CB 4 and CB 5)
were presented to the consumers in a balanced way, served in
disposable plastic cups and placed on a white bench and coded
with three random digits.

Analyses of cereal bars Four recipes of each bar were pre-
pared, CB 1, CB 4 and CB 5 (which showed a better accep-
tance, and the one that does not contain ASF and ABF - CB 1),
as described in the methodology, and they were submitted to
analyses of chemical and mineral composition, soluble solids,
phenolic compounds, vitamin C, colour, water activity and
texture. For the analysis of chemical and mineral composition,
soluble solids, phenolic compounds and vitamin C, the bars
were placed in a freezer at −17°C to be frozen and subse-
quently homogenized in a mortar and stored in a freezer at
−17°C. All analyses of CBs were performed in duplicate.

Proximate and mineral composition, soluble solids and calo-
ric value The chemical composition of the CB (moisture,
ether extract, crude protein (NX6.25), ash, dietary fibre and
nitrogen-free extract) was performed using the method de-
scribed by the Association of Official Analytical Chemists -
AOAC (2005).

In order to quantify minerals (Ca, P, Mg, S, Cu, Mn, Zn, Fe
and Na), the CBwere subjected to a nitropercloric digestion in
digestion blocks with temperature control. P and S were
determined by colorimetry, Na and K by flame photometry
and Ca, Mg, Cu, Mn, Zn and Fe by atomic absorption

spectrophotometry (Malavolta et al. 1997). The content of
soluble solids was determined by the readings performed
using an Atago hand-held refractometer, (N-1E) with °BRIX
between 0 and 32%, as described by the AOAC (2005).

The calculations of caloric value for the CB were per-
formed using ATWATER coefficients (carbohydrates = 4.0,
lipids = 9.0, and proteins = 4.0).

Phenolic compounds and vitamin C The extraction of pheno-
lic compounds from the CB was performed with 50% meth-
anol in reflux for three consecutive times at 80 °C, in the ratio
1:25 (w/v). The extracts were combined, evaporated to 25 mL
and subjected to determination, using the Folin-Denis reagent
(AOAC 2005). Tannic acid was used as a standard.

Vitamin C from the CBwas determined by the colorimetric
method described by Strohecker and Henning (1967). Ascor-
bic acid was extracted with 0.5% oxalic acid, in the ratio 1:30
(w/v). After filtration, vitamin C was dosed in the extract,
using ascorbic acid as a standard.

Color, water activity and texture For the CB color determina-
tion (L*, a* and b*), readings were taken using a
spectrocolorimeter, manufactured by Konica Minolta, Model
CM-5. L*(lightness), a*(redness) and b*(yellowness) read-
ings were based on the CIELab system, with the following
characteristics: 30.0mmmeasurement area, 10° angle of view,
illuminant D65 with specular component included.

Water activity in the CB was measured with a 3TE
AquaLab water activity meter, series 3B, v 3.0 (Decagon
Devices Inc. WA, USA) with a standard water activity of
0.500, at 25°C (AOAC 2005).

The CB texture was measured in an SMS TAXT2i
texturometer, using a 25 Kg load cell and application program
supplied with the equipment (Texture Expert for Windows,
version 1.19). To measure shear strength, an HDP/BSK stain-
less steel blade was used which was adjusted to pierce the
sample at a speed of 2 mm s−1. The maximum shear force, in
Newtons (N), was automatically determined by the program.

Statistical analysis Sensory tests were performed using a
balanced complete block design (BCBD) and the samples
were offered in five treatments (5 CB types) and 80 untrained
panelists to represent consumers.

To choose the best bars, sensory data were statistically
analyzed by a three-way internal preference map (Nunes
et al. 2011), which allows the evaluation of sample accept-
ability according to the panelists’ hedonic scores, considering
the information on the acceptance of several attributes simul-
taneously. The three-way preference map was obtained by
parallel factor analysis (PARAFAC) (Bro 1997) from a three

Table 1 Formulations used for the preparation of cereal bars (CB) with
the replacement of brown oats by acerola seed flour and acerola bagasse
flour at different concentrations

Treatments

Ingredients CB 1 CB 2 CB 3 CB 4 CB 5

Dry phase

ASFa 0 12.5 6.25 12.5 0

ABFb 0 12.5 18.75 0 12.5

Brown oats 25 0 0 12.5 12.5

Rice flakes 25 25 25 25 25

Binder phase

Honey 15 15 15 15 15

Brown sugar 4.5 4.5 4.5 4.5 4.5

Glucose syrup 30 30 30 30 30

Salt (NaCl) 0.5 0.5 0.5 0.5 0.5

Total (%) 100 100 100 100 100

a Acerola seed flour; b Acerola bagasse flour.
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dimensional data set, consisting of 5 bars × 80 panelists x ×
attributes.

Analyses of chemical and mineral composition, soluble
solids, phenolic compounds, vitamin C, water activity and
texture in the bars were carried out in a completely random-
ized design (CRD), with three treatments and eight replicates.
The results were evaluated by Analysis of variance with the R
software (TEAM 2011), and treatment means were compared
by the Tukey test at 5% probability.

Results and Discussion

The microbiological analyses performed in the CB: CB 1, CB
2, CB 3, CB 4 and CB 5 for Bacillus cereus, Salmonella sp,
total coliforms, thermotolerant coliforms and Penicillium sp,
were in accordance with RDC 12 (ANVISA 2001); the bars
are suitable for consumption.

Sensory analysis

The most accepted bars (Fig. 1) were CB 4 (with the
addition of 12.5% ASF and 12.5% brown oats), CB 5
(with the addition of 12.5% ABF and 12.5% brown oats),
followed by CB 1 (with the addition of 25% brown oats).

Results show that all attributes analyzed had influence on
the separation of the bars CB 1, CB 4 and CB 5, since
there are a large number of consumers (vectors) towards
these samples. The greater preference for these bars can
be mainly attributed to higher scores for the attributes
aspect, texture, flavor, overall appearance and purchase
intention on the hedonic scale (Table 2).

For the bars CB 1, CB 4 and CB 5, there was a higher
percentage of frequency of scores above 5 for the attri-
butes aspect, texture, flavor and overall appearance, indi-
cating that the panelists liked these bars. While for the
attribute purchase intention, the highest percentage of
scores was above 3 for the same bars, indicating that the
panelists would buy them.

Chemical composition and total caloric value of the ce-
real bars CB1, CB 4 and CB 5 Moisture determination of
very important, as it is the main factor for the development of
fungi, yeast and bacteria. In this study, there was a higher
moisture content in CB 5 (13.12 g 100 g−1), which differed
statistically from those found in CB 1 and CB 4 (Table 3).

Our finding corroborated previous reports that CB are
prepared from agroindustrial residues and differed mois-
ture contents in g 100 g−1, ranging from 9.44 to 11.70
(Paiva et al. 2012), 9.73 (Lima et al. 2010) and 4.61
(Fonseca et al. 2011). This variation is probably due to
the components used in the preparation of the bars. How-
ever, these moisture contents are in with CNNPA Resolu-
tion n°12, 1978, which establishes a 15% moisture limit
for cereal products (ANVISA 1978).

There was no significant difference (P > 0.05) in ether
extract, crude protein and ash among the bars analyzed
(Table 3). Paiva et al. (2012) recorded ether extract con-
tents ranging from 6.72 to 9.98 g 100 g−1, crude protein
ranging from 8.12 to 12.43 g 100 g−1 and ash varying
from 1.11 to 1.63 g 100 g−1 in CB produced with residues
of rice, soy, pineapple and brown pequi. Gutkoski et al.
(2007) reported an average ether extract levels of 6.57 g
100 g−1, crude protein levels of 11.43 g 100 g−1 in oat-
based CB, and Fonseca et al. (2011), studying CB in
passion fruit peel jelly, reported ether extract contents of
9.86 g 100 g−1, protein contents of 9.05 g 100 g−1and ash
contents of 1.17 g 100 g−1. We observed lower levels of
ether extract and crude protein for the bars in the present
study. These differences are due to the different residues
used, which have different compositions. The consump-
tion of a portion (25 g) of CB 4 or CB 5 provides
approximately 0.13 g ether extract; thus, it appears that
the CBs in this study, prepared by partially replacing oats
with ASF and ABF, present low levels of ether extract
(triacylglycerols), being excellent for individuals who
consume CBs as a healthy and less caloric snack option.

Fig. 1 Dispersion of the five cereal bars (CB) in relation to consumer
acceptance of various attributes •=samples of the five CBs; /=consumers
and =attributes evaluated (aspect, texture, flavour, overall appearance and
purchase intention). Cereal bars (CB): CB 1: control - with the addition of
25% brown oats, CB 2: with the addition of 12.5% acerola seed flour
(ASF) and 12.5% acerola bagasse flour (ABF), CB 3: with the addition of
6.25%ASF and 18.75%ABF, CB 4: with the addition of 12.5%ASF and
12.5% brown oats and CB 5: with the addition of 12.5% ABF and 12.5%
brown oats
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The ingestion of a portion (25 g) of CB 4 and CB 5
provides 1.45 g and 1.58 g protein, respectively. These levels
meet 3.14% and 3.42% of the protein recommended dietary
allowance (RDA), respectively, considering that the daily
need of an adult male (70 kg) is 46.2 g protein day−1 (IOM -
Institute of Medicine of the Natural Academies 2005a).

Regarding the total dietary fiber content, CB 4 and CB 5
showed higher levels (about 75%), when compared to CB 1
(Table 3). CB 5 had the highest content of soluble fiber (about
68% higher than the control bar, CB 1). These results show, it
is clear that ASF and ABF increased the levels of dietary fiber,
which are essential to maintain a good health and reduce the
risk of various diseases, such as cardiovascular diseases and
diabetes.

The fiber contents of the CB in this study were higher than
those in CB prepared with residues of rice, pequi, soy and
pineapple (11.61 to 21.19 g 100 g−1) (Paiva et al., 2012), in
passion fruit residue (albedo, peel) based CBs (11.81 g

100 g−1) (Silva et al., 2009), in CB made from baru pulp
and almond (14.86 to 16.73 g 100 g−1) (Lima et al., 2010)
and in CB made from pineapple peel jelly (5.33 g 100 g−1)
(Fonseca et al. (2011). These differences are also due to the
constituents present in the residues used in the preparation of
the CB.

CB 4 and CB 5 can be classified as rich in dietary fiber,
because Brazilian law requires a minimum of 6 g 100 g−1 (for
solids) for such classification; thus, they can be claimed as
functional food (ANVISA 1998). IOM - Institute of Medicine
of the Natural Academies (2005a) recommends an intake of
25 to 38 g fiber per day. Thus, the ingestion of a portion (25 g)
of CB 4 or CB 5 provides approximately 11 g fiber, which
meets 29-44% of the RDA.

The total soluble solids in CB 4 and CB 5 showed significant
differences (P < 0.05) and were lower than that found in CB 1
(Table 3). Paiva et al. (2012), analyzing CB obtained from
residues of rice, soy, pineapple and brown pequi, reported

Table 2 Frequency of scores awarded by the panelists for acceptance and purchase intention of the cereal bars

Cereal bars*

Attributes Frequency of scores (%) CB 1 CB 2 CB 3 CB 4 CB 5

Aspect < 5 > 5 37.50 56.25 30.00 52.50 23.75 58.75 23.75 66.25 10.00 87.50

Texture < 5 > 5 21.25 53.75 35.00 48.75 25.00 61.25 26.25 70.00 17.50 75.50

Flavour < 5 > 5 3.75 87.50 63.75 27.50 57.50 37.50 28.75 62.50 33.75 56.25

Overall appearance < 5 > 5 10.00 78.75 55.00 35.00 46.25 45.00 25.00 66.25 21.25 63.75

Purchase intention < 3 > 3 22.50 57.50 73.75 6.25 58.75 15.00 11.25 48.75 10.00 60.00

*CB 1: control - with the addition of 25% brown oats, CB 2: with the addition of 12.5% acerola seed flour (ASF) and 12.5% acerola bagasse flour (ABF),
CB 3: with the addition of 6.25% ASF and 18.75% ABF, CB 4: with the addition of 12.5% ASF and 12.5% brown oats and CB 5: with the addition of
12.5% ABF and 12.5% brown oats.

Table 3 Proximate composition (g 100 g−1), soluble solids (°Brix), phenolic compounds (g 100 g−1), vitamin C (g 100 g−1) and total caloric value (kcal
100 g−1) of the cereal bars (CB)

Constituentsa CB 1* CB 4** CB 5***

Moisture 11.24 ± 0.23b 11.57 ± 0.28b 13.12 ± 0.33a

Ether extract 0.491 ± 0.11 0.501 ± 0.24 0.501 ± 0.51

Crude protein 5.95 ± 0.89 5.81 ± 0.54 6.32 ± 0.73

Ash 1.33 ± 0.18 1.28 ± 0.04 1.45 ± 0.06

Insoluble dietary fibre 23.44 ± 1.76b 43.30 ± 1.96a 41.29 ± 1.82a

Soluble dietary fibre 2.97 ± 0.42b 2.54 ± 0.30c 4.98 ± 0.19a

Total dietary fibre 26.41 ± 1.79b 45.842 ± 1.84a 46.272 ± 1.92a

Carbohydrate 54.58 ± 1.89a 35.11 ± 1.94b 32.35 ± 2.14c

Soluble solids 44.89 ± 0.39a 42.14 ± 0.14c 43.25 ± 0.28b

Phenolic compounds 0.33 ± 0.01c 1.10 ± 0.04b 1.60 ± 0.03a

Vitamin C 0 c 0.07 ± 0.01b 1.102 ± 0.06a

Total caloric value 276.39 ± 7.05a 194.761 ± 4.35b 188.261 ± 4.82b

Data are mean (n = 8) ± standard deviation.Means followed by the same lowercase letter in the rows do not differ by the Tukey test at 5% probability and,
when no letters are included, the analysis of variance showed no significant difference. *CB 1: control—with the addition of 25% brown oats; **CB 4:
with the addition of 12.5% acerola seed flour (ASF) and 12.5% brown oats ***CB 5: with the addition of 12.5% acerola bagasse flour (ABF) and 12.5%
brown oats. 1 Light product; 2 Rich product
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soluble solids levels (°Brix) between 55 and 65, which are higher
levels. These differences are due to the constituents present in the
residues used to obtain CB.

The content of phenolic compounds in CB 4 and CB 5 was
high, compared to CB 1 (Table 3), up to about 5 times higher,
increasing the antioxidant capacity of these bars. Sampaio
et al. (2010) studied CB fortified with iron and found 0.69 g
100 g−1 phenolic compounds, which was lower than that
found in this study.

The daily intake of phenolic antioxidants has played an
important role in reducing the risk of developing diseases,
such as atherosclerosis, cardiovascular diseases, cancer,
infections and Alzheimer’s disease. They also present an-
timicrobial and antiviral action (Fruhwirth and Hermetter
2007) but, depending on the amount ingested, they can
cause undesirable effects, such as inhibition of certain
digestive enzymes, e. g. trypsin, forming complexes with
proteins and decreasing their digestibility (Sathe 2002). In
the literature, there is no consensus on the recommended
intake of phenolic compounds; therefore, consumption
levels considered acceptable were not found (Sathe,
2002; Peuckert et al., 2010; Marques et al., 2013).

In this study, vitamin C levels in CB 4 and CB 5 showed
significant differences, and CB 5 showed the highest content
(Table 3). Peuckert et al. (2010), analyzed a cereal bar added
with textured soy protein and camu-camu and found a vitamin C
level of 0.06 g 100 g−1, which was lower than in this study. This
difference may be due to the different ingredients used in the
preparationof the bar, which have different compositions, as the
high content of vitamin C found in ABF (Marques et al. 2013).

The recommended daily intake of vitamin C is 90 mg for
adult men and 75 mg for adult womwn (IOM - Institute of
Medicine of the Natural Academies 2000). Thus, the

consumption of a portion (25 g) of CB 4 and CB 5 provides
17.5mg and 275.0 mg of vitamin C, respectively. These levels
respond for 19% and 23% of the vitamin C RDA in CB 4, and
exceed 100% in CB 5. VitaminC is essential for humans and it
acts as an antioxidant and free radical scavenger, besides
nourishing cells and protecting them from damage caused by
oxidants. Therefore, CB 4 and CB 5 can be classified as a
good source of vitamin C, since they meet 20 ~ 100% of the
recommended daily intake (IOM - Institute of Medicine of the
Natural Academies 2000).

There was no significant differences (P > 0.05) in calories
between CB 4 and CB 5 (Table 3). However, there was a
reduction in calories whwn compared to CB 1, a fact related
to an increase in the levels of dietary fiber and lower levels of
carbohydrates present in these formulations. Therefore, the
partial replacement of oats by ASF and ABF did not increase
the caloric value of the CB, being within the established limits
for CB considered as reduced calorie products.

Gutkoski et al. (2007) developed CB with a high dietary
fiber content (10-20%), and pointed a caloric variation from
291 to 313 kcal 100 g−1 between the treatments. Paiva et al.
(2012) found a caloric variation from 312 to 344.2 kcal 100
g−1 of CB in residue of rice, soy, pineapple and brown pequi
while Fonseca et al. (2011) reported 404.86 kcal 100 g−1 of
CB in residue of pineapple peel jelly. Therefore, the CB
containing ASF and ABF were much less caloric.

We observe calcium only in the bars prepared with a partial
replacement of oats with flours, and that iron contents in CB 4,
as well as the levels of potassium and sodium in CB 5, were
higher than those of CB 1, entailed by the use of ASF and
ABF (Table 4).

According to National Health Surveillance Agency (1998)),
“a food source of vitamins andminerals” is onewith at least 15%

Table 4 Mineral composition (mg 100 g−1) of the cereal bars (CB)

Minerals CB 1* CB 4** CB 5*** DRI1 (mg day−1)

Calcium 0.00 c 33.04 ± 1.04a 10.87 ± 0.65b 1,000.02

Phosphorus 199.17 ± 1.73a 139.5 ± 1.85b 131.67 ± 2.18c 580.0

Potassium 177.60 ± 2.58b 149.38 ± 1.77c 191.82 ± 3.72a 4,700.0

Magnesium 60.00 ± 0.00a 49.50 ± 1.07b 50.63 ± 1.77b 350.0

Sulphur 62.21 ± 3.76a 29.33 ± 0.69b 30.17 ± 0.35a -

Copper 0.16 ± 0.01 0.18 ± 0.03 0.15 ± 0.04 0.7

Manganese 1.62 ± 0.47a 1.19 ± 0.20b 1.35 ± 0.25ab 2.3

Zinc Iron 1.62 ± 0.11a 1.57 ± 0.09a 1.35 ± 0.17b 9.4

Sodium 3.23 ± 0.11b 5.08 ± 0.39a 3.45 ± 0.27b 6.0

35.26 ± 1.59b 37.26 ± 2.10b 41.06 ± 1.38a 2,400.03

Data are mean (n = 8) ± standard deviation.Means followed by the same lowercase letter in the rows do not differ by the Tukey test at 5% probability and,
when no letters are included, the analysis of variance showed no significant difference. *CB 1: control - with the addition of 25% brown oats; **CB 4:
with the addition of 12.5% acerola seed flour (ASF) and 12.5% brown oats ***CB 5: with the addition of 12.5% acerola bagasse flour (ABF) and 12.5%
brown oats. 1 Recommended Dietary Allowance (RDA) for adults – IOM, 2005b. 2 RDA for adults – IOM-Institute of Medicine of the Natural
Academies 2011. 3 RDA for adults – ANVISA, 1998
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of the Dietary Reference Intake (DRI) per 100 grams of solid
food, and "a food rich in minerals and vitamins" is one that
contains at least 30% of the DRI per 100 grams of solid food.

Results show that a 25 g portion (commercial size) of
CB 4 and CB 5 meets the daily recommendation for
adults, respectively, of calcium (0.82% and 0.27%)
IOM-Institute of Medicine of the Natural Academies
(2011)); phosphorus (5.97% and 5.68%), potassium
(0.81% and 1.02%), magnesium (3.54% and 3.57%),
copper (6.43% and 5.36%), manganese (12.93% and
14.57%), zinc (4.15% and 3.62%) and iron (21.17%
and 14.33%) (IOM - Institute of Medicine of the Natu-
ral Academies 2005b). Therefore, CB 4 is an iron
source.

Paiva et al. (2012), studying CB prepared with residues of
rice, soy, pineapple and brown pequi, found higher P, K,Mg, Cu,
Mn, Zn and Fe levels (in mg 100 g−1), respectively: 175.0 to
275.0, 242.5 to 495.0, 97.5 to 170.0, 0.53 to 0.91, 1.40 to 1.56,
1.69 to 2.38, 3.33 to 5.58, while Fonseca et al. (2011), analysing
CBs elaborated with pineapple peel, found Ca, P, K, Mg, Cu,
Mn, Zn and Fe levels (in mg 100 g−1), of respectively: 68, 218,
263, 103, 0.31 2.50, 1.72, 1.87. Only the iron level was lower
than that found for the cereal bars of the present study. These
differences are probably due to the type of residue used for the
preparation of the CB.

Sodium levels, the ones found in CB 1 and CB 4 were
statistically equal, and lower than CB 5 (Table 4). Sodium is

mineral that should be present in the amount of 2,400 mg
day−1 (daily DRI) in human food, which corresponds to 6 g
salt (ANVISA 1998), because the excess of this mineral in the
diet can bring health risk, e. g. the development of cardiovas-
cular problems, such as hypertension, strokes and renal insuf-
ficiency. Thus, the consumption of a 25 g portion of CB 1, CB
4 and CB 5 does not exceed 0.5% of the sodium daily
recommended dietary allowance.

Lower sodium contents are positive. Marketed CB has
considerably higher sodium levels, which range from 13 to
36 mg in 25 g of product (Fonseca et al. 2011), being higher
than the ones found for the bars of this study, which were
10.27 mg, at most. Food sources of minerals and with a low
sodium content may be viable options for people who need to
increase their intake of these essential nutrients, without con-
suming excessive sodium (Fonseca et al. 2011). Thus, CB 4
and CB 5 are good choices as a source of minerals with low
sodium levels.

Evaluation of color, texture and water activity in the cereal
bars CB 1, CB 4 and CB 5

Results show that L* values were between 49.00 and 56.49.
L* values define color lightness between 0 (zero), which
indicates pure black (no color) to 100 (one hundred), pure
white (alb color) (Table 5). Thus, the L* values found in the
CB (CB 1, CB 4 and CB 5) are basically intermediate. CB 4

Table 6 Nutrition facts table of
the cereal bars CB 1, CB 4, CB 5
and of the marketed ones in 25 g
portions (1 bar)

*CB 1: control - with the addition
of 25% brown oats; **CB 4: with
the addition of 12.5% acerola
seed flour (ASF) and 12.5%
brown oats ***CB 5: with the
addition of 12.5% acerola bagasse
flour (ABF) and 12.5% brown
oats. a Source: Glaser (2011)

CB 1* CB 4** CB 5*** Marketed barsa

Energetic value 69 kcal = 49 kcal = 47 kcal = 81 kcal to 230 kcal = 339 kJ

289 kJ 205 kJ 197 kJ to 962 kJ

Carbohydrates 13.7 g 8.8 g 8.1 g 12.5 g to 36.3 g

Proteins 1.5 g 1.5 g 1.6 g 0.9 g to 5.6 g

Total fats 0.1 g 0.1 g 0.1 g 0.4 g to 11.9 g

Dietary fibre 6.6 g 11.5 g 11.6 g 0 g to 18.8 g

Iron 0.8 mg 1.3 mg 0.9 mg -

Calcium - 8.4 mg 2.7 mg -

Sodium 8.8 mg 9.3 mg 10.3 mg 12.5 mg to 150.0 mg

Table 5 Evaluation of colour (L*, a* and b*), texture and water activity in the cereal bars CB 1, CB 4 and CB 5

Parameters CB 1* CB 4** CB 5***

L* (lightness) 56.49 ± 2.76a 49.00 ± 2.51b 49.89 ± 3.68b

a* (green to red) 3.71 ± 0.53b 7.59 ± 1.02a 7.67 ± 1.19a

b* (blue to yellow) 25.59 ± 0.40a 21.61 ± 1.11b 21.35 ± 0.40b

Texture (gF) 2,669.58 ± 53.13c 5,758.41 ± 96.09a 5,384.88 ± 56.62b

Water activityaw 0.51 ± 0.01a 0.51 ± 0.01a 0.51 ± 0.01a

Data are mean (n = 8) ± standard deviation. Means followed by the same lowercase letter in the rows do not differ by the Tukey test at 5% probability.
*CB 1: control - with the addition of 25% brown oats; **CB 4: with the addition of 12.5% acerola seed flour (ASF) and 12.5% brown oats ***CB 5:with
the addition of 12.5% acerola bagasse flour (ABF) and 12.5% brown oats
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and CB 5 showed a lower lightness, when compared to CB 1
(control).

The color a*, which ranges from green to red (−60 to +60),
indicates the existence of red pigments in positive values. CB
4 and CB 5 show a tendency to the green color, that is, they
had values that indicate small amounts of red pigments. The
color b* refers to the changes from blue to yellow (−60 to +
60). In the analyzed CBs, yellow is present with positive
values. Thus, a darkening occurred (reduced values of the
parameters L* and b*) in CB 4 and CB 5, due to the
addition of ASF and ABF in the formulation. These results
were similar to those reported by Silva et al. (2009) in CBs
developed with passion fruit agroindustrial residues.

Were also observed that the addition of ASF and ABF for
the elaboration of CB 4 and CB 5 significantly altered the
texture in relation to the control bar (CB 1). The increase in
shear strength and hardness in the bars CB 4 and CB 5 can be
explained by the compression of the bars, caused by the
presence of dietary fibers, besides granulometric differences
between brown oats and ASF and ABF, added in the prepa-
ration of the bars. These results are in accordance with Silva
et al. (2009), who found that the addition of passion fruit
residue flour, in replacement to oats, provided high shear
strength and hardness.

All bars analysed presented water activity (Aw) below 0.6,
indicating food safety. For any kind of bacteria, the minimum
Aw value required for growth is 0.75, while osmophilic yeast
(which are resistant to mediums with high sugar concentra-
tions), and xerophilic fungi (which survive in mediums with
little water) are capable of developing into water activities
ranging from 0.61 to 0.65, respectively, using sugars and
glucose as substrates (Evangelista 2005, Silva 2000). Thus,
these values grant the CB a microbiological safety during
storage, under appropriate packaging and temperature
conditions.

Nutrition facts table of the cereal bars CB 1, CB 4, CB 5 and
of the marketed ones Glaser (2013) conducted a study com-
paring 30 types of CB of 10 different brands sold in Brazil.
Nutritional information was taken from the labels. Comparing
the bars CB 1, CB 4 and BC 5 with the ones recorded by
Glaser (2013), it is possible to consider that these CBs pre-
sented lower calories, total fat and sodium, and high levels of
dietary fiber (Table 6).

From Ordinance n° 27/98 of Secretaria de Vigilância
Sanitária do Ministério da Saúde, which deals with com-
plementary nutritional information, the cereal bars CB 1,
CB 4 and CB 5 can be classified as products with a
reduced caloric value, with a high fiber content, and also
as an iron source (ANVISA 1998). Moreover, due to the
high contents of phenolic compounds and vitamin C of
the residue flours used in the preparation of CB 4 and CB

5, there was an increase in the levels of these constituents,
which are antioxidants.

Therefore, the partial replacement of oats (25%) by ASF and
ABF in the proportion of 12.5% for the preparation of the cereal
bars CB4 andCB5 led to improvements in the sensory attributes
and consumer preference.

Conclusion

The use of ASF and ABF in the formulation of the cereal bars
CB 4 (with the addition of 12.5%ASF and 12.5% brown oats)
and CB 5 (with the addition of 12.5% ABF and 12.5% brown
oats) provided products with a higher nutritional value, meet-
ing the demands of the current consumer market, with low
sodium and energetic value contents, and high levels of die-
tary fiber and iron; they are also enriched with phenolic
compounds and vitamin C, which are antioxidants, being an
alternative for consumers of healthy and functional food. In
addition, the partial replacement of oats with acerola flour
residues may result in a cheaper product, adding value to these
by-products and avoiding their disposal into the environment.
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