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Currently, the fruit processing industry generates a high volume of waste in fruits that have not reached a quality standard for
consumption or by-products generated throughout the production process. To reduce this waste, mitigating measures, such as
reuse in food formulations, have been proposed. In this work the custard apple bagasse flour (Annona squamosa L.) (CAB) was
produced and incorporated into cookie formulations in different proportions (5 to 50%) evaluating its acceptability.The CAB flour
was characterized by physicochemical analysis, proximate composition, mineral analysis, determination of the phenolic content,
and antioxidant capacity.The results of the physicochemical and proximate characterizations show that the processed flour presents
values and specifications suitable for food formulations. The mineral composition of the CAB flour responds to more than 20% of
the daily intake of nutrients, highlighting the Cu, Fe, Mn, Zn, Ca, and Mg.The composition of phenolic compounds for CAB flour
and cookies formulations presented values ranging from 200 to 658mg GAE/100 g, similar to flour and formulations prepared of
residues tropical fruit, while DPPH∙ inhibition showed a variation of 9.68–10.75%. Cookies made from the CAB flour showed high
acceptability making the flour promising in the nutritional incorporation in food formulations.

1. Introduction

The production, commercialization, and consumption of
tropical fruits have increased significantly in the international
market due to their sensory, nutritional, and therapeutic
properties; however, the food industry generates high amount
of residues from these fruits [1, 2]. According to a recent
survey by the Food and Agriculture Organization of the
United Nations (FAO), about 1.3 billion tons of foods are
wasted worldwide each year, which accounts for one-third of
total food industry production [3, 4]. Allied to this fact, the
fruit processing industry deals with a large percentage of by-
products, such as peel, seeds, and bagasse, which increase the
proportion of residues at the end of processing.

The custard apple (Annona squamosa L.) belongs to the
Annonaceae family, with about 129 genus and more than

2000 species, being a fructiferous found in tropical and
subtropical regions, adapted to the climatic conditions of
China, Africa, South America, Australia, India, Mexico, the
United States, and Thailand. The expansion of custard apple
consumption is related to the medicinal and nutritional
properties, as well as its pleasant flavor. The fruit of the tree
is widely known and consumed due to its medicinal and
nutritional properties, as well as its pleasant flavor.The health
related components of the fruit include vitamins A, B, C,
E, and K1, antioxidants, polyunsaturated fatty acids, and the
presence of essential minerals. Furthermore, this plant has
proved that it has a variety of compounds like acetogenins
which are responsible for antifeedant, antimalarial, cytotoxic,
and immunosuppressive activities and diterpenes isolated
from the title plant have anti-HIV principle and antiplatelet
aggregation activity [5–7].
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Brazil is the second largest producer of custard apple in
theworld, after onlyMexico (Seagri 2015), especially semiarid
region of the Northeast, which owns 94% of the area under
cultivation in Brazil, with the characteristic feature of family
farming [8]. One of the bottlenecks in custard apple produc-
tion is the high postharvest metabolic activity, accelerating
the maturation process over a limited period of time, and
limiting fruit shelf life. Due to its high moisture content,
it becomes extremely perishable, especially in regions with
high temperature, associated with absence or inadequate
postharvest management and microbial infection, constitut-
ing a negative factor in its conservation [9]. In addition, the
literature reports that about 30% to 40%of fruits harvested do
not reach the best standards, being marketed at lower prices
[8].

Recently, mitigating measures aimed at reducing fruit
waste and reuse of by-products throughout production are
reported in the literature [3, 10, 11]. Mostly, fruits that do
not reach commercial standards, as well as after treatment
residues, present similar or higher contents of bioactive
compounds in relation to the final product [12]. In this
way, the development of new products or food formulations
through the incorporation of these residues becomes an
alternative to minimize losses during the processing of fruits.

In this context, for the development of new products
or food formulations, a nutritious meal was developed
from custard apple bagasse, evaluating the physicochemical
properties, proximate composition, mineral analysis, total
phenolic content, and antioxidant activity. After obtaining the
CAB flour, cookies type biscuits were prepared in different
concentrations, verifying the organoleptic properties and
acceptability among the consumers.

2. Materials and Methods

2.1. Obtaining and Sanitizing of Custard Apple Fruit. The
custard apple used in this study was purchased from a
local supermarket (Alagoas, Brazil). Initially, the sanitization
occurred by passing the fruits through a washing step with
running water in order to discard the parts that could not
be used, after which they were immersed into a solution of
chlorinated water at 200 ppm. They were then dried at 25∘C
for 30min and manually peeled for separation of the pulp,
seed, and peel.

2.2. Preparation of Custard Apple Bagasse Flour. After the
cleaning process, separation of the components, and removal
of the juice, the bagasse was spread on nonstick trays and
taken to a greenhouse to dry at 65∘C for 24 h. Then it was
crushed with the help of a domestic blender and then sieved
to obtain the flour. Finally, it was packed in a sealed glass
container and stored until the analyses were carried out.

2.3. Physicochemical Characterization. For determination of
pH, total titratable acidity in citric acid, soluble solids, and
vitamin C was weighed 5 g of flour and diluted in 50mL of
distilled water; the contents were stirred until the particles
were uniformly suspended, allowing the mixture to stand for
30min, followed by filtration on filter paper [13]. The pH

was measured in a pH meter (Ionlab model pH 200 ATC)
calibrated with pH 4 and 7 buffer solution, while the soluble
solids (∘Brix) analysis was measured in a refractometer
(RUDOLPH J47). Total titratable acidity in citric acid was
achieved by titration with 0.1mol/L potassium hydroxide
solution (KOH) until it reached a pH of 8.1. The results
were expressed in grams of citric acid/100 g sample [13].
The vitamin C content was obtained by titrating the sample
diluted with 0.03mol/L iodine solution with starch indicator.
The results were expressed as percentages per 100 g of sample
[14]. The result was calculated by using

Ascorbic acid (%) = 𝑉
𝐹
× 𝑃, (1)

where𝑉 is volume of potassium iodate used in titration of the
sample, 𝐹 is potassium iodate equivalence factor according to
normality (0.8806), and 𝑃 is samples weight (g); results were
expressed in percentage of ascorbic acid.

The water absorption capacity (WAC) was determined by
the weight difference of the water absorbed by the sample.
Initially 0.5 g of samplewasmixedwith 5mLof distilledwater
contained in a test tube, centrifuging at 3000 rpm for 15min.
After centrifugation the sample remained standing for 30min
and the water residue was weighed [15]. Calculation of the
water adsorption capacity is shown in

WAC (%) =
Weight of water (g)
Weight of sample (g)

× 100. (2)

2.4. Proximate Composition Characterization. For the ash
determination, approximately 1 g of flour was weighed in a
preincinerated crucible. The calcination process was carried
out for 5 h at 550∘C. The crucible with the sample was left in
a desiccator until it cooled and was later weighed [16].

The moisture content was quantified from 1 g of the
sample in a preheated crucible and tared. The sample was
heated at 105∘C in a greenhouse for 3 h, cooled in a desiccator
to room temperature, and weighed [13].

The lipid content was determined by weighing about 1 g
of sample on a previously tared and oven dried filter paper at
105∘C for 30min. Then, the sample cartridge was introduced
into the Soxhlet extractor by flowing with petroleum ether
over the 6 h period. Subsequently, the cartridge was removed
from the extractor and dried in an oven at 105∘C for 30min
and then placed in a desiccator until it reached room
temperature to be weighed [16].

For the determination of total nitrogen, a microdi-
gester/distiller (Tecnal-mod.TE 0363/TE007) was used by the
Kjeldahl method [17].

To determine the crude fiber, approximately 2 g of the
sample (𝑊) was weighed on the analytical balance and defat-
ted by the Soxhlet method using petroleum ether followed by
drying at 60∘C for 1 h to remove the solvent. After defatting
the sample, acid digestion (1.25% H2SO4) was refluxed for
30min fromboiling andwashing of the samplewith hotwater
until the neutralization of the same. Then alkaline (1.25%
NaOH) digestion was carried out with reflux for 30min
from boiling and washing the sample with hot water until
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neutralization thereof. After washing the sample using 5mL
of acetone and 5mL of ethyl alcohol, transfer of the sample to
Gooch’s crucible for vacuumfiltration [13]. Finally, the sample
was placed in the oven at 105∘Cuntil constantweight and then
weighed (𝑊1) and placed in the muffle at 550∘C for 2 h and
again weighed (𝑊2) to calculate the percentage of crude fiber,
according to

Crude fiber content (%) =
(𝑊1 −𝑊2)

𝑊
× 100. (3)

The total carbohydrate content of the sample was cal-
culated as (4). Its total caloric value was calculated by
applying the conversion values for carbohydrates (4 kcal),
lipids (9 kcal), and protein (4 kcal) [3, 18].

Total crude carbohydrates (%)

= 100 − (Moisture + crude protein + fat + ash) .
(4)

2.5. Mineral Composition Characterization. The phosphorus
and potassium quantification was performed by the vanado-
molybdic method in the spectrophotometer (Hach DR 5000)
and flame photometry (Micronal B462), respectively [19].
The calcium, magnesium, copper, iron, manganese, and zinc
minerals were determined by acid digestion using themethod
[20]. After digestion, the minerals were quantified by the
Atomic Absorption Spectrophotometric (AAS) technique
(Analytik Jena, AA 300).

2.6. Preparation of Hydroethanolic Extracts. The hydroetha-
nolic extracts of the cookies biscuit samples were obtained by
the hydroalcoholic extraction method according to Oliveira
et al. [21] with some modifications. A sample containing
5 g of CAB flour and cookies with 0%, 5%, 15%, 30%, and
50% of flour were homogenized in 20mL of 80% ethanol,
under constant stirring at 30∘C, for 20min. After this step,
the samples were centrifuged at 3500 rpm for 20min. To the
obtained precipitate, 20mL of 80% ethanol was added to
perform a further extraction for 20min and then centrifu-
gation was performed for 20min. The same procedure was
repeated one more time. All the supernatants were pooled
and concentrated using the rotavaporator (BuchiRotavapor
R-114) at 40∘C and then stored in a glass vessel and kept under
refrigeration at 4∘C for further analysis.

2.7. Determination of Total Phenolic Content. The concen-
tration of the phenolic compounds of the CAB flour hy-
droethanolic extracts and cookies with 0%, 5%, 15%, 30%,
and 50% of the CAB flour was determined using the Folin-
Ciocalteu reagent (FCR) method, as described by Cicco et al.
[22] with some modifications. 120𝜇L aliquots of the extracts
were placed in the test tubes with 180 𝜇L of Milli Q water.
Then, 300𝜇L of FCR and, after 2min, 2.4mL of 5% (w/v)
sodium carbonate were added, totaling a volume of 3mL.
The final concentration within the cuvette was 100 𝜇g/mL
of the hydroethanol extracts (80%). The tubes were vortex
and kept in the dark in a water bath at a temperature of
40∘C for 20min. Then, a 3mL aliquot of the sample was

placed in a quartz cuvette (capacity = 3mL, optical path =
1 cm) and the absorbance at 760 nm was measured using a
spectrophotometer (Mutispec-1501 model Shimadzu, Japan).
The total phenol content was obtained from the calibration
curve prepared in a concentration range (1.12–10.53mg/L)
and expressed as mass of gallic acid equivalents per gram of
extract (mg GAE/g).

2.8. Activity of 2,2-Diphenyl-b-Picrylhydrazyl Radical (RSA-
DPPH∙). The determination of the antioxidant capacity of
CAB flour hydroethanolic extracts and cookies with 0%,
5%, 15%, 30%, and 50% of CAB flour was made according
to Sánchez-Moreno et al. [23] with some modifications.
The antioxidant capacity was determined by monitoring the
reaction between the DPPH∙ free radical and the extracts
by measuring the absorbance at 516 nm in a spectropho-
tometer (UV-vis model Multispec-1501 Shimadzu, Japan).
Hydroethanolic solutions of cookies with 0%, 5%, 15%, 30%,
and 50% CAB flour were prepared so that their final con-
centration inside the cuvette was 100𝜇g/mL. Thus, 0.30ml
of powder extract dissolved in methanol (0.25, 0.5, and
1.0mgml−1) wasmixedwith 2.7ml ofDPPH∙ radical solution
(40 𝜇g/mL inmethanol) in a 3ml quartz cuvette.Themixture
was homogenised using the micropipette pointer (pushing
and pulling liquids) and kept in the dark prior to analysis.
The DPPH absorption values at 516 nm were obtained every
5min during a period of 50min. First, a blank wasmade with
0.3mL of sample solution and 2.7mL of methanol.

The percentage of DPPH∙ radical sequestering capacity
(% RSA, DPPH∙) of each extract was calculated as

% RSA = 1 − 𝐴𝐶
𝐴𝐷
× 100, (5)

where 𝐴𝐶 is the absorbance of the solution when the extract
was added at a particular concentration in 30min and 𝐴𝐷 is
the absorbance of the DPPH∙ solution.

2.9. Preparation of Cookies. Table 1 presents the formula-
tions of the cookies made from the CAB flour varying the
proportions. Initially, the wheat and CAB flour were added
and homogenized, followed by the addition of the other
ingredients. The cookies after molding were baked at 180∘C
for 25min. They were then cooled and packed in plastic
containers.

2.10. Sensory Analysis. The sensory analysis of the biscuits
was performed with 33 people without previous training in
the age group of 16 to 59 years, with 18 women and 15 men.
Samples were identified in nonrepetitive digits, randomly
served on a plate with a glass of water to rinse the mouth
before the subsequent test. The samples were evaluated
according to colour, flavor, aroma, appearance, texture, and
overall acceptance by means of the hedonic scale of 9 points
(1 = greatly disagree to 9 = I liked very much), through
an evaluation card analyzing the organoleptic properties
[24].

2.11. Statistical Analysis. The results obtained on the design
of the sensorial acceptability were analyzed statistically using
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Table 1: Formulations used to prepare cookies.

Ingredients Formulation
0% 5% 15% 30% 50%

Wheat flour (g) 120.0 114.0 102.0 84.0 60.0
CBA flour (g) 0.0 6.0 18.0 36.0 60.0
Brown sugar (g) 75.0 75.0 75.0 75.0 75.0
Crystal sugar (g) 45.0 45.0 45.0 45.0 45.0
Margarine (g) 50.0 50.0 50.0 50.0 50.0
Yeast (g) 0.5 0.5 0.5 0.5 0.5

Table 2: Characteristics of CBA flour.

Parameter CBA flour
Acidity (g citric acid/100 g) 0.12 ± 0.00
Vitamin C (% ascorbic acid) 1.31 ± 0.04
pH 5.63 ± 0.05
Soluble solids (∘BRIX) 7.5 ± 0.04
Water absorption capacity (g/100 g) 4.36 ± 1.36
Moisture (%) 10.41 ± 1.06
Ash (%) 2.17 ± 0.29
Fat (%) 5.35 ± 0.42
Protein (%) 5.68 ± 0.00
Crude fibre (%) 3.45 ± 0.59
Carbohydrate (%) 76.39 ± 1.77
Calories (Kcal/100 g) 376.43
Values expressed as mean ± standard deviation.

Drying Crushed

Figure 1: Steps to obtain the CBA flour.

Analysis of Variance (ANOVA) and Tukey test at the 5% level
of significance, to compare the means using the Action Stat
Pro.

3. Results and Discussion

Figure 1 shows the dehydration and crushing stages to obtain
the CAB flour. After the drying process, there was a final yield
of 20%, which was caused by the elimination of water and
other components.

3.1. Physicochemical and Proximate Composition Characteri-
zation of CAB Flour. The values obtained for the physico-
chemical characterization of the CAB flour are expressed in
Table 2.

The pH value found for the CAB flour was 5.63, while the
total acidity was 0.12 g citric acid/100 g. The determination of
these parameters, mainly the acidity, can provide important
data to evaluate the conservation state of the product, since
the processes of decomposition by hydrolysis or oxidation
can affect the sensory and nutritional characteristics of the
product [3]. The value found was lower than that of common

wheat flour, minimizing the propagation of bacteria and
consequently the deterioration of the product.

The CAB flour presented a solids content of 7.5 ∘Brix,
associated with the presence of sucrose and glucose, provid-
ing a bittersweet flavor to the final product [27].

The water absorption capacity was 4.36 g, resulting in
values higher than those found for flour produced from
soybean, corn, rice, and beans [3, 10, 28]. This property
determines the ability of the food to absorb water by the
starch granules. In this way, the greater the property, the
easier the access of the water between the starch chains, thus
improving its application in products such as breads and
cakes, due to the maintenance of moisture, increasing the
yield of the final products. Moreover, this parameter can be
vital in retaining the taste and palatability of food [10].

The moisture content was 10.41%, a value lower than
the 15 % allowed for vegetable flours by Brazilian legislation
[29]. Lowmoisture content prolongs the storage time of food
and contributes to the textural quality and the inhibition of
chemical and biochemical reactions, due to the fact that it
minimizes the proliferation of undesirable microorganisms
such as fungi and bacteria [3, 30].

The ash content of a food product refers to the inorganic
residue remaining from the burning of organic matter,
which, according to the Brazilian Government Food Agency
legislation, should be at most 4.0% [31]. From the results
the low ash content was observed, around 2.17%, associated
with the presence of minerals present in the pulp, which
were preserved after the dehydration process, showing that
the preparation of flour from fruits and vegetables is rich in
minerals required for human consumption [32, 33].

Since the fat determination represents the amount of fat
present in the food, its value high fat content of any product
can lead to rapid degradation process. Consequently, this
degradation alters the organoleptic properties and nutritional
value, transforming the food into a toxic product due to the
formation of free radicals [34]. The fat content found for the
CAB flour was 5.35%, being within the standards established
by ANVISA [31], and it should present a total fat level of up to
6 g/100 g in the elaboration of any food products processing.

The protein content found for the CAB flour was 5.68%,
lower than that established by ANVISA [31], making this
flour inadequate for incorporation into food formulations for
the purpose of protein enrichment.

The CAB flour had crude fiber content, around 3.5%.
According to Sumczynski et al. [35] the main constituents
of the crude fiber are composed of cellulose and lignin are
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Table 3: Mineral composition of CBA flour.

Mineral Mineral content (mg⋅100 g−1) DRIa (mg) Adult % DRI from 100 g of flour
Phosphorus 80 700 11.42
Potassium 500 4700 10.6
Copper 4.0 0.9 444.4
Iron 7.8 8.0 97.5
Manganese 0.71 2.3 30.8
Zinc 8.5 11 77.27
Calcium 189.9 1000 18.99
Magnesium 262.5 420 65.62
aDietary reference intake (DRI) for adults, according to Food and Nutrition Information Center [25].

parts of fruits. Despite this low fiber content, the CAB flour
is classified according to ANVISA [31], as a fiber source food,
since it had a fiber content higher than 3.0%.

The calorific value of 376.63 Kcal/100 g found for CAB
flourmeets 18%daily values established byANVISA [31].This
high caloric concentration is the result of the amount of car-
bohydrates present in the custard apple, in particular sucrose
and glucose, according to the results of the analysis of soluble
solids (∘BRIX), evidencing the feasibility of the incorporating
of this flour in formulations for energy enrichment.

3.2. Mineral Composition Characterization. Knowledge of
the mineral composition of food products is fundamental
to achieve food and nutritional security, obtaining informa-
tion and subsidies for public health authorities to establish
nutritional goals, quality control, and evaluation of nutrient
intake by individuals [36]. The results obtained for mineral
composition (Table 3) were quite significant, with emphasis
on Cu, Fe, Mn, Zn, Ca, and Mg, serving more than 20% of
the daily nutrient intake index [36, 37].

One of the most important minerals in the human diet,
which prevents the incidence of anemia, is iron. The defi-
ciency of this mineral occurs when the demand for Fe is high,
especially in the growth phase, menstrual cycle, and preg-
nancy. According to USDA [37] the daily recommendation of
iron intake for children and adults of both sexes ranges from
7mg to 27mg. The CAB flour had a content of 7.8mg/100 g,
a result superior to foods such as milk (0.02mg/100 g),
oatmeal (2.09mg/100 g), rice flour (2.7mg/100 g), wheat flour
(0.8mg/100 g), and corn flour (1.1mg/100 g) [38, 39]. The
National Health Surveillance Agency [31] recommends that
wheat andmaize flour should be enrichedwith iron for a final
concentration of 4.2mg/100 g.The incorporation of this flour
into baked goods such as breads, cakes, salads, and biscuits
may be a viable alternative for iron supplementation, given
that this nutrient is the most common nutritional deficiency
in developing countries, especially in Brazil [31, 38, 40].

Calcium was one of the main minerals present in
CAB flour with 189.8mg/100 g, contributing with 18.99%
of the nutritional recommendation [37]. The amount of
calcium found in this work is higher compared to wheat
flour (18mg/100 g), corn flour (34mg/100 g), rye flour
(24mg/100 g), Annona crassiflora flour (117mg/100 g), and
similar to and/or the same as soybean flour (206mg/100 g)
and acerola bagasse flour (264.32mg/100 g) [41–43]. This

mineral is abundant in the human body, contributing about
2% of body weight, is responsible for mineralization of
bones and teeth, performing intracellular regulation in most
body tissues, muscular contraction, and nervous function
[44]. The incorporation of CAB flour in food products may
be promising as a source of calcium for lactose intolerant
individuals, since milk and its derivatives are considered the
best sources of calcium.

Copper and zinc are essential micronutrients for humans
and vital components of various enzymes responsible for
cellular metabolism [45]. According to the results, the 100 g
portion of CAB flour had 4.0mg Cu, which was higher
than that found for wheat flour (1.51mg/100 g), rice flour
(2.2mg/100 g), maize flour (0.9mg/100 g), and papaya peel
flour (1.09mg/100 g) [46, 47], while the Zn content in the
CAB flour was 8.5mg/100 g and higher than the Annona
crassiflora flour (3.41mg/100 g), wheat flour (7.59mg/100 g),
papaya peel flour (0.23mg/100 g), apple pomace flour
(0.17mg/100 g), and orange pomace flour (0.23mg/100 g),
demonstrating to be promising for food formulations [41, 42,
46, 48].Theminerals Cu andZnpresent inCABflour account
for more than 75% of the daily nutrient intake index (DRI) of
nutrients, especially for copper [36, 37].

The potassium content for CAB flour was 500mg/100 g,
contributing with 10.5% of the nutritional recommendation
[37]. The potassium content was higher than rice flour
(97.4mg/100 g), wheat flour (150mg/100 g), and corn flour
(148.7mg/100 g) and lower than quinoa flour (553.8mg/100 g)
[46].This mineral is very important for the human body, acts
as the main enzymatic cofactor maintaining the acid-base
balance of the human body, playing an essential role in the
functioning of nerves and muscles, and reducing the risk of
stroke and coronary heart disease [49].

Magnesium is the essential intracellular cation for the
physiological metabolism of the human body, because it
intervenes to regulate the activity ofmore than 300 enzymatic
reactions. The CAB flour had a content 262.5mg/100 g of
magnesium, representing 65.62% of the daily nutritional
recommendation, a proportion higher than green banana
flour (30.84mg/100 g), wheat flour (8.25mg/100 g), rice flour
(7.3mg/100 g), bean flour (47.20mg/100 g), papaya Hawaii
flour (210mg/100 g), banana green flour (30,80mg/100 g),
and Annona crassiflora flour (14.23mg/100 g) [42, 46, 47, 50,
51]. Scientific research has shown that even minimal varia-
tions in the concentration of this mineral can deplete certain
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Table 4: Total content of phenols and DPPH∙ radical of the hydroethanolic extracts of the CBA flour and cookies with 0%, 5%, 15%, 30%,
and 50% of the CBA flour and fruit residues flours as reference.

Samples Yield (%)
TPC

mg EAG/g
dry extract

TPC
mg EAG/100 g

flour

DPPH∙
RSA%

CAB flour 84.62 7.78 ± 0.33ab 658. 34 ± 27.92a 9.68 ± 0.91a

0% CAB flour 45.49 5.44 ± 2.73ab 247.46 ± 124.18bc 10.75 ± 0.91a

5% CAB flour 44.28 4.50 ± 1.36ab 199.26 ± 60.22c 9.91 ± 1.33a

15% CAB flour 54.00 3.73 ± 0.01b 201.42 ± 0.54c 10.43 ± 1.85a

30% CAB flour 46.11 4.93 ± 0.79ab 227.32 ± 36.42c 10.46 ± 0.14a

50% CAB flour 54.86 9.35 ± 3.56a 512.94 ± 195.3ab 9.88 ± 3.63a

Reference samples
Wheat floura nd 6.96 ± 0.1 nd nd
Quinoa floura nd 2.81 ± 0.1 nd nd
Acerola bagasse flourb nd 10.82 ± 0.09 nd nd
Residue pequi flourc nd 17.42 ± 0.53 nd nd
Residue passion fruit flourd 2.5 41,2 ± 4,2 103 ± 10.4 24,7
Residue pineapple flourd 30.2 9.1 ± 1,3 275 ± 38.0 19,8
Residue acerola flourd 7.1 94.6 ± 7.4 681 ± 53.5 81.6
aChlopicka et al., [26]. bMarques et al., 2013. cLeão et al., 2017. dOliveira et al., 2009. nd = not determined. Averages followed by the identical letters in the
column do not differ statistically by the Tukey test (𝑝 < 0.05).

cardiac arrhythmias, affecting cell metabolism, growth, and
proliferation [52].

Manganese plays an important role in the development
of bones and cartilage, as well as in the healing of wounds
and constituents of various enzymes [53]. The CAB flour
presented 0.71mg/100 g constituting 30% of the daily diet
of this mineral, inferior index to that found in the Annona
crassiflora flour (1.85mg/100 g), but superior to banana flour
(0.14mg/100 g) and wheat flour (0.43mg/100 g), demonstrat-
ing its potential in food formulations [50, 54].

Phosphorus is a mineral present in all cells of the human
body playing important role in protein synthesis, growth,
maintenance, and repair of cells and tissues. The CAB flour
had 11.42% of the daily intake index with 80mg/100 g, a result
inferior to that found in wheat flour (90.8mg/100 g), rice
(95.4mg/100 g), and maize flour (81.3mg/100 g) and higher
than the Annona crassiflora flour (62.09mg/100 g) [42, 46].
The values of minerals foundmake the incorporation of CAB
flour as supplementation and nutrient supplementation in
food products promising, such as wheat cereal flours, used
in bread products, which are generally deficient in minerals
essential for human nutrition [10].

3.3. Total Phenolic Content and Antioxidant Capacity DPPH∙
Radical. Table 4 shows the yields obtained from the hy-
droethanol extracts, the total phenolic content (TPC),
DPPH∙ antioxidant activity of the CAB flour of the 0%,
5%, 15%, 30%, and 50% CAB flour, and samples of ref-
erences of other fruits as a comparison parameter. The
CAB flour presented an extraction efficiency compared
to the cookies, associated with the higher fiber content
present. Oliveira et al. [21] evaluated methanolic extrac-
tion for pineapple, acerola, and passion fruit flours, with
a higher extract yield for pineapple flour, attributing this

characteristic to the higher fiber content in relation to other
fruits.

According to Table 4, the TPC for extracts of CAB flour
and cookies 0%, 5%, 15%, 30%, and 50% of CAB flour varied
from 3.73 to 9.35mg GAE/g. The samples of CAB flour and
the cookie with 50% of flour presented higher concentrations
of phenolic compounds in relation to the other cookies
produced because of the superior amount of fiber. The value
of phenolic content found for CAB flour showed superi-
ority and/or similarity when compared to wheat, quinoa,
and pineapple flour but obtained values lower than flours
obtained from the residues of pequi, passion fruit, andmainly
acerola in dry residue extract.However, when considering the
extraction yield and the phenolic concentration converted to
100 g of CAB flour, a superior result was obtained in relation
to passion fruit flour and similar to acerola flour. According
to Oliveira et al. [21], this characteristic is essential in the
dietary prescription of flours, since the CBA flour obtained
greater extraction of phenols, being the most recommended
to the detriment of the fruit flours shown in Table 4. In
this way, CAB flour presents a significant amount of phenols
being able to act as natural antioxidants capable of reducing
degenerative diseases such as arteriosclerosis, cardiovascular
disease, and cancer [10].

The results observed for the sequestering activity of
the DPPH∙ radical of the hydroethanol extracts showed a
variation of 9.68–10.75%, showing no significant difference
between the samples. However, when comparing the results
of CAB flour and cookie formulations, a lower result was
obtained in comparison to the flour of other fruits, according
to Table 4. These results can be related to the part of the fruit
residue that is being reused for elaboration of the flour. Leão
et al. [55] report that phenolic compounds are associated with
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Table 5: Evaluation of the tasting tests of cookie with different formulations.

Parameter Formulation, age range (27 to 59 years)
0% 5% 15% 30% 50%

Appearance 6.4 ± 2,06a 7.1 ± 1,40a 7.2 ± 1,52a 6.9 ± 1,86a 7.4 ± 1,30a

Colour 6.8 ± 1,78a 7.2 ± 1,94a 7.2 ± 2,04a 7.4 ± 1,35a 7.8 ± 1,37a

Texture 6.1 ± 2,38a 6.4 ± 2,16a 6.2 ± 2,05a 5.7 ± 1,57a 6.0 ± 2,67a

Aroma 6.5 ± 1,68a 6.5 ± 1,84a 6.9 ± 1,48a 6.5 ± 1,95a 7.0 ± 2,07a

Flavor 6.7 ± 1,86a 6.9 ± 1,70a 6.7 ± 1,90a 6.6 ± 1,80a 6.7 ± 2,21a

Overall acceptance 6.2 ± 2,06a 6.5 ± 1,68a 6.6 ± 1,80a 6.6 ± 1,58a 6.3 ± 2,35a

Parameter Formulation, age range (16 to 24 years)
0% 5% 15% 30% 50%

Appearance 5.3 ± 1,57ab 6.3 ± 1,74a 5.5 ± 1,72ab 5.6 ± 2,11ab 5.8 ± 2,12ab

Colour 5.5 ± 2,17ab 6.3 ± 1,81a 6.4 ± 1,82a 6.1 ± 2,11ab 6.4 ± 2,43a

Texture 4.4 ± 2,25b 6.2 ± 2,02a 5.5 ± 2,54ab 4.0 ± 2,54b 4.1 ± 2,32b

Aroma 6.0 ± 2,09ab 6.3 ± 1,88a 6.2 ± 2,16ab 6.0 ± 2,23ab 5.7 ± 2,56ab

Flavor 5.7 ± 2,29ab 6.5 ± 2,33a 6.5 ± 2,03a 5.2 ± 2,55ab 4.1 ± 2,42b

Overall acceptance 5.8 ± 1,74ab 6.6 ± 2,08a 6.2 ± 2,15ab 5.0 ± 1,95b 4.6 ± 2,11b

Results expressed as mean ± standard deviation; 9-point hedonic scale (1 = greatly disagreed to 9 = greatly liked). Averages followed by the identical letters in
the column do not differ statistically by the Tukey test (𝑝 < 0.05).
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Figure 2: Graphical representation for organoleptic properties: age range of 27 to 59 years and (b) age range of 16 to 24 years.

important functions in plants, including pigmentation and
defense, aswell as in fruit peels and seeds and to a lesser extent
in pulp, justifying the low DPPH∙ value found for the CAB
flour and cookies made from the bagasse pulp.

3.4. Sensory Analysis of Cookies. Table 5 presents the eval-
uations of the organoleptic properties in relation to the age
range of the tasters.

The results of the acceptability tests showed that the age
group was a preponderant factor during the evaluation of
cookies as observed in Figure 2. According to Pineli et al.
[43] the process of consumers choice and perception of food

is multifactorial, associated with several nonsensory aspects
such as brand, familiarity with product, and price.

Consumers in the age group (a) presented higher scores
on all organoleptic properties and on the overall evaluation
regardless of the proposed formulation. Despite the 50% sub-
stitution ofwheat flour, therewas nodecay in the acceptability
of the consumers, and, for most of the parameters evaluated,
preference was higher compared to the sample containing
only wheat flour, allowing the nutritional increase in the
proposed formulations. On the other hand, for consumers in
the age group (b), there was a decrease in the evaluations,
but, for the 5% and 15% formulations, the testers stated
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Figure 3: CAB flour and cookies with different formulations.

that they liked it slightly (score 6.0), presenting a higher
acceptability index than the sample containing only wheat
flour. These results demonstrate that cookies made from
the CAB flour presented similar acceptability to the cookies
of commercial wheat flour, grape marc, banana, rice, and
tapioca [50, 56, 57] before the evaluators, highlighting the age
groupA andmaking it promising in the supplementation and
incorporation in food formulations improving the nutritional
properties. Cookies made with different proportions of CAB
flour are shown in Figure 3.

4. Conclusion

The physicochemical and proximate characteristics of the
CAB flour presented values and specifications for elaboration
of food products, besides containing high concentration of
phenolic components. The incorporation of the CAB flour in
the formulation of cookies showed good acceptance before
the consumers, presenting, in some formulations, preference
greater when compared to the cookie elaborated with 100% of
wheat flour.The results indicate that flour made from custard
apple bagasse pulp can be incorporated in food formulations
to improve nutritional properties, being an alternative to
add value to the residue and to minimize losses along the
production chain of custard apple.
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idase de atemóia. (Annona cherimola Mill. X Annona squamosa
L.), Dissertação de mestrado, Universidade estadual Paulista
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