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Abstract

The Moringa oleifera (Mo) is a perennial species, of the family Moringaceae, originating in the Himalayas. It is full of
benefits to human health, as it helps in the prevention and fight of various diseases, including iron deficiency anemia in
children. Interest in this plant and its benefits has increased, many scientists study its nutritional and medicinal
properties. Based on these statements, this work aimed to produce Mo flour (leaf powder) and biscuits with the partial
replacement of conventional flours, as well as the evaluation of chemical compositions, sensory and acceptability
analyses, as well as the possible use of biscuit as a food supplement for children. The study was divided into five stages:
flour preparation; preparation of the biscuit; bromatological analysis; sensory analysis and acceptability test and
statistical analysis. The values found are arranged and presented in tables and graphs detailing in detail for a better
evaluation, among which vitamin C and iron stand out. The biscuits showed high acceptability, so the Mo flour and
biscuits can be considered good sources of proteins, carbohydrates, lipids, fibers, vitamin C, and iron, an alternative
supplement in food preparations.

Keywords: Nutritional properties; Food supplement; Iron deficiency anemia.

Resumo

A Moringa oleifera (Mo) é uma espécie perene, da familia Moringaceae, originaria do Himalaia. E farta em beneficios
a salide humana, pois ajuda na prevencao e no combate de varias doengas, entre elas a anemia ferropriva em criangas.
O interesse por esta planta e pelos seus beneficios tem aumentado, muitos cientistas estudam suas propriedades
nutricionais e medicinais. A partir destas afirmacdes este trabalho teve como objetivo a producdo da farinha da Mo (p6
da folha) e de biscoitos com a substitui¢do parcial das farinhas convencionais, assim como a avaliacdo das composi¢des
quimicas, anélises sensorial e de aceitabilidade, bem como a possivel utilizagcdo do biscoito como um suplemento
alimentar para criangas. O estudo foi dividido em cinco etapas: elaboracéo da farinha; elaboragdo do biscoito; analise
bromatoldgica; analise sensorial e teste de aceitabilidade e andlise estatistica. Os valores encontrados estao dispostos e
apresentados em formas de tabelas e graficos detalhando minunciosamente, e para melhor avaliacdo dentre eles se
destacam a vitamina C e o ferro. Os biscoitos apresentaram uma aceitabilidade elevada, assim a farinha e o biscoito da
Mo podem ser considerados boas fontes de proteinas, carboidratos, lipideos, fibras, vitamina C e ferro, uma alternativa
de suplemento em preparacdes alimenticias.

Palavras-chave: Propriedades nutricionais; Suplemento alimentar; Anemia ferropriva.

Resumen

Moringa oleifera (Mo) es una especie perenne, de la familia Moringaceae, originaria del Himalaya. Esta lleno de
beneficios para la salud humana, ya que ayuda en la prevencién y lucha de diversas enfermedades, incluida la anemia
por deficiencia de hierro en los nifios. El interés en esta planta y sus beneficios ha aumentado, muchos cientificos
estudian sus propiedades nutricionales y medicinales. A partir de estas afirmaciones, este trabajo tuvo como objetivo
producir harina Mo (hoja en polvo) y galletas con el reemplazo parcial de harinas convencionales, asi como la
evaluacion de composiciones quimicas, anlisis sensoriales y de aceptabilidad, asi como el posible uso de galleta como
complemento alimenticio para nifios. El estudio se dividid en cinco etapas: preparacion de harina; preparacion de la
galleta; andlisis bromatoldgico; analisis sensorial y prueba de aceptabilidad y andlisis estadistico. Los valores
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encontrados estan ordenados y presentados en tablas y graficos detallando en detalle para uns mejor evaluacién, entre
los que destacan la vitamina C y el hierro. Las galletas mostraron una alta aceptabilidad, por lo que la harina de Mo y
las galletas pueden considerarse buenas fuentes de proteinas, carbohidratos, lipidos, fibras, vitamina C y hierro, un
complemento alternativo en las preparaciones alimenticias.

Palabras clave: Propiedades nutricionales; Complemento alimenticio; Anemia ferropénica.

1. Introduction

Brazil is a country with vast biodiversity with a flora rich in nutrients and minerals. Non-conventional vegetables are a
food alternative and an option of agricultural activity, besides being plants with excellent nutritional value, easy to grow and low
cost (Rocha, et al, 2008) among them is the Moringa oleifera, (Mo), a perennial and arboreal vegetable, and its cultivation is
due to the high capacity of adaptation to climatic conditions and arid soils, combined with the possibility of using leaves, green
fruits, flowers, and toasted seeds, with representative amounts of nutrients (Gasqui, et al, 2015).

Moringa oleifera has nutritional properties that complement daily feeding. The content in proteins, vitamins, and
minerals is significant and is considered one of the best perennial vegetables. The leaves have a pleasant flavor, can be consumed
cooked in soups, stews, and varied dishes and have a slightly spicy flavor. The leaves and stems can be dried and used as a
condiment, sprinkled on the food. The pod can be used green and fresh and tastes like peas when cooked. Seeds can be consumed
cooked with salt, tastes like chickpeas, and can also be consumed with toast. Flowers can be used in salads and are considered
an important source of nectar for bees (Helvio, 2007). The interest in studying this plant, its nutritional and medicinal properties,
is due to the many beneficial discoveries of this plant. Because it is very abundant in nutritional properties, both in macronutrients
and micronutrients, Moringa oleifera can be used as an ally in the treatment and prevention of iron deficiency anemia, because
it has in its composition a high content of vitamin C and Iron, essential elements for the treatment of this pathology (Almeida,
2018).

Moringa's intake has a comprehensive nutritional and medicinal potential because it has highly digestible proteins,
macronutrients, and as micronutrients calcium, iron, vitamin C, is then considered food for people suffering from iron deficiency
anemia (Gasqui, 2015). We highlight that malnourished children can benefit from the additional consumption of Moringa
oleifera leaves in their diet. The high concentrations of iron, protein, copper, various vitamins, and essential amino acids present
in Moringa leaves make it an ideal nutritional supplement.

According to the World Health Organization (2015), anemia is defined by low hemoglobin concentration in the human
body due to the lack of one or more essential nutrients. It is a condition, where the content of hemoglobin, in this case, iron, is
below the indicated amount, which causes low oxygen supply to the body, fatigue, fainting, shortness of breath, pallor, among
others. Iron deficiency anemia still has a high incidence in developing countries, greatly affects the child's public, and is also
correlated with inadequate nutrition. This is most often due to the precarious economic situation and the difficulty in accessing
information and food education, which restricts the supply and demand of food, both in the variety and in the quantities necessary
for the good physical development of children.

Most often, it is caused by the nutrient deficiency that occurs due to poor nutritional supply via food, which can occur
already during pregnancy, in which the mother does not have an adequate diet, with necessary nutrients (specifically food sources
of iron, vitamin C and calories) and sufficient to meet the needs, of her as a pregnant woman, and of the baby who is developing,
which increases the chances of the newborn developing iron deficiency anemia (Silva, 2007).

This work aims to produce om flour and biscuits with the partial replacement of conventional flours by Moringa oleifera
flour, as well as the evaluation of the physicochemical compositions of micronutrients, sensory and acceptability analyses, as

well as the possible use of the biscuit as a food supplement for children.
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2. Materials and Methods

This work has an experimental design. The biscuits were prepared from the powder of the Moringa oleifera leaf, here
called Moringa oleifera flour (Mo) in the Laboratory of Dietary Technique and the preparation of the powder and bromatological
analyses occurred in the Laboratory of Food Technology, both of the Catholic University Don Bosco. The sensory analysis
occurred in several places in Campo Grande-MS, with children aged 2 to 10 years, of both sexes. The study was divided into
five stages: elaboration of Mo flour; preparation of biscuits; physicochemical characterization; sensory analysis and acceptability

test; statistical analysis.

2.1 Materials
The leaves of Moringa oleifera were acquired on the private property of the city of Campo Grande-MS. The other
ingredients used in the formulation of the biscuit, such as corn flour, wheat flour, sugar, butter, 100% cocoa, baking soda,

cinnamon powder, salt, and eggs were acquired in local shops in the city.

2.2 Preparation of Moringa oleifera leaf powder

After harvesting the leaves (3 Kg) the branches were separated so that there was no interference at the time of preparation
of om flour. Then the leaves were sanitized in running water and sanitized with a solution of sodium hypochlorite at 10 ppm, for
15 minutes and washed again in running water, then arranged in trays and placed in an oven for drying with forced air circulation
at 40°C for 48 hours. After drying, they were crushed in a blender and sieved for homogenization, 4459 of dark green flour and
strong smell, characteristic of mo leaf, the flour was stored in plastic packaging and stored for later use in bromatological analyses

and biscuit manufacturing.

2.3 Biscuit making

For the preparation of the biscuits, preliminary tests were carried out with the Mo flour, to obtain the best formulation,
through the evaluation of the texture of the dough and the general appearance of the biscuits.

The production of cookies took place in an artisanal way between April and May 2021, in the Laboratory of Dietetic
Technique of the Catholic University of Don Bosco. All ingredients were weighed on a digital scale with a minimum accuracy
of 1g, toledo brand, to obtain greater standardization between recipes, after they were mixed in a mixer of the domestic type, to
obtain a homogeneous mass.

Modeling was carried out with biscuit molders so that everyone similarly presented themselves, with approximately 15
grams per unit. They were baked in a conventional preheated domestic oven, placed in baking sheets greased with butter at an
average temperature of 180°C for 25 minutes, cooled until they reached room temperature, and stored individually in plastic bags
so that bromatological and sensory analyses were subsequently performed. For the preparation of the biscuits, a standard recipe
was used to develop various preparations, of which corn and wheat flours were gradually reduced, to add the Mo flour, until
reaching the final quantity of 40g, which corresponds to 30% of Mo flour, in addition to the other ingredients added to the

standard recipe so that it was possible to "equation" the flavor and texture (Table 1).
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Table 1 - List of standard recipe ingredients for the formulation of the Moringa oleifera biscuit.

Ingredients/Formula Quantity
Corn farinho 500g**
Wheat flour 2069
Refined sugar 2509
Eggs 4UN*
Butter 125¢
Lemon zest 1/2 UN
Cinnamon powder 19

Salt 19

*g-grams; **UN- units. Source: Authors (2021).

To obtain the final result, four recipes were developed, discarding those that did not present good results regarding
palatability, flavor, color, consistency, and texture. The preparation method used was the same for the four formulations. At the
end of the experiment, only one cookie recipe (Table 2) was considered ideal for organoleptic characteristics considered ideal

for consumption, in which 40% of Mo flour was used.

Table 2 - List of ingredients used for formulation 4 to obtain the biscuit, prepared with 40% Moringa oleifera flour.

Makings Quantity
Corn flour 350g*
Wheat flour 3069
Moringa flour 409
Refined sugar 3009
Butter 130g
Cocoa 100% 359
Baking soda 10g
Cinnamon powder 1g

Salt 1g

Eggs 5th UN*
Lemon zest 1/2 UN
Vanilla essence 3 drops

*g-grams; **UN- units. Source: Authors (2021).

2.4 Analytical determinations in moringa leaf flour
2.4.1 Chemical composition

The preparation of the sample to be analyzed was performed from the baked and crushed biscuits. Humidity was
determined by the drying method. Because it is a gravimetric procedure, a process that isolates its component to its purest form,
in which loss by desiccation occurs in an oven at 105°C until constant weight. The determination of the ashes was made from a
gravimetric method also, in which the destruction of the organic matter present in the sample occurs (AOAC, 2016).

For protein, the amount of nitrogen was determined by the Micro-Kjeldahl method - neutralization titulometry, and the
results were converted into crude protein with the application of conversion factor 6.25 (AOAC, 2000). Lipids were determined
from the extraction method of the goldfish device, characterized by a continuous process, which obtains the lipid fraction present
in the raw material to be used in the system. This process is carried out with solid samples and hot solvents, with the reflux of
the solvent for oil extraction (Instituto Adolfo Lutz, 2008).

To determine the carbohydrate content, the Lane-Eynon method was performed using the Fehling reagent (AOAC,

2000). And, in the end, the determination of the fibers was performed by calculating the difference at 100%.
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To determine vitamin C or L-ascorbic acid, the analysis was used, which is based on the oxidation of ascorbic acid by
potassium iodate (Tavares, et al, 1999).

Iron determination was performed by the complexation of iron ions with iron thiocyanate, in the presence of iron forms
a red coloration and determined its concentration by spectrophotometer (Instituto Adolfo Lutz, 2008).

All determinations were made in triplicate and then the means of the values were made. The results obtained were

presented in percentage form and tables.

2.5 Sensory analysis and acceptability of Moringa oleifera biscuit

After the approval of the Research Ethics Committee (CEP) with the acceptance term of CAAE number
45226321.3.0000.5162, the sensory analyses were performed through the tasting of the biscuit prepared based on Moringa
oleifera flour, in which the acceptability tests were performed with 25 children of both sexes, aged 2 to10 years, randomly
selected. The test occurred after the signing of the consent form by the parents and the Consent form directed to children older
than 6 years. The sensory and acceptability analysis was initiated on the 5th day after the preparation of the biscuits and, due to
the availability of the evaluators, it was completed in 6 days, where it occurred in the Food Technology Laboratory of the Catholic
University of Don Bosco Catholic - UCDB.

1°) The evaluation of the flavor. We used the facial hedonic scale to verify the level of acceptance of the biscuits;

2°) To evaluate the degree of acceptance of the product about color, flavor, and texture, also with the facial hedonic
scale (Monteiro, 2005).

2.6 Acceptability index
The acceptability index (Al) of each preparation was analyzed according to the following expression: A (%) = A x 100/

B, where A is the average score obtained by the product and B is the maximum score given to the product (Teixeira et al, 1987).

2.7 Methodological support for research
The data presented followed the protocols of teaching, research, and scientific methodology, as described by Estrela
(2018).

2.8 Statistical methods and data analysis
For the statistical evaluation, in relation to categorical variables, the Q-square test was used to evaluate the influence of

the profile of the acceptable of biscuits by the creations, being adopted as significance o = 0.05.

3. Results and Discussion
The analyses of the chemical and centesimal composition are presented separately for the Mo flour and the biscuit, table
3 shows the results obtained. The related assays are moisture, carbohydrate, protein, lipid, total fibers, in addition to iron and

vitamin C.
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Table 3 - Centesimal composition of Moringa oleifera flour and biscuit.

Parameters Moringa oleifera flour Moringa oleifera biscuits
Humidity (g.100g™%) 5.0+0.02° 10.4+0.042

Ashes (g.100g™) 9.4+0.322 1.540.222

Protein (g.100g™) 25.740.212 5.6%0.16°

Lipid (g.100g™) 6.6+0.05" 13.1+0.07°

Carbohydrate (g.100g™) 24.0+0.192 41.0+0.26°

Crude fiber (g.100g™) 19.4+0.252 27.8+0.14%

Vitamin C (mg.100g?) 10.2+0.06° 8.7+0.082

Iron (mg.100g™) 3.5+0.16% 2.4%0.13°

Means + standard deviation with different letters on the same line differed from each other by the Tukey test (p<0.05). Source: Authors (2021).

When analyzing the results obtained for moisture, it can be observed that the values of Mo and biscuit flour were,
respectively, 5.0% and 10.4%. These values are considered appropriate with the standards established by the Brazilian
Legislation. According to the National Health Surveillance Agency (2005), the moisture content for biscuits should not exceed
14%, since it is characterized as a farinaceous product, so the results obtained for moisture of the biscuits are within the standard
required by the legislation since they showed humidity below 14%.

Even though the percentage of moisture of the flour was below, but within the established standards, the MS biscuit
presented a higher value than the recommendation, but this difference did not become relevant, because this small difference
may be related to the time of the manipulation process and the insertion of the ingredients of the formulation. Moisture is
important in the storage of dry foods because higher levels than those established by Brazilian Legislation can provide microbial
growth. The moisture content is related to its manufacturing process (Chisté, et al, 2006; Tibola, et al, 2010).

The study conducted by Passos et al, (2012), in which the Mo flour was also used was 9.9%, a lower value than in the
present study. Baptista et al. (2012), presents the study when devising cookies, in which he used Mo flour, found a moisture
value of 10.8%, a value that corroborated the one found in this study, which was 10.4%. The values obtained from the ash content
for Mo flour and biscuit were 9.4% and 1.5%, respectively, it was observed in Teixeira's study, 2012, that he obtained a similar
value for ashes from the Mo leaves, the value of 10.9%.

Castro (2017), conducted a study in which he developed products based on Mo flour, which obtained results for the
analysis of the ash content of 11.1%, a result much higher than that found in the biscuit prepared here, as occurred in the study
by Guiros, et al, 2019, where the ash content in the Mo leaves was 11.23%. According to Almeida (2018), high ash contents (5
to 10%) indicate the abundance of mineral elements in plants; he also reported that the high ash value is indicative of high levels
of minerals such as calcium, phosphorus, iron, and magnesium. The maximum ash content allowed for Brazil (Brazil, 2005), for
biscuits is no more than 3% and according to the Taco table (TACO, 2011), should not exceed the value of 1.5% for sweet
biscuits of corn starch, thus it is understood that the biscuits prepared in this study were within the norms and recommendations,
so because of their ash content, these may present a good nutritional value that refers to minerals.

The protein content found in the Mo leaf (flour) was 25.7%, a value considered higher than that found in the study
conducted by Gueiros, et al, (2019), which was 20.21%, but lower than the results found in the studies conducted by Castro
(2017) and Santos, et al, 2020, which obtained the results of 27.2% and 29.84%, respectively. According to Modesti (2006),
green leaves of vegetables with high protein content are indicated as food alternatives in the fight against malnutrition,
considering that these leaves have low cost and high availability of nutrients. Therefore, there has been growing interest in
research for new unconventional protein sources for application in the food industry.

However, the values obtained in this study were higher when compared to the protein contents of unconventional leaves:
Silva, et al, 2001, obtained 17.92% for taioba; 18.46 % for sawdust, and in carrot leaves obtained 15.2 %, while Modesti (2006)

found in cassava leaves 14.55 % protein. This high protein index presented by the present study demonstrates a choice of Mo
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flour for food enrichment. Macambira, et al, (2018), found 18.31% of proteins in the chemical composition of Moringa oleifera
leaf bran and highlight that all parts of the moringa are rich in nutrients and compounds favorable to the proper functioning of
the body. Mo leaves have a high percentage of protein, being higher than that presented in eggs, dairy products, besides
containing more calcium than cow's milk. It also has a relatively high amount of vitamins A and C and significant amounts of
minerals such as potassium, iron and magnesium. It is difficult to find a more complete food, its green leaves correspond to the
group of foods that are used as an important food source in all parts of the world because they are rich sources of bioactive
compounds, minerals and dietary fibers (Moreira, 2016).

The prepared biscuit presented in its protein analysis a result of 5.6%, a value lower than that found in the study by
Baptista et al, (2012), where the value of 6.05% crude protein was obtained, however Santana et al. (2008), in their study with
biscuit, the result of 0.37%, a value much lower than that found in this study.

The lipid content of Mo flour was 6.6%, lower than the value found by Gasqui, et al. (2015), which was 12.89% in Mo
flour, but remained with a very close result with the analysis by Moyo et al. (2011), who presented a value of 6.5% lipid.
Regarding the biscuit, the value found for lipid was 13.14%, higher than the study by Baptista et al. (2012), where the result was
8.81%. It is understood that the variation in lipid content is by the ingredients used and the variation in the types of biscuits
(sequilhos, cookies, light, among others). Lipids are components of great importance in human food because of their nutritional,
functional, and organoleptic properties. They are sources of essential fatty acids and transporters of fat-soluble vitamins A, D,
E, and K2. Therefore, it is important to consider the positive impact of the presence of this nutrient in the formulation of new
products (Pinheiro et al., 2005).

The high carbohydrate content that Mo flour presented is indicative of a potentially energetic vegetable, Moura, et al,
2009, resulted in 24.0% in their study, which can be compared to those found by Silva et al. (2001) and Gasqui et al. (2015),
with higher levels of 48.3% and 38.8%. The biscuit presented high carbohydrate content (41.4%) when compared to Mo flour
(24.0%), this is because the biscuit composition has other types of starch-rich flours such as wheat flour and corn flour. No
studies were found that evaluated the carbohydrate content of the biscuits produced with Mo flour. Dietary fiber can influence
several aspects of digestion, absorption, and metabolism, which makes them an adequate intestinal regulator, in addition to the
prevention of diseases of the gastrointestinal tract, glycemic control, lipid, balance of the intestinal microbiota, immunity, and
cardiovascular (Teixeira, 2012).

When compared with other food sources usually consumed, such as chard, watercress, broccoli, and lettuce with levels
of approximately 3% (TBCA, 2020), Moringa oleifera can be considered an important source of this nutrient. The daily amount
of fiber ingested should be about 25 to 30g, but most people do not reach this amount with food (Siguemoto, 2013). The
recommended value for the amount of fiber in children and adolescents is different for adults; American Health Foundation
(AHF) presents those children over 2 years should add up to their age about 5g to 10g of fiber daily. That is, a 10-year-old child,
for example, should consume between 15 and 20g of fiber per day.

According to the legislation, through ordinance n°. 27 of 1998 (Brazil, 2014), food to be rich in fiber must contain at
least 6g of fiber in 100g of food, and to be a source of fibers must contain 3g of fiber in 100g of food. Fruet et al. (2014), reported
that dietary fibers are researched for the beneficial effects recognized for collaborating with the sensory properties of food. The
amount of fiber found in dry flour in Mo was 19.4%, a value that was higher than the studies conducted by Teixeira (2012) which
was 10.9%, and that of Gasqui et al. (2015), which was 14.56% by Moyo et al. (2011), with a content of 11.4%. As for the
biscuit, it presented 27.8% of total fiber, when compared to the study by Baptista, et al, 2012, which was 1.41%. It is understood
that this difference may be due to the amount used of Mo flour in the preparation of the biscuit, which was superior to the study

by Baptista, et al, 2012. Therefore, in this work, the crude fiber content found in both Mo and biscuit flour makes them can be
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considered high in fiber when compared with some foods, such as who leme al that has 3.0%; carrot 6.0%; cabbage 8.0%; whole
wheat meal 11.0%; whole oats and rice bran 13.0% (TACO, 2011).

Regarding vitamin C, the present study identified in the flour content of 10.2 mg a value lower than that found by
Teixeira (2012) which was 17.3 mg, the amount of vitamin C present in the biscuit was 8.7 mg, which demonstrates that there
was little loss of this mineral in the cooking process. Camera et al. (2019), in their studies detailed the compositions of foods
shows that it contains 164 mg of vitamin C per 100g of fresh leaf, and Mensah, et al, 2012, verified in the powder of the leaf of
Moringa oleifera the amount of vitamin C, the presence of 19.3mg/100g. In the present, it was possible to observe that the dried
leaves of Moringa oleifera values were also lower than that found by Mensah et al. (2012), and Siguemoto (2013).

RDC N°269 of September 2005 (Brazil, 2005), establishes the recommended daily intake (RDI) for nutrients, such as
vitamin C, the recommendation for children aged 4 to 10 years a daily dose of 45 mg and for adults 60 mg. This amount can be
acquired in the intake of 4.34 g of the fresh leaves of Moringa oleifera. Mo leaves can be incremented in various ways in human
food, such as teas, juices, salads, seasonings, capsules, etc. Vitamin C, according to Camara, et al, 2019, has hundreds of functions
in the body, among them, acts as an antioxidant, cofactor for the biosynthesis of collagen, carnitine, peptide hormones, and
neurotransmitters. The highest levels of vitamin C are found in vegetables and fruits such as orange, lemon, acerola, guava, and
lemon. Most vegetables contain a significant amount of this vitamin, and Mo has gained prominence.

As for the iron content of Mo flour (dry leaf powder), a concentration of 3.5% of this mineral was observed and, in the
biscuit, it was 2.4%. Many studies show that both iron and vitamins C, present in Mo, will be in greater quantity when the leaves
of this plant are harvested during the winter since this vitamin favors its absorption, but the bioavailability of iron will be higher
when the leaves of this plant are submitted to a cooking treatment, that is, its use will be better, the more they are coccionadas
(Moreira, 2016; Chamber, 2019).

Due to the large number of nutrients that Mo contains, it can be used to combat nutritional deficiencies, especially iron
deficiency anemia (Romero et al., 2015). As stated in the study conducted by Shija et al. (2019), in which 206 children living in
4 African villages in Kisarawe district, Tanzania, were supplemented for 6 months with daily doses of 25g of Mo leaf powder,
resulting in a reduction in the prevalence of anemia in communities by 53.6%. The lack of studies demonstrating iron content
and concentrations, both in flour and in biscuits made with flour, prevented a better discussion and comparison with the values
obtained in the present study.

Silva et al. (2020), say that the amount of nutrients in food is affected by environmental conditions during their
development in the field, by the conditions of harvest, drying, processing and storage. In addition, the identification of the
physical-chemical characteristics and the quantification of these bioactive substances in the plant are of paramount importance,
as they are of great interest to add nutritional quality and add value to the final product. Regarding the results of the sensory
analysis of the biscuit, of the 25 children who evaluated the Moringa oleifera biscuit, 48% were male and 52% were female. The
age group with the highest prevalence among participants was 5 to 10 years, which gives an average age of 6 years for both
sexes. Figure 1 shows the acceptability of children regarding the color of the biscuit, where 52% reported having "worshipped",
36% who "liked it"; for the items "hated"”, "did not like" and "indifferent" presented 12% of the answers (N=3).
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Figure 1 - Graphic of sensory analysis of biscuit of Moringa oleifera as to the in do not know color.
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Source: Authors (2021).

The answers obtained regarding the good acceptance of the color of the biscuits was surprising since the green color of
the dry leaf of the flour stood out in the biscuit, was different from the traditional colors of homemade and/ or industrialized
biscuits.

Regarding the taste, the evaluation of the children proposed to the study a good result. Figure 2 shows that 60% reported
having "loved" the biscuit, 28% who "liked it", 8% who "did not like it", only 4% were indifferent to the taste and there were no

reports regarding the "detest" the biscuits.

Figure 2 - Graphic sensory analysis of biscuit of Moringa Oleifera as to the question flavor.
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When you talk about taste, it's something very individual, and it changes from person to person. For this reason, when
the taste assessment test is carried out, it is not only important that the language of the analyzer is in good condition, but also
that it is not having problems with the sea and throat. The taste is also influenced by color and texture (Silva et al., 2020).

The taste is a significant manifestation because it constitutes almost the knockout proof of the food. The flavor receptor
organs are located in the tongue, the base and tip of it do not present greater sensitivity. In addition to the tongue, there are also
other points of sensitivity of the flavor, located in the gums, hard palate, tonsils, and epiglottis (Lopes et al., 2020).

The texture is a determining factor in the quality of biscuits, responsible for defining the acceptance and sale of these
products (Dutcosky, 2011). This attribute is related to hardness, fracturing, and crispness in these bakeries. The textured aspect
was also evaluated in the sensory analysis, 68% of the evaluators reported having "worshipped"”, that is, they found the texture
as soft, 24% reported that they "liked" and 8% who "did not like it". By performing different forms of biscuit preparations, until
obtaining the final product, it can be seen that the corrector appropriate form of preparation influences the texture of the food, as
well as the temperature and preparation time. Carelle and Candido (2014) described that the preparation of food in dietary
technique should ensure: adequate nutritional value of food and pleasant palatability, which guarantees the acceptance of the
preparation by the consumer.

Many studies carried out with different types of cookies have shown a strong tendency of industries to promote the
enrichment of these foods because they are a low-cost product that can easily be consumed by the less privileged social class
(Castro, 2017; Carvalho Neto, 2017; Mensah et al, 2012; Moreira (2016)), reported that the mixture of flour from non-
conventional products, together with wheat flour, for example, improves the nutritional quality of biscuits and can even improve

their palatability, which makes them more accepted by consumers.

4. Conclusion

According to the results obtained, Moringa oleifera flour can be considered a good source of proteins, carbohydrates,
fibers, iron, and vitamin C when compared with other food sources, such as non-conventional vegetables. Thus, it may present
as a new supplement alternative in food preparations in the diet of children, adolescents, and adults.

The preparation of the biscuit recipe also demonstrated that it can be an income alternative for communities living from
the extractives of Moringa oleifera or those that have in their community the cultivation of the moringa tree in large numbers,
as is the case of those living in the region of Guinea Bissau, in west Africa. It is worth mentioning that the values obtained from
the iron and vitamin C contents of the cookies produced can be considered a good food possible for the prevention and treatment
of iron deficiency anemia in children of all social levels, because the recipe has a considerably low cost, in addition to good
acceptability.

Most of the world's population is unaware of its potential or does not have safety in its consumption, which highlights
the need to carry out further studies on its nutritional quality, interventions, disclosures, nutritional guidance regarding its benefits

regarding its relevance in health promotion, prevention, and treatment of diseases.
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