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Abstract

This study aims to design and validate a nutritional recipe for a snack made of Green Banana (Musa paradisiaca)
Peel Flour (GBPF) and to assess the nutritional composition and microbiological quality of the flour. Banana peel, a
food industry by-product, is a nutritious, low-cost material available for all year. Banana peel flower could be used
as a functional ingredient due to its high fiber content and good functional properties. In general, university students
have a deficient dietary fiber intake due to altered dietary patterns; thus, this study was focused on this population.
The GBPFs were obtained from the peels of pre-climacteric bananas by fluidized bed (FDB) dryer, after which,
microbiological, proximate, and dietary fiber analyses were applied. It was designed the nutritional recipe for the
snack taking into account the energy and dietary fiber nutritional requirements of the target population. It could be
validated and adjusted the recipe following the methodology of Centro Nacional de Alimentacién y Nutricién,
concluding with the determination of dietary fiber in the end-product. The dietary fiber, total carbohydrate, protein,
total fat and energy contents of the GBPF were as following: 38.7 g, 76.3 g, 5.9 g, 3.6 g, and 361.2 kcal, per 100 g of
flour. The snack contained 7.74 g of dietary fiber per serving size, having a good acceptance among the university
students' panelists based on an organoleptic test. In conclusion, the GBPF showed great potential as a source of
dietary fiber, and it was an excellent source of carbohydrates and other nutrients to a lesser degree. When included
as a functional ingredient in the nutritional formulation of a snack, it had an overall positive effect on the product’s
organoleptic characteristics.

Keywords: Dietary fiber; Nutritional composition; Proximate analysis; Nutritious recipe; Functional ingredient;
Dietary patterns.

Resumo

Este estudo tem como objetivo projetar e validar uma receita nutricional para um “snack” feito com farinha de casca
de banana verde (Musa paradisiaca), além de avaliar a composicdo nutricional e a qualidade microbiolégica da
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farinha. A casca de banana, um subproduto da industria de alimentos, é um material nutritivo e de baixo custo,
disponivel durante todo o ano. A casca de banana pode ser usada como ingrediente funcional devido ao seu alto
teor de fibras e as boas propriedades funcionais. Em geral, os estudantes universitarios tém uma ingestao deficiente
de fibras alimentares devido a padrées alimentares alterados; assim, esse estudo focou nessa populagéo. A farinha
de casca de banana verde foi obtida a partir das cascas de bananas pré-climatéricas por secagem em leito fluidizado;
em seguida foram realizadas analises microbioldgicas, de composicdo centesimal e de fibras alimentares. Criou-se
a receita nutricional para o "snack”, levando-se em consideracdo as necessidades nutricionais de energia e fibras
alimentares da populacdo-alvo. A receita foi validada e ajustada seguindo a metodologia do Centro Nacional de
Alimentacién y Nutricién, concluindo com a determinagdo da fibra alimentar no produto final. Os teores de fibra
alimentar, carboidrato total, proteina, gordura total e energia da farinha de casca banana verde foram,
respectivamente: 38,7 g, 76,3 g, 59 g, 3,6 g e 361,2 kcal, por 100 g de farinha. O “snack” continha 7,74 g de fibra
alimentar por porcdo, tendo uma boa aceitagdo entre os participantes universitarios, com base em um teste
organoléptico. Em concluséo, a farinha de casca de banana verde mostrou grande potencial como fonte de fibra
alimentar, sendo uma excelente fonte de carboidratos e, em menor grau, de outros nutrientes. Quando incluida
como ingrediente funcional na formulacdo nutricional de um lanche, teve um efeito geral positivo nas caracteristicas
organolépticas do produto.

Palavras-chave: Fibra alimentar; Composicdo nutricional; Analise aproximada; Receita nutricional; Ingrediente
funcional; Padrdes alimentares.

1 Introduction

Dietary fiber consumption provides a wide range of health benefits (Anderson et al., 2009; Fuller et al.,
2016). Dietary fiber should be studied, taking into account its different components to understand its clinical
benefits, however, most epidemiological evidence comes from the study of fiber in the whole food
(Fuller et al., 2016; Huang et al., 2015). In a large prospective study in the United States of America (USA),
the consumption of dietary fiber was identified as a protective factor for risk of total or cause-specific death
due to various chronic diseases such as cancer, cardiovascular diseases, diabetes mellitus, among others
(Huang et al., 2015). The reason for this, it is that high fiber intake improves serum lipoprotein values,
reduces blood pressure, aids weight reduction, and promotes regularity (Anderson et al., 2009). There is
evidence showing that soluble fibers play a part in blood glucose attenuation, cholesterol reduction, and
insoluble fibers promoting laxation (Fuller et al., 2016). Besides, prebiotic fibers have a beneficial effect on
the intestinal flora, which in turn has a direct effect on gut function, improving host nutrition and immunity
(Gong & Yang, 2012).

Current lifestyles have influenced the consumption of a diet based on fresh and minimally processed foods,
towards a diet favoring highly processed foods. Owing to issues of convenience and accessibility, ultra-
processed foods have gained popularity in recent years. Most foods in this category are high in health-
sensitive nutrients such as fat, simple sugars, and sodium, in addition to being densely energetic
(Monteiro et al., 2010). Therefore, their consumption can contribute to gut microbiota and nutritional
imbalances (Aguayo-Patron & Calderdn de la Barca, 2017). The intake of refined-flour bakery products does
not provide a sufficient amount of dietary fiber to consumers (U.S. Food and Drug Administration, 2018),
and in some countries, consumers still prefer products made with refined grains to whole grain products.
However, the overall trend worldwide is a higher demand and consumption of high-fiber bakery products
(Parantez Media, 2018).

For young people, the college period constitutes a moment of taking responsibility for their diet and food
intake. Several studies highlight the college population as a vulnerable group from the nutritional point of
view, since it is usually characterized by the predilection for fast food, sugary drinks, skipping main meals
and snacking between meals. The diet of college students is usually rich in saturated fats and simple sugars,
and it is deficient in dietary fiber (Costa Silva Zemdegs et al., 2011; Duran Agiiero et al., 2012; Duran et al.,
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2009). Likewise, the average fiber intake of the Peruvian population is not known. However, in the Latin
American Study of Nutrition and Health (in Spanish Estudio Lationoamericano de Nutricion y Salud
(ELANY)), it is noted that the intake of rice, pasta, and bread represents 35.8% of the total energy intake of
a Peruvian urban area resident and from that percentage, only 2.07% corresponds to the consumption of
whole-grain products (Kovalskys et al., 2018). In the USA, the average intake of dietary fiber is 16 g/ day
(Lanza et al., 1987), which is well below the recommended daily intake for this nutrient for Americans (25-
30 g per day), (U.S. Food and Drug Administration, 2018) making low dietary fiber consumption a worrying
issue, (Lanza et al., 1987). As a result of this, the importance of good eating habits developed in this particular
life stage is evident (Del Rio et al., 2016).

Recovering fruit and vegetable waste into the food supply enhances the sustainability of the food system.
The transformation of horticultural waste into value-added ingredients and food products could lead to better
human nutrition and food security (Augustin et al., 2020). The residues and food waste generated in vast
quantities by food processing plants contain substantial amounts of dietary fiber, even more than the edible
portion. Therefore, the dietary fiber obtained from food by-products can play a significant role as a high-
quality, functional ingredient (Goni & Hervert-Hernandez, 2011), considering there is a growing interest in
the health benefits of a wide range of bioactive ingredients (Weaver, 2014). In this sense, it is necessary to
carry out studies focusing on the utilization of these by-products to develop value-added ingredients,
according to the research by Alarcon-Garcia et al. (2013) who assessed the functionality of banana waste as
a food ingredient. Moreover, the addition of banana peel flour to the composition of food products does not
negatively affect organoleptic attributes such as texture, taste, and smell (Eshak, 2016), and it is a low-cost
material, rich in insoluble dietary fiber (Angelis-Pereira et al., 2016). On the other hand, the banana peel is a
good source of potassium, phosphorus, calcium, magnesium, and manganese (Angelis-Pereira et al., 2016;
Eshak, 2016) polyunsaturated acids and essential amino acids (Happi Emaga et al., 2007) vitamins such as
ascorbic acid, riboflavin, niacin, and folic acid as well as phenolic compounds (Arun et al., 2015). Despite
not being used as food for human consumption directly, once processed can be used as a partial substitute for
wheat flour in sausages (Rosero Chasoy & Serna Cock, 2017), bread (Eshak, 2016), cookies (Arun et al.,
2015) and pasta (Castelo-Branco et al., 2017). In a study carried out in Mexico, the composition and
physicochemical properties of Green Banana Peel Flour (GBPF) were analyzed. They concluded that, in
addition to its high dietary fiber content (mainly insoluble fiber), this flour has a high content of polyphenols
and tannins, and a high capacity of water and oil retention, hence showing potential for use in the development
of functional foods (Agama-Acevedo et al., 2016).

In Peru, the term plantain refers to the unripe or ripe banana fruit of any edible variety or genotype. Banana
(Musa paradisiaca) is a tropical fruit, and its seasonality is throughout the year. The edible portion is
equivalent to 66 grams per 100 grams of product, so the residue has a considerable weight (Cardenas Diaz,
2009). According to the Ministry of Agriculture and Irrigation in Peru, the banana production for the year
2017, was 582, 7 thousand tons. The Peruvian departments with the highest banana production were Piura,
Loreto, San Martin, Huanuco, and Ucayali (Ministerio de Agricultura y Riego, 2018).

Given the potential of green banana peel, this paper aimed to design and validate a nutritional recipe for a
snack made of GBPF, as well as assessing the nutritional composition and microbiological quality of the
flour.

2 Material and methods

The protocol to the Ethics and Research Committee of the Faculty of Health Sciences at Universidad
Peruana de Ciencias Aplicadas in Lima (Peru) was submitted. They exempted the protocol from further
revision and approved its execution based on the documents FCS/194-09-18 and FCS/CE 045-03-20.
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105 kg banana sample were obtained from a primary wholesale fruit market located in Santa Anita, in
Lima, Peru, from February to March 2019. Given the source of the sample, it could not be verified the banana
species. The study had the following steps:

2.1 Production of GBPF

Fruits with two days of post-harvest time according to its maturity index (pre-climacteric) were selected,
excluding damaged or contaminated fruit. Then, the fruits were transported to the Instituto de Desarrollo
Agroindustrial de la Universidad Nacional Agraria La Molina (INNDA), where the fruit was weighed and
kept in frozen storage for ten days. After that, it was defrosted, washed and disinfected in a stainless-steel vat
with 0.2% PerActive solution (dilution of commercial 15% peracetic acid solution); then the peels were cut
into small pieces on a stainless steel surface, and placed in a fluidized bed (FDB) dryer, for 6 hours at 70 °C.
Once dried, the material was finely ground using a hammer mill and sieved through a 212-um sieve (Standard
Mesh N° 70), and the % humidity was determined. The GBPF was irradiated (radioisotope used Co®’;
emission: gamma rays; minimum absorbed dose: 8kGy) to meet the microbiological quality national
standards (Direccion General de Salud Ambiental, 2008), and stored in PEHD bags. The flour yields for each
unit operation were calculated by dividing the amount of output produced by the amount of input used and
expressed the results as percentages. The flow diagram for the production of GBPF is shown in Figure 1.

Green banana peels —————— | 2 REGEi‘\J‘iﬂQ

v

Weighing

Frozen Storage
{-18°C » 10 days )

&

h 4

Washing and
Disinfection
{PerActive 0.2%)

Cutling f------- #  Weighing

Drying

JO°C x 6 hours

h 4

Milling »  Weighing

PEHD bags ~ —————— »  Packing

~

Figure 1. Flow diagram showing the operations for obtaining GBPF.
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2.2 Characterization of the GBPF

Indeed, 1kg sample of GBPF was analyzed at La Molina Calidad Total Laboratorios (UNALM) to determine its
physicochemical characteristics and microbiology quality. They quantified ash (AOAC 9030.05), moisture (AOAC
925.10), fat (AOAC 922.06), dietary fiber (AOAC 985.29), protein (AOAC 978.04 (A)) (AOAC International,
2016), and carbohydrates, and total energy content (Collazos et al., 1993). The carbohydrate content was calculated
by difference, and it included the dietary fiber content. 4 kcal / g of carbohydrate were chosen for the calculation of
the energy content. On the other hand, the microbiological quality relied on the determination of aerobic mesophiles,
coliform bacteria, fungi and yeasts, Salmonella sp., E.coli, and Staphylococcus aureus (International Commission on
Microbiological Specifications for Foods, 1983).

A single determination on the 1kg sample for each of the above analyses was performed.

2.3 Design, production, and validation of the nutritional recipe for the snack

The recipe was designed by taking into account the energy and dietary fiber nutritional requirements of the target
population: college students between aged from 18 to 25 years. The recommendations for energy intake requirements
for the Peruvian population from Centro Nacional de Alimentacion y Nutricion (CENAN) (Centro Nacional de
Alimentacién y Nutricion, 2012b), and the dietary fiber daily value from the Food and Drug Administration (FDA),
USA (U.S. Food and Drug Administration, 2018) were used. The portion size of the snack was calculated,
considering that it should not provide more than 10% of the daily energy requirement, according to the guidelines
provided by Centro Nacional de Alimentacion y Nutricion (2012b). The total nutritional contribution of the recipe
using Peruvian nutritional tables as well as the results of the GBPF's proximal analysis were calculated, and then
adjusted the formulation by changing the amount of GBPF to reach 5 g of dietary fiber per serving size. For the
nutritional contribution of the GBPF, our calculations were based on the results of the proximal analysis and used the
Tablas Peruanas de Composicion de Alimentos (Centro Nacional de Alimentacién y Nutricion, 2009) for the
remaining ingredients. The snack was produced in a batch process following the steps shown in Figure 2, according
to the pilot nutritional recipe.

Weighing
ingredients

Y

Mixing of dry

Dry ingredients —----- i :
R ingredients

Y

Wetingredients —----- » Homogenizing

h 4
Baking

{150 °C x 20 min)

v

Portioning
(30gx 15)

Figure 2. Flow diagram for the production of the snack with GBPF.
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The validation of the GBPF's pilot recipe was carried out through a panel composed of 20 college students
of both gender (eleven men, nine women), enrolled at Universidad Peruana de Ciencias Aplicadas (UPC) at
the time of the study, as approved by the Ethics and Research Committee of the Faculty of Health Sciences
of the same institution. The panelists had similar socioeconomic characteristics, and those college students
reporting allergies to any of the ingredients were excluded. A modified version of an instrument provided by
CENAN was used (Figure 3), i.e., a questionnaire called Encuesta de opinion sobre recetas nutricionales
(Centro Nacional de Alimentacion y Nutricion, 2012a). The tasting panel carried out an organoleptic test to
qualitatively assess the snack characteristics based on personal opinions and gave feedback, which was used
to adjust the recipe and serving size. Once adjusted, the second validation of the recipe was performed,
applying the same procedure.

Recipe: Snackwith GBPF Researcher:
Sex of res pondent: (M) [F) Age of res pondent: [=]
Date: [

PilotRecipe []
Adjusted Recipe []

1. What i5 your opinion abouttherecipe?®
8. Bland
b. Normal

c. Healthy

2. Did you like the recipe?
8. Yes
b. Mo

3. Do you consider therecipe ladked something?
8. Yes
b. No

If your answer s "es”, indicate what youwould add tothe recipe:

4. What did you like abouttherecipe? You can check more thanone answer
. Taste

Color

Aroma

Texture

Consistency

PRpEm

o

. What do youthink about the quantity s erved?
3. A
b. Adegustebut| could est more
c. amall
d. topsmall

Figure 3. Questionnaire for panelists assessing the snack organoleptic characteristics.

2.4 Final adjustment of the nutritional recipe for the snack

The snack's recipe was adjusted for a second time in order to specify the ingredient quantities, the
preparation procedure, and the dietary contribution per serving size (30 g).

2.5 %Dietary fiber determination in the snack made with the adjusted and validated nutritional
recipe

The snack was produced in a batch process and a sample was taken to UNALM to determine its % dietary
fiber and verify the estimated contribution.
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3 Results and discussion

3.1 Production of GBPF

Table 1 shows the yields of the green banana peel until obtaining the GBPF. 36.84 kilograms of green
banana peels with 83% moisture content were processed. Thus, 4.69 kg of GBPF with 2.85% moisture
content could be obtained; the total yield being 12.73%, accounted for losses during the drying, cutting, and
grinding steps. In a study carried out with another species of banana and a different drying method, the yield
of the GBPF was significantly lower, totaling 3.8% (Castelo-Branco et al., 2017).

Table 1. GBPF yields per unitary operation.

Material in process

Operation Input Loss Output Loss (%) Yield (%)
(kg) (kg) (kg)

Previous operations® 36.84 0 36.84 0 100
Cutting 36.84 1.63 35.21 4.43 95.58
Drying 35.21 30.34 4.87 86.17 13.83

Grinding 4.87 0.18 4.69 3.70 96.30
Total - - - 87.27 12.73

“Previous technological operations = weighing, frozen storage, washing, and disinfection.

3.2 Characterization of the GBPF

Table 2 shows the physicochemical characterization of the GBPF according to the proximate analysis
results.

Table 2. Proximate Analysis®: physicochemical characteristics of GBPF.

Physicochemical characteristic Percentage Result
Carbohydrates (g/100 g sample) 76.3
Total Energy (kcal/100 g sample) 361.2

% kcal from carbohydrates 84.5

% kcal from fat 9.0

% kcal from protein 6.5

Protein (g/100 g sample) (factor: 6.25) 5.9
Fat (g/100 g sample) 3.6
Moisture (g/100 g sample) 4.6

Ash (g/100 g sample) 9.6

Dietary fiber (g/100 g sample) 38.7

*As reported by La Molina Calidad Total Laboratorios — UNALM.

The difference between the moisture content determined after milling and the one obtained later in the
proximate analysis was 1.75%, and it is explained by water absorption from the environment (Food and
Agriculture Organization of the United Nations, 2010) which occurred probably before packing the flour in
bags and during its storage before the production of the snack.

Regarding protein, fat, and carbohydrates contents, the GBPF in our study presented 5.9 g/100 g, 3.6 g/100 g, and
76.3 g/100 g, respectively. When comparing these results with those from research carried out in Malaysia with GBPF
made from two different varieties of the same fruit, we could observe slightly lower values for protein and fat in the
GBPF in our study, but a significantly higher value for carbohydrates (Ramli et al., 2010). In terms of dietary fiber, it
could be obtained 38.7 g/100 g of dietary fiber, which is lower compared to both varieties in the Malaysian study.
The dietary fiber content for the “Cavendish” flour was 43.68 g/100 g, while for the second variety, “Dream Green”,
it was 42.65 g/100 g of dietary fiber. Other studies have reported even higher values for dietary fiber content in GBPF,
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reaching 55.5% (Lee et al., 2010). The differences may be explained by fruit variety and stage of maturation and
other factors such as processing methods and parameters used (Ramli et al., 2010). The banana peels used for the
elaboration of the flour in this study remained frozen for ten days before processing them, and the frozen storage
could have affected the dietary fiber content due to degradation of the polysaccharides, as it was reported in other
plant foods (Bouzari et al., 2015).

Table 3 shows the microbiological quality indicators in the flour. Compared to the Peruvian national
standards (Direccién General de Salud Ambiental, 2008), our results indicated that the microbiological
quality of the flour obtained was excellent, with minimal counts for all the indicator microorganisms required
for the category of dehydrated fruits and vegetables.

Table 3. Microbiological quality indicators® in GBPF.

Limit per gram*

Indicator Result
m M
Yeast and Mold Count (UFC/g)® 23x10 10? 103
E.coli count (MPN/g) <3 10 5x10?
Staphylococcus Aureus count (MPN/g)d <3 10 10?
Salmonella sp. count (in 25 g) Absence Absence/25 g

As reported by La Molina Calidad Total Laboratorios — UNALM. "Estimated number. “Peruvian national limit for dehydrated fruits and
vegetables (Direccion General de Salud Ambiental, 2008). *This analysis is not required in dehydrated fruits and vegetables, but it is
necessary for other categories of dehydrated products.

3.3 Design, production, and validation of the nutritional recipe for a snack

The maximum energy contribution of snacks was calculated based on 10% of the energy requirements for the
average Peruvian adult men and women between 18 and 29 years of age, under normal health conditions, as shown
in Table 4. The energy contribution of the snack was 108 kcal per serving, representing 40% and 52% of the 10%
daily energy requirement for men and women in this population segment, as shown in Table 5.

Table 4. Energy contribution of a snack according to the energy requirements of the target population according to gender.

Population segment CENAN® Energy requirement (kcal) 10% daily requirement (kcal)
18 a 29 years-old men 2689 269
18 a 29 years-old women 2045 205

*Centro Nacional de Alimentacién y Nutricion (2012b).

Table 5. Formulation of a snack according to physicochemical characteristics of the GBPF*.

Ingredient Volume measure® Weight (g) FZEEZ%)Y Protein (g) Fat(g) Carbohydrates (g) i]'i)t:Z:*a{g};_
GBPF 1 % cup 187.5 667.3 11.1 16.9 143.1 72.6
foxgzztg‘;‘ﬁo N ¥ cup 62.5 226.3 6.6 1.3 477 1.7
Butter w/ salt % cup 170 1218.9 1.5 137.9 0.2 0.0
Water Y cup 125 0 0 0 0 0
Salt 1 tsp 3 0 0 0 0 0
Spices 1 tsp 3 0 0 0 0 0
TOTAL 483 1620.5 18.5 99.2 190.9 74.3
Servings 15 Weight/serving 32.2 108 1.2 6.6 12.7 5

*The nutritional values of the remaining food ingredients were obtained from Tablas Peruanas de Composicion de Alimentos (Centro Nacional
de Alimentacién y Nutricién, 2009). ®1 Cup of flour = 125 g, 1 cup of water = 250 g, 1 cup of butter = 100 g, 1 teaspoon =3 g.

The snack was immediately tested by the tasting panel after producing it according to the pilot recipe,
following the Procedimiento para el diseiio y Validacion de recetas nutricionales (Centro Nacional de
Alimentacion y Nutricion, 2012a). Based on this methodology, panelists belonging to the target population
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gave their opinions about the product characteristics, which were taken into account to adjust the formulation
without the use of statistical analysis of the data. Thus, 75% of the panelists agreed that the snack was bland;
when asked what they would add to the recipe to make it tastier, 55% stated they would add spices (such as
rosemary or oregano), 25% said the product needed more salt while 20% said they would add chocolate
chips. The GBPF had a dark brown color due to the oxidation of the peels during processing, imparting a
dark color to the snack; however, 75% of the panelists liked the color. A study in India (Arun et al., 2015),
reported similar results in cookies produced with partial substitution of wheat flour by banana peel flour, the
color was darker due to the presence of pigments present naturally in the peels such as polyphenols and
chlorophylls. Additionally, in our study, 100% of the panelists liked the texture of the snack; they mentioned
that it had a better texture compared to commercially produced cookies. Arun et al. (2015) observed that the
hardness of their product decreased significantly while more banana peel flour was added to the formulation,
they explained this effect by the decrease of net gluten formation and the higher water retention. Likewise,
Rosero Chasoy & Serna Cock (2017) showed that banana peel flour could be used as a substitute for synthetic
binders and extenders when making frankfurter sausages, demonstrating that banana peel flour could replace
up to 25% of wheat flour in the sausage formulation, without affecting emulsifying stability, or pH, and
favoring water retention capacity.

Finally, 90% of the panelists deemed the serving size as adequate; meanwhile, the remaining 10% stated
that the serving size should be 50% larger.

For the adjustment of the nutritional recipe, we increased the amount of spices added to the snack. The
panelists assessed the adjusted version of the snack again, and as a result, we obtained a final 85% acceptance
of the snack produced according to the modified recipe.

3.4 Final adjustment of the nutritional recipe for the snack

Based on the second feedback of the panelists, the final adjustment of the nutritional recipe for the snack
was made, and we wrote the recipe, including the following information:

- Title: Snack with green banana peel flour;

- Ingredients: Green banana peel flour, wheat flour, butter with salt, water, salt, various spices (rosemary,
oregano);

- Preparation: according to flow-diagram;
- Number of portions: 15 (30 g each);
- Estimated contribution of dietary fiber per serving: 5 g;

- Nutritional message of the recipe: “Our snack is a product made with Green Banana Peel Flour (GBPF),
and it is an excellent source of fiber.”

3.5 % Dietary fiber determination in the snack made with the adjusted and validated nutritional
recipe

The confirmatory result of the determination of % dietary fiber in the snack produced, according to the
adjusted and validated recipe, was 25.8 g/100 g sample, which is equivalent to 7.74 g per serving (30 g). This
value exceeded the estimated dietary content according to our calculations. Considering the dietary fiber
content of the wheat flour was obtained from the Tablas Peruanas de Composicion de Alimentos (Centro
Nacional de Alimentacion y Nutricion, 2009), which reports average values, we should expect some variation
when using a specific brand. On the other hand, the FDA's recommended dietary fiber daily value ranges
between 25 to 30 per day for a 2000 to 2500 calorie diet (U.S. Food and Drug Administration, 2018). In that
sense, the FDA has approved claims based on the daily value percentage of this nutrient in products. If a
product provides between 10% to 19% of the daily value of dietary fiber (2.5 to 5.7 g), it can be recognized
as a “good source of fiber”, while if it exceeds 20% of the requirement (> 5 to 6 g), the product is considered
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“high in fiber” or an “excellent source of fiber” (U.S. Food and Drug Administration, 2019). Thus, 7.74 g of
dietary fiber per 30 g of snack makes this product an excellent source of dietary fiber.

4 Limitations

When characterizing the GBPF, the proximal and microbiological analysis in triplicate were not
performed; thus, we cannot discuss the variability in our sample.

5 Conclusions

A nutritional recipe for a snack aimed at Peruvian college students could be designed and validated, using
GBPF to reach a minimum dietary fiber level of 5 g/100 g of product. Our findings indicate that the flour is
a source of various nutrients, mainly carbohydrates, and can be used in the production of a baked nutritional
product formulated to be an excellent source of fiber. According to a college student’s tasting panel, GBPF
had the advantage of having an overall positive effect on the organoleptic characteristics of the product. In
conclusion, the GBPF showed great potential as a functional ingredient and can be included in nutritional
recipes.
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