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ABSTRACT: Beauregard biofortified sweet potato is a tuberous root with a high content of
carotenoids whose consumption can bring beneficial effects on human health related to the biological actions of
these substances. The objectives of this study were to evaluate the acceptance of cake made with sweet potato
biofortified with carotenoids by school children enrolled in a school of the municipal education network of the
city of Teresina PI. The sweet cake containing biofortified potato (Beauregard) (PC) was compared with
standard sweet wheat flour (WC) cake formulation. The PC and WC products and the Beauregard potato were
analyzed for centesimal composition (moisture, ashes, proteins, lipids and carbohydrates) and total carotenoid
content. Acceptance of PC was assessed by means of an acceptance test with a hedonic scale of five points
applied to 100 children from 08 to 10 years of age. The evaluation of the centesimal composition showed
protein content corresponding to 2.1% in WC and 3.57% in PC, and of lipids of 5.16% in WC and 8.95% in
PC. Regarding the moisture content, WC presented 32.5% and PC 38.44%. The content of fixed minerals (ash)
found in formulations was 1.9% and 1.26%, respectively, in WC and PC. The carotenoid content (ng of B-
carotene.g') was significantly higher (p <0.05) in the biofortified potato (3,200.01 + 0.02) and in the PC
formulations (3,666.17 £ 2.55) and WC (3,066.53 £ 1.88) for common sweet potatoes (2.200,23 + 1.63). In the
five-point facial hedonistic acceptance test, the formulation containing biofortified potato (PC) obtained a
significantly higher score (p <0.05) (4.24 £+ 0.93) when compared to the WC formulation (3.75 + 1.19). The
biofortified potato and the cake containing the biofortified potato presented some characteristics related to the
centesimal composition similar to those found in WC and the content of carotenoids in PC larger than those of
WC. Because sweet cake is a food product, generally well accepted by children and adults, PC's greater
acceptance of WC suggests its promising potential for consumption by the population.
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INTRODUCTION

Vitamin A deficiency (DVA) is one of the
major nutritional deficiency problems of public
health impact, causing numerous diseases such as
night blindness and xerophthalmia, as well as
premature death in infants (RODRIGUEZ-
AMAYA, 2008). Several studies have also shown
that childhood diseases such as measles, diarrhea,
respiratory tract infections and parasitic intestinal
infections are strong indicators of hypovitaminosis
A, especially in poorer regions (RODRIGUEZ-
AMAYA, 2008).

The World Health Organization (OMS,
2009) estimates that at least one third of preschool
children are affected by chronic vitamin A
deficiency (with clinical symptoms) or marginal
(subclinical) vitamin A deficiency. In Brazil, the
prevalence of DVA is higher in the Northeast region

and in areas with lower human development index
(HDI), and is mainly due to the reduced
consumption of food sources of vitamin A
(SOUZA; VILAS BOAS, 2002).

Changes in infant feeding in recent years,
evidenced by the high consumption of high-calorie
and nutrient-poor foods may be directly related to
the increased incidence of this deficiency. In this
sense, the use of foods of high nutritional quality
appears as a way to improve infant feeding, bringing
benefits associated with health (COELHO, 2010).

Access to biofortified cultivars is an
alternative to provide more nutritious food can help
to meet the nutrient deficiency, and thus contribute
to the reduction of the number of cases of
hypovitaminosis in Brazil (STEVENS,
WINTERNELSON, 2008). Food biofortification is
an alternative strategy in the fight against
hypovitaminosis A and aims to raise [-carotene
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levels in foods typically consumed by groups at risk
of vitamin A deficiency (WELCH, 2013).

Beauregard sweet potato is an orange-
intense tuber that has a high content of B-carotene, a
precursor compound of vitamin A (SIMONNE et
al., 1993; EMBRAPA, 2014). In the human body,
beta-carotene obtained from food is transformed
into vitamin A, which is essential for the
development of organs of vision, skin formation and
body growth (MELO, SILVA, MOITA, 2010). In
the food industry, carotenoids are used as natural
food dyes to replace synthetic dyes, which have
greater allergenic and carcinogenic potential. They
also act as antioxidant compounds that combat free
radicals (MATIOLI; RODRIGUEZ-AMAYA, 2003;
MORALIS, 2006).

Due to its high content of B-carotene, the
Beauregard potato can be used as a partial substitute
for wheat flour in the manufacture of cakes, cookies
and other products wused in infant food
(RODRIGUES-AMAYA et al., 2011). The use of
biofortified foods in conventional products is a
complex and challenging task, especially the
acceptance of these foods in the school
environment. Considering the importance of
biofortified potatoes in food for the possible benefits
associated with it, it is stressed the necessity of its
conventional use and in the preparation of food
products of great acceptance by the population. In
this sense, two cake formulations were prepared and
tested, being a standard formulation using wheat
flour and another with biofortified potato, which
were evaluated for carotenoid content and
centesimal composition, as well as their acceptance
by children of 08 to 10 years old. Therefore, the
objectives of this study were to evaluate the
acceptance of cake made with sweet potato
biofortified with carotenoids by school children

Table 1. Formulation of the preparations analyzed.
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enrolled in a school of the municipal education
network of the city of Teresina PI.

MATERIAL AND METHODS

Obtaining biofortified potatoes

Approximately 10 kg of biofortified sweet
potatoes produced in the city of Teresina-PI in the
year 2016 were obtained. The samples of
Beauregard potatoes were selected according to
their physical integrity and later transported in an
isothermal container to the Food Analysis
Laboratory of the Federal Institute of Piaui (IFPI) -
Campus Teresina South Zone, where they were
sanitized for use in the preparation of formulations.

Processing the wheat and biofortified potato
sweet cake

Two formulations were prepared, one of
wheat cake (standard) and one of biofortified potato
(Beauregard) (Table 1). For elaboration of the
standard cake were added the planetary mixer the
ingredients egg yolks, sugar and margarine, beating
continuously. Then the milk, the wheat flour, the
yeast and the egg whites were added, mixing well
with the global beater. The dough was smeared with
margarine and wheat flour and brought to the
preheated medium oven for about 45 minutes.

In the preparation of the biofortified potato
cake, sweet potatoes were cooked in water-
immersed shells at 100 °C for 20 minutes. Next, the
peel was removed and the potatoes were passed, still
hot, on the Phillips processor. Milk, egg yolks,
sugar, yeast and egg whites were added later,
mixing well with the spatula. The dough was
deposited in a greased form with margarine and
wheat flour and routed to the preheated medium
oven for about 45 minutes at 180 °C

Ineredients Wheat flour cake Potato Cake (Biofortified Potato
g (Standard Formulation) Formulation)
Wheat flour 480 g -
Batata Beauregard - 480 g
Sugar 360 g 360 g
200 g 200g
Eggs (4 units) (4 units)
Butter 250 g 250 g
Milk 240 mL 240 mL
Yeast 10g 10g

Caption: Formulation A: Wheat cake; Formulation B: Biofortified Potato Cake; Wheat cake: 12 servings; Potato cake: 10 servings
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Determination of the centesimal composition

The centesimal analysis was carried out at
the Nucleus of Studies, Research and Food
Processing (NUEPPA), being the determinations
carried out in triplicate of common sweet potato and
Beauregard potato, and in the standard and
Beauregard potato based formulations.

The analyzes were performed as described
below: Moisture: According to the Association of
Official Agricultural Chemists Official (AOAC,
2011), which consists of drying at 105 °C until
constant weight; Ash: in muffle at 550 °C, according
to AOAC methodology (2011); Proteins: through
the evaluation of the total nitrogen of the sample by
the Kjeldahl method, determined at semimicro level
(AOAC, 2011). The nitrogen conversion factor for
protein of 6.25; Lipids: the samples were evaluated
in a soxhlet extractor, using petroleum ether as
solvent (AOAC, 2011). Carbohydrates: by
theoretical calculation (by difference) in the results
of the samples, according to the formula: %
Carbohydrates = 100 - (% moisture + % protein + %
lipids + % ash); The total calories (kcal) were
calculated in relation to 100 g of the sample, using
the following values for lipids (8.37 kcal/g), protein
(3.87 kcal/g) and carbohydrates (4.11 kcal/g)
(MERRILL, WATT, 1973).

Total carotenoid

The determination of the carotenoid content
was performed according to the method described
by Rodrigues Amaya (2012). The reading was
carried out in a spectrophotometer at 450 nm (Amax
B-carotene), using petroleum ether as white. The
results were expressed as pg p-carotene.g” sample.

Acceptance of the product

In order to allow the evaluation of the
acceptance of the elaborated products, 100 testers of
both sexes between the ages of eight and ten years
were recruited, to whom a hedonic facial scale was
applied. For the acceptance test, the two
formulations were arranged in trays with codes of
three digits randomized and different for each taster,
being evaluated the global acceptance by applying a
facial hedonic scale of 5 points ranging from 01
(Hate it) to 05 (Love it) DUTCOSKY facial, 2011.
During the acceptance test, mineral water was made
available to the tasters to minimize the residual
effect between one sample and another.

In order to calculate the acceptability index,
the acceptance test cards were collected and the sum
of responses given were considered with the "faces":
I liked (4) and I loved (5), the frequency was
expressed in percentage terms.
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Those responsible for the children received
information about the objectives of the study, and
clarification on the potential benefits and risks
associated with the study. The children received
information about their participation. To confirm
participation in the study, the participants parents
signed a Free and Informed Consent Term (TCLE).

Statistical analysis of data

The ASSISTAT statistical program, version
7.7 beta, was used to analyze the results. The
comparison between the means of acceptance and
carotenoid content was performed using the Student
t test. The level of significance was set at p <0.05.

RESULTS AND DISCUSSION

Analysis of the centesimal composition and
carotenoid content

The results of the centesimal composition of
the in natura version for sweet potato and
biofortified potato, as well as of the standard food
formulations and using Beauregard potato are
presented in Table 2. Sweet potatoes (SP) have a
high moisture content (69.54%), corroborating the
Brazilian Food Composition Table (TACO, as it per
acronyms in portuguese), which indicates a 69.5%
moisture content for raw sweet potato (Ipomoea
batatas Lam.) (NEPA, 2011). The biofortified
potato, however, had a lower percentage of moisture
(25.28%). According to Fellows (2006) and Cecchi
(2007), the moisture content varies according to the
food, its determination being of great importance to
define the stability, quality and composition of the
food, which may affect the storage, packaging and
processing of the food.

The biofortified potato presented a high
carbohydrate content (73.42%) when compared to
the common sweet potato (49.65%), being such
values higher than those found by Hacineaza et al.
(2010) in cultivars of orange pulp and yellow pulp,
whose values were 7.6% and 8.7%, respectively.

The differences found in the chemical
characterization of common and biofortified sweet
potatoes in natura can be explained by their
dependence on variety, soil type, fertilization,
cultivation time and harvesting time (Carvalho et al,
1982). The results found for lipids and
carbohydrates of biofortified sweet potato,
demonstrate that it is better to be consumed than the
common sweet potato, since it has a higher content
of lipids and can be denominated as food of low
glycemic index Fontes et al (2012).
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Table 2. Centesimal composition and carotenoid content of sweet potato, beauregard potato, wheat flour cake

and Beauregard potato cake.

Centesimal Sweet Potato (SP) Beauregard Potato Formulation A Formulation B
composition (BPCO) (WO) PO

Unit (%) 47.59 + 2.66" 22.86 +1.23° 35.77 +3.81* 37.01 +0.80*
Ashes (%) 0.92 +0.03* 0.39 +£0.02° 1.95 +0.03* 1.28 +0.03®
Proteins (%) 1.69 +0.04* 1.46 +0.05° 7.79 + 0.09* 7.12 +0.028
Lipids (%) 0.14 +£0.02° 1.54 +0.08" 16.16 + 1.70* 8.86 +0.06"
Carbohydrates (%)  49.65 +2.67° 73.42 +0.99* 38.34 +4.57* 45.75 + 0.80"
TEV (Kcal/100 g) 206.50 + 10.82° 310.70 + 2.49° 329.90 + 15.53* 289.80 + 1.278
Total carotenoids

)

(ug de B-carotene.g” 2,200.23+1.63"
1

3,200.01+0.02°

3,066.53+1.88" 3,666.17+£2.55

SP: Sweet Potato; BSP: Biofortified Sweet Potato; WC: Wheat Cake; PC: Potato cake. Formulation A: Wheat flour cake; Formulation
B: Biofortified Potato Cake; TEV: total energy value in kcal. Formulation A followed by lowercase or upper case letters on the same
line do not differ statistically by Student's T test, at 5% (p <0.05) Formulation A: Wheat flour cake; Formulation B: Biofortified Potato
Cake, TEV = total energy value in kcal. Carotenoid content values refer to the mean of three replicates + standard deviation; (p <0.05),
followed by small comparisons of Student's t-test at a 5% probability level (p <0.05). * SP (Sweet Potato); * BSP (Biofortified Sweet

Potato); * WC (Wheat Cake); * PC (Potato Cake).

The  production of  unconventional
farinaceous from roots that have high percentages of
carbohydrate, such as the Beauregard potato, can
make a source of income accessible to the
population. According to Fasolin et al (2007), in
many regions where wheat derivatives are not
sufficient to meet the needs of the population, the
inclusion of differentiated flours to food is a valid
option. However, consumers should be offered a
product of good nutritional and sensory quality. The
biofortified potato in addition to being rich in
carotenoids its cost is very similar to that of the
common sweet potato and lower in relation to the
cost of the wheat flour, it can still be an alternative
to the diet of celiacs being able to have the wheat
flour totally replaced by the pulp or biofortified
potato flour in many recipes.

In relation to the protein content, it was
possible to verify that the biofortified potato had a
higher percentage (1.46%) when compared to the
common sweet potato (1.69%). The two
formulations WC and PC presented higher protein
values (7.79 and 7.12%, respectively) than those
described in potatoes. This difference is possibly
related to the presence of other foods used as
ingredients (eggs, whole milk) and which are
considered to be good protein sources.

In addition, a high content of carbohydrates
and proteins in tubers such as sweet potatoes was
also highlighted in a study by Dincer et al (2011),

which analyzed three cultivars of sweet potatoes
(Ipomoea batatas (L.) Lam) and observed values
between 63.9 and 64.9% of carbohydrates and 4.3 to
5.1% of proteins.

The potato cake presented higher moisture
contents (37.01%) when compared to the wheat
flour cake (35.53%), which corroborates the
moisture content found in the Brazilian food
composition table (TACO, 2011) for cake made
with aipim root (34.1%). This increase in moisture
content occurs due to the presence of water in the
potato, which is larger than in the farinaceous ones
like wheat, making the BB cake more moist.
According to the physico-chemical composition
presented by the flour, it occurs at this stage the
formation of a colloidal system, which involves
lipids, sugars, minerals and proteins, among others
(GUTKOSKI; NETO, 2002).

As regards fixed minerals (ashes), lower
levels were found in the biofortified potato (0.39%)
when compared to sweet potatoes (0.92%). Both
results were lower than those found by Mei et al.
(2010), which verified in 10 sweet potato cultivars
values between 1.6-3.0% of ash; and by Dincer et al
(2011) in three cultivars of sweet potato (Ipomoea
batatas (L.) Lam), which presented values between
2.1-2.5%.

The present study revealed a higher lipid
content in biofortified sweet potato (1.54%) when
compared to common potato (0.14%), presenting a
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significant difference. Noleto et al. (2015). In fact,
other studies evaluating common sweet potato
showed lipid levels below 1%. In this sense, Mei et
al. (2010) verified in 10 common sweet potato
cultivars, ranging from 0.2 to 0.6% in lipid
quantification. On the other hand, in biofortified
sweet potato starch, Nascimento (2013) found a
lipid content of 0.6%.

The increase in lipid concentration in
biofortified sweet potatoes is attributed to the
enrichment with liposoluble substances, such as
carotenoids, which are also extracted during the
analysis.

Due to this, the formulation that presented
8.95% of biofortified potato had higher values when
compared to the standard formulation (5.17%). The
total energetic value of biofortified sweet potato
(306.13) was higher than common sweet potato
(118.73) and BT (287.81) and BB (285.91) similar
data were found in the amaranth cake that presented
the (50%). The lipid content is higher than the lipid
content of the amaranth (8%) (CAPRILES et al,
2006), with 50% being polyunsaturated, 25%
monounsaturated and 25% saturated.

Regarding the lipid content of the
formulations, the one with potato (8.86%) had
higher values when compared to the standard
formulation (16.16%). The total energy value of
biofortified sweet potato (289.80%) was superior to
common sweet potato 310.70%) and WC (206.50%)
and PC (310.70).

The content of carotenoids present in the
Beauregard potato was 3,200.01 pg of B-carotene.g’
" sample was higher than in common sweet potato
(2,200.23 + 1.63 pg P-carotene.g”') and lower than
those described by Nascimento et al (2013) in sweet
potato starch in which the content was 180 ug.g" of
the sample, and Rodrigues-Amaya et al (2011)
found 130 pg.g”' of biofortified fresh root. The
content was higher in the PC formulation (3,666.17
+ 2.55 pg P-carotene.g”’) when compared to WC
(3,066.53 + 1.88 pg P-carotene.g"). The higher
content in WC compared to those found in common
sweet potatoes are possibly related to the addition of
animal foods rich in carotenoids such as milk and

€ggas
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Analyzing carotenoid contents, K'osambo et
al. (1998) observed total carotenoid values in the
range of 88 pg.g' and B-carotene contents in the
traces range at 80 ug.g” sample for 17 sweet potato
cultivars (Ipomoea batatas (L.) Lam ) grown in
Kenya. Huang et al. (1999) observed the p-carotene
contents of 18 varieties of sweet potatoes with
different pulp colors, grown in Hawaii, ranging
from 67 to 131 pg.g” in sweet potatoes of orange
pulp (7 varieties) to 3 pg.g-' in those with yellow
and white pulp (7 varieties) and traces to 53 pg.g"
in the purple pulp (4 varieties).

This difference in carotenoid content may
possibly have occurred due to climatic conditions in
the state of Piaui, which presents one of the lowest
rainfall levels in the country, with high daily
temperatures and, according to Rodriguez-Amaya
(1993), radiation exposure to high temperatures
results in increased biosynthesis of carotenoids. In
addition, plants of the same cultivar, when produced
in hot regions, have significantly higher carotenoid
contents than those produced in temperate regions
(RODRIGUES AMAYA, 2012).

Assessment of the Acceptability of Preparations

In the acceptance test, Formulation A
(standard cake) and Formulation B (cake with
beauregard potato) were used in affective tests,
which according to (DUTCOSKY 2011), makes it
possible to measure how much a population liked a
product, allowing to evaluate the Preference or
acceptability. In Table 3, it was possible to observe
that there was a statistically significant difference
between the averages of the acceptance test, and
formulation B obtained a significantly higher score
(4.24 £+ 0.93) than formulation A (3.75 * 1.19),
indicating better acceptance in the formulation that
received the biofortified potato. The average of the
grade obtained by the PC in the acceptance test is
considered very good. Similar results were found in
acceptance tests with amaranth flour cake and
oatmeal cake, where all formulations had an
acceptability index above 70%, classifying products
with good sensory acceptance, according to
Teixeira, Meinert and Barbetta (1987).

Table 3. Notes of the averages of the acceptance test using face scale.

Formulation A(Mean = SD)

Formulation B(Mean + SD)

Means 3.75+1.19°

4.24+0.93"

IC 95% 3.51-3.99

4.06 —4.43

* Indicates a statistically significant difference between the means by means of the unpaired Student t test, considering p <0.03.
Values expressed as mean + standard deviation (SD), n = 100; 95% CI - 95% confidence interval; Legend: formulation A - wheat cake;

Formulation B - potato cake.
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Regarding the acceptance index, it is
verified in Figure 1 that the formulation of the
biofortified potato cake obtained greater acceptance
when compared to the standard cake using wheat
flour, were considered accepted (> 70%) as shown
in figure 1, highlighting It was found that obtaining
notes on the face scale mostly at values of 4 and 5
(65% wheat cake, 86% potato cake). According to
Souza (2007) a food with more than 70% of
approval indicates good acceptance. In this study,
the formulation of cake with biofortified potato with
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carotenoids presented good acceptance in the group
of children, but can be consumed by adults.

However, some limitations were found such
as the commercialization of beuregad potatoes and
the analysis of fiber content in potatoes. However,
biofortified potato cake presented high nutritional
value when compared to wheat flour cake, it can
still be used in the celiac diet because wheat flour
has been totally replaced by biofortified potato pulp
that has high carotenoid content and low cost, since
the kilo of biofortified potatoes is much cheaper
than one kilo of wheat flour.

Acceptability

100-
g 80+
x
(0]
2 60
=
g 40-
o
(0]
§ 20

85

wheat cake

Beauregard potato cake

Figure 1. Acceptance rate of Beauregard potato and wheat cake formulations..

CONCLUSION

The carotenoid content and the acceptance
of the biofortified potato cake were higher when
compared to the standard cake made with wheat
flour, although the total energy value was similar.

Because sweet cake is a food product, generally
well accepted by children and adults, the greater
acceptance of biofortified potato cake suggests its
promising potential for consumption by children and
also by adults.

RESUMO: A batata-doce Beauregard biofortificada € uma raiz tuberosa com alto teor de carotenoides,

cujo consumo pode trazer efeitos benéficos na saide humana relacionados com as agdes bioldgicas dessas
substincias. Os objetivos deste estudo foram avaliar a aceitacio de bolo elaborado com batata doce
biofortificada com carotenoides por criancas em idade escolar matriculados em uma escola da rede municipal
de ensino da cidade de Teresina PI. O bolo doce contendo batata biofortificada (Beauregard) (BB) foi
comparado com formulacdo padrao de bolo doce de farinha de trigo (BT). Os produtos BB e BT e a batata
Beauregard foram analisados quanto a composi¢do centesimal (umidade, cinzas, proteinas, lipideos e
carboidratos) e conteido de carotendides totais. A aceitagdo do BB foi avaliada por meio de teste de aceitagdo
com escala hedonica facial de cinco pontos aplicado em 100 criancgas de 08 a 10 anos de idade. A avaliacdo da
composi¢do centesimal mostrou conteido protéico correspondendo 2,1% no BT e 3,57% no BB, e de lipidios
de 5,16% no BT e 8,95% no BB. Em relacdo ao teor de umidade, o BT apresentou 32,5% e BB 38,44%. O
teor de minerais fixos (cinzas) encontrado nas formulagdes foi de 1,9% e 1,26%, respectivamente, no BT e BB.
O contetido de carotenoides (ug de P-caroteno.g”) foi significativamente maior (p<0,05) na batata
biofortificada (3.200,01 £ 0,02) e nas formula¢des BB (3.666,17 + 2,55) e BT (3.066,53 + 1,88) em relacdo a
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batata doce comum (2.200,00 + 1,63). No teste de aceitagdo escala hedonica facial de cinco pontos a
formulag@o contendo batata biofortificada (BB) obteve nota significativamente maior (p<0,05) (4,24+ 0,93)
quando comparada com a formulacdo BT (3,75+ 1,19). A batata biofortificada e o bolo contendo a batata
biofortificada apresentaram algumas caracteristicas relacionadas a composi¢do centesimal semelhantes aquelas
encontradas no BT e contetido de carotenoides no BB maiores que os do BT. Por ser o bolo doce um produto
alimenticio, de modo geral, bem aceito por criancas e adultos, a maior aceitacio do BB em relacdo ao BT
sugere seu potencial promissor para consumo pela populagdo.

PALAVRAS-CHAVE: Batata Beauregard. Nutricdo da crianga. Carotenoides. Alimentos fortificados.
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