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Abstract

It is estimated that the global number of people affected by micronutrient deficiency, known worldwide as hidden
hunger, is over two billion and also considered a public health problem. Therefore, this study aimed to evaluate
biofortified cassava cultivars in relation to their physical-chemical composition, total carotenoids and to verify their
sensory acceptance by schoolchildren. The study was conducted in Santa Maria, in the state of Rio Grande do Sul
(RS), Brazil, with four cassava cultivars, two biofortified with yellow pulp (BRS 399 and BRS 396); two non-biofortified
varieties: one with yellow pulp (“Gema de ovo”) and another with white pulp (“Vassourinha”). After cooking the
roots, the nutritional composition (moisture, protein, lipid, ash, and total starch), the total carotenoid content, and
the sensory acceptance of the roots by the children at school, in the countryside of Julio de Castilhos and Dilermando
de Aguiar, was determined. The contents of moisture, protein, lipids, ash, and starch showed significant variations
between the cultivars analyzed. The highest levels of total carotenoids were found in biofortified cultivars (12.85 ug g™).
In the non-biofortified cultivars, “Gema de ovo” and “Vassourinha”, the levels were 12.01 ug g™ and 3.30 ug g7,
respectively. Sensory acceptance was 78.7%, demonstrating the potential for the insertion of biofortified roots in
school meals.

Keywords: Agriculture; School feeding; Biofortification; Micronutrients; Vitamin A.

Resumo

Estima-se que o numero global de pessoas afetadas pela deficiéncia de micronutrientes, também conhecida
mundialmente como fome oculta, seja superior a dois bilhdes, sendo assim considerada um problema de satde
publica. O objetivo deste estudo foi avaliar cultivares biofortificadas de mandioca quanto a composicéo fisico-
quimica e teor de carotenoides totais, além de verificar sua aceitacdo sensorial por escolares. O estudo foi realizado
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em Santa Maria-RS, Brasil, com quatro cultivares de mandioca, sendo duas variedades biofortificadas com polpa
amarela (BRS 399 e BRS 396) e duas variedades ndo biofortificadas: uma com polpa amarela (“Gema de ovo") e
outra com polpa branca ("Vassourinha"). Apds o cozimento das raizes, a composic¢do nutricional (umidade, proteina,
lipidio, cinzas e amido total), o teor de carotenoides totais e a aceitagdo sensorial das raizes pelas criangas, nos
municipios sul-rio-grandenses de em Julio de Castilhos e Dilermando de Aguiar, foram determinados. Os teores de
umidade, proteina, lipidios, cinzas e amido apresentaram variagdes significativas entre as cultivares analisadas. Os
maiores niveis de carotenoides totais foram encontrados nas cultivares biofortificadas (12,85 pg g™'). Nas cultivares
n&o biofortificadas, “Gema de ovo” e “Vassourinha”, os niveis foram de 12,01 pg g e 3,30 pug g, respectivamente.
A aceitacdo sensorial foi de 78,7%, demonstrando potencial para insercdo de raizes biofortificadas na alimentacao
escolar.

Palavras-chave: Agricultura familiar; Alimentacdo escolar; Biofortificacdo; Micronutrientes; Vitamina A.

1 Introduction

Micronutrient deficiency affects one in four people worldwide, being categorized as a public health
problem, also known as “hidden hunger”. Hidden hunger occurs when the intake and absorption of vitamins
and minerals, such as carotenoids, iron, and zinc, are insufficient to maintain good health and proper human
development conditions (Vilas Boas, 2016; Boius & Birol, 2019).

In Brazil, inadequate levels of vitamin A were observed in 17.4% of children, with the highest prevalence
found in the northeast (19.0%) and southeast (21.6%) of the country (Brasil, 2006). The solution to
minimizing these micronutrient deficiencies is the consumption of a balanced diet, appropriate to the age,
including sufficient quantities of plant and animal nutrients. In the absence of balanced diets, biofortification
appears as an effective intervention in feeding the population (Loureiro et al., 2018).

Biofortification is a sustainable, low-cost, and highly efficient process that consists of conventional
breeding of plants that are selected until cultivars with higher levels of iron, zinc, and pro-vitamin A are
obtained (Carvalho & Nutti, 2012). These factors mean that biofortification can be widely used in countries
with a scarcity of financial and health resources (Avila et al., 2014). In the long run, biofortification tends to
increase the production of nutrient-rich foods and improve food diversity. In the short term, the consumption
of biofortified foods can minimize dietary deficiencies, increasing the daily adequacy of micronutrient intake
(Bouis & Saltzman, 2017).

In Brazil, the biofortification of food has been coordinated by the Brazilian Agricultural Research
Corporation (Empresa Brasileira de Pesquisa Agropecudria (EMBRAPA), which brings together projects in
the area under the name of BioFORT Network. The focus of the work is based on a different aspect when
compared to other countries in what concerns the development of biofortification since it involves eight
different cultures as following: pumpkin; rice; sweet potato; beans; cowpea; cassava; corn; and wheat. This
program by EMBRAPA aims to reduce malnutrition and ensure greater food security, through research
focused on the biofortification of basic foods widely produced and present in the population's diet
(Reifschneider et al., 2016).

Cassava (Manihot esculenta Crantz) is widespread in the world and in Brazil, where it is predominantly
produced by family farming and it is grown in regions where vitamin and mineral deficiency is common, such
as in Africa, where the largest world production of cassava is concentrated (FAO, 2015). In Nigeria, the world's
largest producer and consumer of cassava, vitamin A deficiency affects 30% of children under the age of five
and 20% of pregnant women (World Health Organization, 2019). The main evidence of the effectiveness of
biofortification in combating vitamin A deficiency comes from studies conducted with orange-fleshed sweet
potatoes (Hotz et al., 2012). The absorption of vitamin A from yellow-fleshed cassava was the subject of a study
conducted in eastern Kenya with children aged from five to 13, where it showed a significant improvement in
the level of vitamin A when compared to the control group (Talsma et al., 2016). However, studies with
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biofortified yellow pulp cassava are still incipient, and few results on the availability of carotenoids in the roots
have been found (Carvalho et al., 2012; Bechoff et al., 2017; Fuhrmann et al., 2021).

In Brazil, the law 11.947/2009, which deals with the National School Feeding Program (NSFP), determines that
schools and universities must purchase foodstuffs from family farming (Brasil, 2009). By making the purchase of
family farming mandatory, supports the producer and provides the means to sell their food. Moreover, it is a
possibility for the inclusion of biofortified foods in school meals, ensuring the right to a healthy and adequate diet, as
well as contributing to the growth and development of children.

The role of agriculture is essential in nutrition, especially as a primary source of energy and nutrients.
Therefore, biofortification has been identified as an alternative in order to provide food consumption with
better nutritional quality and a strategy to reduce vitamin A deficiencies, especially in children. Therefore,
the objective of the study was to evaluate biofortified cassava cultivars in relation to their physical-chemical
composition and carotenoids and to verify their sensory acceptance by school children.

2 Materials and methods

2.1 Sample preparation

The cultivars used in the present study are shown in Figure 1.

Non-biofortified Biofortified
// ’/ ._a.'" 1 /< % f
E . - B i
_1“" = ! a7
— — - -
“Vassourinha” “Gema de ovo” BRS 396 BRS 399

Figure 1. Cassava roots cooked from cultivars.

The biofortified cultivars (BRS 399 and BRS 396) come from the genetic improvement program of the
EMBRAPA Cassava and Tropical. “Gema de ovo” is a cultivar of unknown origin, so named by the producers due
to the yellow color of the pulp. The commercial cultivar “Vassourinha” (white pulp) for being the most planted and
appreciated by consumers in southern Brazil was used as a control (Tironi et al., 2019).

The roots were harvested in the seventh month after planting, a period in which approximately 80% of
commercial crops in the region are harvested (Associagdo Riograndense de Empreendimentos de Assisténcia
Técnica e Extensdo Rural, 2021). For harvesting, three plants from each cultivar were collected at random
points. After that, each of them was separated into Marketable Roots (MR), which are those with lengths
greater than 10 cm and diameter greater than 2 cm (Schons et al., 2009).

After harvesting, the roots were washed under running water, peeled, cut, cleaned with sodium
hypochlorite (200 ppm concentration for 15 minutes), had the excess of water drained, vacuum-stored in a
plastic bag (polypropylene), and subjected to freezing (-18 °C), for approximately two months. After this
period, the roots were cooked for 40 minutes, with a mass ratio of 1:10 (cassava: water) (Talma et al., 2013).
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After cooking, the roots were cut into thin slices of approximately 0.5 cm, dried in an oven at 55 °C, grounded
in a Willye knife mill, and stored in plastic bags at -18 °C until the analyzes were carried out. Subsequently,
the samples were subjected to physical-chemical analysis.

2.2 Physico-chemical composition

The nutritional components of the cooked roots evaluated were the contents of moisture, protein, ash, lipid, crude
fiber, and total starch. The moisture content of the cooked roots was determined by drying in an oven without air
circulation at 105 °C until a constant weight was obtained (Method 925-10 - Association of Official Analytical
Chemists, 2011). The nitrogen content was determined by the micro Kjeldahl method and the conversion to protein
was obtained by multiplying the nitrogen content by the conversion factor 6.25 (Method 960-52 - Association of
Official Analytical Chemists, 2011). The method used to determine the ash content was incineration in a muffle at
550°C until total burning of the organic matter (Method 923-03 - Association of Official Analytical Chemists, 2011).
The lipid content was determined by the method of cold extraction by Bligh & Dyer (1959). The crude fiber was
determined using the Ankom® fiber analyzer (200 Fiber Analyzer). Total starch was determined by the Starch
Determination Kit (K-RSTAR - (Megazyme International Ltd., Co. Wicklow, Ireland 2011)). All analyzes were
performed in triplicates.

2.3 Extraction and determination of carotenoids

Carotenoid extraction was performed according to Rodriguez-Amaya (2001). Eight grams of the root samples
were weighed in triplicate and 30 mL of acetone was added. Then, the maceration was carried out and the mixture
obtained was vacuum-filtered to a kitassato of 250 mL. The ketone extract was transferred to a separatory funnel,
20 mL of hexane was added and stirred. For the total removal of acetone and the transference of carotenoids to
hexane, two washes were made with distilled water and anhydrous sodium sulfate was added directly to the
separation funnel to assist in the separation of the phases. The lower part of the separating funnel (water) was
discarded and the extract was transferred to a 25 mL volumetric flask and swollen with hexane. Hexane was used
as “white”. The determination of carotenoids in the samples was performed using a UV-Vis spectrophotometer,
brand Biospectro, model SP-220 Servilab, according to the analytical methodology for separating and extracting
the compounds with organic solvents. For B-carotene, the absorbance was read at 450nm and calculated according
to the Rodriguez-Amaya (2001) Equation 1.

AxV (mL) x 10*
A"xM (g) (1)

Total carotenoid content (ug g’l) =

where: A = Absorbance at 450 nm; V = Total volume of the extract in mL; A 1% = Absorption coefficient of -
carotene = 2592; M = mass of the sample in g.

The Recommended Daily Intake (RDI) was established based on the proposed by the Technical Regulation on
the recommended daily intake of protein, vitamins, and minerals for children aged 7 to 10 years (Brasil, 2005).

All procedures were performed in triplicate and with adequate protection against light, in order to avoid
the loss of compounds.

2.4 Sensory analysis

Sensory analysis was carried out with 214 untrained evaluators, children from six to 15 years old, of both
genders, regularly enrolled in two rural schools, one in the countryside of Jilio de Castilhos and the other in
Dilermando de Aguiar, in the state of Rio Grande do Sul, Brazil.
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As the children participating in the sensory analysis were already in the habit of consuming cassava for
school meals, and as the objective was to assess the acceptance of biofortified cassava, only BRS 399 and
396 were analyzed. The samples were offered, individually, in the classroom at random at room temperature
in disposable plastic plates encoded with random three-digit digits. The tasters were offered a glass of water
at room temperature to provide cleaning of the taste buds between sample evaluations. The samples of
biofortified cassava roots (BRS 399 and 396) were cooked, served in the classrooms randomly at room
temperature in disposable plastic plates, and individually.

The overall acceptance and the color of the biofortified cassava roots were evaluated by the students
through the affective acceptance test using the hedonic scale of facial expression, varying from 1 to 5 points,
in which axis 1 corresponded to “I detested it” and the axis 5 to “I loved it”, where the children pointed the
expression corresponding to the opinion about the cassava roots (Ferreira et al., 2000).

The Acceptability Index (AI) was calculated according to the Monteiro equation (1984) (Equation 2), which is
considered good acceptance when the Al result was greater than or equal to 85% (Brasil, 2009).
A x 100
Al (%) =——
(%) B )
where: A = average grade obtained for the product; B = maximum grade attributed to the product.

Only children whose parents signed the Free and Informed Consent Form (ICF), approved by the Research
Ethics Committee of the Federal University of Santa Maria, under the number 2,623,612, following CNS
Resolution 466/2012, participated in the sensory analysis.

2.5 Statistical analysis

The results were analyzed statistically (Analysis of Variance - ANOVA), using the SISVAR® Software and
applying the Tukey’s test to assess and compare differences between the means (p < 0.05). The data obtained for the
sensorial analysis were qualitative and submitted to descriptive statistical analyzes.

3 Results and discussion

3.1 Physico-chemical composition

The analysis of the physical-chemical composition was carried out with the cooked roots since the cassava is a
tuberous root of hard pulp when in nature, which needs cooking before consumption to acquire a suitable texture
(Alamu et al., 2017). The results of the physical-chemical composition of the roots are shown in Table 1.

Table 1. Physico-chemical compositions of cassava roots of the cultivars “Vassourinha”, “Gema de ovo”, BRS 399

and BRS 396.

Compositions “Vassourinha” “Gema de Ovo” BRS 399 BRS 396 CV (%)
Moisture (%) 73.25b 79.10* 74.94° 78.432 1.51
Protein (%)* 1.192 1.132 1.26* 0.68° 6.90

Ash (%)* 0.40° 0.53b 0.54° 0.62° 5.35
Lipid (%)* 0.232 0.26* 0.232 0.242 8.67
Crude fiber (%)* 1.57% 1.50° 1.66* 1.692 3.39
Total Starch (%)* 23.22° 17.59° 21.36* 18.32% 5.72

Same lowercase letters on the line do not differ statistically from each other by the Tukey’s test, at the 5% significance level (p <0,05). *Results
expressed by the average of the triplicate on a wet basis. CV = Coefficient of Variation.
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The cultivars showed low protein content, which is in agreement with other studies carried out on the
composition of cassava root (Padonou et al., 2005; Maieves et al., 2012). Protein contents ranged from 0.68%
to 1.26% (Table 1). Cassava is considered an energetic food source due to its low protein and high
carbohydrate content. The highest levels of protein are found in the leaves of the plant, which can vary from
6.6% to 23.5% depending on some factors such as harvest and cultivar season (Tagliapietra et al., 2019).

In the cultivars analyzed, the lowest ash content was found in the cultivar “Vassourinha” (0.40%), differing
significantly (p-value < 0.05) from biofortified cultivars, which presented the highest ash contents (average
0.58%) (Table 1). Probably the highest levels of ash in biofortified cultivars are due to the highest levels of
Ca, P, Fe, and Mg. The lipid content of the cultivars analyzed did not differ statistically (p-valor > 0.05).
Cassava is known for having a low lipid content, on average 0.3% (Maieves et al., 2012). Crude fiber showed
a significant difference between samples, ranging from 1.50% to 1.69%. Some authors claim that the fiber
content in cassava roots may increase with the age of the plant, focusing on the center of the product (Lorenzi,
1994; Souza et al., 2010).

Starch is the most important source of carbohydrates in human food, representing 80% to 90% of all
polysaccharides in the diet (Leonel, 2009). The cultivars differed significantly in relation to the starch content
ofthe roots, varying from 17.59% to 23.22%. Similar results were found by other authors (Oliveira & Moraes,
2009; Alcazar-Alay & Meireles, 2015) who highlighted that the quantity and properties of starch were
associated with genetics, which could vary between cultivars.

3.2 Total carotenoids in biofortified cassava roots

The results obtained for the analysis of carotenoids from biofortified cassava roots are shown in Table 2.

Table 2. Carotenoid content (ug g) in cooked cassava roots.

Cultivars Total Carotenoids (ng g'')* % RDI
“Vassourinha” 3.30° 7
“Gema de Ovo” 12.012 28
BRS 399 13.142 30
BRS 396 12.57# 29
CV (%) 7.74

Same lowercase letters in the column do not differ statistically from each other by the Tukey’s test, at the 5% significance level (p <0,05). CV
= Coefficient of Variation. *Results expressed by the average of the triplicate on a wet basis. RDI = Recommended Daily Intake of pg per day
for children aged seven to 10 years. % RDI calculated on 100 g portion of cooked cassava ready for consumption.

The carotenoid contents of BRS 399 and BRS 396 (biofortified) were similar to that of the cultivar “Gema
de ovo”, with no significant difference between the analyzed samples of cultivars with yellow pulp. The
possibility of adding nutritional qualities to the cassava roots (biofortification) directed the breeding
programs towards the selection of table cassava clones with yellow root coloring since there is a positive
correlation between the intensity of the yellow coloring of the roots and their carotenoid levels (Chavez et al.,
2005; Lawal et al., 2021), which was found in this study. In addition, biofortified cultivars have high
productive potential, have a structure that facilitates crop treatment and harvesting, are more resistant to the
main pests and diseases, in addition to having high agronomic and technological value (Silva et al., 2014).

The values of total carotenoids found in biofortified cultivars were much higher than the cultivar
“Vassourinha”, of white pulp, for which the content of 3.30 ug g of total carotenoids was obtained. The
total carotenoid content of cassava roots can be considered a good indicator of the B-carotene content, as
studies have revealed that on average 70% of the carotenoid contents correspond to B-carotene (Mezette et al.,
2009; Carvalho et al. 2012). The metabolic conversion of f-carotene to vitamin A is chemically possible due
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to its molecular structure, thus, carotenoids can theoretically generate two molecules of vitamin A
(Rodriguez-Amaya, 2001).

The results found in this study were similar to those of Carvalho et al. (2012) when analyzing seven yellow
pulp cassava cultivars in Cruz das Almas, in the state of Bahia (BA), Brazil, in which the levels of carotenoids
ranged from 2.64 to 14.15 ug g' (1668 “Cacau amarelo” and 1456 “Vermelhinha”, respectively).
Mezette et al. (2009) evaluated thirteen cassava cultivars with potential for insertion in the breeding program
and reported levels of carotenoids ranging from 3.30 to 11.08 pg g'. Variations in the amount of root
carotenoids can be caused by genetic and environmental factors, such as soil, climate, temperature, season,
light, and harvest time (Rodriguez-Amaya, 2001).

Research in Mozambique evaluating sweet potato consumption by children showed that biofortification
can improve children's health, due to a significant increase in body stores of vitamin A (Haskell et al., 2004;
Low et al., 2007). A study carried out in Zambia with children aging from five to 7 years old showed that,
after three months of consumption of biofortified corn, body stores of vitamin A in children who consumed
biofortified corn increased significantly compared to children in the control group (Gannon et al., 2014).

For children aging from seven to 10 years old, the RDI of vitamin A is 450 pg retinol, according to the
Brazilian Health Regulatory Agency (Agéncia Nacional de Vigildancia Sanitaria (ANVISA)) in resolution
RDC 269, of September 22, 2005 (Brasil, 2005). A 100g-portion of yellow-fleshed cassava can provide
around 30% of the RDI for this infant group (Table 2) and can be an effective alternative to minimize vitamin
A deficiencies in low-income populations.

3.3 Sensory analysis

Of the 214 survey participants, aged six to 15, 114 were males and 97 females, both were school children
enrolled in rural schools in the public elementary school in Rio Grande do Sul, Brazil. The results obtained
in the hedonic facial scale test of biofortified cassava roots are shown in Figure 2.

100 ¢ . 50
90 r A 45 | B Color B
— 78,7
£ 80 r 40 | ®Global acceptance
x 10 r ~ 3
L s0 t ERE
S 50 | w25
£ 40 | £ 20
£ 30 2 15
2 20 - o 10
3 10t 5
< ) . 0
Global acceptance Color 1 2 3 4 i
Attributes Notes for color and acceptance

Figure 2. Acceptability index (%) (A) and distribution of the marks attributed by the evaluators (B) of the biofortified
cassava roots, BRS 399 and BRS 396, in relation to the global acceptance and color attributes.

For a product to be considered acceptable, it is necessary to obtain acceptance of at least 85% (Brasil,
2009). In this study, biofortified cassava roots showed 80% of acceptance, lower than the minimum
recommended for insertion in school meals, requiring a second sensory analysis with a minimum interval of
two months. The temperature may have interfered with the acceptance as well as the lower hedonic scale
scores can be attributed to the form of consumption, since cassava is often used in school meals along with
other foods.

In Figure 1B, it is possible to verify that the evaluators' scores for the same attributes, color, and global
acceptance, were mostly classified as “I liked it a lot (4)” and “I loved it (5)”. The color and appearance of
the roots are important, as these attributes are associated with personal reactions of acceptance, indifference,
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or rejection. The color of the pulp is extremely important since the visual presentation is the first criterion to
be analyzed by consumers (Teixeira, 2009). Although the children participating in the research were used to
consuming white-fleshed cassava, the results showed that the yellow color of the roots was well accepted by
the students.

The biofortification technique presents itself as an alternative to minimize vitamin A deficiencies in low-
income populations. However, it is necessary that biofortified crops are the food base for most of those
populations. The results found can contribute to public policies and food biofortification programs, producing
knowledge about the composition of the roots and the availability of carotenoids, for the reduction of vitamin
A deficiency in affected populations. In addition, the programs might contribute to the development of family
farming, being an alternative to add value to cassava, since it is almost entirely produced through family
farming.

4 Conclusion

The moisture, protein, lipid, ash, and starch contents showed small variations between the cultivars
analyzed. The highest levels of carotenoids were found in biofortified cultivars BRS 399 and BRS 396, and
also in the cultivar “Gema de ovo”. The results of the sensory analysis demonstrated the potential for the
insertion of biofortified roots in school meals. Nevertheless, it is necessary to carry out new sensory analyzes
in order that the acceptability meets the requirements of the National School Nutrition Program. In addition,
cassava has great importance in the social context, and the appreciation and opening of new markets promote
the development and appreciation of local family farming since it is a culture predominantly cultivated by
small producers.
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