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Abstract

Biofortified foods represent an alternative to minimize extreme and “hidden” hunger in
people. Aiming to look at this sector as a business, this study seeks to identify potential
demand in the consumer market regarding fortified foods in Brazil. In order to do these,
multiple sources of data collection were adopted to access different markets for these
products. In the first part of the research a survey of Brazilian government programs was
carried out, which could encourage the demand of biofortified foods. In addition a
conversation was undertaken with stakeholders seeking to identify the perception of agents
who take part in the value chain, which included the project developer in Brazil (Embrapa) to
the food industry. Additionally a quantitative research was carried out using Mann-Witney
and Chi-square tests, and also Multiple Correspondence Analysis, aiming to evaluate the
perception of final consumers regarding biofortified foods. Looking at the results a potential
demand was identified for biofortified foods, through government programs as well as via the
food industry, despite needing larger promotion amongst the Brazilian population, as the
sample showed a considerable lack of awareness. In relation to biofortified foods each market
showed different interests, such as Cascavel, Parana, which showed greater interst in School
Meals with corn and cassava. While in the food industry the interest was more considerable
for sweet potato, and amongst the final consumers there was a bigger interest in corn and
beans. A potential demand in several markets for all biofortified foods was also shown.
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1. Introduction

Accordingly the report from Food and Agriculture Organization of the United Nations FAO
(2015) there are over 795 million people starving around the world. In Brazil, 16,7 million
people face extreme poverty, according to the Ministry of Fighting Hunger and Social
Development (BRAZIL, 2011), which looks at the situation along with Census data (IBGE,
2010), and certain impacts on nutritional deficiency. These issues cause several problems to
physical health, such as "disease increasing, weight loss, deficient growth, low immunity,
damages in the gastrointestinal mucous, loss of appetite, food malabsorption, and important
metabolism changes"(Sawaya, 2006a, p. 148). They may also cause parasite infections,
anemia (Machado et al., 2005), difficulties in gaining muscle mass, and on a long term they
may also cause flaws in dental enamel (Massoni et al., 2007), higher risk of diabetes,
hypertension and congenital heart diseases (Sawaya, 2006a), epilepsy (Nunes et al., 1999),
even leading to death, as highlighted by Frota and Barroso (2004).

In addition to physical problems, it might also rise cognitive impairment, as malnutrition is
related to poor school performance, as stated by Sawaya (2016b), with deficiency in carrying
out psycho and neurological tasks, basic concepts, language and cognitive operations, as
stated by Esposito (1975), Macedo et al. (2004), among others.

Associated to that there are even people who are not within the extreme poverty category, but
may also have nutritional impairment. The human being needs about 49 nutrients for a proper
organic metabolism (Bhullar; Gruissem, 2013). Therefore, mineral and vitamins deficiency is
often called "hidden hunger" (Hirschi, 2009; White; Broadley, 2009). "Hidden hunger" is
characterized by quantitative and/or qualitative dietary inadequacy (Minguita et al., 2015;
Shekhar, 2013), as well people who are believed to be healthy and have low malnutrition rate,
but show iron deficiency (Murgia et al., 2012), as well as Vitamin A (Ferraz et al., 2005) and
other micronutrients. Therefore, regardless of social level, there is a part of the population
who eat, but still suffers from nutrients "hunger”. Damo et al. (2015, p. 83) express the
increasing of industrialized foods, linked to fast foods networks, depleted diets, making
hidden hunger a global issue.

It can be noted when the organism receives a good level of highly energetic foods but still it
lacks regulatory nutrients, such as vitamins and minerals as well as the functional ones, which
prevent cellular degeneration, reduce cholesterol and blood sugar levels, among others.

Hidden hunger also results in likely problems to peoples health, such as anemia (Sperotto et
al., 2012), immunological function decrease, mental retardation (Puig et al., 2007; Bhullar,
Gruissem, 2013), poor labor productivity, high mortality and morbidity rates (morbid obesity),
increase in the rates of chronic diseases such as cardiopathies, cancer, cerebral vascular
accident, diabetes. In addition to that, it damages cognitive abilities of children and
nutritional transference from mothers to their babies (Welch, Graham, 1999; Welch, Graham,
2005).
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As a way to minimize hunger, international organizations have developed projects in order to
make biofortified foods. In Brazil, this project is developed in partnership with Brazilian
Agricultural Research Company (Empresa Brasileira de Pesquisa Agropecu&ia- Embrapa).
Throughout more than ten years, researchers at Embrapa have been doing conventional
genetic improvement in certain cultivations, aiming to grow foods which are biofortified in
iron, zinc and vitamin A (EMBRAPA, 2016).

A\\ Macrothi“k Journal of Agricultural Studies

Conventional genetic improvement aims minimizing risks to human, environmental and
biodiversity health, focusing on the benefits offered by modern biotechnologies (Gurau;
Ranchhod, 2016). Such foods are different from those which are genetically modified
(transgenic), as it has a non-natural process, and accordingly to Gurau; Ranchhod (2016) they
are figuratively called “Franken-foods”, as in Frankenstein.

Some reports about biofortified foods have been televised and published in Brazilian media,
such as Globo Rural Magazine (Filgueiras, 2016), Caminhos do Campo TV show and website
gl.com.br. Additionally Biofortification was awarded with World Food Prize, which is
considered the Nobel Prize of nutrition and agriculture (World Food Prize, 2016; Biofort,
2016).

According to Embrapa (2016), in Brazil by 2014, nearly 2500 families had access to
biofortified foods. Other activities which helped to expand dissemination of these foods
around the country were those ones linked to school. Around 4.500 children and adolescents
were able to benefit from enhanced crops.

In Brazil this project was named Rede Biofort and has been coordinated by Embrapa in
partnerships with counties in the States of Maranh&b, Piau ¥ Pernambuco, Sergipe, Bahia,
Distrito Federal, Goi&, Minas Gerais, Rio de Janeiro, Paranaand Rio Grande do Sul. As this
project is being developed in several States there is a Rede Biofort team who is accessing the
acceptance of more nutritious foods which are being tested in school meals.

Studies show there is a possibility of integrating value chain of biofortified foods with
wholesaler and/or retailer of in natura products FAO (2016). In Brazil there are reports about
integration of biofortified foods also through agroindustry, which brings stability to
biofortified foods, such as for example through manufacturing biofortified sweet potato flour
(Alves et al., 2012), and also through products finished with biofortifiedraw material, such as
pastas (Minguita et al., 2015) and cheese bread (Cavalcante et al., 2016), among others.

On the other hand there is research being directed to technology solutions development, in
processing and storage. Therefore researchers are looking at packing concepts which preserve
the micronutrients of biofortified foods and enable their offer in large centers.

According to the information from the above mentioned Rede Biofort (EMBRAPA, 2016)
and media reports, it could indicate a certain level of knowledge of general population about
biofortified foods. Does the population in fact know about these foods? Are these foods
available and distinctive in the market? Are the benefits and distinguishing factors
acknowledged by part of the population? In other words, demand and market factors that may
support competitiveness of biofortified foods in the long term.
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According to Haguenauer (1989) apud Kupfer (2012) in a simplified way, competitiveness
among companies is supported by market and efficiency factors. Market factor is also present
in other competitiveness models such as Diamond (Porter, 1989), Double Diamond (Rugman;
D' Cruz, 1993), Farina competitiveness model for agribusiness; Zylbersztajn (1997) apud
Farina (1999), competitiveness model for network companies (D Bz-Chao et al., 2016),
among others. Such fact shows the necessity to know potential demand in order to build
competitiveness into the value chain of biofortified foods.

\ MacrOthi“k Journal of Agricultural Studies

In the face of this scenario it emerges as the leading issue of this research: What is the
potential consumer market demand in relation to biofortified foods in Brazil? The aim is
identify theoretical demand for biofortified foods in terms of knowledge and
acceptance/curiosity of the consumer market in relation to biofortified foods, as well the
regulations related potential inclusion of such foods in school meals in Brazil.

Tan et al. (2007) highlight that the number of interested clients in these products may indicate
future sales. In addition to that, meeting customers™ expectation associated with product
quality and process affect customer satisfaction and consequently, company profitability
(Anderson et al., 1994). Therefore, as biofortified foods are important nutrition sources,
benefiting people from different social conditions and age ranges, it is important to estimate
knowledge and potential demand aiming to enable production planning and competitiveness
to this value chain.

Furthermore this study contributes practically as it shows biofortified foods may become a
distinctive production alternative in Brazil and other countries that are highlighted by
agricultural production, such as China, India, and others. Moreover it is possible in natural
biofortified foods industrialization, to trigger off new links in the value chain, as they may
become new ingredients or supplies in several industrial sectors in Brazil and worldwide,
such as food, fitness, cosmetics, pharmacy, and others.

2. Materials and Methods
2.1 Advance Demand Information

Since the 18th century the importance of relation between offer and demand has been
discussed in Adam Smith (Smith, 1996) works. Several researchers look at this relation under
different perspectives as economists, marketing professionals, market analysts or others.

Relation between offer and demand can be assessed not only for pricing elements, but also
taking into consideration demand as a trigger factor inside production chain and supply and
so it can improve the whole chain performance (Thonemann, 2002). Thus, if there is demand,
companies are motivated to produce, creating more offer. Mart mez, Guerrero (2016, p.159)
finds demand "is the most relevant factor to schedule a service™ or product. Furthermore
knowledge about demand contributes so that companies can evaluate deliver time of the
products (Landeta et al.,2016) and the necessity of safety stocks, accordingly Van Kampen et
al.(2010), Karaesmen et al. (2004), and others.

Moreover, Van Kampen et al. (2010) considers advance demand information (ADI) may
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benefit companies as they can improve production planning. Also the study about demand
should take into account "demand variations, such as volume variation, product type and
expiring date" (Van Kampen et al., 2010, p. 7464). These demand variations are highlighted
by Van Donselaar et al. (2001) as regular demand, which can either show or not show small
volumes, but in a regular way, and irregular demands which do not show a specific frequency
in volume variation, but when it happens it is more significant.

Rostami-Tabarand; Sahin (2015) highlights advance demand information as a way suppliers
(or companies) may know future client demands and so they can plan their operations, aiming
to minimize stock costs and increase efficiency in the organization. Zhang; Zhang (2007)
have shown through simulation how information about demand variation is related to
performance and can improve planning and decision making in the value chain. Moreover
Chen, Xiao (2015) relates risk of closing activities due to lack of demand and market
information, hampering the management process.

Thereby necessity of demand knowledge becomes evident inside production planning. In the
case of agricultural foods production time is larger than most retail industries, taking up to
120 days to obtain a final product for consuming. Furthermore, there is the perishing and
seasonality risk, as depending on the agricultural food and region where it is grown
production may not occur during all seasons/months of the year. Such facts show an even
bigger importance of knowing demand for this type of product, and especially for biofortified
foods, as along with nutritional gains there may be a risk of seasonality and natural obstacles.

2.2 Biofortified Foods

Biofortification consists of adding more vitamins and micronutrients to seeds which are
grown by small farmers, specially increasing levels of Zinc, Vitamin A and Minerals,
accordingly with FAO (2016).

Several countries are currently developing biofortified foods projects, which are identified
through research such as that developed by Smole™n et al. (2014) and Kopec™ et al. (2015),
Polish researchers who developed studies for lettuce biofortification with iodine and selenium.
Palmgren et al. (2008), German and Danish researches, have shown cereal biofortification
with zinc and other essential nutrients. A group of researchers from Netherlands and Italy,
Leiss et al. (2013), have shown results for carrot biofortification incrementing it with
Chlorogenic acid and antioxidants. Other works have shown results of iron biofortification in
countries such as India (Stein et al., 2008), banana biofortification with vitamin A and Iron in
Uganda (Fiedler; Kikulwe; Birol, 2013), among others.

In Brazil crops which are being biofortified by Embrapa (2016) are pumpkin, sweet potato,
corn, cassava and beans, the first ones with a high level of carotenoids and good agricultural
and commercial characteristics. While, Xiquexique, tumucumaque and arac&beans contain a
high level of iron and zinc.

Nascimento et al. (2013) through looking at chemical and nutritional characteristics of
biofortified sweet potato, showed that a portion of only 20 g of sweet potato starch is enough
to meet 100% of Vitamin A needs in an adult person. It is relevant to include biofortified
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sweet potato in school meals, as it could help to meet the requirements of this vitamin in
children and adolescents.

FAO (2016c¢), in Ruanda City accessed value chain for biofortified foods, which consists in
delivering supplies (seed and soil preparation), production, primary distributor, wholesale,
retail and consumer, when looking at consumption in urban areas. However, studies in Brazil,
as it has been previously related, showed integration with agricultural industries is viable, as
it can even provide a better use, longer durability for consumption and possibility of being
present in big urban centers.

Therefore, as there is potential development throughout the whole value chain which starts
with the farmer and goes on until it reaches biofortified foods industrialization, verifying the
demand potentiality of such foods is relevant.

The present research is setted as a qualitative-quantitative study when evaluating the
approach of the problem. This frame occurs due to the evaluation of the potential demand of
biofortified foods in relation to the norms and perceptions of stakeholders regarding the
potential inclusion of biofortified foods in the public school meals in Brazil, as well as the
knowledge and acceptability/curiosity of the consumer market about it.

Thus, the qualitative approach was used to evaluate the potential demand for inclusion of
biofortified foods in school meals. For this purpose, documentary research was carried out,
analyzing the legislation in force in Brazil about government programs that encourage the
acquisition of fresh food, mainly from family agriculture. In addition, a factual observational
study was conducted (Cooper, Schindler, 2003) on September 15 of 2016 in the city of
Cascavel/PR, for approximately 2:30h. The case studied was the biofortified foods project,
developed in the State of Paran&aBR. This observational study occurred during the meeting
with several stakeholders in the value chain of biofortified foods, including, the
Representative of Embrapa - Brazilian Agricultural Research Corporation, Representative of
Fundetec - Foundation for Scientific and Technological Development, Representative of
Technical Assistance of the Secretariat of Agriculture of the municipality of Cascavel,
Representative of Coafaso - Cooperative of the Family and Solidarity Agriculture of the West
of Parang Representative of Biolabore - Cooperative of Labor and Technical Assistance of
Parand Representative of the rural settlers, Representative of Acicvel - Commercial and
Industrial Association of Cascavel, Representative Of the Social Communication Department
of Cascavel, Representatives of public universities of the State of ParandBR, and
Representative of the sector of food industry - company Quinta das Cerejeiras Alimentos
Inteligentes Ltda.

On the other hand, to evaluate the knowledge and acceptability/curiosity of the biofortified
foods by the potential consumer market, a quantitative approach was adopted with the
accomplishment of a research of the type survey in the population in general. For this, a
structured questionnaire was constructed, with 06 closed questions evaluating the knowledge
and acceptability/curiosity about the biofortified foods, being made available in a social
network.
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This questionnaire was available for data collection between September and October 2016,
and furthered shared by about 10 people. As such it was not possible to define the population
of respondents, being classified as a non-probabilistic sampling, as Maroco (2007) points out,
because it is not representative of the Brazilian population. As a consequence, it is not
possible to generalize the results found in this research to the entire Brazilian population,
considering the existence of only 99 answers. However, it is a proxy of the behavior of
Brazilian citizens about the subject.

For the quantitative treatment of the data, descriptive statistics were used , after that,
Mann-Whitney U and Chi-Square tests were implemented in order to verify the existence of
differences between the responses when comparing pairs of variables, adopting the criteria
proposed by Field (2009), based on the justifications presented in the sequence.

The Mann-Whitney U test was adopted with the purpose of verifying the access to
information by electronic means by age group. This approach is justified, given the existence
of Generation Y, represented by individuals who grew up in an environment of easy access to
information, driven by globalization, the internet and the great technological advance (Cappi;
Araujo, 2015), which can provide easier access to information about biofortified foods.

The Chi-Square test was used when testing the differences between groups, in relation to
gender, city of origin, education level and profession. According to Barreto et al. (2009)
women have healthier behavior when compared to men, so it was considered the hypothesis
that women may have more knowledge and/or acceptability/curiosity about healthy foods. In
addition, Figueiredo et al. (2008) present that women consume more fruits, vegetables and
vegetables than men in the city of S& Paulo/SP, which entails a greater concern and care
with health and the intake of biofortified foods to maximize health care.

For other variables, Cho and Moon (2000) apud Moon and Lee (2004) consider that people
highly educated have more sophisticated demands, so they may be more likely to consume
biofortified foods. In addition, Jaime et al. (2015) have identified that in the higher education
levels there is greater consumption of fruits and vegetables, beans are more consumed for
people with lower education levels.

In the sequence, with differences detected, we proceeded with the Multiple Correspondence
Analysis, whose objectives is to arrange the different responses among themselves in a
dimensional structure, allowing the visualization of groups, according to the procedures
employed by Favero et al. (2009). All quantitative analysis were performed using the PASW
Statistics 18 ® e Microsoft Office Excel 2007 ®.

3. Results and Discussion

Moon; Lee (2004) considers that in order to access potential demand it is necessary to access
the target population in the sector due to be accessed. Moreover, Miyoung (2014) affirms that
total population of a country can be seen as a demand factor, in special when considering
biofortified food as a demand object.

When analyzing potential demand of biofortified foods there are two main target publics. The
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first one is formed by children at school age as nutrition deficiency can cause losses related to
learning and cognitive development. In the second group there are people, general people
who seek nutrition quality through a balanced diet as a way to fight hidden hunger.

In that connection, result analysis will be segmented in these two potential demand groups, in
order to access how biofortified foods are acknowledged or can be ingested.

4. Government Food Programs in Brazil

In Brazil there has been a significant fall in the Hunger Global Index (IFPRI, 2016). In
relation to undernutrition, malnutrition and child mortality, Brazil showed a fall of more than
50% from 1992 until 2016. To reach such result there are government programs acting in
several segments, specially National Program of School Meals (Programa Nacional de
Alimentagg® Escolar -PNAE) which aims to ensure a healthy diet, meeting nutritional
requirements and developing healthy practices of living (Brazil Law n<11.947/2009 and
regulations through Order FNDE n<26/2013).

PNAE is a program known as school meals, and implemented by Federal Government which
aims to offer school meals to primary school children enrolled in public schools, as well as
charitable schools and community bodies associated with public power through funding
transfer (FNDE, 2016).

Order n?38/2009 (FNDE, 2009) establishes school meals should be offered in at least 200
school days in a year and meet a minimum of 70% (seventy per cent) of children daily
nutritional needs when they are enrolled at full-time education. In addition to that, meal plans
should offer at least three portions of fruits and vegetables a week (200g/student/week) and
always respect culture, habits and local food traditions. Menegazzo et al. (2011) mention the
importance of menus for school meals, which must be conceived taking into consideration
quantities and nutrition qualities of all foods are offered at school.

2015 Census (INEP, 2016) shows in Brazil there were 5.577.430 students enrolled by 6 years
of age; and when this number is expanded up to the end of secondary school there are over
22.756.164 students enrolled in public schools, which demand healthy school meals. As a way
to contribute with poverty reduction in Brazil, article 18 of Order 38/2009 (FNDE, 2009)
considers at least 30% of funding used to acquire foods for school meals should come directly
from Family Agriculture and Rural Family Entrepreneurship. This resolution contributes for
life quality of family farmers, as showed by FAO (2013) which highlights the importance of
public policies that prioritize the food market resulting from family agriculture and small
farmers.

In addition to that, other government programs target to improve nutrition and life quality of
farmers and family agriculture. Government programs such as Foods Acquirement
Programme (PAA), established by Article 19 of Brazil Law n<10.696/2003 and regulated by
Brazil Order n< 7.775/2012. There are also government programs for assisting family
agriculture, such as Family Agriculture Strengthening National Programme (Pronaf) which
aims to finance individual and collective projects that create incomes to farmers and those
settled by agrarian reform (MDAa, 2016), Technical Assistance and Rural Extension (ATER),
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Harvest Guarantee Programme (Brazil Law n© 10.420/2002) and Family Agriculture
Insurance (MDADb, 2016). These programs aim to offer more quality and incentive to rural
families with low income, and also support a healthier diet in rural areas and to children
enrolled in public schools.

Acquiring for school meals prioritizes family agriculture of cities and outskirts where the
schools are established. As a result, regions with more experience, technology and agriculture
productivity offer better quality and diversity for school meals.

South, Southeast and Midwest regions in Brazil hold about 90% of cereal, legume and
oilseeds productions in the country, as it is highlighted by Systematic Survey of Agricultural
Production from May, 2016, showed by IBGE (2016). This production is justified by climate,
technology and productivity, as 44% of cultivated area is held by family agriculture which
falls in the Brazil Law 11.326/2006. Looking at the States where Rede Biofort develops its
projects, Parana is the one with more agriculture productivity, accordingly Agricultural
Census from 2006 (IBGE, 2009).

Therefore, it is noticeable that there are public policies which act in order to promote foods to
be acquired from family agriculture and small farmers, in order they may be used in school
meals, and it stimulates biofortified foods production. Thus, it aims to improve nutritional
quality in children and public schools through a healthier diet, as well as minimize poverty
and extreme hunger in several regions.

4.1 Conversation among Stakeholders of Biofortified Foods Chain

On 15th September 2016 it was carried out a meeting coordinated by Fundetec which lasted
about 2:30h. This meeting aimed at providing dissemination of Biofort project in Cascavel,
verifying perception and interest of rural producers™ representatives in planting, assessing
interests of public and industrial sector in inserting biofortified foods in school meals.

This observational study was undertaken during a meeting that gathered several stakeholders
of biofortified foods value chain, as it is showed by Table 1.

Tablel. Stakeholders of biofortified foods value chain Parana, Brazil

Represented Agency
Embrapa Representative—Agricultural Research  Brazilian
Company
Fundetec Representative—Technologic and Scientific

Development Foundation

Representative of Agriculture Secreatriat Technical Assistance in
Cascavel,

Coafaso Representative — Family and Supportive Agriculture
Cooperative in the West of Parana

Value Chain Link

Biofortified project developer, member of
Biofort Network

Biofortified Foods Project Coordinator in
Parana, Brazil

Monitoring and  providing  technical
assistance for rural producers
Monitoring and  providing  technical

assistance for rural producers
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BiolaboreRepresentative — Labor and Technical Assistance Monitoring and  providing technical

Cooperative in Parana assistance for rural producers
Rural settled Representative Rural producer

Acicvel Representative—Trade and Industrial Association in  Consumer Market
Cascavel

Representative of Social Communication Secretariat inCascavel ~ Consumer market by school meals

Representative of public universities in Parana Entity for undertaking researches and
studies about biofortified foods

Representative of Food Industry Sector - Quinta das Cerejeiras Consumer market by industrializing
Alimentos Inteligentes Ltda biofortified foods

Meeting started with special thanks to all who were present and inviting Embrapa
representatives to present Biofort project which has been developed in Brazil and abroad,
with the support of HavertPlus. During this presentation it was explained the meaning of
biofortification and how the process has occurred in Brazil. Research about biofortification in
Brazil has been developed for over 10 years by Embrapa researchers, and genetic
improvement process has been adopted, in which crops that have desired features are crossed.

After, Fundetec Direction led the meeting by presenting key topics would be covered, when it
was highlighted pilot project experiences, possibility of inserting biofortified foods in school
meals and potential interest of rural producers in these crops.

Agriculture Secretariat Representative of Cascavel related experience that some small rural
properties of the County have been grown biofortified products. Therefore, secretariat
technical assistance had been following to assess and support development of those crops.
During one case of monitoring rural producers it was related experience about biofortified
products trading in direct-to-consumer fairs. In the case of a specific rural producer it was
obtained a much higher price comparing to conventional products, which was justified by
between-harvest and also by presenting and nutritional differentiation of the selling product.

On the other hand, a representative of rural settler also had his voice and related planting of
such foods has already been carried out and benefits were noticeable in a short term. In this
property biofortified foods were introduced in the family diet and it resulted in more energy
and well-being to undertake rural activities.

Following reports of experiences of the pilot project, it started the stage of considering the
possibility of inserting biofortified foods in school meals. A representative of Agricultural
Secretarial reported about 2 tons of biofortified corn were inserted in school meals among
2015 - 2016. However, due to lack of a certification that may ensure the seed origin, in some
other crops it is not possible to notice a difference compared with conventional foods, as it
happened with the corn which was inserted in school meals.

At this stage of the discussion it was suggested by the representative of rural technical
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assistance the creation of a certification for biofortified foods, as it occurs with organic foods,
to assess seed origin and tracking of biofortified products. Thus, biofortified foods could
differ from other products, bringing food safety for producers and consumers, and also
distinguishing purchase values (institutional), improving nutritional quality for students and
increasing income for farmers.

Following discussion about the possibility of insertion in school meals crops which are more
readily accepted by the locals were identified. This issue is required by the Order n©238/2009
(FNDE, 2009), which highlights school meals should be offered respecting culture, habits
and local food traditions, to ease intake in children.

The representative of Educational Secretariat expressed caution in inserting biofortified foods
into school meals. However, following new explanations about benefits of biofortified foods
the importance was perceived. It was appointed about 29 thousand children only in Cascavel
could benefit from this nutritional enrichment. Furthermore, a similar meeting could be
carried out in adjacent towns, and so biofortified foods could be inserted in school meals all
over the area.

Emphasis in selecting biofortified crops to meet needs of school meals was given to sweet
potato, corn and cassava. Caupi beans, despite being biofortified by Embrapa, is not part of
food culture in Southern Brazil, particularly in Cascavel, and so they may not be accepted by
most of children, and this particular food is more consumed in Northeastern Brazil.

Then the following stage started, which was to verify how many rural producers could show
interest in growing such products.

It was requested to representatives of Coafaso and Biolabore coops to consult rural producers
to verify whether there was interest in growing biofortified foods. In 2016 harvest, there were
about 100 farmers already taking part in the project. However, there was a possibility of
double this number, accordingly to producers™ reports, as producers who took part in the first
stage of the project (pilot) have stayed on it.

The meeting emphasized production and insertion in school meals. For participation of food
industry in the biofortified foods value chain it was identified a necessity of a large scale
production to meet the needs of industrial sector, as demand by clients has already emerged,
particularly for biofortified sweet potato or Beauregard. However, this scale production was
not identified during the meeting, but appointed by the director of food industry to Fundetec
director, instead. However, as Quinta das Cerejeiras Alimentos Inteligentes Ltda participated
in the meeting, a bigger interest from representatives was showed related to potential
destination of products, and market diversification and a bigger interest in planting may
occur.

In final analysis of factual monitoring with stakeholders of biofortified foods chain in
Cascavel, a big interest of engaged agents could be verified, in order to enable diversification
of selling products and to improve nutritional quality for consumers. Furthermore, there was
interest in inserting the product in school meals, and also by food industry, which is an
important booster of value chain of biofortified foods, as it typifies a demand advanced
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information.
4.2 Demand for General Society — Survey Results

A structured questionnaire was carried out, bringing 06 closed questions to assess knowledge
and acceptability/curiosity about biofortified foods, and it was made available in social media.
Data collection happened in September and October 2016, and it was shared for about 10
people.

Thus, it is not possible to define respondents ™ population, as the sample is classified as non-
probabilistic, accordingly to Maroco (2007), and it may not represent Brazilian population.
Consequently, the results found in this research shall not be generalized to whole Brazilian
population, as there were 99 answers. However, it is a behavior proxy of Brazilian citizens
related to the subject.

Among the respondents 58% are female, and 42% are male. Inaddition to that 66% live in
capitals of four different Brazilian states. Looking at the age range it is perceived a group of
respondents who are building professional career, as nearly 70% are between 20 and 40 years
old. Moreover, nearly 80% have different remunerated activity, such as civil servants,
teachers, self-employed, business consultants, private companies employees, financial
institutions™ employees, among others. Such facts demonstrate a very diverse professional
profile, but centered in business area.

It can also be observed 96% have higher educational, of whom nearly 30% have lacto sensu
post-graduation and 33% stricto sensu post-graduation. Despite not representing the Brazilian
population, as according to IBGE (2015) only 13% of Brazilian population had higher
education in 2014, such aspect is relevant and important to assess potential demand of
biofortified foods, due to the statement of Cho and Moon (2000) apud Moon and Lee (2004),
who consider higher educational levels lead to a more sophisticated products demand.
Furthermore, Sardy; Fetscherin (2009) consider literacy levels in adults can be seen as an
investment in human capital and labor force improvement, supporting country
competitiveness.

When respondents knowledge about biofortified foods is analyzed, over 90% of respondents
do not know biofortified sweet potato, beans, corn and cassava, which are cultivars developed
by Embrapa. However, when respondents were questioned if they had curiosity in knowing
such foods, figures change, showing an average of 73% have curiosity in knowing and trying
them.

Looking at the data through Mann-Withney test, it is not possible to affirm there is a
significant statistic difference between curiosity in knowing biofortified foods and age range,
as U= 713 and p-value< 0,072. Therefore, age range doesnt impact curiosity about knowing
biofortified foods. Such fact goes against the idea that younger people, classified as Y
Generation, could obtain more information about biofortified foods, as they have grown in an
environment which has more information access, due to globalization, internet and large
technology advance (Cappi; Araujo, 2015).

432 http://jas.macrothink.org



ISSN 2166-0379

\ MacrOthi“k Journal of Agricultural Studies
A Institute ™ 2021, Vol. 9, No. 2

However, Chi-square test showed that in relation to gender there is a significant statistic
difference in biofortified foods such as sweet potato (X=1) = 8,064, p-value< 0,005), corn
(X=1) = 14,093, p-value<0,000), corn (X=1) = 6,772, p-value< 0,009) and cassava (X=1) =
4,474, p-value< 0,034). It can be confirmed by identifying that, in all analyzed biofortified
foods, more than 65% of women show curiosity about biofortified foods, while in men it
drops to about 30%. These figures confirm what is reported by Barreto et al. (2009), when he
highlights women have a healthier behavior compared to men, so the possibility of female
having more knowledge and/or acceptability/curiosity about biofortified foods was taken into
consideration. Moreover, Figueiredo et al. (2008) show women take more fruits, vegetables
and legumes than men in the city of Sao Paulo, which leads to a greater concern and caution
with health, and consumption of biofortified foods would contribute to enhance health care.

Furthermore, respondents who live in capitals (several Brazilian states) show greater interest
in knowing biofortified foods, particularly corn (X=1) = 3,918, p-value < 0,048) and beans
(X=1) = 4,169, p-value< 0,041), when they are compared to respondents who live in country
cities. Such interest or curiosity is less in relation to sweet potato (X=1) = 2,746, p-value<
0,097) and cassava (X=1) = 1,312, p-value< 0,252), as it is not possible to verify a significant
statistic difference in relation to such foods and respondent’s location.

Looking at educational levels and if respondent exercises a remunerated activity (profession),
we sought verifying the statement of Cho and Moon (2000) apud Moon and Lee (2004), who
consider people with a higher level of education have a more sophisticated demand, and it
leads to the conclusion they are more prompt for consuming biofortified foods. Furthermore,
Jaime et al. (2015) identified within higher educational levels there is a larger consumption of
fruits and vegetables, despite beans is more consumed by lower educated people. However,
there was no significant statistic difference in any biofortified foods, as showed by table 2.

Table 2. Analysis of X=2and p-value of Level of Education and Remunerated Activity
variables

Educational level Remunerated Activity
Biofortified Food X2(3) p-value X%(1) p-value
Sweet Potato 1,665 0,645 5,976 0,015
Corn 2,705 0,439 2,883 0,089
Beans 7,761 0,051 0,617 0,432
Cassava 0,112 0,990 1,004 0,316

source: research data

Following that, aiming to gather the answers, it was used the technique of Multiple
Correspondence Analysis. Firstly, a reasonable number of dimensions to be used in the
answers distribution had to be established, in order eigenvalues and inertias could be
evaluated, in a total of six possible dimensions, as showed by Table 3.

433 http://jas.macrothink.org



ISSN 2166-0379

\ MacrOthi“k Journal of Agricultural Studies
A Institute ™ 2021, Vol. 9, No. 2

Table 3. Eigenvalues and inertias

Dimensions 1 2 3 4 5 6
Eigenvalues 2,834 1,073 0,703 0,530 0,482 0,379

Inertias 0472 0179 0117 0,088 0,080 0,063

source: research data

It is observed the two first dimensions demonstrate a high representation capacity, as they are
able to explain more than half (65,11%) of total inertia of all dimensions. However, looking
at Cronbach’s Alpha for such dimensions it is observed the first one shows a value which is at
least acceptable (a=0,777), while the second one is not representative (0=0,082).
Nevertheless, the option of arranging the answers in a two-dimensional graphic is chosen,
aiming to ease results interpretation. Thus, in two dimensions, variables show the following
capacity of being represented, as Image 1 shows.

uuuuuu
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Dimensao 2

Image 1. Discrimination measures
Source: research data

As it can be seen below, dimension 1 consolidates curiosity about biofortified foods. On the
other hand, dimension 2 consolidates in a significant manner the group regarding to city
characteristics. Finally, gender is found in central group, with representation in the two
selected dimensions. Looking at the data through a perceptual map three clusters can be
visualized, as image 2 shows.
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Image 2. Perceptual map of analysis variables
Source: research data

Through perceptual map non-parametric tests results and clusters confirmation involving
gender and city could be verified, in reason of larger interest cluster function consists in
where there is curiosity in knowing biofortified foods and it is closer to women and capital
residents. Afterwards, a cluster of those do not have curiosity in knowing biofortified foods
were identified, as well as a third cluster formed by men and country residents.

Based on variables transformed in Image 2 it was possible to identify a correlation among
them, as showed by table 4.

Table 4. Analysis of Variables Correlation

Biofortified Product Curiosity Curiosity Curiosity Gender
Corn Beans Cassava

CuriosityPotato ,504 475 ,540 ,287
CuriosityCorn 1,000 ,462 ,520 ,379
CuriosityBeans ,462 1,000 ,591 ,263
CuriosityCassava ,520 ,591 1,000 214
Gender ,379 ,263 ,214 1,000
City ,200 ,206 ,116 ,311

Source: research data

Therefore, it is possible to verify explanation power between knowledge of types of
biofortified foods and variables which showed significant statistic difference. Curiosity for
foods demonstrated a certain level of proportionality. However, among respondents, those
who showed curiosity in knowing biofortified sweet potato also showed almost 30% of
curiosity in knowing biofortified cassava, demonstrating there is certain equilibrium in the
food type (carbohydrates). When comparing them with other biofortified foods, as corn and
beans, curiosity reduces, staying around 25% of interest.
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On the other hand, when biofortified beans are analyzed, larger interest was also showed on
cassava, with almost 35% of explanation power. Comparing with biofortified corn and sweet
potato interest and curiosity in knowing such foods jointly fell to about 20%.

It demonstrates the food with more interest showed by respondents is cassava, Brazilian
culture feature, which showed the largest explanation power when analyzed jointly with other
biofortified foods. Sweet potato is highly promoted for fitness and body building, but within
this sample it did not show a larger interest and as such this can be explained by respondents
profile.

5. Conclusion

Lack of nutrients in the body, caused by hunger in extremely poor people or by hidden hunger,
may lead to several physical and cognitive health problems, and even to death. Aiming to
minimize this scenario biofortified foods have been developed, which add important
micronutrients to human health, as iron and vitamins, through their conventional genetic
improvement.

When sources for potential demand of biofortified foods were identified, several regulations
which enable insertion of such foods in school meals, through School Meals National
Program (PNAE) were also looked at, as there is a regulation which promotes acquirement
from family farmers and necessity of inserting health foods with micro and macronutrients
being assessed. Thereby, in addition to children who are enrolled in public schools, there
would also be improvement in the diet of agricultural families, minimizing hunger inside
Brazilian rural areas.

A discussion with stakeholders was undertaken with the participation of EMBRAPA in the
Brazilian state of Parana, which demonstrated interest in planting by small agricultural
producers and family farmers, as well as representatives and food industries which have also
demonstrated interest in inserting biofortified foods. It shows potential demand in several
stakeholders, which would lead to market diversification and contribute to optimize demand
advanced information.

Knowledge of people in general was also evaluated. Within this context almost 95% of
respondents stated they did not know biofortified foods, which shows a propagation work is
necessary. However, despite the lack of knowledge there is acceptability/curiosity in relation
to biofortified foods.

Such acceptability/curiosity shows significant statistic difference which was confirmed by
Chi-square tests, in relation to gender, as women show larger curiosity and potential
acceptability of biofortified foods. In relation to whom live in capitals or countryside,
curiosity could be identifies in two products (corn and beans), however significant statistic
difference in biofortified sweet potato and cassava could not be found, even food industry
showed larger demand for biofortified sweet potato.

Looking at data there was not significant statistic difference either, accordingly Chi-square
test, in relation to educational level and remunerated activities. Mann-Withney U test also
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showed there was no significant statistic difference in relation to age range.

A\\ Macrothi“k Journal of Agricultural Studies

Finally, potential demand in relation to biofortified foods can be concluded, along with
government initiatives which provide benefits to rural population, particularly to family
agriculture, and allocation to school meals. Interest of the food industry could also be
identified, but along with a big lack of knowledge by final consumer, which shows a larger
propagation by media is needed.

However, we highlight this study shall not be generalized to whole Brazilian population. For
further works we suggest diversifying and enlarging the sample to access knowledge and
acceptability/curiosity about biofortified foods, or even undertaking trials in order to identify
important aspects which are taken into account by the final consumer in relation to
biofortified foods.
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