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Evaluation of the potential dietary impact of the implementation of nutritionally
improved crops in rural areas of the department of Cesar (Colombia)

Evaluacion del impacto potencial en la dieta de la aplicacion de cultivos mejorados
nutricionalmente en zonas rurales del departamento del Cesar (Colombia)

Adriana Tofifio" 2, Aslenis Melo R.%, Yumar Ruidiaz?, and Sofia Lisshrant’

In Cesar, 30.7% of children under 5 years of age suffer from
deficiencies of vitamin A, along with 13.4% for iron and 57.0%
for zinc. Therefore, it is important to guarantee food security
in the population through improvements in the nutritional
quality of the offered food products. One alternative is the
implementation of nutritionally improved crops. The produc-
tion and consumption of four basic crops in the rural areas of
five municipalities were characterized and compared to the
implementation of the studied biofortified crops. Surveys re-
garding the purchase, consumption and production of cassava,
bean, maize and rice were given to those responsible for food
preparation and/or agricultural production in 90 families and
was determined for these food ration consumed per person. In
the week prior to the survey, 95.6% of the families consumed
bean, 93.3% maize and 88.9% cassava and rice. The products
mainly originated from purchases in the local store (bean and
rice) or grown by the families (cassava). Cassava and maize were
most commonly cultivated (71.1%), followed by bean (56.7%),
maize (32.1%), and rice (2.2%). A 61.6% of the cultivated cassava,
23.5% of the maize, and 26.4% of the bean were destined for
self-consumption, while the rest was sold or traded. Looking at
the difference between the nutritional content of the biofortified
products and the traditional and eating habits indicated that
the substitution of the traditional varieties with the bioforti-
fied crops represented a possible intake increase of 44.59 mg/
person-day of iron, 24.05 mg/person-day of zinc, and 1.62 mg/
person-day of vitamin A. The substitution with and exclusive
consumption of biofortified crops would contribute 199, 169,
and 77% iron, zinc, and vitamin A based on the estimated av-
erage requirement. Due to their potential nutritional impact,
the study of the adaptability and acceptability of biofortified
crops is recommended.

Key words: food fortification, human nutrition, food security,
family farming, rural communities.

El 30,7% de niflos menores de 5 afios del Cesar, presentan
deficiencias en ingesta de vitamina A, el 13,4% de hierro
y 57,0% de zinc. Por tanto, se hace necesario garantizar la
seguridad alimentaria de la poblacion, mediante mejoras en
la calidad nutricional de los alimentos ofrecidos. Una alter-
nativa, es implementar cultivos mejorados nutricionalmente.
Se caracterizé la produccién y consumo de cuatro cultivos
basicos, en zonas rurales de cinco municipios, comparandolos
con estudios de implementacién de cultivos biofortificados.
Se encuestaron los encargados de la cocina y/o produccién
agricola en 90 familias, sobre compra, consumo y produccién
de yuca, frijol, maiz, arroz y se determind para estos la racion
consumida por persona. En la tltima semana, 95,6% de la po-
blacion encuestada consumio frijol, 93,3% maiz, y 88,9% yuca
y arroz. Los productos derivaron principalmente de la compra
en tiendas (frijol y arroz) y autoproduccion (yuca). La yuca y
el maiz, se cultivaron en mayor proporcion (71,1%), seguidos
por frijol (56,7%), maiz (32,14%) y arroz (2,2%). 61,6% de yuca,
23,5% de maiz, y 26,4% del frijol cultivados, se destinaron para
autoabastecimiento mientras que la produccion excedente,
para venta o intercambio. A partir de la diferencia entre el
contenido nutricional de productos biofortificados y tradicio-
nales y los habitos alimenticios, se sugiere que la sustituciéon
con productos biofortificados, representa un posible aumento
en mg/persona-dia de 44,59 de hierro, 24,05 de zinc y 1,62 de
vitamina A. La sustitucion y consumo exclusivo de bioforti-
ficados, aportarian ala requerimiento promedio estimado 199,
169 y 77% mas hierro, zinc y vitamina A. Debido al impacto
nutricional potencial, se recomienda investigar la adaptabilidad
y aceptabilidad de cultivares biofortificados.

Palabras clave: fortificacion de alimentos, nutricién humana,
seguridad alimentaria, agricultura familiar, comunidades
rurales.
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Introduction

In an evaluation of food intake performed in Colombia
in 2010, it was found that 30.7% of children under 5 years
of age that lived in the departments of Guajira, Cesar and
Magdalena were at risk of vitamin A deficiencies. Likewise,
57.0% were at risk of zinc deficiencies (ICBF, 2011). Further-
more, it was shown that iron deficiencies (indicated by a
low level of serum ferritin) affected 13.4% of the population
of the Colombian Caribbean for children between 1 and
4 years of age, 5.2% of children between 5 and 12 years of
age, and 19.8% of women between 13 and 49 years of age.
Finally, the survey concluded that 58.5% of the households
in Cesar, Magdalena, Bolivar, and La Guajira, suffered from
food and nutrition insecurity.

Cesar reports 44.8% poverty, surpassing the national
average of 30.6% (Cancino et al., 2014). This together
with the unemployment rates of rural areas constitute
some of the main social problems. A study performed
in 12 municipalities in the south of Cesar revealed that,
on average, 65% of the families lived under conditions of
extreme poverty. Up to 98.1% reported deficiencies for
the recommended basic food intake and insufficiencies
for iron intake of 34 to 91% and for vitamin A intake of
75 to 96% (Del Castillo et al., 2012). These results agree
with the global data, where it is estimated that 75% of the
undernourished population lives in rural areas, despite
the fact that farming families occupy 80% of the soils used
for agriculture (Boy, 2015).

The spread of nutritionally enhanced, high consumption
crops aims to decrease the nutritional deficiencies present
in the populations of different regions of the planet (Garcia
et al., 2011). This process is based on directed crosses with
controlled polinization in the field (CIAT, 2011). The use
of these improved materials results in the increase of yields
per hectare, allows for the promotion of self-consumption
by the producers, and lowers the production costs, making
it easier for the farmers to place their surplus production
in specialized markets (Pachén, 2010). The HarvestPlus
project (www.harvestplus.org) increases the concentra-
tions of iron, zinc, and beta-carotene in five crops (bean,
maize, cassava, rice and sweet potato) (Harvest plus, 2013;
Serrano et al., 2011).

In a study performed in Cauca, the production and actual
consumption of crops where nutritionally improved variet-
ies exist were identified as factors that affect the nutritional
impact of biofortified crops (Gomez et al., 2010). Addition-
ally, the adaptability of the variety in the cultivated areas,
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the sensorial acceptability, and the availability of improved
seeds are all factors to take into consideration when evaluat-
ing the potential impact of biofortified crops.

Due to the high expectations in Cesar related to the reg-
istration of two varieties of biofortified bean for the Dry
Caribbean coast (Tofifno et al., 2013), it is essential to evalu-
ate the impact of the substitution of traditional varieties
with biofortified crops. This information can be used as an
indicator of the socio-economic viability of intervention in
the rural areas of the mountain range in Cesar. Therefore,
this study was performed in order to evaluate: a) the family
production and individual consumption of bean, maize,
cassava, and rice, b) and the potential nutritional contribu-
tion of nutritionally improved varieties, based on the crops
cultivated by the families in the area that are destined for
self-consumption, and c¢) compare the results with those
found in the department of Cauca.

Materials and methods

The methodology developed by Gémez et al. (2010) was
applied. A descriptive study was performed between No-
vember of 2010 and February of 2011 in order to evaluate
the production and consumption of bean, maize, cassava,
and rice. The project was approved by the Ethics Commit-
tee for Scientific Research of the University of Santander
in Bucaramanga. The municipalities included in the study
were Curumani, La Paz, Manaure, San Diego and Pueblo
Bello. The families participating in the survey live between
700 and 1,300 m a.s.l. (Rangel-Ch. and Carvajal-Cogollo,
2009; Carbond-Delahoz and Dib-Diazgranados, 2013). A
random sample of 90 of the 180 families participating in the
project “Implementation of biofortified bean in the settings
of traditional bean production as a nutritional alternative
in the food security program of Cesar” was selected. In
each family, the person responsible for the food prepara-
tion and/or responsible for the production was interviewed.
Verbal and written consents were collected and surveys
were applied following the ethical aspects defined by the
Helsinki Declaration (Kottow, 2014). Based on the results of
the surveys, data regarding the weekly frequencies of food
consumption of the products included in the study, quan-
tities purchased weekly for family consumption, place of
acquisition, and forms of preparation were collected. Also,
information was collected regarding the production of the
crops, areas destined for each product, cropping systems,
associated crops, varieties used, number of production
cycles per year, production per semester, and, of this, how
much was destined for self-consumption and how much
for sell or trading.
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Information proposed by Gémez et al. (2010) was used in
the calculation of the additional supply of minerals and
vitamin A from the consumption of nutritionally improved
products that would be provided to the diet. For the bean,
the average concentrations of iron (80 pg g') and zinc (32
ug g') measured in the seeds harvested in La Paz Cesar in
2010 were used in the calculations (Tofifo et al., 2011, 2013).
Additionally, visits to each residence were performed in
order to weigh the portions consumed by all of the family
members for a week, using a multifunctional scale for food
products (Escali, USA). Given that the portions were not
uniform within the families, an average was calculated for
each home. Also, the production areas were visited in order
to determine the area (using a GPS), planting density, and
anticipated yield.

Data analyzes were performed using SPSSv. 11.5. The corre-
lation between the consumed and produced quantities was
determined for the cassava, maize, and bean. In addition,
the contribution to the Estimated Average Requirement
(EAR) for adults, according to the Institute of Medicine of
the US National Academy of Sciences, was calculated for
iron, zinc, and vitamin A in regards to the consumption
of the cassava, maize, and bean (Simpson et al., 2011). The
values were corrected; that is to say, the consumption was
reduced by a correction factor, according to reports on the
postharvest degradation of micronutrients and normal
losses of nutrients caused by the processing of raw mate-
rial for consumption, 10% for iron and zinc and 50% for
carotenes (Boy, 2015).

Results

Socio-demographic characteristics of the participants.
A total of 160 individuals were interviewed from the 90
households that participated in the survey. Seventy women
responded only to the survey regarding consumption and

70 men responded only to the survey regarding production.
15 of the 20 remaining respondents for both activities were
women. The women ranged from 19 to 61 years old, with
an average of 38 years, and the men were between 20 and
70 years old with an average age of 42.9 years. The level of
education ranged from 2 to 11 years for the women (in aver-
age 5 years) and between 5 and 11 years (in average 8 years)
for the men. The families had, on average, 5.9 persons and
the habitants during the last month were approximately 3
persons, between visiting friends and family.

Food consumption: Of the 90 persons in charge of the food
preparation, 95.6% reported the consumption of beans,
93.3% consumed maize, and 88.9% consumed cassava and
rice during the week before the survey. Also, they indicated
that the food products originated from different sources
(Tab. 1). The persons consumed rice 6.13 times, cassava
3.8 times, maize 3.65 times, and bean 2.76 times during
the week prior to the survey. They also indicated that they
purchased, on average, 17.8 kg of cassava, 11 kg of rice, 8.3
kg of maize and 4.1 kg of bean per family for consumption
each week. Given the data regarding purchases of food
products, cassava was the crop with the greatest consump-
tion per person, with 429.5 g d™, followed by rice with 265.4
g d’', maize with 200.3 g d”', and bean with 98.9 g d™.

The forms of preparation of the studied food products
varied. For example, the bean was mainly prepared as soup,
boiled, or in stews; the maize was prepared as bollos (boiled
corn bun) or arepas (corn pancake); and the cassava and
rice were boiled All of the food products were used in soup
and for arepas although the quantities of maize in the soup
and bean in the arepas were small (Tab. 2).

Food production. The second survey was given to the
family member in charge of the food production. Accord-
ing to the results, the cassava and maize were the most

TABLE 1. Individual consumption, places of acquisition, and purchased quantities of crops according to the person in charge of the food preparation

in families of rural areas of the department of Cesar (Colombia).

Consumption during the week

prior to the survey according to Places and forms of acquisition of the food products destined for family consumption Weekly
Crop the interviewees consumption
Consumed Consumption Self-_ Trading Galeria Store Granary  Supermarket Local ber Lamllv
product (%) frequency production (%) %) (%) (%) ) market (ka)
° (times/week) (%) ° o ° ° ° (%)

Bean 95.6 2.76+1.01 40.7 0 3.5 36.1 11.6 1.1 7.0 41+31
Maize (dry grain) 93.3 3.65+1.65 321 12 6.0 452 131 0 2.4 8.3+7.2
Cassava 88.9 3.8+1.51 52.5 2.5 3.7 33.8 5.0 0 2.5 17.8+11.9
Rice 88.9 6.13+1.7 2.5 0 75 61.2 20.0 0 8.8 11+£2.0

Means=SD (n=90). Some foods were simultaneously purchased by the same family in different places.
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TABLE 2. Forms of consumption of the bean, maize, cassava, and rice in families of rural areas of the department of Cesar (Colombia).

Soup, boiled and  Porridge (mazamorra) Arepas* Others
Crop Soup (%) Boiled (%) Stew (%) stew (%) (%) (%) (%)
Bean 442 0 52.3 39.5 0 1.2 2.3
Maize 1.2 274 0 2.4 131 93.0 131
Cassava 30.0 58.7 1.2 6.2 0 2.5 38.7
Rice 16.2 90 3.7 13.7 2.5 5.0 5.0

* Corn is prepared as corn bread or bollo. Number of persons participating in the survey (n=90).

TABLE 3. Areas allocated for cultivation, production and quantity destined for consumption of bean, maize and cassava according to the persons
participating in the survey regarding production (n=90) of rural areas of the department of Cesar (Colombia).

Crop Families with e:‘lablished crops Cultivated area I:roduclion Production for consumption
(%) (ha) (kg ha™' per semester) (kg)

Bean 56.7 1.5+1.6 447.2+2011 118.8+111.0

Maize 711 1.0+1.3 1,601.7=1137.7 376.0+275.6

Cassava 711 0.5+0.2 1,655.2+1,588.7 1,020.2+1,120.6

Rice 2.2 0.2+01 NA NA

Means+SD. NA, not applicable.

commonly cultivated crops (cultivated by 71.1% or 64 of the
90 families), followed by the bean (56.7%), and rice (2.2%)
(Tab. 3). The average area per production cycle was 1.5 ha
for the bean, 1.0 ha for the maize, 0.5 ha for the cassava,
and 0.2 ha for the rice (Tab. 3). The correlations between
the consumption and production of the crops were deter-
mined as r=0.42 for the cassava, r=0.78 for the maize, and
r=0.84 for the bean.

The highest production in the semester prior to the survey
was for cassava (1,655.2 kg ha™), followed by maize (1,601.7
kgha') and bean (447.2 kg ha). Seventy-five percent of the
bean, 65% of the maize, and 50% of the cassava produc-
tion were associated with other crops. According to the
participants, bean is primarily cultivated with maize (60%),
cassava (30%) and plantain (10%), maize is commonly
associated with bean (55%), plantain (15%), coffee (20%),
and other crops (10%), while cassava is cultivated with
coffee (55%), plantain (25%), and bean (20%). Despite the
indication of the existence of 7,304 ha of coffee and bean
intercropping systems and 10,916 coffee and maize inter-
cropping systems in the area of Perija and Sierra Nevada in
2011, the data of cropping systems in association with cof-
fee were moderate. In order to promote the diversification
of the income sources and improve food security, in 2013,
the Colombian Coffee Growers Federation stimulated the
establishment of 2,857 ha of maize and 2,203 ha of bean
in department of Cesar.

The more commonly cultivated bean varieties were the
traditional red bean, chilean (75%), cowpea (15%), and black
bean (10%). For maize, yellow maize was the most common
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(65%) and among the cassava varieties, the more common
ones were dwarf (50%) and Venezuelan cassava (40%). Of
the total produced amount of these crops in the semester
prior to the study, 1,020.2 kg (61.6%) of the cassava, 376.0
kg (23.5%) of the maize, and 118.8 (26.4%) of the bean were
destined for self-consumption, while the remainder was
sold or traded (Tab. 3).

Potential nutritional contribution from nutritionally
improved crops. It was estimated that, if the cultivated
cassava, maize and bean destined for self-consumption
were substituted with nutritionally improved varieties, this
would contribute in each person increase 44.59 mg d™ iron,
24.05 mg d" zinc, and 1.62 mg d" vitamin A (Simpson et
al., 2011), as compared to what the consumption of non-
improved varieties would provide (Tab. 4).

Discussion

The data regarding the production and consumption of
the bean, cassava, maize, and rice showed the importance
of agriculture in the studied area. Agriculture provides
the primary source of employment in the rural areas of
Cesar with 62.6% of the population involved in this sector
(MADR, 2014) although the contribution to the GDP is less
than 5% (Banco de la Republica, 2012). This indicates that
a high percentage of the families in the rural areas cannot
generate sufficient proceeds from this sector. The situation
is also revealed in the poverty index of 65%, surpassing
the average for Latin America (52.8% in rural areas; 27.8%
in urban areas), and being comparable to Guatemala with
71.4% poverty in rural areas (Salcedo and Guzman, 2014).

Agron. Colomb. 33(3) 2015



TABLE 4. Potential contribution of biofortification in the iron (Fe), zinc (Zn), and vitamin A (VA) content of the diet of the families families of rural areas
of the department of Cesar (Colombia).

Contribution of nutrients
from biofortified crops,
corrected for degradation
due to post-harvest effects

Production for
consumption

Nutrients added to the crops

through biofortification Contribution of additional nutrients through biofortification

Crop and processing **

Fe Zn VA Fe In VA EARFe [ARZn EARVA EARFe EARZN EARVA

(g d"- person) g g 4 (uggd’  (uggd’  (uggd” ot ot (o ot ot ot

mog) (o) (o) WOOT WOOLTMOOL T Tay Tmt wt o

Bean 100 80.8+184° 36+12°  NAY 8.807 3.924 NA 189 357 NA 440 321 NA
Maize 348 35 9 1250 12180 3132 435 677 285 483 609 256 242
Cassava 9443 25 18 125 23608 16997 1180 1311 1545 131 944 1112 525
Total 44595 24053 16150 2477 2187 1793 1993 1689 767

* Production for family consumption (kg/semester) multiplied by the number of semesters in a year and grams in one kilogram (1,000) and divided by the average number of family members

(5.92), the number of days in a year (365)

= For the bean, the values of additional nutrients were obtained from analyses of seeds cultivated in four locations in Cesar between 2008 and 2013 (Tofifio et al., 2013).

1 Estimated average requirement (EAR) from the USA for adults: 18,000 ug d™" iron, 11,000 ug d' zinc and 900 g d™' vitamin A (Simpson et al., 2011)

1 Additional contribution of pro-vitamin A from the maize: 15.0 ug g”', beta-carotene in the cassava: 15.0 ug g”'. The contribution of pro-vitamin A and beta-carotene was divided by the factor of

bioconversion to retinol (Garcia et al., 2011) (12:1) to calculate the contribution to vitamin A.

¥ NA, not applicable.

o The values do not exceed the level of daily tolerable consumption provided by the IOM (2010): >45 mg Fe, >40 mg Zn, >3 mg VA.

**Values of EAR were corrected according to the data regarding degradation of micronutrients during post-harvest and food processing: 10% for iron and zinc; and 50% for carotenes (Boy, 2015).
In the case of the cassava, the quantity was calculated from 80% of the production, equivalent to the pulp without the peel.

In this country, Harvest Plus is contributing with extensive
interventions in order to promote the use of biofortified
crops (Del Castillo et al., 2012). This, and considering that
a) global food production needs to be doubled by 2050; b)
family-scale farmers represent between 80 and 90% of the
producers of maize and bean and produce between 75 and
80% of these crops in the world; c) 4,234 t of bean, 126,603
t of rice, 60,615 t of maize, and 36,218 t of cassava were
produced in Cesar in 2011 (DANE, 2012); and d) the critical
levels of poverty and undernourishment in the rural areas
clearly demonstrate the need to propose and drive gov-
ernmental interventions for the biofortification of crops.

Sociodemographic characteristics. Women have an
important role in the production and preparation of the
food products because 75% of them are in charge of both
activities (data not shown). This value is higher than that
of other reports (42.5%) (Marrugo et al., 2015). The average
number of family members (5.9) was two more than the
average of the department (3.8).

Food consumption. The most commonly consumed crop
in terms of weekly consumption (in kg) by family was
cassava, followed by rice, maize, and bean. The purchased
quantities of these crops exceeded those produced when
expressing them as g d” per person. According to the

Tofifio, Melo R., Ruidiaz, and Lissbrant: Evaluation of the potential dietary impact of the implementation of nutritionally improved crops in rural areas...

Encuesta Nacional de la Situacion Nutricional in Colombia
(ENSIN abbreviated in Spanish) (ICBF, 2011), sugar, rice,
bread, tubers (cassava and others), bean and maize were
found among the food groups with higher consumption the
day prior to the survey. The consumption patterns of these
four crops were similar to those found in department of
Cauca (Gémez et al., 2010) and to the Colombia level (ICBF,
2011). In department of Cesar, however, the consumption
of cassava exceeded that of rice because cassava is the most
important staple food and together with lactic products
constitute the main dish, resulting in high consumption.
The bean consumption frequency was similar to that re-
ported in Cauca (Gémez et al., 2010), where more than 90%
of the families consumed legumes (mainly bean) one or
more times per week. Cassava and rice were consumed with
similar frequency, but in higher quantities, as compared to
those reported in Cauca (Goémez et al., 2010).

In regards to the origin of the food products, it was observed
that the purchased quantities exceeded those produced
for self-consumption, except for the cassava. Most of the
consumed bean was bought in stores (58.1%) or originated
from the family farms (40.7%) (Tab. 1). The numbers were
dissimilar in the case of the maize (4.8% and 32.1%, re-
spectively), while the majority of the cassava was produced
(52.5%), a large portion was bought in stores (37.5%), and a
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smaller percentage was obtained by trading (2.5%). Also,
the maize was, to a lesser extent, obtained by trading (1.2%).
In the case of the rice, the majority was bought in stores
(80%) and a smaller part in granaries (20%). Additionally,
2.5% of the farmers indicated that they were currently pro-
ducing for self-consumption. These numbers corresponded
to those reported in the south of Cesar where the primary
form of acquisition of calories and nutrients, such as iron,
vitamin A, and calcium, was through purchased food (Del
Castillo et al., 2012).

Food production. The habit of cultivating maize, bean, and
cassava registered in this study was consistent with reports
regarding the economic profile of Cesar developed by the
MADR e as well as by the Encuesta Nacional Agropecuaria
of 2011. The positive correlation between the produced and
consumed quantities indicated that there was a preference
of the farmers to cultivate crops that contribute to the basic
food needs.

Potential impact of nutritionally improved crops. If
introduced into the region, Harvest plus (CIAT) and Cor-
poica biofortified varieties could contribute 199% more
iron, 169% more zinc, and 77% more of the precursors
of vitamin A than the EAR for these nutrients in adults
between 19 and 70 years old. These values exceeded those
obtained in the study in Cauca, with values that ranged
from 10 to 16% (Goémez et al., 2010). This difference was
mainly due to the higher occurrence of self-consumption in
Cesar. However, the high values should not be a source of
concern since they did not surpass the limits of maximum
recommended intake of zinc and iron. Also, the retention
or assimilation in the body of the nutrients may be lower
than the values used in this document, depending on the
combination of the food products used in each meal, which
affects the final nutrient availability (Boy, 2015).

The projections made in this study are valid assuming
that a) a complete substitution of the varieties of the
bean, maize, and cassava currently cultivated for self-
consumption with nutritionally improved varieties and b)
that the annual production destined for consumption in
the families remained stable. However, the consumption
of cassava estimated in this study corresponded to a diet
with carbohydrate intakes exceeding the EAR (130 g d')
(Simpson et al., 2011), which, among other factors, favored
the tendency of obesity in the region (ICBF, 2011). Accord-
ing to reports by the ENSIN 2010, more than 50% of the
population in Colombia is overweight (Ortega-Bonilla and
Chito-Trujillo, 2014; ICBF, 2011).
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Although the risk of overconsumption of carbohydrates
should be considered, it is clear that the ingestion of nu-
tritionally improved crops can improve the nutritional
status of a population that suffers from deficiencies (ICBF,
2011). Recent studies around the world have registered
the effect of the regular consumption of biofortified crops
on human health. A study performed in the Philippines
showed that the consumption of rice with an elevated iron
content contributed 10% of the EAR of iron and raised the
serum ferritin and iron levels by 20% (Wenger et al., 2014).
In India, iron consumption from pearl millet in children
between 12 and 16 years was associated with an increase in
the serum ferritin and iron concentrations (Wenger et al.,
2014). In Ruanda, the consumption of biofortified beans
showed significant effects on biochemical indicators such
as hemoglobin, serum ferritin and iron, as compared to
the control (Boy, 2015). In India, the regular consump-
tion of biofortified pearl millet resulted in an elevated
absorption of zinc in pre-school aged children (Gannon,
2014). In pre-schoolers (4 to 8 years old) in rural Mkushi,
Zambia, an increased adaptation to penumbra (adaptation
to darkness) associated with the consumption of maize
with carotenoids was observed. In Cesar, increased levels
in ferritin were shown in school children as a result of the
consumption of biofortified beans (Tofino et al., 2012).
Additionally, an increased bioavailability of nutrients has
been registered in biofortified crops; for example, bioforti-
fied wheat provided approximately 70% more bioavailable
zinc (in healthy women in Mexico and Switzerland) (Boy,
2015). Furthermore, through the implementation of vari-
ous products, there may be synergies between the different
nutrients that nutritionally improved crops provide. It has
been found that commercial sources of vitamin A and beta-
carotene supplements promote the absorption of non-heme
iron from rice, wheat, and maize (Gannon, 2014).

It would be beneficial to increase the availability of nu-
tritionally improved food products by introducing other
traditionally consumed species in the region, such as sweet
potato, which constitutes an excellent source of nutrients
such as beta-carotene and anthocyanins (Rangel, 2011).
Corpoica is currently developing a sweet potato variety
with more beta-carotenes for human consumption and
is collaborating with Harvest Plus to develop a yellow
variety of cassava. These new varieties have the potential
of providing carotenes to the diets of the Caribbean coast.
In the case of the sweet potato variety, it is estimated to
contain 250 mg kg of beta-carotene, which means that
a consumption per person of 45 g d” would provide the
total EAR. Promoting the consumption of sweet potato
in the region would balance the excessive carbohydrate
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consumption from cassava and, furthermore, the sweet
potato has a little more protein than the cassava (Vargas
and Hernandez, 2013). The Harvest Plus program (CIAT)
is advancing the development of biofortified varieties of
upland rice, to be evaluated in the Caribbean region and
its communities, in order to strengthen the local markets,
the availability of locally produced seeds, and food security
programs; given that the primary impact of biofortified
crops lies in their availability to vulnerable communities
(Vergara et al., 2011). In this context, it is necessary to ad-
vance a definition of public policy regarding biofortified
crops in Colombia in order to make seeds and products of
these varieties available and accessible to the public once
they have been released. Panama makes an interesting ex-
ample because of its policies regarding biofortified crops,
implemented despite the fact that the indices of nutritional
deficiencies in this country are lower than the Colombian
average (Vergara et al., 2011). Although biofortification
of bean and cassava appears as a demand defined in the
platform Siembra (MADR, n.d.) and makes part of the ac-
tions included in the politics of the Ministerio de Salud of
Colombia to improve the micronutrient intake (ICBF, 2011),
these necessities are still not articulated in the national
research centers and the unions, in order to in a sustain-
able way impact the areas of the country that present high
indices of poverty. This document presents a significant
impact of diets that include biofortified crops and that are
based on the consumption habits of the producers of the
mountainous areas of Cesar. It encourages public entities
to initiate a plan of action regarding the implementation
of biofortified crops, especially for the Caribbean region,
where there is a high prevalence of micronutrient and
protein deficiencies (Lissbrant, 2015).

Conclusions

Department of Cesar requires governmental intervention
in order to implement strategies for the use and consump-
tion of biofortified crops given that it is a producer and
consumer of all four crops that have biofortified varieties;
it has high indices of micronutrient deficiencies and a per-
centage of extreme poverty, above 50%. A high correlation
between the consumption and production quantities of
cassava, maize and bean exists (r =0.42, 0.78 and 0.84, re-
spectively) in the studied area, improving the possibilities of
influencing the diet by introducing biofortified varieties in
the production. The substitution of crops with biofortified
varieties has the potential of significantly increasing the
intake of iron, zinc, and vitamin A, without exceeding the
tolerable daily intake values. However, additional studies,
such as agronomic, nutritional, and sensorial evaluations of

biofortified varieties. Besides, the composition and prepa-
ration of these products in the diet are needed in order to
understand and improve the retention and bioavailability
of the nutrients, taking the local gastronomic habits into
consideration. It is recommended that the balance of the
products evaluated in this study in the diet and in this way
decrease the volume of cassava, substituting it for legumes
and/or sweet potato.

The results are promising in comparison to those obtained
in department of Cauca given destine a larger proportion
of their crops to self-consumption. Because of this, the
replacement of traditional crops with those that are nu-
tritionally improved, especially cassava and maize, would
have an important impact on nutritional indicators. The
promotion of public policies by social entities regarding
biofortification is needed so that new varieties can reach
the vulnerable population.
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