
SCIENCE BRIEF: BIOFORTIFICATION . NO. 2 1

SCIENCE BRIEF: BIOFORTIFICATION    NO. 2 | February 2018

Biofortification addresses 
mineral and vitamin 
deficiencies

Malnutrition is estimated to contribute 
to 45% of all child deaths in developing 
countries. More than two billion people 
do not get enough essential vitamins 
and minerals because their diets are 
not properly balanced. Even when 
consumption of food staples is high, so 
that the poor do not go hungry, more 
nutritious foods are not affordable and 
getting more so. 

The deficiencies of Vitamin A, iron and 
zinc are the most widespread and 
serious. These result in higher mortal-
ity and morbidity, reduced cognitive 
abilities and lower work performance. 

HarvestPlus and its partners seek to 
reduce such “hidden hunger” by breed-
ing staple foods that are high yielding 
and dense in minerals and vitamins 
(Bouis and Saltzman 2017a), a process 
known as biofortification. Biofortified 
varieties, developed through research 
at a central location, can be made avail-
able to multiple countries, and, once 
released, are available in national food 
systems year after year at no additional 
cost to farmers and consumers.

For more information on the 12 
biofortified crops being developed at 
CGIAR centers, see Bouis and Saltzman 
(2017b). For information about prog-
ress on biofortification in general, see 
Bouis and Saltzman (2017a).

Vitamin A is important in immune function. 
Approximately one third of children under the age 
of five are at risk for Vitamin A deficiency (WHO 
2009). This is the leading cause of preventable 
childhood blindness.  

HarvestPlus has collaborated with 
CIMMYT, IITA, EMBRAPA and other 
partners to develop maize varieties 
that are high yielding, profitable, 
acceptable to consumers, and also rich 
in Provitamin A carotenoids. Beta-caro-
tene is the most common proVA carot-
enoid in plants. The breeding target for 
maize was set at 15 µg/g of beta- 
carotene, to provide an additional 50% 
of the estimated average requirement 
for Vitamin A in maize-eating regions. 
Maize with these levels of beta-caro-
tene would be an effective contributor 
to reducing Vitamin A deficiency.

ProVA maize breeding is an excellent 
example of the effective use of both 
adapted and exotic genetic resources 
in crop improvement. Breeders 
found a wide range of levels of proVA 
carotenoids in temperate, tropical and 
subtropical germplasm during the 
initial screening studies (Ortiz-Monas-
terio et al. 2007; Menkir et al. 2008). 

Nutrition trials in countries adminis-
tering Vitamin A capsules resulted on 
average in a 24% reduction in child 
mortality. By breeding staple crops 
with higher amounts of Vitamin A, the 
supply of Vitamin A in our food sources 
can be sustainably increased. 

Maize provides approximately 30% 
of the total calories of more than 
4.5 billion people in developing coun-
tries, and is the most widely eaten 
food staple in Africa. Poor quality diets, 
dominated by food staples, are often 
deficient in minerals and vitamins, but 
maize can provide sufficient quantities 
of Provitamin A (proVA), which the body 
converts to Vitamin A. 

Maize can grow in diverse environ-
ments and has a high potential to be 
bred to provide productive cultivars 
that are attractive to farmers and 
consumers, including for their nutri-
tional properties.
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Maize holdings at CIMMYT and IITA comprise 29,900 seed samples. These include the world’s largest collection of 
maize landraces (varieties developed and nurtured by farmers), along with populations of maize’s wild relatives, 
teosinte and Tripsacum, and many improved varieties.

The CIMMYT's Genetic Resources Program (www.cimmyt.org/germplasm-bank/) and IITA's Genetic Resources Center 
(grc-iita.org/) manage the maize germplasm collections, with coordination from the CGIAR Genebank Platform, 
under the policy umbrella provided by the International Treaty on PGRFA. The programs conserve maize genetic 
resources, and, together with the Global Maize Program, study, document and facilitate their use.

BOX 1

CIMMYT and IITA manage diverse germplasm collections of maize

Most yellow maize grown and 
consumed throughout the world has 
on average only 2 µg/g proVA carot-
enoids. Tropical maize contains less 
beta-carotene than temperate maize, 
so the initial breeding sources of high 
proVA carotenoids were selected from 
temperate regions (Pixley et al. 2013; 
Menkir et al. 2017).

ProVA donors were crossed with 
elite germplasm of white maize that 
had high yield potential and good 
agronomic traits, such as disease 
resistance and drought tolerance (Box 
2). For example, IITA breeders used 
the KU1414 and KU1409 lines from 

BOX 2 The path to Vitamin A-enriched maize

Thailand, which had been derived from 
the downy mildew resistant Suwan 1 
variety from the Philippines and a Thai 
Composite. The Thai Composite was 
developed by inter-crossing 36 maize 
varieties and cultivars introduced from 
the Caribbean, Mexico, Central Amer-
ica, South America and other areas.
Backcross breeding was then used to 
fix the desired orange color. 

Marker-assisted selection for the 
desired alleles of key proVA genes 
accelerated genetic gain and allowed 
to double, sometimes triple, the total 
concentration of proVA (Harjes et al. 
2008; Yan et al. 2010). 

Maize inbred lines with high levels of 
proVA and desirable agronomic and 
adaptive traits developed at CIMMYT 
(for tropical mid-altitudes), IITA (for 
tropical lowlands), and EMBRAPA 
in Brazil were then used to develop 
hybrids and open-pollinated variet-
ies (OPVs) that have high levels of 
proVA content and are agronomi-
cally competitive in target countries. 
Extensive evaluations were conducted 
in collaboration with public and 
private sector partners in the Demo-
cratic Republic of Congo, Ghana, Mali, 
Malawi, Nigeria, Tanzania, Zambia and 
Zimbabwe. These evaluations led to 
the selection of promising hybrids and 

Breeding crosses for the first wave (generation) 
of high proVA maize involved the elite white-
grained inbred lines and temperate yellow 
lines with Provitamin A concentrations ranging 
from 5 to 13 µg/g.

Each F1 cross was back-crossed to its respec-
tive elite line. Selection during the first two 
cycles of inbreeding was primarily for deep  
yellow or orange color, as well as for resis-
tances to lodging, and plant and ear diseases. 

The best 10–20% of these new lines were 
selected to move to the next steps of hybrid 
formation.

A second “dose” of high proVA was introduced, 
by crossing with novel higher provitamin proVA 
sources, followed by further inbreeding and 
selection.

The best lines were grown at multiple locations in target countries to 
ensure suitability and good performance across many environments 
and under different growing conditions. The breeding program followed 
a cyclic process to develop varieties that are competitive for crucial 
traits, including producibility of the seed, grain yield, disease resistance, 
drought tolerance, food processing quality, taste, and various character-
istics that determine acceptability to farmers and consumers.

X
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OPVs for further testing in national 
performance and farmer participatory 
on-farm trials. The testing schemes 
facilitated the release of more than 
40 hybrids and OPVs with up to 90% 
of the proVA breeding target in eight 
countries in sub-Saharan Africa and 
Brazil (Andersson et al. 2017). 

Breeder seed of the released proVA 
biofortified maize OPVs and hybrid 
parental lines has been multiplied and 
made available to national programs 
and private seed companies, who are 
tasked with producing and market-
ing these materials. Seed has also 
been supplied to community-based 
and other seed producers as well as 
startup national seed companies to 
help accelerate multiplication and 
commercialization of OPV products 
to farming communities in rural areas 
with limited market access.

Nutritional studies have shown that 
proVA biofortified maize is an effica-
cious source of Vitamin A. Consump-
tion of orange maize has been demon-
strated to improve total body Vitamin 
A stores as effectively as supple-
mentation (Gannon et al. 2014), and 
significantly improve visual function in 
marginally Vitamin A deficient children 
(Palmer et al. 2016).

Conclusion
Crop diversity contributes to a stable, 
sustainable and diverse food produc-
tion system and plays an important 
role in improving nutritional outcomes. 

The CGIAR Genebank Platform aims to conserve 
the diversity of plant genetic resources in the 11 
crop genebanks managed by the CGIAR Centers, 
in partnership with the Crop Trust, under the 
International Treaty on Plant Genetic Resources 
for Food and Agriculture. The Genebank Platform supports the core activ-
ities of the CGIAR genebanks: conserving and making available crop and 
tree diversity. It ensures that the genebanks meet international standards, 
improve efficiency and facilitate more effective use within an enabling policy 
environment. For more information, visit https://www.genebanks.org.                      

BOX 3

Securing Crop Diversity Forever:                                     
The Global Genebank Partnership 

CGIAR, in partnership with the Crop 
Trust, is working towards ensuring that 
such crop diversity is conserved and 
available forever (Box 3). 

There is a long and often complex 
history behind every modern crop 
cultivar, but their economic and 
other benefits far exceed the costs 
of the collection and conservation of 

Vitamin A-enriched maize being harvested in Zambia 
Photo: HarvestPlus 

germplasm (Robinson 2000), as well 
as those of the breeding programs 
that produced them. This progress 
described in improving the Provita-
min A content of maize varieties and 
hybrids is just one example of what is 
made possible by the genetic variation 
preserved in the genebanks managed 
by CGIAR and national programs 
around the world.

Vitamin A-enriched maize in Zambia 
Photo: HarvestPlus 
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