
 

 

Maize is an important food, feed, as well as raw material for producing high quality protein and carbohydrates 

products. However, maize is deficient in certain essential amino acids, such as lysine and tryptophan and to correct 

these deficient scientists have been discovered opaque-2 genes in 1920s. Similarly, researchers at International 

Maize and Wheat Improvement Center have been developed quality protein maize varieties with acceptable 

agronomic traits using various breeding methods. More than 167 quality protein maize varieties have so far been 

released worldwide and out of those eight varieties were released in Ethiopia. Though several quality protein maize 

varieties have been released, adoption rate is too low. Several scholars have been studied the nutritional benefit of 

quality protein maize food in health, growth and development of both human and animal. Generally, understanding the 

effort to develop quality protein maize varieties, monitoring modifier genes in breeding process, selecting best perform 

quality protein maize variety and controlling seed quality could be indispensible in potential use. 
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INTRODUCTION 

Maize has recognized as one of the most important crops 
for food, feed and industrial purpose (Prasanna et al., 2001; 
Marcos, 2005; TAAS, 2015) in most parts of the world. 
Maize is also the leading world cereal in both total yield 
(1,104.88 million metric tons) and yield in per unit area 
(FAS, 2019). With such a significant yield potential, it is 
known as the "Queen of Cereals". It is C4 plant and more 
efficient in using solar radiation than other cereals. It is 
cultivated in latitudes up to 580 N to 400 S from below sea 
level to altitudes of 3900m in the Peruvian Andes (Russell 
and Hallauer, 1980). The top maize producing country is the 
United States of America (USA), and then followed China, 
Mexico, Brazil and Argentina (USDA, ERS, 2019). 

Maize alone contributes over 20% of the total calories in 
human diets in 21 countries, and over 30% in 12 countries 
that are home to a total of more than 310 million people 
(Sentayehu, 2008 ; Aman et al., 2016). However, maize, alike 
other cereals, is deficient in certain essential amino acids, 
such as lysine and tryptophan (Wubu, 2011; Abate et al., 
2015). The efforts to improve maize protein quality began in 
mid-1960s with the discovery of mutants (opaque 2 genes) 
that produce enhanced levels of lysine and tryptophan 
(FAO, 2002; Mpofu, 2012). Mertz et al. (1964) reported 
that the opaque -2 (o2) maize mutant with an opaque –2 
(o2) gene increased the content of lysine and tryptophan 

and decreased leucine. Luong et al. (2017) pointed that 
the International Maize and Wheat Improvement Centre 
(CIMMYT) discovered mutant maize with an opaque-2 
gene, which codes for a double increase in levels of the two 
most limiting essential amino acids(lysine and tryptophan) 
for growth and development of humans and animals. Lysine 
is critical in protein synthesis for the growth of tissues and 
found to be important in the absorption of calcium from 
the intestinal mucosa (Onimisi et al., 2009). Likewise, 
Tryptophan is the biological precursor of the B vitamin, 
niacin. The maize variety with these essential protein and 
good agronomic traits termed as quality protein (QPM) 
(Pandey et al., 2016; Messing and Rutgers, 2017). Quality 
Protein Maize (QPM) has hard endosperm and nutritionally 
enhanced, but gives comparable yield to normal maize 
(Nuss and Tanumihardjo, 2011). Bressani (1992) reported 
that the biological value of QPM is about 80%, whereas 
that of regular maize is 40 to 57% due to the increased 
digestibility and nitrogen uptake of QPM. This indicates 
how it is important to deal previous works on quality 
protein maize and pointing future directions. 

Hence, this study is initiated to review the history, genetics 
and breeding effort, nutritional composition, adaptation 
and adoption, seed production and market aspect, draw 
backs of QOM and come up with some sort of conclusions 
and recommendations to exploit quality protein maize 
potentials as food, feed and industrial raw materials. 
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OBJECTIVES 

1. Review previous research works on different aspects of 
quality protein maize 

2. To recommend strategic interventions areas for its 
potential use 

History and Genetic basis 

Maize mutant with soft and opaque grain was found in 
maize field in USA during the 1920's, which was later 
named as opaque2 maize (Gupta et.al. 2009). The efforts to 
improve protein quality of maize began in mid-1960s with 
the discovery of (FAO, 2002; Mpofu, 2012). Prasanna et al. 
(2001) and Vasal, (2000) reported that substantially higher 
levels of lysine and tryptophan for maize homozygous of 
opaque2 (o2o2) recessive mutant allele than dominant 
O2 allele (O2O2 or O2o2) of conventional maize has been 
discovered by researchers at Purdue University, USA in 
1961. 

Maize endosperm is rich in Zein protein, which is alcohol 
soluble (Prasanna et al., 2001). Zein (a prolamin group- 
alcohol soluble) is rich in glutamine (21–26%), leucine 
(20%), proline (10%) and alanine (10%), but deficient in 
important essential amino acids e.g., lysine (0.16–0.26%) 
and tryptophan (0.02–0.06%) which is less than half of 
the recommended dose specified for human nutrition 
(Vivek, 2008). The Zein protein polypeptides are products 
of differential structural gene (Zp) and these genes are 
simply inherited and are members of a large group of 
genes (Tripathy et al., 2017). Dissecting of Zein fraction by 
separations based on apparent size (SDS-PAGE) resolves 
polypeptides with apparent molecular weight of 27, 22, 19, 
16, 14 and 10-kD (Larkins et al., 1989). These polypeptides 
are usually classified into four groups: α-(22- and 19-kd 
polypeptides), β-(14-kd polypeptide), γ-(16- and 27-kd 
polypeptides) and δ-Zein (10-kd polypeptides) based on 
their structure (Kirihara et al., 1988; Thompson and Larkins, 
1989). α- Zeins and γ-Zeins are the two major proteins, 60 
to 70% and 20 to 25% of the total Zein fraction, respectively, 
depending on the genetic background (Thompson and 
Larkins, 1994). Three clusters of genes which found on 
chromosomes 4, 7 and 10 are encoding for α-Zeins, while 
for the rest one or two genes encoding. Non-mutants 
Opaque (O2) has the greatest impact on the expression 
of all α-Zein genes and Prolamin-box binding factor (PBF) 
and O2 heterodimerizing proteins (OHPs) have additive and 
synergistic effects on their expression (Zhang et al., 2015). 
Defective expression of O2 in maize kernels can result in a 
50 to 70% reduction in Zein content (Tsai et al., 1978). The 
reduction of Zein protein would be increase the proportion 
of lysine and tryptophan. 

Mutants such as opaque-2 (o2), floury-2 (fl-2), Mucronate 
(Mc) and Defective endosperm B30 (DEB30) able to alter 
the amino acid profile of maize endosperm protein. The 
opaque mutants are recessive (o1, o2, o5, o9-11, o13, 016, 

o17), the floury mutations are semi-dominant (fl-1, fl-2 and 
fl-3) where as Mucronate and Defective endosperm are 
dominant mutations. Nelson et al. (1965) and Krivanek et al. 
(2007) stated that opaque mutations affect the regulatory 
network, while floury, mucronate and defective endosperm 
affects the amino acid profile of storage proteins (Gibbon 
and Larkin 2005). The opaque-2 gene is located on the short 
arm of chromosome 7 in the maize genome (Tripathy et 
al., 2017). Transposable element ‘rbg’ is reported to induce 
differential expression of opaque-2 mutant gene (Chen 
et al. 2014). The O2 genes activate the expression of Zein 
protein and down regulate the non-Zein protein; in contrast 
the mutant o2 recessive genes down regulate Zein gene 
expression by altering enzyme involved in amino acid and 
carbon metabolism. In QPM, this recessive allele has to 
present in a homozygous state (o2o2), while conventional 
maize has dominant homozygous alleles (O2O2) (Adefris 
et al., 2015). Many other transcriptional factors could 
be involved in down regulating of Zein and leads to the 
improvement of protein quality of maize which could need 
further study. Adefris et al, (2015) the presence of the 
opque2 allele in the recessive condition (o2o2), modifier 
genes and proper selection during breeding work could 
ensure high lysine and tryptophan levels or agronomically 
acceptability. 

Breeding efforts 

The mutants alter amino acid profile and composition of 
maize endosperm protein and doubling the levels of lysine 
and tryptophan compared to normal maize (Tripathy et al., 
2017). However, soft endosperm of the opaque 2 maize 
variety was susceptible to insect pests and fungal diseases 
and reduced grain yield which gave the researchers further 
assignments (Gupta et al., 2009; Aman et al., 20016). As a 
result, researchers in CIMMYT, identified modifier genes 
that restored the desirable hard endosperm in materials 
containing the recessive opeque-2 which are agronomically 
acceptable, yields as much or more of normal maize, and 
nutritionally enhanced materials (Hugo and Mike, 2001; 
Nuss and Tanumihardjo, 2011). 

The breeding program worldwide started converting 
conventional maize into o2 versions through direct 
backcross approach and screened of hard kernels in some of 
the backcross-derived population leads the development of 
opeque-2 varieties with hard kernels (Prasanna et al., 2001). 
Conversion of conventional maize genotypes to o2 versions 
through backcross recurrent selection, regaining original 
hard endosperm and maintaining protein quality were the 
focuses of CIMMYT’s QPM breeding efforts (Adefris et al., 
2015). Accordingly, QPM germplasmes are characterized by 
having higher lysine and tryptophan, normal endosperm, 
reduced susceptibility post harvest insect pests and disease, 
comparable to or higher yield than that of conventional 
maize. The QPM genotype development took over three 
decades of painstaking research. Prasanna et al. (2001) 
stated that a number of QPM populations and pools with 
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different ecological adaptation, maturity, grain color, 
and texture were developed. Several advanced maize 
populations in CIMMYT’s maize program were successfully 
converted to QPM populations. Pedigree breeding, 
backcross, molecular marker assisted selection, single seed- 
based DNA extraction are some of the methods used in 
QPM breeding program of CIMMYT (Babu and Prasanna, 
2014). 

More than 167 QPM varieties have so far been released 
worldwide (Twumasi-Afriye et al., 2016). Of the total QPM 
varieties released, more than half (53% or 89 number) 
released from Africa, 25% (42) from Latin America and 22% 
(36) from Asia till 2015. As to the number of QPM varieties 
released globally, South Africa leads with 26 varieties 
released (Twumasi-Afriye et al., 2016). 

QPM genotype development program was launched in 
Ethiopia by 1994 with the evaluation of open pollinated 
varieties (OPVs) and pools introduced from CIMMYT for fast- 
tracking the release of best-bet QPM varieties developed 
in different CIMMYT maize breeding region. In the country, 
Ethiopian Institute of Agricultural Research, Nation Maize 
breeding program with partner (CIMMYT) has been 
developed and released eight QPM varieties until 2016 for 
highland, mid-altitude, and moisture stressed maize agro- 
ecologies of Ethiopia (Getachew et al., 2016; Adefris et al., 
2017). QPM varieties released for commercial use include 
AMH852Q (Huluka), AMH760Q (Webi), BHQPY545 (Kello), 
BHQPY42 (Gabissa), BHQP548, Melkasa-1Q and Melkassa- 
6Q. 

Nutritional benefit 

Though significant improvements have been made in 
agricultural research and technological developments, 
malnutrition remains a widespread problem (Neeraja 
et al. 2017). Black et al. (2013) reported that about 45% 
deaths of children under the age 5 years are associated 
with malnutrition. The malnutrition could result stunting, 
wasting, underweight and different disease to children and 
adults. Adefris et al. (2017) noted that in Ethiopia 28% of 
child mortality is associated with under-nutrition and 67% 

of adult population suffered from stunting as children. Thus 
a supplement of balanced nutrition is required for healthy 
growth and development of humans, particularly essential 
amino acids, vitamins, and minerals (Bouis et al., 2011). 

The QPM nutritive value is 90% of milk protein, while 
conventional maize is 40% in young children (Prasanna et 
al., 2001). Traditional food from QPM are more acceptable 
in palatability and cooking quality due to softness, perceived 
sweetness and longer shelf life in eastern African countries 
(Akalu et al., 2010). Quality protein maize has better 
leucine/isoleucine ratio and higher niacin. The low leucine 
in QPM helps in liberating more tryptophan for niacin 
biosynthesis which reduces pellagra significantly (Vasal, 
2001). Moreover, sufficient protein enables to alleviate 
‘kwashiorkor’, a potentially fatal syndrome characterized 
by initial growth failure, irritability, skin lesions, edema, and 
fatty liver (Dong, 2015). Gunaratna et al. (2010) reported 
that studies in different countries found 12% weight gain 
in children consuming QPM over the conventional maize. 
In Ethiopia, specifically, at Sibu Sire area, 7 to 56 children 
consuming QPM showed on average 20% increase in weight 
than those who consume conventional maize (Adefris et al., 
2017). 

The nutritional benefits and biological superiority of QPM 
for animal feed also has been assessed via several trials. 
Burgoon et al. (1992) noted the weight gain doubled in 
pigs raised on QPM as compared to the ones fed on only 
normal maize. In poultry too, QPM improves the growth 
performance of broilers resulting higher gain in weight 
(Onimisi et al., 2008). 

Adoption and Adaptation 

Though several QPM varieties released in various countries 
and diverse reports showing the importance of producing 
QPM grain, its adoption has been limited worldwide. By 
2015, it is estimated that about 1 million ha of land were 
covered with QPM in Sub-Saharan Africa, with Ghana and 
Uganda together accounting for ~50% of this, and 18% for 
the rest. It is estimated about 150,000 ha and 250,000 ha of 
land covered by QPM in Latin America and Asia (Twumasi- 

 
Table 1. Nutritional value of QPM and CM compared to milk. 

 

Food Nitrogen balance Quality protein (% of milk) 

CM 0.31 39 

QPM 0.72 90 

Milk 0.8 100 

*CM=conventional maize, QPM=quality protein maize, Source: Adefris et al. (2017). 

 
Table 2. Lysine and tryptophan levels as percentage of total protein in whole grain flour of conventional and quality protein. 

 

Items CM QPM 

Protein >8 >8 

Lysine in protein 1.6 – 2.6 ( mean= 2.0) 2.7 – 4.5 (mean=4.0) 

Tryptophan in protein 0.2 – 0.6 (mean =0.4) 0.5 – 1.1 (mean = 0.8) 

*CM=conventional maize, QPM=quality protein maize, Source: Adefris et al. (2017). 
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Table 3. Released QPM varieties with their agro-ecological adaptations in Ethiopia. 

 

SN QPM varieties Year released Variety type Adaptation 

1 AMH852Q (Huluka) 2016 Hybrid Highland 

2 AMH760Q (Webi) 2011 Hybrid Highland 

3 BHQPY542 (Gabissa) 2001 Hybrid Moist mid-altitude 

4 BHQPY545 (Kello) 2008 Hybrid Moist mid-altitude 

5 BHQP548 2015 Hybrid Moist mid-altitude 

6 Melkassa-6Q 2008 OPV Low moisture stress area 

7 Melkassa-1Q 2013 OPV Low moisture stress area 

8 MHQ138 2012 Hybrid Low moisture stress area and Moist mid-altitude 

Source: Adefris Teklewold, Kaleb Kelemu, Abraham Tadesse and Dagne Wegary.2017. A Quality Protein Maize (QPM) Manual for Agricultural 

Extension Workers in Ethiopia. CIMMYT, Addis Ababa, Ethiopia. 
 

Afriye et al., 2016). The author suggested that the wide 
adoption of QPM varieties in Ghana and Uganda would 
be because of superior agronomic performance of QPM, 
nutritional benefit, consumer acceptance and involvement 
of governmental entities in promoting, popularizing and 
disseminating QPM. Atlin et al. (2010) suggested that the 
reason for poor adoption of QPM varieties in most country 
could be the invisibility of the QPM trait which makes QPM 
grain visually indistinguishable from conventional maize 
grain and added cost of breeding QPM varieties. Hossain 
et al. (2019) also noted that mistaken perception of low- 
yielding potential, phenotypically invisibility of nutritional 
traits, dilution of nutritional quality by contamination, lack 
of awareness on health benefits, lack of profitable markets 
for commercial producers and the absence of government 
incentive to encourage adoption by subsidizing the price of 
QPM seed are the challenges for dissemination of the QPM 
technology. 

Gupta et al. (2015) suggested that minimum support 
price and/or premium price for biofortified maize grains 
in the market will encourage the farmers to grow more 
biofortified maize. Kisembo (2009) reported that the 
participator plant breeding and participatory variety 
selection were significantly boosted the adoption of 
improved varieties in Uganda. Generally, the challenges in 
adoption of QPM indicate the need of collaborative works 
among stakeholders at different levels or sectors. 

As to adaptation, development of diverse high yielding QPM 
hybrids via broadening of germplasm base would provide 
wider opportunities for adaptation to different agro- 
ecologies (Hossain et al., 2016). In Ethiopia, different QPM 
varieties with different maturity have been released for 
three agro-ecologies (low moisture stress, mid-altitude and 
highland) (Adefris et al., 2015). Under each agro-ecology 
the varieties are different in their yield potential, maturity 
and other related traits. 

Seed maintenance and production 

The production and maintenance of QPM require 
performing tryptophan and protein analyses to ensure that 
values are above the required minimum standard the rest 

procedures are similar with that of conventional maize 
seed maintenance and production (Adefris et al., 2017). 
Pollination contamination of QPM cultivar by non-QPM 
(dominant O2 gene) pollen makes the harvested grain non- 
QPM because the op2 allele that confers the QPM trait 
is homozygous recessive. Contamination of a white QPM 
open pollinated variety by a conventional yellow maize 
variety planted 0.4 ha QPM plots has been studied at 
several sites in Ghana (Twumasi-Afriyie et al., 1996). They 
suggested that contamination declined to insignificant 
levels approximately 12m from the nearest conventional 
maize plant. Machida et al. (2012) conducted a similar 
study in Zimbabwe using 50 m x 42 m plots and they found 
that the percent out-crossing of QPM with conventional 
yellow maize fell to <20% within 5m and <10% within 
10m of the windward plot border. Machida et al. (2012) 
suggested that farmers will not lose the benefits of QPM 
under normal farming conditions if there are non-QPM 
plots in the surrounding. 

QPM maintenance and production work should follow 
proper land preparation, isolation distance/time, rouging, 
field management and inspection, detasseling, post-harvest 
activities and seed certification standard. Particularly, QPM 
seed production requires an isolation distance range of 200– 
400m depending on the environment (e.g wind direction). 
Generally, strengthening the seed chain to produce and 
supply good quality seeds is one of the important steps for 
the popularization QPM. 

LIMITATIONS 

1. QPM field contamination from conventional maize pollen 
grain leads the grower to harvest seed of non-QPM due to 
the opaque-2 genes are homozygous recessive. 

2. If breeders fail to maintain both opaque-2 and modifier 
genes the level of lysine and tryptophan will not improved 
by opaque 2 genes alone. 

3. The invisibility of the QPM trait which makes QPM 
grain visually indistinguishable from conventional 
maize grain this leads poor adoption of QPM varieties 
in most country 
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CONCLUSION AND RECOMMENDATION 

Maize is an important crop worldwide as food, feed and 
industrial raw materials. However, the conventional maize is 
rich in Zein protein which lack essential amino acid namely 
lysine and tryptophan. Accordingly, begging from 1920s 
researchers have been made effort in discovering opaque 2 
and developing maize varieties of improved protein quality. As 
a result, large number of quality protein maize (QPM) varieties 
has been developed and released worldwide with large share 
in Africa (53% of varieties). The varieties were released for 
different agro-ecologies and breeding for biofortified crop 
is non stopped work. Currently, the adoption rate of QPM 
varieties is low and needs collaborative works between 
researchers and other stakeholders from various sectors. It 
has been confirmed that the nutrition from QPM varieties 
has great positive impact in human and animal health, growth 
and development. The grower to harvest non-contaminated 
seed of QPM should follow seed production procedures. 
Generally, awareness of QPM in every aspect enables users to 
exploit its potential use. Following the review here below the 
recommendations have been made; 

1. For the successful development of QPM variety with 
appropriate level of lysine and tryptophan the presence 
of modifier/enhancer genes with opaque 2 genes during 
breeding processes need to be ensured 

2. Enhancement of the collaboration between researchers 
and farmers through participatory approaches in the 
breeding process could be crucial in elevating adoption 
rate for QPM varieties. The knowledge and information 
shared among researchers and farmers are important in the 
adoption. 

3. It is better to grow the right QPM variety to the right agro- 
ecology for harvesting quality seed and high yield. The seed 
production of QPM also needs proper isolation in planting 
time and distance to ensure true-to-type and high quality seed. 
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