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CHAPTER 1

GENERAL INTRODUCTION

Maize ¢ea maysL.) is one of the most important sources of prageiminerals,
carbohydrates and fats for humans and animals.ntitréional quality of maize is very
important and is mainly determined by the genotgpé the growing conditions as well
as the postharvest technology. The protein prodbgetbrmal maize is of low biological
quality for human and animal consumption, especibikcause of a low content of
essential amino acids such as lysine and tryptopQamlity protein maize (QPM) is
nutritionally improved maize that possesses twite quantity of lysine and tryptophan
compared with non-QPM. QPM cultivars have been ligesl by various companies in
the world, to offer a nutritional solution to peepkho solely depend on maize as their

source of protein.

From a nutritional quality preservation point oéwi, little is known about the response of
QPM nutritional parameters when subjected to dffiérstorage conditions as practiced
by small-scale farmers on their farms, as well@sroercial storage conditions. In South
Africa, poor storage conditions often prevail whigtiect seed composition and quality

deterioration is likely to occur (Hedt al, 2000).

The conservation of genetic resources in germplasmks and breeder collections
assumes genetic stability during storage (Revik®06). Wongdechsarekul and
Kongkiattikajorn (2010) reported that maize gratas be stored for long periods without
microbial spoilage, but biochemical changes alwake place during ageing. During
storage, functional and nutritional characteristi€she maize grain are altered (Reed,
1992). When grains are placed into storage theg@nesed to a broad range of complex
ecological factors that work against the store rgaria objective of maintaining grain

quality (Lopeset al, 2008). Seed deterioration during storage inwolpeogressive

impairment of performance and function of seedsdSquality deterioration is an

inevitable and irreversible process which cannoptawented but it can be slowed under
specific conditions (Doijode, 2001). Unfavourablnditions are one of the factors that

are responsible for the decline in nutritional wsaind germination potential of maize



seeds in storage. Adequate and effective storageaife grains is therefore a major

research thrust for enhanced maize nutritionalevéakojo and Akinlosutu, 2004).

Maize quality is of great significance for produssgporocessors and consumers of maize,
because it affects the nutritional and commercale® of grains. The most important
factors that determine the quality of a seed apeamnce, milling quality, cooking and
processing quality and nutritional quality (Koutb@s et al, 2004). According to
Thanapornpoonpong and Vearasilp (1999), seed guhdterioration is a serious problem
for the seed industry, because commercial kerneist meet the requirements of the
quality standards. Kernel quality is a multiple@rion characteristic that consists of some
vital kernel attributes: chemical composition anerngination vigour, size, crop and
varietal purity, moisture content and weight of keenel (Simé et al, 2005; 2007). The
condition of the kernel in storage is mostly detewd by the initially stored kernel
quality and the storage conditions (Siret al, 2005). During storage, kernel quality can
remain at the original state or deteriorate to iatphat may make the kernel undesirable
for planting purposes (Anfinrud, 1997; Al-Yahya,040 Guberact al, 2003; Simt et
al., 2004). Cereal grains can be stored for longoperiwithout microbial spoilage,

however, biochemical changes do occur during seof&gDonougtet al, 2004).

The condition or quality of stored maize is usuaktermined by its moisture content and
storage temperature (Bern and Herum, 2003). Mastgr important economically

because too much moisture facilitates growth ofgfuand the removal of moisture

requires energy, therefore increasing cost (Pawsext, 2003). High temperatures and
excessive moisture in the stored products or higmidity under ambient storage

conditions permit the proliferation of insects amdulds, which cause large losses of
qualitative and nutritional properties (Iconometual, 2006). The safe moisture level for
storage depends on grain condition and cultivag, dforage environment, and climate
(Bern and Herum, 2003).

Frequent changes in temperature, relative humatity extended storage time also cause
significant nutrient losses. The possible causessedd quality deterioration during
storage are not only the high temperatures andiveladumidity, but also the natural
ageing of the seeds (Shahal, 2002). Storage losses always prevail irrespeativthe

type and efficacy of the storage method being usledvever, the losses vary according

2



to the type of storage. Natural seed ageing resultise reduction of quality faster than
when the seeds are exposed to laboratory condif@Gnsérrezet al, 1993). Hsu and
Sung (1997) and Baillet al (1998) indicated that spontaneous natural agesaglts in
increased lipid oxidation, reduced level and atiéigiof antioxidants and several enzymes
involved in scavenging free radicals and peroxiddse kernels that deteriorate quickly
under accelerated natural ageing usually demoastnaticeable decline in vigour
(McDonald, 1999). According to Fujikura and Karsgq@®895), the negative effects of
natural ageing on seed viability and quality arkeéid with the nucleic acid and protein
level. Liklatchevet al (1984) pointed out that accelerated ageing ldadthe same

biochemical changes that occur in natural ageing.

Maize kernels need adequate storage conditionsetadmmercially acceptable for
planting purposes (Murdolelono and Hosang, 2008¢dstorage, critical for germplasm
preservation, is important to farmers, breeders] amdustries interested in seed
processing and commercial trade (Mohamed-Yassteal., 1994). Storage of maize
grain after harvest is very important for futuree usy farmers and consumers. Most
farmers have problems in preserving their maizesés a long period of time especially

after the harvest season.

Storage of surplus seed is a type of subsistenaegy allowing farmers to avoid the risk

of seed scarcity by smoothing out fluctuations athbthe availability of seed resources
and variations in yield of agricultural crops. Sige of seeds serves as a means to extend
the season, to delay marketing until prices gotoprovide a reserve for more uniform
retail distribution, or to decrease the frequen€ypuorchase by the consumer or food
service establishment (Prussia and Shewfelt, 199(®ying the seeds using sustainable
methods is very important. According to Tsugio (BQQetaining the viability of seeds
during the long periods of storage is the firsopty of genebanks. Therefore, optimal
storage conditions are very critical when it corteethe improvement of the shelf life of

maize genotypes (Bern and Herum, 2003).

Storage is usually in an artificial environment weheguality and nutritive changes take
place because of the interactions between physat@mical and biological factors
(Chulze, 2010). Maize seed has to be stored fromektng to the next planting season

with minimal quality losses and safe maize seethg®has become an important issue in

3



South Africa. As QPM is bred for enhanced nutritibmalue, the question arises as to
how the composition of QPM is influenced by differestorage conditions. Thus, the
objectives of this study were to determine the itiatral composition of South African

open-pollinated and hybrid QPM cultivars, compdent with normal maize hybrids and

to measure the effect of different storage condgion the nutritional characteristics.
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CHAPTER 2

LITERATURE REVIEW

2.1 AN OVERVIEW OF MAIZE PRODUCTION

Maize is one of the principal locally produced dierops and the most important source
of proteins and carbohydrates in the Southern Afribevelopment Community (SADC)
region for animal and human consumption (DepartnanAgriculture, Forestry and
Fisheries, 2011). According to Fox and Manley (90@e world production of maize
annually exceeds 700 million tonnes and it reaciredind 790 million tonnes in 2008.
The recent maize statistics estimated that thedmarbduction of maize exceeded 950
million tonnes for the 2012/2013 season with thétééhStates being the major producer
accounting for 40% of the total production. Chisdhe second-major producer of maize
with 195 million tonnes. The third-largest produgeBrazil with over 67 million tonnes.
Mexico and Argentina are some of the top maize yeceds in the world. The European
Union is responsible for just 65.5 million tonneghmtaly being the leading producer
(Farmer’'s weekly, 2012).

The total maize production on the African continesais estimated at about 43.4 million
tonnes in 2007 (FAOSTAT, 2008), but the productimreased to over 49 million tonnes
in between 2007 and 2009 (Forum for Agriculturat&ech in Africa, 2009). The overall
maize production in Sub-Saharan Africa is estimatkdapproximately 34.4 million
tonnes annually (Aquinet al, 2001). The production of maize varies from coyrnb
country in Africa. On average, South Africa is thading maize producer on the African
continent and produced more than 11 million tonmes2013 on 2.7 million ha
(Department of Agriculture, Forestry and Fisherig813), but the total production in
2009 exceeded 12 million tonnes (Mariote, 2007; BAAT, 2009). The West Africa is
responsible for approximately 11 million tonnes hwitligeria as the major producer
(Forum for Agricultural Research in Africa, 2009he East Africa is responsible for 7.8
million tonnes with Tanzania as the largest produ@dariote, 2007; Forum for
Agricultural Research in Africa, 2009). The Northfrida and Central Africa are
responsible for 5.0 million tonnes and 969 000 &mmespectively. The Southern Africa
is responsible for approximately 14.6 million toaneith South Africa being the leading

producer (Forum for Agricultural Research in Afri@909).
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South Africa is self-sufficient when it comes to im@a production. Maize production
accounts for about 40% of the entire area cultov&teSouth Africa (Mgadi, 2005). About
12.6 million tonnes of maize grain is produced aut® Africa annually on approximately
2.9 million ha of land. In 2008, about 13.2 millittnnes of maize was produced on 3.3
million ha of land (Department of Agriculture, Fetey and Fisheries, 2011). According
to a published report by the Department of Agriadf Forestry and Fisheries (2013), the
reduction of land for maize cultivation in Southridd has negatively impacted maize
production. Of the South African maize which wasduced between 1995 and 1997,
48% was for human consumption and 39% for aninmead {®ingali and Pandey, 2001).

Maize in South Africa is produced countrywide, lituts mainly produced in the Free
State, North West and Mpumalanga provinces (Departrof Agriculture, Forestry and

Fisheries, 2011). The Free State is the leadinger@ioducer in the country in 2013 with
4.9 million tonnes produced on a 1.2 ha of landpd@sanent of Agriculture, Forestry and
Fisheries, 2013). It produces 40% of all the conmmaémaize in South Africa, of which

67% is white maize and 33% yellow maize (Anon, 200pumalanga is the second-
largest producer in 2013 with 2.6 million tonnes4x@® 000 ha of land. It produces 21%
of the total commercial maize, of which 49% is whihaize and 51% yellow maize
(Anon, 2006). The third-largest producer in the rdoy in 2013 is the North West

province with total maize production of 2.0 milli@m 740 000 ha. Of the 2.0 million

tonnes produced in the North West province in 218 million tonnes were white maize
and 472 500 tonnes yellow maize on 565 000 ha artl @00 ha, respectively

(Department of Agriculture, Forestry and Fisherizxl 3).

The Northern Cape province is the fourth-largestdpcer in 2013 in the country with

637 300 tonnes produced on 53 200 ha of land (Deeat of Agriculture, Forestry and

Fisheries, 2013). Of the 637 300 tonnes producdtiarNorthern Cape in 2013, 25 300
tonnes were white maize and 612 000 tonnes yellawzenon 2 200 ha and 51 000 ha,
respectively. The fifth-largest producer in the mwy in 2013 is the Gauteng province
with total maize production of 568 800 tonnes off 500 ha. Of the 568 800 tonnes
produced in the Gauteng in 2013, 377 400 tonnes white maize produced on 74 000
ha and 191 400 tonnes yellow maize produced or09d3Aa.



The total maize production in the KwaZulu-Natalypnze in 2013 is 546 500 tonnes on
95 000 ha of land and is the sixth-largest produdoéthe 546 500 tonnes produced in the
KwaZulu-Natal in 2013, 258 500 tonnes were whitazegproduced on 47 000 ha and
288 000 tonnes yellow maize produced on 48 000The. Limpopo province is the
seventh-largest producer in the country in 20131\@B2 500 tonnes produced on 53 500
ha of land. Of the 282 500 tonnes produced in Lipgpmm 2013, 165 000 tonnes were
white maize and 117 500 tonnes yellow maize on@Dita and 23 500 ha, respectively
(Department of Agriculture, Forestry and Fisherizxl 3).

The eighth-largest producer in the country in 2&lthe Eastern Cape province with total
maize production of 102 500 tonnes on 18 700 hah©®f.02 500 tonnes produced in the
Eastern Cape in 2013, 18 500 tonnes were whiteenmizduced on 3 700 ha and 84 000
tonnes yellow maize produced on 15 000 ha. The &#e&ape province is the ninth and

the smallest producer in 2013 in the country wish0B0 tonnes produced on 3 300 ha of
land. Of the 33 000 tonnes produced in the WesBape in 2013, 3 000 tonnes were
white maize and 30 000 tonnes yellow maize on 380ahd 3000 ha, respectively

(Department of Agriculture, Forestry and Fisheril 3).

Maize in Sub-Saharan Africa and South Africa intipafar, is largely grown under

dryland conditions (Mataruka, 1985). However, seppntary irrigation is applied by
commercial farmers in some cases where the crogsnesrly growth support and when
the mid-season drought severely affects the edévelopment of the crop (Sibiya, 2009).
The Free State produces 34% of maize under drydanditions followed by the North

West (32%), Mpumalanga (24%) and KwaZulu-Natal (3%o)

On average, the largest maize consumers worldweléha United States at 282.5 million
tonnes; China at 201 million tonnes; Europe at Gfilion tonnes; and Brazil at 56
million tonnes (Farmer’s weekly, 2012). In additid® countries with the highest maize
grain consumption are located in Sub-Saharan Afngdh the average per capita
consumption of over 60 kg per annum (FAOSTAT, 20@)b-Saharan Africa does not
produce sufficient maize to meet its needs and rigsefore import approximately 3.0
million tonnes of maize annually (Pingali and Pand2001; FAOSTAT, 2008). It has
therefore become very important to develop highdyig and early maturity cultivars in

order to meet growing demand for maize while redgiche production costs (Maredia
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al., 2000; Rohrbaclet al, 2003) as the demand for maize in the developindd is
likely to double by the year 2050 (Forum for Agticwal Research in Africa, 2009).
Early-maturing cultivars are seen as a viable optio keep up with the pace of
population growth.

2.2 ECONOMIC IMPORTANCE

Maize is the fundamental economic food crop in ¢eriAsia, Latin America, and in
some other parts of the world (&i al, 2001). The importance of maize around the world
is reflected by the wide variety of its uses and tble it plays as a staple food crop,
especially in the lives of poor people. With thergasing population and the high levels
of poverty in Sub-Saharan Africa and Central Ameerithe demand for maize as a food
continues to grow (Ortiz, 1998). According to Clig2004), the agronomic importance
of maize as a food crop throughout the world is wardeniable fact, motivating
investigations into efficient maize production.i$t used for human consumption, in
animal in feed, starch industry and oil product{dasal, 2000; Amiret al, 2007). It
plays a significant role in human and animal ndurient in a number of developed and
developing countries worldwide (Séakal., 2000; Prasannet al, 2001; Azevedet al.,
2003; Bantte and Prasanna, 2003; Hussaial, 2006). It serves as a source for raw
material for industrial use (Miracle, 1966; CrowdaKermicle, 2002). Maize is largely
used as an energy plant species, but specializestbre for protein, fat and starch are
also widespread (Tuet al, 2007). Normal maize hybrids have many imporizs#gs in
foods, medicine, beverages, ethanol, and industpplications, amounting to an average
annual utilisation of about 23% of the annual maxdethe grain worldwide (Watson,
2003).

2.3ECONOMIC LOSSESDUE TO SEED STORAGE

The loss of maize seed due to various factors eamdmasured in economic terms. Maize
storage losses largely occur in the form of kemeight loss, as a result of deterioration
processes of the grain but it is difficult to esitenthe actual storage losses. The loss of
value of stored maize kernels often hampers maibeuygtion in South Africa. The
problem of low seed quality as a result of inappeip storage conditions affects
farmers, consumers as well as animals. The seatibdkie lost quality are rejected by the
buyers, hence the grower loses cash. The consoméhnge other hand, does not get value

for his money. Maize kernels, just like the seeldsany other crop species, lose quality
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after short periods of storage which in turn resuit losses (Mohamed-Yasseenal,
1994). Maize storage losses affect the quantity qumlity of maize available for sale
post-harvest and hence its price (Kohl and Uhl, 8198rmah and Asante, 2006).
Knowing the ideal conditions for storage of maigemportant if storage losses are to be
mitigated (Cephas, 2008). Losses during storagg aecording to region, environmental

conditions, storage temperature, method of stoaagestorage time.

Losses in developed countries are far less beaafude good storage facilities and the
ability to maintain it (Berret al, 2003). The quantitative losses are difficuliesiimate
because they vary from region to region and evem fyear to year (Méndez-Albores
al., 2003). In Mexico, quantitative losses due tdklat an efficient post-harvest system
have been estimated at around 10% of the maize fosdédod and feed, without taking
into consideration the quality losses (Méndez-Adlset al, 2003). Gwinneet al (1991)
and Louwaart al (1994) indicated that poor seed storage conditmause up to 10%
loss in maize kernel quality, particularly in thregics mostly through loss of viability.
Losses in maize during storage are common and éccultarger extent in the developing
countries than in the developed countries. Accardim Basappat al (2007), storage

losses are found to be high and almost similar thighlosses at the harvesting stage.

Despite maize being one of the most important ¢enegs produced in South Africa,
little is known about the economic losses due twasfe. Although maize loss due to
storage is a global concern, South Africa has nblighed data covering all regions that
produce maize. Nevertheless, limited quality loséese been reported in maize
traditionally stored under unfavourable conditi@hsng the coastline of KwaZulu-Natal.
A survey of storage facilities available in northé¢waZulu-Natal revealed that none of
the ware-houses or silos used was properly funiciip(Thamaga-Chitj&t al, 2004). In
South Africa, rural maize storage methods suchhastriaditional siloifgolobané and
storing maize on the roof revealed 85.7% and 50dd%ouseholds reporting losses
respectively after a 12 month storage period. Tahdysfurther showed 34.8% and 66.7%
maize losses after a 24 month storage period iralmabks and sacks, respectively
(Thamaga-Chitj&t al, 2004).
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24 OVERVIEW OF MAIZE AND QUALITY PROTEIN MAIZE

24.1 Maize

Maize is one of the most important cereal crops fibvans part of many diets worldwide
and regularly produces protein comparable with diatorghum, but very low compared
with that of soybean@lycine max (Creech and Alexander, 1978). The protein quantit
produced by maize is of low biological quality faumans and animals, especially
because of a shortage of essential amino acidsaguyisine and tryptophan (Creech and
Alexander, 1978; Gibboet al., 2003; Milan-Carrilloet al., 2004; Badu-Aprakeet al,
2006). According to Pauliet al (1992), Gupta (1994) and Li and Gill (2004), the
nutritional quality of maize protein is low becausfethe unbalanced proportion of zein,
which is extremely deficient in lysine and tryptaoh

The nutritional quality of maize seeds dependsheressential amino acid composition of
storage proteins (Landry and Delhaye, 2007). Thena@anacid composition of the
endosperm proteins consists of high levels of peond glutamine while the quantity of
the essential amino acid lysine in particular,estrictive for the efficient metabolism of
the maize grain (Ingversen, 1983). The major s®@@teins, zeins, which account for
50%-70% of the endosperm proteins in maize kerredse a shortage of lysine and
tryptophan, but are rich in glutamine and hydropba@imino acids (Azevedet al, 2003,
Huanget al, 2006). The rising demand for maize as a soufgaratein resulted in a

search for maize varieties that have a balanceattional quality.

2.4.2 Quality protein maize

QPM describes maize genotypes with double the atotlthe limiting amino acids
lysine and tryptophan compared with maize landraaed has been bred to help mitigate
human undernourishment in areas where protein idefig is a serious problem and
where maize is the main protein source in the dieth as in different parts of Sub-
Saharan Africa (Krivanelet al, 2007; Nuritet al, 2009). According to Vasal (2001),
QPM refers to maize homozygous for t2allele, with increased lysine and tryptophan
content but without undesirable characteristica &foft endosperm. QPM kernels look
like the normal maize kernels but they can be detethrough laboratory tests (Villegas
et al, 1992) and, more recently, through the use ajtd table (Viveket al, 2008). QPM

is a viable option as an animal feed, since it bafp mitigate the requirement of
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supplementary protein from other sources in balkdrfeeds (Viveket al, 2008). QPM
holds better nutritional and biological importarened is fundamentally interchangeable

with ordinary maize in farming and seed phenotpragannat al, 2001).

Numerous nutritional quality characteristics arepamant in breeding programmes of
maize genotypes (Montext al, 2008). Traditional breeding methods have aclidahe
release of numerous QPM hybrids, both in Africa &adin America (Dansoret al,
2006). According to Vivelet al. (2008), numerous national maize research progesnm
in developing countries mainly South Africa, BraZilhina, Ghana and more recently,
India, have made a significant contribution towatkds development of QPM. Several
national research programmes in countries sucloath &frica, Ghana, Brazil and China
have released numerous QPM hybrids (Vasal, 199@nd¥ous African, Latin American
and Asian countries, particularly China, are foduse more QPM hybrid releases where
hopes and optimism for QPM promotion and dissernonatre remarkably high (Vasal,
1999). Bhatnagaet al (2004) proposed that improvement and adoptio®®M would
enhance the nutritional status of food and fewize products. The improved open-
pollinated QPM varieties are generally better sutte resource-poor farmers’ needs than

the hybrids because of lower costs and distribatipnroblems (Vivelet al., 2008).

QPM research started soon after the discovery dbmts, such as the opaque-2 and
floury-2 genes that are responsible for the higtepn yield in two maize landraces from
the Andean highlands of South America by a doctstadient, Lynn Bates, working with
prof. Edwin Mertz at Purdue University, USA (Orteglad Bates, 1983; Prasangiaal,
2001; Viveket al, 2008). QPM breeding started with the purposeemiancing the
nutritional status of maize grain protein (Nwital, 2009). The International Maize and
Wheat Improvement Center (CIMMYT) started a QPM iylprogramme in response to
the growing demand for maize with high protein @yain developing countries
(Bjarnason and Vasal, 1992). The insertion of thaque-2 gene into the normal maize
alters the amino acid profile and composition aftein, particularly in the endosperm
portion, resulting in the increase of non-zein eimd (albumins, globulins and glutelin)
and two-fold increase in the levels of lysine arypptiophan contents and the reduction of
the zein fraction in comparison with normal maizdids (Mertzet al, 1964; Lopest
al., 1995; Gaziolat al, 1999; Prasannret al, 2001; Darriguest al, 2006; Viveket al.,
2008).
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According to Geetha&t al. (1991), opaque-2 mutants had reduced levelg-zdins in
maize endosperm resulting in small unexpanded iprdbedies. Sofiet al (2009)
reported that other mutations such as floury-2ltegun irregular shaped protein bodies.
According to Dansoret al (2006), opaque-2 mutation increases the lysirmgeco in
maize endosperm by reducing the content of zeinlevgenetic modifiers alter the soft
texture of the opaque seeds into hard endosperm.alkration of the zeins brought
protein fractions to a balance thereby doublingnlsand tryptophan contents (Vivek
al., 2008). Maize seeds that contain the homozygdumutant have higher levels of
lysine and tryptophan due to the suppression aratezh of the synthesis of the lysine-
deficient zein fraction (Mertzt al, 1964; Habberet al, 1993). Sofiet al (2009)
indicated that the elevated lysine content in opa2junutants is due to higher levels of an
elongation factor of protein synthesis. According Bantte and Prasanna (2003),
unfavourable pleiotropic effects imposed severestraints on successful exploitation of
these mutants. The insertion of the maize mutaafjog-2 gene into maize landraces
(Mertz et al, 1964; Nelson, 1969) yielded high lysine and tophan maize with soft,
chalky endosperm with increased susceptibility ngsect pests and reduced vyields
(Lambertet al, 1969; Sreeramulu and Baumann, 1970; Wessel-Besawd Lambert,
1982; Villegaset al, 1992; Moroet al, 1995; Linet al, 1997; Torcet al, 2003; Scotet
al., 2004; Dansoet al, 2006; Ngaboyisongat al, 2008). Lopeet al (1995) also stated
that the maize mutation opaque-2 causes a reductistorage protein synthesis and the
formation of a soft, starchy endosperm in the kemdet only did the opaque-2 gene have
negative effects, it also caused agronomic problatased to processing which prevented
its acceptance by many people including maize lemseadlho are accustomed to harder
grains throughout the world, particularly the dexghg world (Glover and Mertz, 1987,
Lauderdale, 2002; Krivanedt al, 2007). The soft endosperm of opaque-2 maizetiasi
initially resulted in 25% vyield loss due to the lemdensity of the opaque grains, as well
as elevated vulnerability to fungal ear rots amdegje pests (Vasal, 2000).

Prasannat al.(2001) and Vivelet al (2008) reported that interdisciplinary and inteas
research efforts by CIMMYT research team initidéy by Dr. Surinder Vasal, a breeder,
and Dr. Evangelina Villegas, a cereal chemist, tedamelioration of the negative
characteristics of the opaque phenotype. This nealelyeloped maize variety without
negative effects was termed QPM (Vastlal, 1980; Gevers and Lake, 1992; Nelson,
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2001). QPM has a number of characteristics thderdifitiate it from high lysine soft
opague-2 maize genotypes (Vasal, 1999). The uraddsicharacteristics were suppressed
through the systematic introgression of genetic iffreod introduced by CIMMYT and
the University of lllinois, USA (Wessel-Beaver amémbert, 1982) into opaque-2
germplasm, which converted the soft and floury muendosperm to hard and vitreous
endosperm while preserving higher lysine conteroh(slet al, 1996; Vasal, 2002).
According to Sofiet al (2009), the modifier genes do not have any efbétheir own as
such but interact to improve kernel hardness apeéajance and increased kernel weight

and density.

The development of QPM germplasm with hard endaospewolved several phases
including the development of QPM donor stocks airMQgene pools (Martineet al,
1996). The hard endosperm relates to its chemmalposition (Pratet al, 1995). The
protein content and the zein protein have beeretinkith seed hardness (Prattal,
1995; Eyherabidet al, 1996; Robuttet al, 1997; Landryet al, 2004). When it comes
to processing, safe food processing technologiesd usr preservation of quality
characteristics of food materials such as maizevarg important issues (Baysel al.,
2010). Seed proteins, particularly in hard endasp@PM cultivars are important in food
processing (Shewrgt al, 2002). The hardness of maize endosperm detesrtiieeextent
of quality and yield of maize by-products during/ anilling (O’Kennedy, 2011). Hard
endosperm maize provides good storage and millagecteristics (Holding and Larkins,
2006). Dorsey-Reddingt al (1991) indicated that kernel hardness contribtdegrain
test weight. Maize cultivars with high percentagésard endosperm are attractive when
it comes to dry milling (Hillet al, 1991).

Current QPM research around the world focuses adaptability to various growing
conditions (Krivanelet al, 2007). In Sub-Saharan Africa, 17 countries aosving QPM
genotypes on around 200 000 ha with Ghana accaufinapproximately 70 000 ha
(Sofi et al, 2009). Research towards the development of Yiglding QPM varieties is
currently underway in many parts of the world (Saifial, 2009) and it is predicted that
by 2020, about 30% of maize area will be under Q&dnotypes (Gill, 2008). The
improvement and adoption of QPM would enhance tltational status of food and feed
maize products (Bhatnaget al, 2004).
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25 CHEMICAL COMPOSITION OF THE MAIZE KERNEL

Cereals such as maize differ greatly in their g@mposition, with both genetics and
environment influencing the kind and level of cheahicompounds (Bullockt al, 1989;
Awika and Rooney, 2004). The chemical compositibmaize is influenced by a number
of factors such as soil, climatic conditions andrage (Ereifej and Haddad, 2001).
Several seed scientists have evaluated the chernaraposition of the seed and
discovered that on average the seed normally ecentainerals, carbohydrate (63%),
proteins (19%) and fat (6.5%) (Oluyeetial, 1976).

2.5.1 Minerals

Maize has a substantial amount of phosphorus (B) aifair quantity of manganese
(Mn), magnesium (Mg) and iron (Fe) and a small amaf zinc (Zn), potassium (K),
calcium (Ca), and sodium (Na). Each of these miredeanents plays a significant role in
the growth and development of maize (Baétiabl, 2003). Bajagt al. (1994) stated that
approximately 80% of the minerals are concentraté¢tle grain germ. The endosperm of
maize contains 250 g/kg minerals and the remainis@ g/kg is concentrated in the
embryo (Department of Agriculture, 2003). Howeveereals including maize also
contain these mineral fractions in starch, but thaye been found to be low compared
with minerals found in potato starch (Svihesal, 2005). These minerals have been
reported to negatively interact with starch in #@orphous region of the granules

through interference with swelling and subsequéggstion (Blennowvet al., 2000).

Ca is involved in cell division and plays a maireran the protection of membrane
reliability (Fageriaet al, 1991). Cereal grains possess negligible amoonta
(Hambidgeet al, 2005). Maize, like other cereal crops, is exntow in Ca (Loy and
Wright, 2003), with a content of about 0.2 g/kg diBl 2007). Pfahler and Linskens
(1974) reported the average Ca content to be 0K39ig three single-cross hybrids and
two maize inbred lines. A Ca content of 0.7 g/kgsweported in both normal maize and
QPM hybrids (Zhai and Zhang, 2007). In addition, coatents of four improved white
dent maize genotypes IWD MSB-W, TZSR-W, W-compoaite TZB grown in Nigeria
were found to be 0.44 g/kg, 0.50 g/kg, 0.62 g/kd @ry6 g/kg, respectively (Ikest al.,
2002). However, total Ca content obtained from higbisture maize dried at 8D, 90°C
and 106C was 0.05 g/kg, 0.04 g/kg and 0.03 g/kg, respelstitBhuiyanet al, 2010).
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Mg is a constituent of chlorophyll and a cofactor ¥arious enzymatic reactions (Fageria
et al, 1991). Shobhat al (2010) found the Mg content to vary between Ig& and
1.46 g/kg in tested maize genotypes. High-moistuaéze dried at 8T, 9CC and 106C
had an Mg content of 1.4 g/kg, 1.3 g/kg and 1.4 grespectively (Bhuiyast al, 2010).
However, Mg contents of four improved white dentizeagenotypes IWD MSB-W,
TZSR-W, W-composite and TZB grown in Nigeria weoeirid to be 0.0012 g/kg, 0.0013
g/kg, 0.0011 mg/kg and 0.0011 g/kg, respectivekgriet al, 2002).

Na is one of the most important mineral elementsmdbin maize. The Na content in
maize kernels is usually low (Blair, 2007). Pfahterd Linskens (1974) observed the
average Na content to be 0.22 g/kg in three siogies hybrids and two maize inbred
lines. The total Na content obtained from high-mwis maize dried at 8G, 9CC and
100°C was 7.3 g/kg, 7.1 g/kg and 7.0 g/kg, respectiy@huiyanet al, 2010).

K plays several roles in plant metabolism and tdgoen these roles effectively, it should
interact positively with other essential nutrie(fageria, 2009). It functions as a cofactor
or activator for many enzymes of carbohydrate armadepn metabolism (Fageriet al.,
1991). Maize grain contains nearly a balanced cb@neompounds, except some, such as
K, which appears to be low (Blair, 2007). Pfahled d.inskens (1974) found the average
K content to be 6.2 g/kg in three single-cross ldgand two maize inbred lines. High-
moisture maize dried at 8D, 9°C and 108C had a K content of 3.3 g/kg, 3.1 g/kg and
3.2 g/kg, respectively (Bhuiyaat al, 2010). However, K contents of four improved
white dent maize genotypes IWD MSB-W, TZSR-W, W-gasite and TZB grown in
Nigeria were found to be 0.0045 g/kg, 0.0048 g/Rd)045 g/kg and 0.0039 g/kg,
respectively (lkeret al, 2002).

Fe boosts many plant enzymes that are responsibledox reactions of photosynthesis
and respiration (Sajedit al, 2009). Maximizing the concentrations of Fe iap& food
crops through breeding has been proposed as oaegtrto reduce the undesirable
effects of extensive mineral deficiencies in pedenkir, 2008). Fe associates itself in
one way or another with the important functions ptént metabolism (Mathan and
Amberger, 1977). Fe deficiency symptoms first eraesg the younger tissues or leaves
(Fageria, 2009). lkeat al. (2002) reported Fe contents of 0.29 g/kg, 0.2§,90.36 g/kg
and 0.26 g/kg in for improved white dent maize dgpes IWD MSB-W, TZSR-W, W-
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composite and TZB grown in Nigeria, respectivelyghdmoisture maize dried at %D,
90°C and 100C had a Fe content of 27.9 g/kg, 25.2 g/kg and 8@, respectively
(Bhuiyanet al, 2010).

Zn plays a vital role in protein and carbohydraymtsesis and it is involved in the
regulation of saccharide, nucleic acid and lipidabelism (Sajedet al, 2009). Marginal
Zn shortages and suboptimal Zn concentration haea lbecognized in many population
groups in both developing and developed countitsmalathaet al, 2009). According
to Menkir (2008), increasing the concentrationsZofin crops including maize is one
important strategy to fight mineral deficienciesumal communities. The total Zn content
obtained from high-moisture maize dried al@090C and 100C was 15.4 g/kg, 14.0
g/kg and 14.9 g/kg, respectively (Bhuiyahal,, 2010). However, Zn contents of four
improved white dent maize genotypes IWD MSB-W, T28RW-composite and TZB
grown in Nigeria were found to be 0.03 g/kg, 0.09g0.02 g/kg and 0.05, respectively
(Ikenet al, 2002).

Mn is considered an activator of various kinds mfygnatic reactions and is involved in
photosynthesis (Sajedit al, 2009). It is a constituent of the enzymes arggnand
phosphotransferase (Fageetal, 1991). The influence of Mn on Fe nutrition irapls
regulates the change in the oxidation state ofktm @nd Mikkelsen, 1981). Numerous
maize genotypes show a wide variation in termshefNMn content. The Mn contents of
four improved white dent maize genotypes IWD MSB-W,SR-W, W-composite and
TZB grown in Nigeria were found to be 0.06 g/kg4®.g/kg, 0.43 g/kg and 0.023,
respectively (Ikeret al, 2002). High-moisture maize dried a’809CFC and 106C had a
Mn content of 8.7 g/kg, 5.1 g/kg and 5.6 g/kg, extwely (Bhuiyaret al, 2010).

P is one of the most important mineral elementsnaize and is necessary for plant
development and reproduction. Unavailability ofdh decrease seed size, seed numbers,
and viability (Fageria, 2009). Blair (2007) statbdt maize contains a high level of P (2.5
g/kg-3.0 g/kg). Debet and Gidley (2006) reporteat tihe P content in normal maize was
0.19 g/kg and 0.02 g/kg in waxy maize. Shobhal (2010) found the P content to vary
between 3.11 g/kg and 3.49 g/kg in tested maizeotgprs. Zhai and Zhang (2007)
reported Ca contents of 2.1 g/kg and 2.2 g/kg imab maize and QPM genotypes,
respectively. High-moisture maize dried af@090C and 108C had a P content of 2.6
a/kg, 2.5 g/kg and 2.6 g/kg, respectively (Bhuiyral, 2010). However, P contents of
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four improved white dent maize genotypes IWD MSB-W,SR-W, W-composite and
TZB grown in Nigeria were found to be 0.0012 g/kKgp016 g/kg, 0.0021 g/kg and
0.0024, respectively (Ikeet al, 2002).

2.5.2 Fat

Fat is the most valuable constituent in maize ana highly heritable trait (Johnson and
May, 2003; White and Weber, 2003). Fats are divieéa two major groups, acyl lipids
and non-saponifiable lipids. The acyl lipids contéatty acid esters that are hydrolysed
by alkali. The non-saponifiable lipids, particujaydrocarbons, sterols, carotenoids, and
tocopherols, are those extracted by organic sdveifier saponification (White and
Weber, 2003). Morrison (1981) classified lipids ewxmentally into three major
categories namely: non-starch lipids, starch serfgeds and internal starch lipids. Maize
fat is considered to be the finest vegetable atblose of its flavour, colour, stability, and
clarity at refrigerator temperatures (Orthoefsr al, 2003; Watson, 2003; Loy and
Wright, 2003). The maize kernel contains about 3% with most of the fat being
concentrated in the germ (Bajaj al, 1994; Orthoefeet al, 2003). The endosperm
contains approximately 20% of the fat while the eyolcontains about 80% (Department
of Agriculture, 2003). Orthoefeet al (2003) reported that 85% of the fat in maize is
concentrated in the germ and the rest is distribat®mong the endosperm (15%), bran
(1.3%) and tip cap (0.7%).

The fat content of different maize genotypes shaide variation (Casa&t al, 2010).
Yellow maize in South Africa has a lower fat conté®5%) than white maize (3.9%)
(Anon, 2006). Graham (1993) reported more than I&f4n high-fat QPM grown in
Mexico. Jugenheimer (1961) found that two maizeriag) lllinois 6021 (6.39%) and
lllinois 6052 (6.27%) grown in lllinois, United S&s, yielded 30% more fat than hybrid,
U.S. 13 (4.77%). Hasjiret al (2009) observed between 4.2% and 5.1% fat in (2o
lines. Debet and Gidley (2006) found 0.8% and Ofatccontent in normal maize and
waxy maize, respectively. Chanvrigtral (2007) observed 0.2% and 0.1% fat contents in
normal and waxy maize genotypes, respectively. ary Wright (2003) and Blair (2007)
stated that maize fat has a high proportion of wmated fatty acids and is an excellent
source of linoleic acid. The fatty acid compositminmaize does not significantly differ

from that of other cereals. Léder (2004) stated th#y acid composition of sorghum
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(Sorghum bicolofL.] Moench) is similar to that of maize fat, witiigh concentrations of
linoleic (49%), oleic (31%) and palmitic acids (14%

Maize starch frequently contains lipids, but theitemt and composition differ from
cultivar to cultivar (Morrison, 1988; Morrisoat al, 1993a). The two most important
groups of starch bound lipids which are availablesmall quantities are: free fatty acids
and lysophospholipids (Morrison, 1978a). Theseckt&ound lipids are considered to be
complexed with amylose in granules and require dapieous alcohol for extraction
(Kitaharaet al, 1994). The interaction between starch and ligdsf vital importance to
manufacturers and consumers when it comes to foocepsing (Blazek, 2008). Lipids
and phospholipids are known to form stable com@exgh long chains of starch, with
both amylose and long branched chains of amylopeethich result in the restricted
swelling of granules (Medcakt al, 1968; Batres and White, 1986; Morriseh al.,
1993a; 1993b). The presence of naturally occurcimgmical compounds such as lipids
can affect the functional properties of starch gtas (Leach, 1965). Lipids binding to
granular starches in maize influence many imponpamperties of starch-containing foods
by changing the granule swelling, solubilisationd arystallization of starch polymers
(Morrison 1978b; Morrison and Milligan, 1982; Haand Hood, 1987).

2.5.3 Enzymes

Enzymes are proteins that catalyse many chemieatioms and are the most important
functional proteins together with the membrane ginst, non-regulatory proteins and
proteins of organelles (O’Kennedy, 2011). Enzymeshsas lipase are responsible for the
breakdown of fats in the maize kernel. Lipoxygenasean enzyme that catalyses
oxidation of unsaturated fatty acids with oxygenyteld peroxides of the fatty acids.
Peroxidase is an enzyme responsible for the oxidatrocesses in different substrates
using hydrogen peroxide and spontaneously prodwegsr and free radicals (BaleSéevi
Tubi¢, 2005). Amylase is one of the most important ereynm plants found mainly in
the endosperm of maize seeds and plays very immportEdes during germination
(Subbaracet al, 1998). In addition, amylase is important in ggieg vigour and during
seed germination and is secreted from the cellh@faleurone layer and scutellum to
mobilize starch (Subbaraa al, 1998; Egwim and Oloyeide, 2006; Coulibaly andeh
2011). Amylase is important in food processing gyand causes nutritional, functional

and compositional changes in grain during malting brewing (Guptat al, 2010). The
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a-amylase is a common type of enzyme that randotelgvesa-1,4 linkages and is able
to hydrolyse intact starch granules with the praidncof soluble starch fragments in
germinating peaRisum sativuni.) and rice Qryza sativa..) seeds (Muratat al, 1968;
Juliano and Varner, 1969; MacGregor, 1983; Synokij&007). The [3-amylase enzyme
promotes rapid hydrolysis of outer chains by bnegkiff sugar units without hydrolysing
thea-1,6 linkages.

2.5.4 Starch

Starch is one of the most plentiful biotic resosrpeoduced in nature by higher plants as
a carbohydrate energy reserve and consists primafilbranched glucans with an
architecture that allows the formation of a senystalline insoluble granule (MacGregor,
1983; Gidley and Bociek, 1988; Blennawal, 2001; Desai, 2004; Zeemanhal, 2007).
Lagarrigueet al (2007) defined starch as the most widely useckémer in the food
industry. Starch is a major component of maize msndxtracted mainly through wet-
milling. According to Mason and D’Croz-Mason (200&)arch extraction by wet-milling
is the second largest end-use of maize grain faligwvestock feed. Traditionally, high
amylose starch from maize has been mainly used asgeedient in gum candies and as

an adhesive for corrugated cardboard @Vval, 2009).

Starch, the primary component of most plant storaggans, a component in many
essential food products with a long tradition inglformulation, has recently emerged as
a candidate for new uses as a biodegradable polymanicrospheres within the
pharmaceutical industry and its use largely depemdss functional properties (Elfstrand
et al, 2004; Maache-Rizzougt al, 2008). Zobel (1988) indicated that typical natur
maize starch granules range in degree of crystgllinom about 15% to 45%. The
understanding of starch phase transitions is vemgortant in the food processing
operations and the physical properties of food petglsince short chain lengths exhibit
A-type crystallinity and intermediate chain lengghrelated to the C-type crystallinity
(Hizukuri et al, 1983; Hizukuri 1985; Maache-Rezzoeal, 2008). In addition, starch
granules have a semi-crystalline nature with C mpolsphs which are a mixture of A and
B polymorphs, with intermediate behaviour and props and the differences could be
related to the A and B polymorphs in the starclsssdo and Wu, 1978; Blanshard, 1987,
Gernatet al, 1990; Davydovat al, 1995).
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The molecular structure of maize starch plays apomant role in its nutritional and
technological functionality (Creeét al, 2007). The nutritional value of maize starch is
dependent on its primary composition and physitaicture and subsequent processing
(Buckow et al, 2009). Structural and physicochemical charasties of starches are
associated with their botanical sources (Perehi al, 2006). Starch structural
characteristics such as amylose content, brandm ¢dragth distribution of amylopectin
(Janeet al, 1999) and phospholipids and lipid contents (@reahd Morrison, 1990; Lim
et al, 1994) affect their functional properties. Maistarches that contain more
amylopectin molecules exhibit higher gelatinisattemperature and enthalpy changes

(Kasemsuwaret al, 1995).

Starch structure can be modified in different waysor to utilisation in industrial
applications of which enzymatic and chemical madiiions are the most common
(Elfstrandet al,, 2004). Starches utilised in the food industry mrodified chemically by
cross-linking, substitution and acid hydrolysis dtier their functionality (Jayakody,
2009). Creelet al (2007) pointed out that structural features sagldegree of branching
and molecular weight depend on the type of maizk raay alter the determination of

amylose content.

Creech and Alexander (1978) stated that maize pexlthe highest content of starch
among the cereal crops. Most maize averages aldéti7/™% starch yield in laboratory-
scale wet milling tests (Mertz, 1970; Eckeffal, 1996; Paulseat al, 2003; Rodriguez-
Nogaleset al, 2006; Bewleyet al, 2006; Sofiet al, 2009). Starch concentration and
composition in the maize seed are quantitativeadtaristics influenced by many genes
(Wilson et al, 2004). The starch content in yellow maize (73.3%as reported to be
higher than in white maize (72.9%) (Anon, 2006)e®tarch content of five QPM lines
was reported to be 73.0%, 66.9%, 71.7%, 74.1% a4 (Hasjimet al, 2009). A large
portion of starch is concentrated in the endospékfatson (2003) reported that starch
accounts for 88% of the weight of mature endospekotording to Freeman (1973),

starch tends to be lower in maize with high fatteoh

Starch is the main storage component in matureemseed and comprises amylose and
amylopectin (Séneet al, 1997; Edwardset al, 2002; Hernandez-Uribet al, 2004;
Shang-Jinget al, 2006; Liuet al, 2009b). The amylose/amylopectin ratio in starch
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granules has a distinct impact on the physicocha@npioperties of starches (Corcueta
al., 2007; Buckowet al, 2009). BureSovét al (2010) reported that the nutritional
guality of starch is dependent largely on amylasglapectin ratio. The relative ratio of
amylose and amylopectin varies to a great extethtinvplant species (Synowiecki, 2007;
Stawski, 2008). In most common types of cereal spdon starches, the relative weight
percentages of amylose and amylopectin range bet#2% and 82% amylopectin, and
18% and 28% amylose (Buléenal, 1998).

Amylose

The amylose content is an important factor tha¢meines the digestibility of starch (Liu
et al, 2009a). Amylose is a linear glucan wiifl—4) glycosidic linkages and limited
branching that produces few non-reducing end-grodpsnormal maize genotypes,
amylose is organised in a helical conformatiorhttigassociated with lipids (Sém al,
1997). The amylose fraction is essentially linealthough there is now proof that
amylose is not absolutely linear (Cwrtal, 1995). According to Wilsoet al (2004),
maize is composed of approximately 21% amylose&oimmal maize, amylose makes up
25% to 30% of the starch. Chanvradral (2007) observed 30.8% and 80.0% amylose in
normal and high-amylose maize starches, respegtivihie maize sugary-2 mutants
produce starch with 40% amylose (Bewetyal, 2006). However, there are certain maize
varieties known to have very high amylose contBalaskeet al. (2005) found 53.3%,
63.9% and 69.9% in three high-amylose varietiesciwvtiad high-amylose modifying
genes. However, high temperature during graimfjlliof cereals including maize was
found to contribute to high amylose content (Testeal, 1991; 1995). Cheet al (2006)
reported 50% and 80% in two high-amylose maizeslin@spectively. A study of
comparison of methods for colometric amylose deirgation in cereal grains done by
Mahmoodet al (2007) revealed that the standard consisted whalomaize starch with

27% amylose and high-amylose maize starch with 86%dose.

Maize genotypes with high amylose content vary iterably in size, shape, and relative
crystallinity and have a B-type crystal structunecontrast to A-type crystals in normal
maize genotypes (Cheetham and Tao, 1998; @hah, 2006; Liuet al, 2009a). Certain

mutant plants, commonly called waxy because of wlaxy appearance of the seed
endosperm, have much lower amylose content, or éaen the amylose component

completely (Huang, 2006). Buckost al (2009) reported waxy maize genotype with less
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than 1% amylose while Polaskeal (2005) reported that waxy maize and normal maize
genotypes produced 1.3% and 25.5% amylose, regpbctiHerrero-Martinezet al
(2004) and Debet and Gidley (2006) observed 0% @seytontent in waxy maize.

Amylopectin

Amylopectin is one of the largest chemical compauridund in starch and has a
molecular weight that is approximately 1000 timbattof amylose due to its many
branches that contain 30 glucose units each (MantéB89; Buckowet al, 2009). It is a
more branched molecule of very high molecular massying from 18 to 1¢ and
comprises hundreds of shar(l—4) glucan chains which are interlinked h{1—6)
branch points. They(1—4) chains of amylopectin consist of A chains thatrg no
additional chains as opposed to B chains which Bearains or other B chains. C chains
carry other chains as branches but contain the redlecing terminal residue. Normal
maize is composed of amylopectin ranging from 7®%7Wilsonet al (2004) reported
that maize contains about 79% amylopectin. Highstuoé maize dried at 80, 90C
and 106C had an amylopectin content of 388 g/kg, 380 @kd 370 g/kg, respectively
(Bhuiyanet al, 2010). The chain length distribution of amylojeén maize influences
the pasting properties of starch (Jahal, 1999; Wanget al, 1993; Francet al, 2002).
The exact nature of amylopectin formation is naady understood, and so are the
enzymes and genes involved in the starch biosyistl{Esheret al, 1996; Huang and
Wang, 1998; Becklest al, 2001).

2.5.5Protein

Protein is the second largest chemical componentaize after starch. It is an important
quality parameter in maize and plays a significahé in food products (Arief, 2008).
Protein in maize is of particular importance foe tiealth of persons whose major staple
food is maize (Koutroubast al, 2004). Li and Vasal (2004) reported that maize
contributes about 42 million tonnes of protein aryeorldwide, which corresponds to
roughly 15% of the world annual production of foodp protein. Protein content and
composition are important when it comes to theitiotr they provide and the impact on
quality of targeted end-uses of cereals (Shewry Hatford, 2002). The nutritional
quality of maize is mainly determined by the proteontent of grain and amino acids.
Payne (1983) stated that breeding for protein qiyaint cereals has the drawback that as

protein level accumulates the overall nutrition@lue goes down. This is because
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increasing protein up to 15% increases the propontif zein protein to metabolic and
structural proteins in the grain (Payne, 1983). okding to Rooneyet al (2004), the

protein content of maize is inversely proportiot@alstarch content and grain yields.
Maize with high protein content has increased zmntent and decreased amino acid

content (Roonewgt al, 2004).

The chemical composition of protein in maize idediént from other cereal crops. Maize
seed normally contains approximately 9-11% protBmaj et al, 1994; Sofiet al, 2009;
Fox and Manley, 2009). However, the endosperm gesra8-9% protein (Lawton and
Wilson, 2003). According to Rodriguez-Nogalet al (2006), the endosperm of the
mature kernel contains 6.5% of the protein andgéren the remaining 2.5%. The protein
content of maize seed can vary significantly dependn the type, variety, agronomic,
and other environmental factors (Lawton and Wils2®)3). Landryet al (2005) stated
that the protein content of a maize grain is depahdipon the genotype and the soll
status with regard to the nitrogen levels in whicé crop is grown. The average protein
content in white maize was found to be 9.3% angeliow maize 9.5% (Anon, 2006).
Vasal (1999) observed CIMMYT QPM genotypes to héetween 8.9% and 9.9%
protein. The actual protein content in the maizedse of importance from a nutritional
point of view. Gibbon and Larkins (2005) reportaotpin varying between 10.1% and
13.5% in some maize genotypes. Hasgihal (2009) observed between 9.6% and 13.3%
protein in four QPM lines. Jovanaviet al (2005) found maize genotypes to be
comprised of 12.4% of protein content. Protein eatd found in QPM inbreds CML 176,
CML 177, CML 178, CML 181, CML 473, CML 490, CML 89CML 491, CML 492,
CML 493 were 7.34%, 7.57%, 8.23%, 7.34%, 7.34%3%07.14%, 8.13% and 6.79%,
respectively (Belloet al, 2012). Protein contents of 7.21%, 7.10%, 7.349%3% and
6.89% were found in open-pollinated QPM varietidgmtanpa, EV8766-SR, EV8363-SR,
Pool 18-SR and Pool 19-SR, respectively (Bedoal, 2012). In addition, protein
contents found in pure QPM hybrids Mama-ba, CIDAB&da-ba, ART98-SW6-0OB,
ART98-SW4-0OB, TZPB-OB, ILEI-OB were 8.14%, 7.57%.,28%, 6.34%, 8.34%,
8.33%, 8.12% and 6.02%, respectively (Belal, 2012).

Maize protein is classified into the following gpmion the basis of differences in their
solubility: zeins (highly alcohol soluble), albursin(water soluble), globulins (salt
soluble) and glutelins (dilute alkali soluble) (BEs&986; 1987; Singh, 2005; Momaay
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al., 2006). The proportion of different protein fiacts of normal maize endosperms, on
average, are zeins (60%), albumins (3%), globyl3%s) and glutelin (34%) (Schnieder,
1955; Vasal, 1999; Sofet al, 2009). According to Lasztity (1984), proteinsndae
divided into two major groups based on their fumadlity: cytoplasmic and storage
proteins. The cytoplasmic proteins are composeahaifly globulins and albumins, and
are located in the aleurone layer and embryo. §eonaroteins are located in the
endosperm and are generally soluble in alcohollgprims) and dilute alkali solutions
(glutelins). These storage proteins can be dividemltwo types of proteins: low and high
molecular weights. The low molecular weight proserontain one polypeptide chain
with only intramolecular disulfide bonds and higtolecular weight proteins contain
numerous polypeptide chains which are cross-limkadintermolecular disulfide bonds
(Lasztity, 1984; Shewry and Tatham, 1990).

Zein

The zein of maize is defined as the protein extéichétom maize with aqueous alcohols
(Parris and Dickey, 2001; Rodriguez-Nogakdsal, 2006). The endosperm of maize
possesses a cluster of four structurally distidcolel-soluble proteins called zeins,
which are encoded by definite classes of structgesles that belong to a large gene
family clustered in several genomic regions (Prasagt al, 2001). The maturing
endosperm of maize is composed of zeins, the mlamhal-soluble storage proteins
within protein bodies (Vitaleet al, 1982; Wilson, 1987; Lending and Larkins, 1989;
Bostonet al, 1991; Prasannat al, 2001; Rodriguez-Nogalest al, 2006). Zein is a
major constituent of storage protein in maize (Lawand Wilson, 2003) and is limited to
a small area in the protein bodies (Larketsal, 1979). Larkins and Hurkman (1978)
reported that zeins are synthesized in the rouglo@asmic reticulum and are deposited
in the kernel as relatively large, insoluble protbodies that make up about 10% to 15%
of the endosperm by volume. Zein plays a vital riolandustrial polymers due to its
commercial application (Shukla and Cheryan, 20@13.a hydrophobic protein generally
processed to yield films and coatings (Parris arkéy, 2001; Lawton, 2002). Zein that
is produced commercially is made upoeteins (Wilson, 1988). According to Zlat al
(2007), two types of zein are presently being peedufor industrial purposes, namely:
white and yellow zein. The zeins of cereals wem@shto be important when it comes to
the nutrition they offer and the impact they hawvetlbe quality of targeted end-uses of
cereals (Shewry and Tatham, 1990; Shewry and HBRIR102).
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Storage proteins contain approximately 50% of ttel tprotein in mature cereal grains
and have significant impacts on nutritional quafily people and animals (Baja} al,
1994; Shewry and Halford, 2002). Zein constitutbsut 44%-79% of the endosperm
protein, depending on the maize variety and tharséjon method used (Larkins, 1981,
Hoseneyet al, 1993; Hamakeet al, 1995; Bjarnason and Vasal, 1996; Landtyal.,
2000; Hunteeet al, 2002). According to Larkinet al. (1993) and Singh (2005), the zeins
are the main determinants of the amino acid coniiposin maize seeds because of their
abundance. Numerous nomenclatures have been phpoddifferentiate the different
types of zeins (Landry and Moureaux, 1970; Paufid ®vall, 1977; Wilson, 1991).
Previously zein was divided into two classeszein and [3-zein (McKinney, 1958;
Pomes, 1971). Now it is divided into four majorsdas, namely: gamma){zein, delta
(6)-zein, B-zein andi-zein (Esen, 1987; Kiriharat al, 1988; Coleman and Larkins,
1999; Wooet al, 2001) which constitute about 50-70% of the ma@&rdosperm. These
four zein classes are all rich in glutamine, leacend proline (Sofiet al, 2009).
Although the precise mechanisms of how these storagteins interact are unclear
(Holding and Larkins, 2006), but research is cuiyerat an advanced stage of
understanding the interactions of some proteindef@anet al, 1996; Hinchliffe and
Kemp, 2002; Kimet al, 2002; Colemaet al, 2004; Randakt al, 2004).

The zeins vary in their quantity, molecular weigimd solubility (Lawton, 2002;
O’Kennedy, 2011). Zeins have usually been fractiobased on solubility in alcoholic or
aqueous solvents and their high content of proding amide nitrogen (Osborne, 1924;
Wilsonet al, 1981; Esen, 1986). Zein solubilised from whokeza seed without using a
reducing agent will consist of mixtures of aggregaand monomers (Tsai, 1980). Lawton
(2002) pointed out that zein that is extracted waithusing reducing agents is known as

native zein.

The major prolamin fraction of storage proteingafied thea-zeins (Esen, 1986) which
accounts for approximately 70% of the total (Thoorpand Larkins, 1989). Thezeins
are a complex group of closely related polypeptidéd, 19 and 22 kD, which are
soluble in aqueous alcohols and are rich in cystéiarkinset al, 1984; Wallaceet al,
1990; Sofiet al, 2009) and are the most abundant proteins inntheze endosperm
(Villegas et al, 1980; Lendinget al, 1988; Prasannat al, 2001; Gibbon and Larkins,

27



2005). They-zeins are the next most abundant class of stquegjeins which are very
soluble in both aqueous and alcoholic solvents arwbunt for 20% of the total zeins
present in maize endosperm (Wallatel, 1990; Lawton, 2002). Thezeins are rich in
methionine (Sofet al, 2009) and hav®l, 16 and 27 kDa (Larkinst al, 1984). The 13-
and é-zeins are also rich in methionine (Shewry and étdlf 2002). TheM, 14 kD 13-
zeins andM; 10 kD é-zeins are a minor group of storage proteins amedsaiuble in

aqueous alcohols containing a reducing agent (\6&diaal, 1990).

Zein possesses small amounts of essential amids, grarticularly lysine and tryptophan
(Rooney and Serna-Saldivar, 2003). Mistal (1972) and Liret al (1997) reported that
zeins contain only 1.0 g/kg lysine. The zein paortio normal maize usually possesses a
higher proportion of leucine (18.7%), phenylalanii®%2%), isoleucine (3.8%), valine
(3.6%) and tyrosine (3.5%), but lesser amountstbéroessential amino acids such as
threonine (3%), histidine and cysteine (1%), methe (0.9%), lysine (0.1%) and is
fundamentally devoid of tryptophan as it is notgem® in thea-zeins of maize seed
(Gibbon and Larkins, 2005; Sddt al, 2009; Huanget al, 2006). The amino acids such
as lysine, threonine and metheonine in maize arghegized from asparatic acid
(Shewry, 2007). Misrat al. (1975) observed zein content ranging from 49.8%%.5%

in three maize hybrids. Di Fonzt al (1979) found zein content of 65.5% in various
maize landraces. Azeveab al (2003) observed zein content varying between%lafd

71.9% in four maize genotypes.

Albumins

Albumins are protein fractions that are very sadubl water solutions and their molecular
weights range from 10 to 18 KDa range (GonzaleePé@&nd Arellano, 2009). They
belong to a widely distributed family of seed pmose(Gonzalez-Pérez and Arellano,
2009). Normal maize generally has lower albuminteon(3.2%) than opaque-2 maize
(13.2%). According to Bjarnason and Vasal (1998 albumin content of normal
endosperm maize is lower than the albumin contemtd in soft endosperm maize. A
study by Konopkaet al. (2007) suggested that the amount of alboumin ptesethe seed

is associated with kernel size.
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Globulins

Globulins are traditionally classified as protethat are soluble in salt solutions. They
have been extensively characterised and their mialeoveights are 150-190 KDa
(Gonzéalez-Pérez and Arellano, 2009). Globulinstipaarly a-globulins, are largely
sequestered at the peripheral matrix surroundiagyttelins (Krishnaret al,, 1992) and
are deposited into the protein storage vacuolessifidanet al, 1986; Liet al, 1993).
Globulins contribute towards the total protein @nmtpresent in the maize kernel. They
are, however, not available in large quantitieevidus research by Konopket al
(2007) suggested that the amount of globulin preseseed is associated with kernel
size. Normal maize (0.15%) normally has lower globeontent than QPM (0.39%)
(Vivek et al, 2008).

Glutelins

Glutelins are hydrophobic proteins that are solubldilute alkali (Gonzéalez-Pérez and
Arellano, 2009). Glutelins are stored in the inreggion of the protein storage vacuoles as
crystalloids and they are the second major prdi@ction in maize after zein proteins
(Krishnanet al, 1992). Glutelin was found to be 17% in both nar@ndosperm maize
and soft endosperm maize (Bjarnason and Vasal,)1882raet al (1972) and Liret al
(1997) indicated that glutelins have high lysinatent (2%). Opaque-2 maize (50%) has
considerably higher glutelin content than normaiz@g35.1%). Konopkat al (2007)
suggested that the glutelin content was affectethéyype of cultivar and the kernel size,

and showed to decrease with a decrease in kem®el si

2.5.6 Amino acids

Amino acids are the building blocks of protein. Tiwe most important amino acids
found in maize are lysine and tryptophan. Aminodacomposition differs greatly
between species and genotypes (Gonzalez-Pérez aatland, 2009). The low

concentration of these amino acids is the mainecatipoor nutritional quality in maize.

Lysine

Lysine is one of the primary amino acids found iaize. Nutritional deficiencies in
animals whose diets rely heavily on maize are ofemsed by a shortage of lysine (&tu
al., 2004). Lysine content in normal maize is veny I@hai and Zhang, 2007). However,
it was found to be almost double in QPM. Zhai ahdrg (2007) reported lysine contents
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of 0.27% and 0.41% in normal maize and QPM genatypespectively. Moreet al
(1996) found the lysine content ranging from 1.6%2.and 2.7-4.5% in normal maize and
homozygous recessiv®@d02 maize, respectively. Vasal (1999) indicated tinaQPM
hybrids the lysine content varies between 3.8% 4®@60, while Hunteret al (2002)
found it to vary between 1.5% and 3.8% in normaizeayenotypes. Lysine contents
found in QPM inbreds CML 176, CML 177, CML 178, CMI81, CML 473, CML 490,
CML 490, CML 491, CML 492, CML 493 were 3.18%, 3%63.27%, 3.01%, 3.08%,
3.29%, 3.29%, 3.15% and 3.26%. Lysine contents.36%, 3.49%, 3.47%, 3.56% and
3.48% were found in open-pollinated QPM varietigmtanpa, EV8766-SR, EV8363-SR,
Pool 18-SR and Pool 19-SR, respectively. In addlitigsine contents found in pure QPM
hybrids Mama-ba, CIDA-ba Dada-ba, ART98-SW6-0OB, ARISW4-0OB, TZPB-OB,
ILEI-OB were 3.66%, 3.59%, 3.59%, 3.68%, 3.83%,9365 3.67% and 3.36%,
respectively (Belleet al, 2012). Landryet al (2000) observed a lysine content of 3.14%,
1.49% and 3.14% in tested normal genotypes. Masral (1975) observed the lysine
content to vary between 1.6% and 3.5% in normakenhibrids. Azevedet al (2003)
reported the lysine content ranging from 1.87% i068% in normal maize genotypes.
Lysine content in maize endosperm protein is carsid to be one of the most important
traits for determining the nutritional quality a¥dd and feed (Yangt al, 2005). Efforts
are made to increase the lysine content and todéip levels simultaneously (Yet al,
2004).

Tryptophan

Tryptophan is one of the essential amino acids dannmaize and is available in small
quantities. Viveket al (2008) observed the tryptophan content to be Ca#&h 0.9% in
normal maize and opaque-2 maize, respectively. Zra Zhang (2007) reported
tryptophan content of 0.08% and 0.12% in normal zeaand QPM genotypes,
respectively. Vasal (1999) reported that tryptophraprotein varies between 0.90% and
1.10%. Tryptophan content of white and yellow QPbrds varies between 1% and
1.10%. However, in the white and yellow normal nedigbrids it varies between 0.55%
and 0.60%. Tryptophan contents found in QPM inbi@hd. 176, CML 177, CML 178,
CML 181, CML 473, CML 490, CML 490, CML 491, CML 29CML 493 were 0.60%,
0.79%, 0.63%, 0.71%, 0.63%, 0.52%, 0.56%, 0.67% aAd%, respectively (Bellet
al., 2012). Tryptophan contents of 0.67%, 0.66%, %,78.70% and 0.62% were found in
open-pollinated QPM varieties Obatanpa, EV876645W8363-SR, Pool 18-SR and Pool
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19-SR, respectively (Bellet al, 2012). In addition, tryptophan contents foundoure
QPM hybrids Mama-ba, CIDA-ba Dada-ba, ART98-SW6-@BRT98-SW4-OB, TZPB-
OB, ILEI-OB were 0.70%, 0.71%, 0.71%, 0.78%, 0.8294/2%, 0.67% and 0.64%,
respectively (Bellet al, 2012).

2.6 EFFECT OF STORAGE CONDITIONS ON CHEMICAL COMPOSITION
AND QUALITY OF THE MAIZE KERNEL

Storage conditions have an influence on chemicalpasition and quality of a maize
kernel and biochemical changes occur to variousregtdepending on the temperature
and storage time (Rehmat al, 2002). The nutritional content of maize seeds loca
maintained by decreasing storage temperature dativeehumidity. The two factors in
guestion, if not properly controlled, can causeeduction in quality and chemical
composition of the maize kernel. Seed deterioraisoa complex phenomenon, but it is
believed to be initiated differently under diffetestorage conditions depending on the
transition temperature of seed cytoplasm (Mughwl, 2003). NRC (1988) reported that
storage has the same effect on QPM and normal nimezause of the endosperm
hardness that is virtually the same. Rehmearal (2002) reported that the nutritional
quality of QPM and normal maize grains was advgraéfected as a result of storage at
high temperature. A noticeable symptom of seedrideégion is membrane degradation
which results in solute leakage, enzyme activigspiration and hormonal changes
(Woodstock and Grabe, 1967; Roos, 1980; CopeladdvsDonald, 1985). This is due
to changes in phospholipids (Tatipata, 2009). Altfio biochemical changes in seeds
have been observed, the possible causes are naleget (Anderson, 1970; Chauhan,
2011).

2.6.1 Minerals

Minerals are one of the important nutrient sourpesduced by cereals, particularly
maize. However, many of the minerals may be lostrwhxposed to the unfavourable
storage conditions. Different storage conditionshsas high temperatures and relative
humidity are some of the factors that may causdetve of minerals in maize to decline.
However, a reduction in mineral composition waseobsd by Fagbohust al (2011),
but it is believed that the decrease was facilitaty the mycoflora which were also
placed with the seeds in the same container. Mamelulaterioration as a result of change

in phospholipids is the primary cause of deteriora{Copeland and McDonald, 1985;
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Tatipata, 2009). Although the process of deterionats not clear, it is believed that the
changes occur as a result of inactive enzymes wlbith to lipid peroxidation (Wilson
and McDonald, 1986; Vertucci and Leopold, 1986).

Storage conditions may have a negative impact orle@al. Ca content of sundried

soybean seeds was reduced from 2.2 g/kg to 2.1dyfligg 20 weeks of storage, but it is
believed that the cultured mycoflora could haveygtha role in the decrease of Ca
content (Fagbohun and Lawal, 2011). The Ca compasitsually remains stable under
very low temperature and relative humidity. Fagboblual (2011) reported biochemical

changes in the Ca content ranging from 5.9 g/K&y4ag/kg in shelled melon seeds during
20 weeks of storage, but it is believed that thikuoed mycoflora is the cause of this

change.

Mg content, like Ca, is stable under low tempetund relative humidity during storage.
It is only under extreme high temperature that @memical composition changes.
Sundried soybean seeds had Mg content dropping &80 g/kg to 1.585 g/kg during
seed storage, but the mycoflora which were plandtie same storage with the soybean
seeds could have caused the changes (Fagbohun aamal, 12011). In contrast, Mg
content was reduced from 59.1g/kg to 57.5 g/kghelled melon seeds during 20 weeks
of storage, but it is believed that the culturedcofiora is the reason behind this change
(Fagbohuret al, 2011).

The chemical composition level of Na in maize kénmmmains stable during storage,

especially under suitable storage conditions. Fagbet al (2011) observed biochemical

changes in the Na content ranging from 27.1 g/k@4d g/kg in shelled melon seeds
during 20 weeks of storage, but it is believed thatmycoflora played a role in the drop
of Na content since they were placed in the saméaower with the seeds during storage.
Similarly, Na content of sundried soybean seedsredsced from 0.28 g/kg to 0.27 g/kg

during 20 weeks of storage, but it is believed timat cultured mycoflora could have

played a role in the decrease of Na content (Faghbahd Lawal, 2011).

Changes in lipids destabilise the chemical composilevel of K during storage
(Vertucci, 1992). High fat content results in ramidterioration of seed which in turn

affects the chemical composition of K (Thomisonp20 Fagbohun and Lawal (2011)
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found biochemical changes in K content ranging from6 g/kg to 0.61 mg/kg in
sundried soybean seeds during 20 weeks of stobagiehis increase could be due to the
inoculated mycoflora which were placed in the sastwage with the soybean seeds.
During 20 weeks of storage, K content had incredsaah 51.5 g/kg to 52.5 g/kg in
shelled melon seeds, but it is believed that theafigra that were placed in the same
container with the seeds could have played a rotee increase of K content (Fagbohun
et al, 2011). However, K content of winter squash sesttged in kraft paper,
polyethylene bags, glass containers and alumiraihfor five years had increased under
different storage conditions, and the increase as®ciated with low seed germination

when the seeds were tested in the field for germangDoijode, 2000).

Storage conditions may affect the chemical compusievel of Fe. High fat content in
maize kernels causes changes in Fe levels, edpesiaén the kernels are exposed to
unfavourable storage conditions (Thomison, 2008)céntent of sundried soybean seeds
during 20 weeks of storage was reduced from 0.0K@ t 0.065 g/kg, but it is believed
that the cultured mycoflora could have played @ rol the decrease of Fe content
(Fagbohun and Lawal, 2011). Fagboletral (2011) found biochemical changes in Fe
content of shelled melon seeds ranging from 11k§ ¢ 6.3 g/kg during 20 weeks of
storage, due to the mycoflora that were placedhaapntainer with seeds.

Changes in lipids destabilise the chemical commsitlevel of Zn during storage
(Vertucci, 1992). High fat content results in ttagid deterioration of the seed which in
turn affects Zn content (Thomison, 2002). Fagbobktral (2011) found biochemical
changes in Zn content of shelled melon seeds rgriggm 7.5 g/kg to 6.3 g/kg during 20
weeks of storage, due to the mycoflora that weseqa in the same container with seeds.
Zn content of sundried soybean seeds was reduceddrO6 g/kg to 0.08 g/kg during 20
weeks of storage, but it is believed that the eatiumycoflora could have played a role in

the decrease of Zn content (Fagbohun and Lawal.,)201

The amount of Mn decreases when seed is exposedféaoourable storage conditions.
This may be due to the fat content that changemglstorage in the seeds (Vertucci,
1992) which in turn results in rapid deterioratminthe seeds (Thomison, 2002). During
20 weeks of storage, Mn content of sundried soylseads was reduced from 0.014 g/kg
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to 0.013 g/kg, but it is believed that the cultunegcoflora could have played a role in the
decrease of Mn content (Fagbohun and Lawal, 2@3dgbohun and Faleye (2012) found
that the Mn content of okra seeds dropped form @/k§ to 7.5 g/kg during seed storage,
but the mycoflora which were placed in the sameag® with the okra seeds could have

caused the changes.

Changes in lipids destabilise the chemical composilevel of P during storage

(Vertucci, 1992). Fat content may result in rapetedioration of seed which in turn

affects P content (Thomison, 2002). Sundried saylseads had P content dropping from
5.9 g/kg to 5.6 g/kg during 20 weeks of storagé,ibis believed that the mycoflora that

were placed in one container with seeds could Ipdaged a role in the decrease of P
content (Fagbohun and Lawal, 2011).

2.6.2 Fat

Maize seeds with high fat content are very susbkgpto harsh storage conditions (Kausar
et al, 2009). According to Braccirat al (2000), under natural conditions, seed storage
may cause reduction in fat content of soybean sdé¢alsever, the fat content of brown
rice remained stable during storage for 12 month§°€@ but decreased significantly
during storage at 35°C (Shet al, 1986). Arulnandhy and Senanayake (1991) observed
significant decrease in fat content in deteriorasegbean seeds. The fat content in
sundried soybean seeds dropped form 19.15% to 28d@ring seed storage, but the
mycoflora which were placed in the same containgh woybean seeds could have
caused the changes (Fagbohun and Lawal, 2011). z8kwat al (1985) found
biochemical changes in fat content of bean seedmgldl months of storage. The
extended storage conditions resulted in decreafs oontent oDendrocalamus strictus
seeds (Ravikumaet al, 2002). The high fat content in maize kernelssesua rapid
deterioration of chemical composition (ThomisonP20 Sendeko (1975) observed that
content of phospholipids in non-viable seeds ofzmaivere reduced during storage.
According to Blacket al (1969), storage of a wide range of fat-contairaggicultural
commodities including maize generally results irap in fat content. Changes in the fat
constituents of seeds are believed to be assocwatbdlosses of seed viability during
storage (Vertucci, 1992).
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Grains undergo changes in fat content during seoesga result of the production of free
fatty acids which break down fats (Serna-Saldi2éx,0). According to BaleSe&wTubic¢

et al (2005), an increase in the content of free fattids and auto-oxidation of lipids
during storage are the major causes of the ragierideation of maize kernels. The fat
content of sunflower seeds were significantly ieflaed by storage conditions of
temperature and relative humidity (GhasemnezhadHomermeier, 2009) which cause
oil spoilage and increase of free fatty acid (Sismaad Delibas, 2004; Sisman, 2005).
According to Sauer (1992), cereal grains includingize grain experiencing intrinsic
deterioration during storage have shown to havaved fat content. The deterioration of
phospholipids composing the cell membrane causexessive increase of the
permeability coefficient (Sotomet al, 2005). The residual lipids originating from the
germ of processed maize lead to a rapid increadatimcidity during storage and a
dramatic change in texture (Nagd al, 1997).Fat deterioration during storage is a
complex process, however, Mad al (1983) suggested that the oxidation of ferulate
esters of hemicellulose contribute to cross-linkargd increase strength of cell walls
during seed storage. In contrast, Zhetual (2002), proposed that the release of free
phenolic acids alters integrity of the cell walldaat the same time the phenolic acids
exert an effect through their antioxidant activity the formation of free fatty acids that

can further aggregate with amylose during see@geor

Lipoxygenase is thought to be a major contributoliid peroxidation and free-radical

generation (Doijode, 2001). According to Wilson avidDonald (1986), seed storage
exposes fat to constant attack by oxygen, causmgperoxides, oxygenated fatty acids
and free radicals. The exact mechanism of seediaetigon is not clear. It is assumed
that the fat content readily oxidizes, which detexies the original state of the kernel in
storage (Wilson and McDonald, 1986). Vertucci arebpold (1986) reported that the
oxidative reaction occurs through non-enzymaticoaidation. Nevertheless, fat
degradation is a major cause of deteriorationasthg free fatty acids, which initiates
oxidative deterioration by providing substrate fipoxygenase, which primarily attacks
membranes (Hailstones and Smith, 1988; Gidtal, 1989; Doijode, 2001; Sukesh and
Chandrashekar, 2011). These deteriorative changssltrin the loss of vigour

(McDonald, 1976; Copeland and McDonald, 1995). Moks content and oxygen during
storage are the main causes for lipids autoxidatiosoybean which result in loss of

enzymatic activity and membrane integrity whichium lead to rapid seed deterioration
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and declination of quality (Ching, 1973; Wilson akitDonald, 1992; Hartmaet al,
1994; McDonald, 1999).

2.6.3 Enzymes

Enzymes are very sensitive to changes in storagpdrature. They spontaneously decay
during storage. Lipase and lipoxygenase are the pviacipal enzymes involved in
degradation of lipids in seeds particularly durisgprage (Angelo and Ory, 1983).
Amylase is responsible for initiating seed germoratduring malting, but its role is
affected during storage (Subbataal, 1998). During spontaneous natural ageing, many
enzymes including amylase and peroxidase becormsduastional (Dey and Mukherjee,
1986; Puntarulo and Boveris, 1990). According taadian (2011), during the natural
ageing of wheat seeds, the enzymes may undergtidmocal changes in content by
losing or gaining specific functional groups or tnversion of amino acids within the

protein structure.

During accelerated ageing, the activities of vasioenzymes such as peroxidase,
dehydrogenase, and amylase decrease (Ravikeinadr 2002; Goekt al, 2003; Kumar

et al, 2011; Chauharet al, 2011). Damaged grains have a higher concentraifo
enzymes when determined with free amino nitrogsayagSerna-Saldivar, 2010). During
six month storage period, the activities of batamylase an@-amylase were reduced
(Desikacharet al, 1960; Daliwalet al, 1991). Peroxidase and catalase activities were
also reduced during storage of rice seeds (&taal., 2002). However, the activities of
lipoxygenase, proteases and lipases increasedgdstamage of rice seeds (Dhalinetl

al., 1991).

2.6.4 Starch

Unfavourable storage conditions cause the starotenbto drop over time. However, the
starch content in rice seeds was not affected dmage and remained unchanged during
six month storage (Zhoet al, 2002). Daneke and Decker (1988) found starch to
aggregate under ambient humidity conditions. Thaggssted that the aggregation of
starch could have been avoided if the seeds weredstn a perfectly dry environment.
According to Ravikumaet al (2002), extended storage conditions result irrebese in
starch content ofDendrocalamus strictusseeds. Sawazaket al (1985) found

biochemical changes in starch content of bean sdedsg 11 months of storage.
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Environmental factors such as temperature and badate have been suggested to affect
the properties of starch during storage (Yusaphl, 2003; Nodeet al, 2004; Testeet

al., 2005). Recent studies have shown that there iatrinsic long-term degradable loss
in starch yield due to storage at either ambiemiditmns or at AC until after 4 years
(Eckhoff, 2004). Wouttiselaet al (2008) reported that starch association and
crystallization on cooling and storage negativaeluence preservation strength, resulting
in contraction and the disappearance in kernel ton@s The endosperm of maize
contains amylase which is the major enzyme thathamitiates the starch degradation
process into soluble substrates for the other ergyim further degrade starch (Beck and
Ziegler, 1989). However, the mechanism of stardjrattation in the maize endosperm is

different from those in other plant tissues.

Amylose

Under normal storage conditions, maize amylose doéshange in content. However,
unfavourable storage conditions, such as high teatyre, may cause some changes. The
amylase enzyme is normally the enzyme that ingidkee amylose degradation. During
storage, the carbonyl groups of reducing suganms fcomplex intermediate compounds
which may cause the activity of amylolytic enzyneading to a reduction in amylose
content (Marshall and Chrastil, 1992; Rehnedral, 2002). According to Streleet al
(2010), amylose content of wheat varieties storediagious storage conditions was

reduced.

Amylopectin

The chemical composition of amylopectin does noange under normal storage
conditions. During storage, the carbonyl groupsremfucing sugars associate to form
complex intermediate compounds which may facilithe activity of amylolytic enzyme
leading to a reduction in amylopectin content (Mafsand Chrastil, 1992; Rehma
al., 2002).

2.6.5Protein

Protein content, under normal storage conditioressdwt change. During 11 months of
storage, the protein content of bean seeds didheige (Sawazalkit al, 1985). Bhullar
and Jenner (1985) and Wilhelet al (1999) reported that maize protein content is les

susceptible to heat stress, and generally accuesulander average heat conditions.
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Under unfavourable conditions, seed storage magecaaduction in protein content
(Bracciniet al, 2000). Storage significantly influenced the pnotcontent of sunflower
seeds (Ghasemnezhad and Honermeier, 2009) dueréase in temperature and relative
humidity which cause oil spoilage and increase in free fatty acid (%isnand Delibas,
2004; Sisman, 2005). Arulnandhy and Senanayakeljl®@3served significant decrease
in protein content in deteriorated soybean seedsinD 20 weeks of storage, the protein
content had increased from 40.94% to 42.33% in rsechdsoybean seeds, but it is
believed that the mycoflora that were placed indhme container with seeds could have
played a role in the decrease of protein conteagl{phun and Lawal, 2011). According
to Ravikumaret al (2002), long periods of storage result in therelase in protein

content ofDendrocalamus strictuseeds.

Rehmanet al (2002) found that protein digestibility in maidecreased by 5.19% and
9.0% at 28C and 458C respectively, from an initial 77.0% during six mtias of storage.
During storage, protein content of rice seeds watsaffected by storage and remained
unchanged during the entire six month storage ggidouet al, 2002). Although the
mechanisms involved in the deterioration of prowiming storage is not clear, Moritaka
and Yasumatsu (1972) suggested that the formatiordisulphide linkages from
sulfhydryl groups together with an increase in skength of micelle binding of starch,
inhibits swelling of starch granules. They reportieat lipids form free fatty acids, which
can agglomerate with amylose and carboxyl compoandishydroperoxides, which can
accelerate protein oxidation and condensation pkmumulation of volatile carbonyl

compounds.

Zein

Zein is one of the chemical components in maizé diogs not change in content under
normal storage conditions. Under unfavourable g@®i@nditions, zein content decreases
with increase in storage time. During storage, ftiee amino acid groups of zein may
associate to form complex intermediate compounsigltiag in the activity of proteolytic
enzyme which causes a reduction in zein contentgdl and Chrastil, 1992; Rehman
al., 2002).
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Albumins

During storage particularly at high temperaturequatin undergoes some structural
changes resulting in proteolysis and amino aciditslity leading to a reduction in
albumin content (Rehmaet al, 2002).Albumin content of rice varieties was reduced
during seed storage and the reduction was assdaiatie poor cooking quality when the
seeds were tested for cooking quality (Dhalivealal, 1991). Kapooret al (2011)
observeddecrease in content of albumins of five rice sesteties duringstorage, anthe
decreasénas been associated with lack of energy (Gielrall, 1998), protein denaturation
and elevated superoxide dismutase activity (Kal@amthRao, 1995).

Globulins

During storage particularly at high temperaturebglin results in structural changes
which may affect the activity of the proteolyticzgmes which in turn results in the
reduction of globulin content. Sawazaéi al (1985) found biochemical changes in

globulin content of bean seeds during 11 monttstafge.

Glutelins

Maize storage conditions may affect the levelslatedin. During storage particularly at
high temperature, glutelin may undergo some strattthanges which affect the activity
of proteolytic enzymes which in turn results in teeluction of glutelin content. Chrastil
(1990) reported that the molecular weight of giateéicreases considerably in rice during

storage.

2.6.6 Amino acids

Essential amino acids require optimal storage dmmdi in order to keep their quality and
content intact. Bad storage conditions pose a thoeamino acids during storage. Lysine
and tryptophan are sensitive to extreme storagdittons. According to Ravikumaat al
(2002), long periods of storage result in increaseaotal free amino acid content of
Dendrocalamus strictuseeds. Sukesh and Chandrashekar (2011) founthéhtdtal free
amino acid content increased over time under seetdedlition at 28. According to
Sukesh and Chandrashekar (2011), the increasedoaatid content signifies the
breaking of proteins during storage.
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Lysine

Lipids in the maize kernel affect the compositioh tbe lysine during storage. At
prolonged storage, lipids degrade which leaves lyfsne vulnerable to external
conditions such as heat and cold stress (BaleéSabi¢ et al, 2005). During storage,
lysine content rapidly deteriorated due to highdamtent which formed complex matter
with lysine, resulting in a drop in lysine contefithomison, 2002). During storage,
particularly at high temperature, the lysine magengo some structural changes which
result in proteolysis and amino acid solubilitydesy to a reduction in lysine content
(Rehmaret al,, 2002).

Tryptophan

Maize fat causes the tryptophan content to changwe especially during storage.
Changes in lipids during storage result in thedaj@terioration of the kernels (Vertucci,
1992; Thomison, 2002). At an extended storage gefad content degrades which leaves
tryptophan exposed to harsh environmental conditiQviertucci, 1992) resulting in

changes in tryptophan content.

2.7 FACTORSINFLUENCING SEED QUALITY DURING STORAGE

A number of factors influence the quality of seetiging storage. The three most
important are temperature, relative humidity andstooe content (Chayjan and Esna-
Ashari, 2010). During storage, ageing of the keyral elevated temperature and high
moisture conditions considerably influences biocitammetabolisms of lipids in the
kernel (Suriyong, 2007). Seed quality largely dejseron factors such as storage
temperature, relative humidity, and moisture con{dayas and White, 2003; Khaldun
and Haque, 2009; Tatipata, 2009). The quality oizen&ernels reaching the consumer
depends on the characteristics of the kernels mebatime, handling of the harvested

seeds, storage conditions and processing techn¢toggl, 1999).

2.7.1 Temperature

During storage, high temperature may reduce tesgdn of the grain. Low temperature
Is very effective in preserving seed quality intthaenhances the period of longevity of
seeds (Desai, 2004). Alabadan (2006) observed témperature is one of the most
important factors influencing the quality of gradoring storage and also the main factor

that regulates the pest insect populations in dtgrain. Maize kernels normally must be
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dried first before storage to reduce moisture léwehe seed. Ideal maize kernel drying
temperatures will differ depending on the cultivzarvest moisture, ecological conditions
but generally range from 35 to 45C (Smithet al, 2004). Agrawakt al (1998) also
recommended that drying temperatures for maize saege from 3% to 46C. Seed
deterioration is more at’°6 than at -1& and -198C (Doijode, 2001). Seeds can be
preserved at room temperature and remain viabld2omonths. They must be kept in
sealed plastic, metal or glass containers in chéinbers at low temperatures to maintain
their quality longer during storage (Karabaztral, 2005).

2.7.2 Relative humidity

Relative humidity is the amount of moisture in #ie It has the most influence on seed
longevity because it affects seed moisture con(elerbage Seed Unit, 1994). High
relative humidity causes the development of miabhttivities that lead to seed decay.
A suitable relative humidity for a perfect storatgpends on the type of kernel, length of
storage period and ambient temperature (Herbage Seg, 1994). A relative humidity
of 50% is ideal to keep maize kernel quality stdblea period of more than 12 months
(Smith et al, 2004). Storage of maize grain in a high relativenidity environment
should be avoided in order to prevent deterioratibgquality. Maize kernels exposed to
extreme conditions of relative humidity (100%) dgri storage are vulnerable to
extremely pronounced peroxidative lipid degrada{BaleSewt-Tubi¢ et al., 2005).

2.7.3 Moisture content

Seed moisture is the amount of water in the seediswritical during storage. Grain
moisture content is one of the most important facthat influence storage period of
grain and the entire health status of the grainléhi& et al, 2007). Moisture content is
the most common significant factor associated walourisation in maize grains during
storage, even at low temperature (Lacey and Mad88]l). Somadcet al (2006)
reported that seed moisture content is a key fattat determines storability of
germplasm preserved in seed genebanks. Low moisament enhances the period of
longevity of the seeds (Desai, 2004). Doijode (30&ported that high seed moisture
shortens the seed life and rapidly reduces vighdlitring storage. High moisture content
favours the development of microorganisms whichseawapid seed deterioration (Desali,
2004).
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Seed moisture of less than 16% is ideal for stom@gseeds (Doijode, 2001; George,
2009). Seeds exposed to cold storage °@-Sneed to be sealed in moisture-proof
containers to prevent the influence of relative fdity on seed content which in turn may
result in seed deterioration (Desai, 2004). Suciditions would be fairly appropriate to
keep maize seed quality in storage for a periodnef year or more (Smitkt al, 2004).
The moisture content of freshly harvested maizendéd for long-term storage using
bags must be low, to reduce the incidence of disatibn (Armah and Asante, 2006).
Zhai and Zhang (2007) reported moisture conted2od3% and 12.11% in normal maize
and QPM genotypes, respectively to be ideal foragi®. Nonetheless, maize can also be
stored safely at 14% moisture content for 6-12 m®1Dendy, 2001). However, for long
term storage of more than a year, maize shouldibd tb below 13% (Bergt al, 2003).

2.8 MAIZE STORAGE

Seed storage enables the maintenance of germpMseui, (2004). According to Maree
(2008), the rationale of seed storage is to safegine planting stocks from one season to
the next. The objective of seed storage is to raairdeed quality for the longest duration
possible (Maree, 2008). According to Thamaga-Clatjal (2004), proper storage plays
a vital role in stabilising food supply at the heheld level by ensuring seasonal food
production. Successful seed storage is key to npaucers’ seed security and may also
enable rural people to make a living through sglland storing excess maize seeds
(Wambuguet al, 2009).

The efficiency of maize storage is dependent oitddnstorage losses, duration of storage
and storage volume (Thamaga-Chjaal, 2004). Seeds must be stored under optimal
conditions to ensure that they maintain qualityagtordance with the market demands
(Takavarasha and Rukovo, 1989; Sardgbsl, 2010). Maintaining seed quality during
storage is necessary as far as food security isecoed. Doijode (2001) and Pasceal

al. (2006) reported that seed quality can be retamh#tng storage, but it does not

improve.

Seed deterioration can be measured by the germmngtercentage and it is a clear
indication of poor viability and vigour (Khaldun @rHaque, 2009). The declination of
viability with high moisture content is related tbe hygroscopic nature of kernels,

especially under high temperatures, which in tgrassociated with the relative humidity
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(Deloucheet al, 1973). The value of kernels can decline duritegagie resulting in grain

that is not usable for planting the crop in thédwing year (Zielinski and Mos, 2009).

Cleanliness and good organization of the storedsseee important for efficient maize
seed storage (Smitkt al, 2004). According to Joao Abba and Lovato (19%8jtable
and safe storage conditions are described as thasenaintain kernel quality without
loss of vigour for a period of three years. Storkyevity, particularly for maize, may
vary from six up to 20 months or longer if the seade to be carried over (Sitrét al,
2005). Dry, cool conditions are best for longerage (Doijode, 2001). Agrawalt al
(1998) reported that under normal storage conditiomaize kernels can be preserved for
up to 24 months and retain acceptable levels ahgation and vigour, but normally
maize seed has to be stored from harvesting togkeplanting generally about seven to
nine months (Mettanands al, 2001).

2.9 STORAGE TECHNOLOGY

Storage technology is aimed at preserving maizétguwathout excessive storage losses.
A seed is a living organism and therefore it respihence it needs to be stored in an
environment that is conducive to secure the nuéritialue of the seed. Deterioration is a
natural phenomenon in living organisms such as enageds and it can be reduced
through the use of appropriate storage technol@pijgde, 2001). Rising consumer
health consciousness and the mounting demand &t vath high quality, stimulated
researchers to come up with strategies to imprbgemaintenance of good quality food
during storage (Chanvriest al, 2007). Different traditional and commercial sigpe
methods are available for maize grain storageijtbhsitimportant to choose a method that
is cheap and efficient. A method that successkaigps the stored grain stable for a long

time is usually expensive.

The general problem associated with storage metisatisit they do not totally eliminate

quality deterioration of the seed and subsequesrtge losses (Okereke and Nwosu,
1987). Losses will always be a limiting factor tcaige during storage. One major
problem associated with storage is a lack of sp@menmercial farmers require huge
storage facilities such as modern maize silos doesall of their seeds. However, this
system of storage does not eradicate all of thélenos associated with storage. One

method that can be used is cooling. However, lavgethe temperature and relative
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humidity has some consequences, in that, as theetature and relative humidity drop,
the cooling coils freeze up. Lack of knowledge witgard to the various storage systems
used by smallholder farmers is a serious concespitiethe importance of maize in South
Africa. The major storage problems reported by 088% of the farmers surveyed
include uncertain returns from storage as a reduiiture price unpredictability, lack of
working capital to construct cribs and store maema] physical losses of stored maize
(Armah and Asante, 2006).

Attempts have been made to slow down the rateeaf deterioration in storage although
some methods proved to be costly (Adebtsal, 2004; Daniekt al, 2009). The cooling

methods are too expensive to operate and mairtatrgre very effective, when it comes
to arresting seed deterioration. Danedl al. (2009) reported that low-input storage
methods that can reduce the operational costsemthadlogical sophistication associated
with cooling will benefit seed storage operationshumid environments if appropriate
procedures are used and standardized. Implemestawgdardized seed storage for
commercial seed operations or for genebanks fa@gsrmestrictions in Africa (Daniel,

2007). The storage of maize seeds in Africa isreose problem largely caused by the
inadequate facilities and poor methods for seedagé& applied by rural farmers
(Wambugu et al, 2009). Méndez-Alboreset al (2003) stated that the efficient
maintenance of grain quality is not possible duethte lack of proper post-harvest

technology including storage structures.

Maize grain can be stored in a number of ways. Hewelespite significant advances in
seed storage methods, many African and South Afrecenmunities still heavily rely on
conventional storage methods to preserve the mameels (Olakojo and Akinlosotu,
2004; Thamaga-Chitjat al, 2004). Fantinatti and Usberti (2007) reporteat trelevant
methods that provide excellent environment for stechge are not many.

2.9.1 Maizesilos

Maize silos are usually used for commercial storadgmough they are not popular in
developing countries (Dendey, 2001). Commerciain&as require commercial storage
facilities with huge space such as commercial maikes in order to store all their
harvested grain. They have so far proved to bentbst efficient method for storing

commercial maize. However, operational costs fer ¢boling systems to maintain the
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condition of the stored seeds stable are very estpenAccording to Smitlet al (2004),

seed conditioning facilities usually possess variduulk storage capacities, but this
frequently proves to be insufficient when huge amswf seed must be preserved for a
long period of time. Air conditioning does not lgirelative humidity to acceptable levels

required for successful seed storage because obtiimg coils that freeze up.

2.9.2 Crib storage

Crib storage is very easy to construct and econ@ntt very popular to the farmers,
particularly small-scale farmers (Hossagh al, 2003; Cephas, 2008). Cribs can be
constructed with farm materials, sawn wood or me&lab storage for maize is gradually
gaining ground, particularly in southern Nigeriaké@eke and Nwosu, 1987). Crib
storage in Nigeria is widely used to store maizls¢c@articularly in the humid and dry
tropics (Cephas, 2008). During crib storage stoneize continues to dry as a result of
the natural ventilation which is dependent on tesigh of the crib (Cephas, 2008).
Storing seeds in cribs has some shortcomings irttlleamethod provides little protection
against pests (Cephas, 2008). Previous approacimeaite preservation relied on the use
of chemicals when storing maize in cribs (Yakub01@. Dales and Golob (1997)
reported that maize was stored on farms after Baiwg applying permethrin dust at a
rate of 50 g of 0.5% dust per 90 kg grain to avimiskect infestation. Application of
chemicals to the stored maize does not eradichpeaddlems associated with storage. The
costs of chemicals are too high to afford. In castirthe chemicals may get rid of the
pests, but may not prevent biochemical changeshglusiorage. According to Modi
(2004), some smallholder farmers in South Africy ren the use of smoke as a
traditional method of preserving the seed, andmighod has yielded positive results

when it comes to maintaining seed quality.

2.9.3 Metal tanks and baskets

Subsistence farmers usually store maize in sadkg,pots, jars, baskets or metal tanks
(Thamaga-Chitjaet al, 2004). A survey conducted by Thamaga-Chetjaal (2004) in
northern KwaZulu-Natal, South Africa, showed thabsistence farmers used traditional
silos (ngolobang, metal tanks and sacks as rural maize storageaai®t The technology
involves storing the dry maize in sealed containengrevent the entry of pathogens that
may reduce the quality of the grain. Storing s@edsetal containers can limit movement

of moisture from an ambient atmosphere into thel sester than other containers like
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sacks (Huda, 2001). According to Khaldun and Ha{e@09), seed kept in metal

containers has the lowest moisture content folloiwegolythene bags, earthen pots, jute
bags and bamboo bins. These technologies have ptoviee unsuitable as they cannot
prevent or delay the natural deterioration of tbeds Woven baskets are constructed from
sisal and woven river reeds to provide airtightrage and are mainly used in the

Limpopo province to store maize (Thamaga-Cletjal, 2004).

Traditional methods of storage are not suitablerwihbeomes to preserving maize seeds
without significant storage losses (Thamaga-Clatjal, 2004). None of the traditional
methods can be practiced on a large scale. Stegads through the use of smoke can be
practiced on a small-scale. On the other handingt@eeds in pots, jars, metal tanks, and
baskets with a view to maintaining quality is arsherm solution to subsistence farmers

who produce small quantities of maize on very laditand.

2.9.4 Bags and sacks

Bags made of polyethylene have traditionally beseduto store maize seeds. According
to Agrawalet al (1998) and Smitlet al (2004), maize seeds are typically stored either i
bulk or bagged. Maize storage in bags was the maly used method among many
small-scale farmers (Udoét al, 2000). In developing countries, particularly B&dkn,
maize grains are preserved in jute bags and eapiisnunder unfavourable temperature
and moisture conditions (Rehmanal, 2002). The silo bag is a hermic storage system
constructed from high density polythene that reduttee mass transfer between the
intergranular gas phase and the external envirohig@amtoset al, 2010). The hermic
environment reduces oxygen build-up due to theiraspn of the maize kernels and
microorganisms, which then inhibits the developmaraerobic fungi and can eradicate
insect infestations (Donahaw al, 1991; Sinha, 1995). Polyethylene bags are éffect
in maintaining high viability at 5C and could be used for seed storage (Doijode,)1997
However, storing seeds in bags such as polyethyags is not good for commercial
purposes. Soybeans lasted for ten months usinguwaqulastic bags with a relative
humidity of 8% (Tatipata, 2009). A research tri@né on rice seed storage has shown
that poly-sacks are suitable if seed moisture cangehigh (Abeysiriwardane, 1985). In
contrast, a study done on maize storage demonstitzdié poly-sacks were effective only

under cold room conditions (Mettananad al, 2001). Under room temperature,
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germination of maize kernels stored in poly-sacéd fiability below acceptable levels
after six, eight and 12 months of storage (Mettdiaah al, 2001).

2.9.5Dry storage

Seed drying involves decreasing moisture conteth@®ieed using drying technique that
is not harmful to its viability (Sastrgt al, 2007). Somadet al. (2006) reported that
drying seeds with the aim to decrease their mastontent to a level that prolongs shelf
life during storage in seed genebanks is very coiewe hence increases the regeneration
intervals. Considerable research efforts in manyntrtes around the world are focused
on dry storage (Somadst al, 2006). Stern (1991) indicated that kernels mayntain
their viability for several years if stored undery dconditions. The major problem
associated with dry storage is that drying tempeeatabove 48 are very harmful to the
viability of the seeds (Muckle and Stirling, 1978ccording to Chulze (2010), it is
important to select injury-free seeds for storaged # avoid damage before and during

drying, and during storage.

2.10 ANALYTICAL METHODS

Analytical methods are very important when it corteesvaluating the nutritional quality
and composition of the grain. A number of methods wsed to determine the contents
and the chemical composition of maize. Some ofiieéhods are high performance liquid
chromatography (HPLC), reversed phase-HPLC, sizelusion-HPLC and atomic
absorption spectroscopy. The nutritional conterthefgrain is dependent on the type of
the method used. During amylose/starch and praealyses, some analytical methods
fail to determine the exact content of starch atgin due to the inefficiency to predict
starch or protein that has undergone some cha@sardet al (2001) and Zhwet al
(2008) found different amylose content in the saaraple using SE-HPLC, concanavalin
A, differential scanning calorimetry and iodine dimg capacity methods. This
observation says a lot about the reproducibilitgahe of the analytical methods.

2.10.1 High performance liquid chromatography

HPLC is used to analyse many chemical compoundkidimg zein proteins and vitamins
(Coulibaly and Chen, 2011). It is regarded as eveeit method specifically designed for
analysing cereal proteins due to its sensitivityecgsion, and specificity (Rodriguez-

Nogales, 2006). HPLC is an instrumental form ofiitjchromatography that employs
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stationary phases consisting of small particlesreby achieving more efficient
separations than those used in conventional ligincbmatography (Moreno-Arribas,
2003). Moreover, HPLC methods employ a varietytrdtegies such as the application of
different types of stationary phases, different positions of the mobile phase and a
wide variety of selective detectors, making it maeugtable for the determination of
peptides and proteins (Rodriguez-Nogales, 2006).GHiBermits separation of various
kinds of compounds within a shorter period thanvemtional chromatography (Batey
and Curtin, 1996). It has many advantages overitivadl methods of analysis in

particular in relation to speed, sensitivity antkstvity (Pozoet al., 1990).

2.10.2 Rever sed phase-high performance liquid chromatography

Reversed phase-HPLC (RP-HPLC) is a liquid chronrafalyy technique that can be used
to analyse zein protein. RP-HPLC has largely beempleyed to determine the
relationship between zein classes and kernel textDombrink-Kurtzman and Bietz,
1993; Dombrink-Kurtzman, 1994; Eyherabieleal, 1996; Mestres and Matencio, 1996;
Robutti et al, 1997). It has been widely used in cereal cheynistr the extraction of
cereal proteins and has proven to be a reliableniqae for the qualitative and
quantitative investigation and isolation of gliadind glutenin in wheat (Paulis and Bietz,
1986; Wiesseret al, 1994). RP-HPLC is superior to most other methodspeed,
sensitivity, reproducibility and suitability for gatification. According to Bietz (1990), it
offers excellent reproducibility and due to its sggeit can automatically analyse multiple
samples within a short time. It resolves proteirimarily on the basis of differences in
surface hydrophobicity. Lasztity (1996) reportedtttRP-HPLC complements other
chromatic and electrophoretic methods since it tivaates proteins by surface
hydrophobicity.

RP-HPLC provides unique profiles that are mainlgreleteristic of genotype (Smith and
Smith, 1986). According to Wilson (1991), RP-HPLE&parates maize alcohol-soluble
proteins into four groups: peaks 1, 2, 3 and 4k®eg 2 and 3 are alcohol soluble
glutelins and the multiple peak area 4 containsntlagor zeins (Paulis and Bietz, 1986).
Zein classes have been quantified, using RP-HPh@ carrelated to degree of hardness
evaluated using different hardness measurementsigrea al, 1993; Pratet al, 1995;
Mestres and Matencio, 1996; Lekal, 2006).
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2.10.3 Size exclusion-high performance liquid chromatography

Size exclusion-HPLC (SE-HPLC) is a liquid chromatgahic separation method which
permits the analysis of oligomer and polymer ramgel is normally used for the
separation of proteins in terms of their moleculaight (Rodriguez-Nogalest al,
2006). SE-HPLC is an important method for revealogplity differences and was
developed to analyse zein proteins from other ethldased compounds such as zein
from xanthophylls (Huebner and Bietz, 1999; Zttual, 2007). The technique of SE-
HPLC is now used widely to estimate the relativeoants, and the apparent molecular
weights of amylose and amylopectin in starch (Jaicks al., 1988; Blennowvet al,, 2001;
Gérardet al, 2001; Meyer, 2004; Zhet al, 2008; Chcet al, 2009). SE-HPLC coupled
with refractive index, laser light-scattering arldofescent labelling detectors has also
been used to determine the molecular weight digioh of whole and debranched starch,
and chain length distribution of amylopectin (Laita, 1988; Bradbury and Bello, 1993;
Yoo and Jane, 2002a,b; Millan-Tegthal, 2005; Charoenkudt al, 2006; Leonget al,
2007).

2.10.4 Atomic absor ption spectroscopy

Atomic absorption spectroscopy (AAS) is an anagjtimethod that has been widely used
to analyse mineral elements such as K, Na, Fe, MihZa (Lorenzet al, 1974; Walsh,
1977; Abbaset al, 2011). It is one of the three techniques forlys®s and is the most
widely used (Beaty and Kerber, 1993). AAS usesattsorption of light to measure the
concentration of gas-phase atoms. The atoms alstaviolet and make transitions to
higher electronic energy levels. In many other i&81dAAS has been used to determine
amylose and P content, and has yielded good resitlign a short period of time (Pérez,
2000).
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CHAPTER 3

THE MINERAL COMPOSITION OF SOME SOUTH AFRICAN QUALITY
PROTEIN MAIZE GENOTYPES

3.1ABSTRACT

Maize seeds contain varying amounts of mineralschviplay an important role in
nutrition of plants, animals and humans. The oliyecof this study was to determine the
mineral composition of South African open-pollirhtquality protein maize (QPM)
varieties and QPM hybrids, compared with normal zeahybrids. The genotypes were
obtained from the Agricultural Research Council (AR Potchefstroom. Analysis of
variance (ANOVA) indicated that there were sigaificdifferences (p=0.01) among the
maize genotypes, and there was large variatiomoreral content in the 15 genotypes.
QPM genotypes, in general, had higher K, P and @mtent than normal maize hybrids.

For the other minerals the type of maize had nluanfce.

3.2INTRODUCTION

Maize contains varying amounts of mineral elemekt&ch of these mineral elements,
calcium (Ca), potassium (K), iron (Fe), magnesilig), manganese (Mn) sodium (Na),
phosphorus (P) and zinc (Zn) performs a vital roléhe growth and development of
maize plants (Battadt al, 2003). Zn plays an important role in protein @adbohydrate
synthesis and takes part in metabolism regulatfosaocharides, nucleic acid and lipid
metabolism (Sajedet al, 2009). Mg is required for many biological proses in the
maize plant like photosynthesis and protein metabyolCa is an essential nutrient that
plays a vital role in many enzyme-mediated procedSe is one of most important trace
elements that play a vital role in the energy ti@nwithin the plant and is also involved
in vital metabolic functions as an instrinsic comgot of myoglobin and cytochromes
(Connolly and Guerinot, 2002; Hemalatetal, 2007). K strengthens maize stalks and
reduces harvest losses (NJAES, 2004). Mn is ingbimemany plant functions including
the activation of numerous enzymes concerned wédtbhahydrate metabolism and

phosphorylation reactions (Severson and Shack[E¥&8).

A thorough knowledge of minerals in maize kernslgmportant to understand the use of

maize for preventing malnutrition. Mineral analysismaize kernels is also one of the
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most reliable tools for estimating fertilizer neexdsplants (Hussaingt al, 2008). Of the
mineral elements found in maize, P is generallyhkagd a fair amount of Fe and Zn is
readily available. However, many of these nutrieants lost during milling. All of the
above nutrients can be easily added to maize ftwumaize meal during the milling
process, but this has cost implications. fegilal. (2005) pointed out that breeding for
higher concentrations of minerals in food croperie option for improving the health of

humans suffering from the consequences of minafatidncy.

Maize is one of the most important sources of nailserdespite some of the mineral
fractions being low. The majority of poor peopledi@veloping countries obtain minerals
from maize. It plays an important role for peoplleoxconsume it on a daily basis. Half of
the world’s population get their minerals from n&i? body that is deficient in minerals
is very susceptible to all kinds of diseases that related to growth. Higher protein
quality was observed in quality protein maize (QPtan in normal maize, but a
consensus has not been reached that it is betartthditional maize varieties in all

aspects of nutritional quality.

One of the reasons for research on maize quality ielease maize genotypes with
satisfactory mineral yield for the maize consumaithout any further supplementation
from other sources of minerals. The establishméiat wide range of variation in maize
genotypes could give many options to breed for mgheral content which should be
sufficient to safeguard against kwashiorkor andnuiaition (Nuss and Tanumihardjo,
2011).

Chemical analysis of maize seed for mineral contestbeen used to reveal the shortage,
sufficiency or excessive status of a range of naihetements in a soil-plant system
(Hussainiet al, 2008). The importance of nutritional quality @PM and normal maize
makes the analyses for mineral content and otheracteristics desirable (Van
Bruijnsvoortet al, 2001). Despite ongoing research with the ainmgdroving quality,
little is known on whether QPM is superior in ntitmal quality to normal maize with
special reference to the mineral content. The enwment under which these cultivars are
produced could possibly have an effect on the $ewélthe mineral content (Hussagti

al., 2008). As a result, it is important to measune tmineral content of different

genotypes grown under the same conditions. Theoaithis study was to determine the
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mineral composition of South African open-pollirht®PM varieties and QPM hybrids,

and to compare them with normal maize hybrids.

3.3MATERIALSAND METHODS

3.3.1 Planting location

The trial was planted in Potchefstroom at the Agtizal Research Council (ARC)-Grain
Crops Institute (2&74”'S; 27°8’'E) in November 2008. The ARC-Grain Crops Insstig
located in Potchefstroom in the North West Provii®auth Africa and its mandate crops
are diverse cereals grown in summer. Potchefstrigolmcated at an altitude of 1344 m
above sea level with average minimum and maximumpégatures of 9.6C and

25.48C, respectively, and with an average annual teiafall of 618.88 mm.

3.3.2 Plant material

The genotypes used in this study were eight Sofrilkah open-pollinated QPM varieties
(SYN2QYQPM, SYN4QYQPM, SYN11QYQPM, SYN13QYQPM, SYRWQPM,
SYN5QWQPM, SYN12QWQPM and SYN15QWQPM), one QPM kyi§©S7608) and
six normal maize hybrids (CRW3505, C3505, CB341kB7CB346xI37F2, P6479F2
and CB389xI137F2) obtained from the ARC-Grain Crbystitute, Potchefstroom.

3.3.3 Experimental design and procedures

The trial was planted for one season at a densigbout 50 000 plants per hectare on
sandy clay loam. The experimental design was ramkmhcomplete block design with
three replications. The genotypes were grown intwwe plots. The rows were 5 m long
with 0.25 m spacing apart, and row width was 75 Ansompound fertilizer was applied
at a rate equivalent to 300 kg per hectare of 3(R:P:K) and then top-dressed with
limestone ammonium nitrate (LAN) in order to avougtritional stress. Standard cultural
practices including ploughing, disking, and apglma of herbicides were done at the site
in order to make nutrients easily accessible toggm®types and to minimise competition
for nutrients between the planted genotypes andisvas well as to reduce damage from
insect pests. The trial was planted under rainef@uditions. After harvesting, the seeds
were dried to 12.5% moisture content and shelle¢d aistationary sheller. After shelling,

a light table was used to confirm the status ofQfM genotypes.
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3.3.4 Mineral extraction and analyses

The extraction steps of mineral elements (Ca, K,Nig, Mn, Na, P and Zn) were done
according to the dry-ashing method outlined by AI@AC (2000). Maize seed samples
were ground to a fine powder using a 1KA analysiadgr, A10 Yellowline (Merck
Chemicals Pty Ltd) with a 1 mm sieve. Approximatelyg of maize flour was then
weighed into glazed, high-form porcelain crucibéesl ashed in a furnace at 860for

3 h. A few drops of nitric acid (HN£) (55%) were added to the samples for digestion.
The samples were then placed in a hot sand-bathtney were completely dry, after
which they were returned to the oven for 1 h at°65fr further ashing. After cooling,
10 ml of 1:2 HNQ was added to the samples for further digestiore 3&imples were
placed back in a hot sand-bath until they becamemwa he samples were then
transferred to 100 ml volumetric flasks and filledthe mark with distilled water. Ca, K,
Fe, Mg, Mn, Na, P and Zn content were measuredriplicate using an Atomic

Absorption Spectrophotometer (Spectra AA 300).

3.3.5 Data analyses

Analyses of variance were carried out using Agreb@&005). Principal Component
Analyses (PCA) and the Pearson’s correlation coefit determination for the mineral
elements were done using number cruncher statisyséem (NCSS) software (NCSS,
2004).

3.4 RESULTSAND DISCUSSION

The mean squares for all measured minerals wehgytsggnificant indicating differences
among genotypes (Table 3.1). The highest Ca canteete 29.50 mg/kg and 29.25
mg/kg for the open-pollinated QPM genotype SYN2QYQ&nd normal maize hybrid
C3505, respectively (Table 3.2). The lowest wag36ng/kg and was observed in the
open-pollinated QPM genotype SYN5SQWQPM.

Table 3.1 Mean squares for measured minerals afens@mples

Soure Ca Fe K Mg Mn Na P Zn

Block 0.467 1.309 1280.443 49.072 0.138 0.657 61B.75 0.040
Entry 62.446* 178.482** 1614908.425**  13953.764**2.173** 55.009* 1104630.507** 33.720**

**P=0.01
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Table 3.2 Mean values for the concentration of maihelements in mg/kg (rank in parenthesis)

No. Genotype Type Ca Fe K Mg Mn Na P Zn
1 CRW3505 Normal hybrid  26.38(8) 48.28(1) 2935.00(9 756.67(13) 7.50(9) 10.75(13) 2111.00(12) 23.0p(13
2 QS7608 QPM hybrid 27.25(6) 31.52(11) 4749.00(1) 79.60(1) 8.39(3) 15.50(9) 2828.77(6) 34.00(1)
3 C3505 Normal hybrid  29.25(2) 36.86(9) 3073.00(8)843.30(3) 7.49(8) 18.25(6) 2742.66(8) 22.11(14)
4 CB341xI37F2 Normal hybrid  28.00(5) 26.41(14) 208¢10) 910.00(2) 7.25(11) 19.00(4) 1535.10(14) 69@5)
5 CB346xI37F2 Normal hybrid  23.67(10) 32.05(10) 223(12) 748.33(15) 7.33(10) 17.50(8) 2046.54(13)4.18(12)
6 P6479F2 Normal hybrid  28.50(4) 40.25(6) 2120.8p(1 760.00(7) 7.17(13) 13.50(11) 1352.77(15) 24.0p(1
7 CB389xI37F2 Normal hybrid ~ 23.63(9) 46.25(4) 2BB(14) 757.50(12) 8.17(5) 21.50(2) 2273.63(11) @b
8 SYN2QYQPM Open-pollinated 29.50(1) 36.88(8) 2425.00(13) 765.00(4) 8.17(5) 508) 2841.25(5) 27.33(6)
QPM
9 SYN4QYQPM Open-pollinated 26.50(7) 46.75(3) 3525.00(5) 762.50(5) 7.17(13) 2234) 2737.34(9) 29.94(2)
QPM
10 SYN11QYQPM Open-pollinated 22.00(11) 46.95(2) 3625.00(4) 761.67(6) 6.83(15) .0Q@.0) 2771.00(7) 29.00(4)
QPM
11 SYN13QYQPM Open-pollinated 29.00(3) 26.13(15) 3242.58(6) 758.33(9) 7.58(7) 4018) 2863.63(4) 27.50(7)
QPM
12 SYN2QWQPM Open-pollinated 17.00(14) 29.25(13) 3149.55(7) 760.00(7) 7.25(11) 1.38(12) 2571.00(10) 24.25(11)
QPM
13 SYN5QWQPM Open-pollinated 16.75(15) 31.50(12) 4068.75(2) 757.50(11) 9.33(2) 8.63(5) 3259.87(2) 29.75(3)
QPM
14  SYN12QWQPM Open-pollinated 18.75(13) 43.00(5) 2646.88(11) 755.00(14) 8.33(4) 8.31(7) 3212.88(3) 27.83(5)
QPM
15  SYN15QWQPM Open-pollinated19.67(12) 39.69(7) 3762.50(3) 758.33(9) 9.83(1) 19(14) 3473.25(1) 27.50(7)
QPM
Average QPM 19.66 36.85 3466.03 748.15 8.10 15.69 2951.00 28.57
Average normal maize 26.57 38.35 2594.86 795.97 497 16.75 2010.28 23.70
LSD (0.05) 1.24 1.98 39.52 12.41 0.52 1.19 34.80 341
CV (%) 3.29 3.17 0.76 0.94 4.03 4.43 0.81 3.03
Mean 24.39 37.45 3117.63 788.88 7.85 16.11 2574.71 26.62
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The open-pollinated QPM genotypes SYNSQWQPM, SYNZQRWI, SYN12QWQPM
and SYN15QWQPM revealed a Ca content of 16.75 mdikKgDO mg/kg, 18.75 mg/kg
and 19.67 mg/kg, respectively. The normal maizeoggres C3505, CB341xI37F2 and
P6479F2 showed relatively higher Ca content of 29r2)/kg, 28.00 mg/kg and 28.50
mg/kg, respectively than the QPM genotypes (Tal®¢. However, one QPM genotype
SYN2QYQPM had the highest Ca content, but normddridyC3505 ranked second.
Some normal maize genotypes such as CB346xI37FZ&8389xI137F2 had relatively
low Ca content. The average value (26.57 mg/kglaffor the normal maize genotypes
was significantly higher than that of the QPM gemets (22.94 mg/kg). The average
mean for both QPM and normal maize genotypes stppaarlier reports that maize
generally contains low amounts of Ca (Loy and Wkidt003; Hambidgeet al, 2005;
Blair, 2007). In addition, this average mean foesth maize samples under study was

lower than average mean of four maize genotypessasd by lkeet al (2002).

There were significant differences between the engenotypes for Fe content. The Fe
content ranged from 26.13 mg/kg to 48.28 mg/kg. itvenal maize genotype CRW3505
showed significantly higher Fe content (48.28 my/tttan most other genotypes. The
lowest Fe content (26.13 mg/kg) was observed ingpen-pollinated QPM genotype
SYN13QYQPM. Brké et al. (2003) reported a range of 13.6-30.3 mg/kg foafeng 28
maize crosses in a study of corn-belt inbred likksmalathaet al. (2007) observed a low
Fe content of cereals ranging from 1.32 mg/kg @ rio 6.51 mg/kg in sorghum in a
study of Zn and Fe contents and their bio-accdggiin cereals and pulses consumed in

India.

There was no pattern in terms of Fe values, andegsateemed to be related to genotype
rather than to the type of maize. That is, some Q@fekbtypes showed higher Fe content
than the normal maize while other normal maize ggres showed higher Fe content
than some QPM genotypes. Generally the averagealie ¥38.35 mg/kg) for the normal
maize genotypes was similar to that of the QPM ggres (36.85 mg/kg), however, they
were all higher than those reported by Br&t al (2003) and Hemalathet al. (2007).
Nonetheless, the average Fe content for both QRMnarmmal maize samples was very
low compared with average Fe content observed un figaize genotypes by lkest al
(2002).
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The QPM hybrid QS7608 and the open-pollinated QRMotype SYN5SQWQPM had
the highest K content of 4749 mg/kg and 4068.75kmglespectively (Table 3.2). The
normal maize genotype C3505 had a relatively higtoKtent of 3073 mg/kg compared
with other genotypes. The QPM K content was gehetdagher than that of normal
maize. Normal maize ranked in the last four posgidor K content. The K content
ranged from 2120.00 mg/kg to 4749.99 mg/kg. TheekivK content (2120.00 mg/kg)
was observed in normal maize genotype P6479F2avamge K content for both QPM
and normal maize samples was very high compardd avérage K content observed by
Ikenet al (2002).

There were significant differences among the maempotypes in terms of K content.
Seven QPM genotypes topped the rankings although @¥PM genotypes were
outperformed by some normal maize genotypes. Theage value (3466.03 mg/kg) for
the QPM genotypes suggests that the K contenteoQAM genotypes was significantly
higher than that of the normal maize genotypes4&®mg/kg).

There were significant differences in Mg contentoag the QPM and normal maize
genotypes. The highest Mg content (979.00 mg/kg3 wlaserved in the QPM hybrid
QS7608 (979.00 mg/kg) followed by the normal magemotype CB341xI37F2 with
910.00 mg/kg. The lowest Mg content (748.33 mgikg¥ observed in the normal maize
genotype CB346xI37F2. Brkiet al. (2003) observed the lowest Mg content of 1019
mg/kg in maize lines. They reported Mg content naggrom 1019 mg/kg to 1466
mg/kg. The average Mg content for both QPM and @abmmaize samples was very high
compared with average Mg content observed in foazengenotypes by Ikeat al
(2002). In addition, the average value (795.97 mgflr the normal maize genotypes
suggests that the Mg content of the normal maizetypes was somewhat higher than
that of the QPM genotypes (784.15 mg/kg). There meaapattern in the rankings for Mg
content, and it seems that Mg content was detedrigegenotype rather than by type of

maize.

The open-pollinated QPM genotypes SYN15QWQPM, SYWN&IPM and
SYN12QWQPM and the QPM hybrid QS7608 ranked infits¢ four positions for Mn
content. The open-pollinated QPM genotype SYN11QWQRBnked last (Table 3.1).
The Mn content ranged from 6.83 mg/kg to 9.83 mg/Kge highest Mn content (9.83
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mg/kg) was observed in the open-pollinated QPM tg@SYN15QWQPM. The lowest
Mn content (6.83 mg/kg) was seen in the open-pmiid QPM genotype
SYN11QYQPM. Similar results have been reported byidBet al (2003) where the Mn
content ranged from 6.38 mg/kg to 11.01 mg/kg im28ze inbred lines. However, the
average Mn content for both QPM and normal maizepdas was very low compared
with average Mn content observed in four maize ggres by lkenet al (2002). In
addition, the average value (7.49 mg/kg) for normaize genotypes suggests that the
Mn content of the normal maize genotypes was santly lower than that of the QPM

genotypes (8.10 mg/kg).

The open-pollinated QPM variety SYN4AQYQPM had thghbst Na content. The Na

content ranged from 9.44 mg/kg to 23.25 mg/kg. [bDweest Na content was observed in
the open-pollinated QPM genotype SYN13QYQPM. Therage Na content for both

QPM and normal maize genotypes was high compardl thiose reported in the

literature, hence contradicting earlier reportst tmaize is very deficient in Na (Blair,

2007). Generally, the average value for the normalze genotypes (16.75 mg/kg)
suggests that the Na content of the normal maipetgpes was somewhat higher than
that of the QPM genotypes (15.67 mg/kg).

The QPM genotypes had higher P content than oth&izemgenotypes. The QPM
genotypes ranked in the first seven positions iggrP content (Table 3.1). The P
content ranged from 1352.77 mg/kg to 3473.25 mgMR§.the different P contents
observed in both QPM and open-pollinated QPM gerexty SYN15QWQPM had
highest content, and total mean of P suggests Rhet generally high and therefore
supporting earlier findings that maize generallg hahigh P content (Blair, 2007). This
value was significantly higher than for all the mai hybrids. In addition, Siriet al.
(2009) observed a high P content of 3190 in gr&ia9d F4 maize lines and two parent
lines, compared with an average content under stligy lowest P content was observed
in the normal maize genotype P6479F2. Howeveratlerage P content for both QPM
and normal maize samples was very high compardd avierage P content observed in
four maize genotypes by lkest al (2002). In addition, the mean for the normal reaiz
genotypes was 2010.28, and 2950.10 for the QPMtgees, indicating a significant

difference.
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The Zn content ranged from 21.69 mg/kg to 34 mgdgM genotypes ranked in the first
eight positions for Zn content (Table 3.1). The QRW\brid QS7608 and open-pollinated
QPM varieties SYN4AQYQPM, SYN11QYQPM and SYNS5QWQPMtIged high Zn
content of 34.00 mg/kg, 29.94 mg/kg, 29.00 mg/kd 29.95 mg/kg, respectively, among
the measured QPMs. The Zn content (34.00 mg/kggrebd in the QPM genotype
QS7608, was significantly higher than that of B# normal hybrids. The normal maize
genotypes CB346xI37F2 and P6479F2 had Zn conte.d6 mg/kg and 24.75 mg/kg,
respectively, compared with other normal maize tgges. The lowest Zn content (21.69
mg/kg) was observed in the normal maize genotyp84QBI37F2. Brké et al. (2003)
reported Zn content which ranged from 16.0 mg/k@3d6 mg/kg in 28 maize inbred
lines. Hemalathaet al. (2007) observed low Zn content of cereals randgmgn 10.8
mg/kg in rice genotypes to 22.4 mg/kg in sorghumoggpes in a study of Zn and Fe
contents and their bio-accessibility in cereals puldes consumed in India. The average
Zn value (28.57 mg/kg) for the QPM genotypes wagsificantly higher than that of the
normal genotypes (23.70 mg/kg). In addition, therage Zn content for both QPM and
normal maize samples nearly matched the averageodtent observed in four maize

genotypes by lkest al (2002).

Generally, the variation observed between the gpest in terms of the mineral
composition could have been caused by the genetenpal of each cultivar (House,
1999; Oikehet al, 2003). That is, some genotypes could have baeoufed by their
genetic ability to obtain minerals from the soilneme (1978) and Guchhait al
(2008) reported cocoyam accessions which produaegng mineral composition due to
their differences in genetic potential of eachigaltto obtain minerals from the soil.

There were highly significant positive correlatiobstween K and Zn, and P and Mn,
meaning (Table 3.3). Highly significant positiver@ations between K and Zn mean that
maize varieties with high K content also had higboRtent. Similarly, highly significant
positive correlations between P and Mn mean tharenearieties with high P content
also had high Mn content. In addition, significaasitive correlations were observed
between P and Zn, and P and K.
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Table 3.3 Pearson’s correlation coefficients fa éiight mineral elements extracted from

the tested 15 maize genotypes

Mineral element Fe Zn Mn Na Ca K Mg
Zn 0.09

Mn -0.08 0.40

Na 0.21 0.13 -0.06

Ca -0.05 -0.19 -0.42 0.10

K -0.19 0.68** 0.37 -0.18 -0.24

Mg -0.41 0.17 0.00 0.12 0.38 0.43

P 0.05 0.58* 0.64** -0.05 -0.46 0.59* -0.14

*P< 0.05,** P<0.01

The first, second and third principal component€{PPC2, and PC3) in the analysis
accounted for 74% of the total variability, whil€P and PC2 alone accounted for 36%
and 22% of the variability, respectively (Table)3BC1 variation was mainly caused by
P, K, Zn, Mn and Mg. PC2 variation was mainly cauéy Mg, Fe, Ca and K. PC3

analysis explained 15.79% of variation, largelyssliby Na and Fe. In general eigen
vectors of the PC1 had the largest negative valoe$, K, Zn and Mn and a large

positive value for Ca. The smallest positive valals® existed for mineral elements such
as Fe and Na. Eigen vectors of the PC2 had thedappsitive value for Mg and a large
negative value for Fe. Similarly, PC3 had the latgeegative value for Na. The smallest
negative values were also shown for mineral elemeunth as Fe, Zn, Ca, and Mg. In

general, there was no mineral element that showedrdhnce in all three PC analyses.
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Table 3.4 Principal component analyses depictiggrevalues and eigen vectors for the
eight mineral elements

Mineral Eigen vectors
element

PC1 PC2 PC3
Fe 0.04 -0.47 -0.49
Zn -0.45 0.11 -0.36
Mn -0.44 -0.09 0.09
Na 0.06 -0.00 -0.74
Ca 0.32 -0.40 -0.24
K -0.47 0.31 0.00
Mg -0.05 0.69 -0.14
P -0.51 -0.16 -0.03
Eigenvalue 2.88 1.75 1.26
Individual%  36.01 21.90 15.79
Cumulative% 36.01 57.90 73.70

The first three PC’s, which accounted for 74% o tbtal variation in kernel mineral

concentrations, stratified the genotypes into fguoups based on differences in their
grain mineral compositions. The grouping of theagpes and the mineral elements in
the same quadrant implies that the genotypes hmrisamounts of a particular mineral

which appears in the same quadrant (Figs. 3.1 &)d 3
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Figure 3.1 Principal component analysis showingati@n of mineral elements
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Figure 3.2 Biplot depicting the distribution of frfaize genotypes for mineral content

The normal maize genotypes CB341xI37F2 and C3508 g®uped together in the first
guadrant (Fig. 3.2). In the second quadrant, thQ®brid QS7608 and the open-
pollinated QPM genotype SYN13QYQPM were groupecetbgr. The open-pollinated
QPM genotypes SYNS5QWQPM, SYN4QYQPM, SYN2QWQPM, SYRYQPM,
SYN15QWQPM and SYN2QWQPM were grouped togethehanthird quadrant. In the
fourth quadrant, the normal maize genotypes CB3W&, P6479F2, CWR3505 and
CB389xI37F2 and the open-pollinated QPM genotypeNSYYQPM were grouped
together.

The normal maize genotypes CB341xI37F2 and C35@5shailar Ca concentration as
they appear in the top-right quadrant (Figs. 3.4 &2). The QPM hybrid QS7608 and
the open-pollinated QPM genotype SN13QYQPM hadlamid and Zn content as they
appear in the top-left quadrant (Figs. 3.1 and.3[Bg open-pollinated QPM genotypes
SYN4QYQPM, SYN11QYQPM, SYN2QWQPM, SYN5QWQPM, SYNI&QPM and
SYN15QWQPM had similar amounts of P and Mn as thveye both found in the
bottom-left quadrant (Figs. 3.1 and 3.2). The ndrmmeize genotypes CRW3505,
CB346xI37F2, P6479F2 and CB389xI37F2 and the opdimpted QPM genotype
SYN2QYQPM had similar Fe content as they both appeahe bottom-right quadrant
(Figs. 3.1 and 3.2). The normal maize genotypes 4ABB7F2, C3505, CRW3505,
CB346xI37F2, P6479F2 and CB389xI37F2 and the omdimpted QPM genotype
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SYN2QYQPM had similar Na content as Na appearsoih lbop-right and bottom-right
quadrants where both genotypes are also found.(Bigsand 3.2). The normal maize
genotypes CRW3505, CB341xI37F2, CB346xI37F2, CBEBEX2 and P6479F2 and the
open-pollinated QPM genotypes SYNSQWQPM and SYN1%PM and the QPM
hybrid QS7608 differed in mineral content sinceythee distant from each other on the
biplot.

3.5CONCLUSIONS

Generally, the normal maize genotypes were notssacidy lower in mineral content

than QPM genotypes or vice-versa. Higher and lowareral levels were observed in
both normal maize and QPM hybrids. For instancemab maize genotype CRW3505
(48.28 mg/kg) had higher Fe content than all QP kbgges. In contrast, QPM genotype
SYNS5QWQPM (16.75 mg/kg) had lower Ca content thkmarmal maize genotypes.

Therefore, it cannot be concluded that QPM genatya higher mineral contents than

all normal maize genotypes or vice versa.

The results from this study indicate that there engignificant differences among the
maize genotypes studied. They indicate that gerpatiential exists for the concurrent
improvement of K and Zn, P and Mn, Zn and P, an@nd P without lowering the
concentrations of Na, Ca and Mg. They further sagg®at increasing the concentrations
of minerals in maize through breeding can help mise the adverse effects of mineral
deficiencies in humans particularly South Africassthere are many poor South Africans
in rural areas who depend largely on maize as thest important source of minerals.
This was one single trial, and this would havedadpeated over locations and seasons to

make sound conclusions, but it nevertheless gawmd indication of trends.
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CHAPTER 4

THE STARCH AND AMYLOSE CONTENTS OF SOUTH AFRICAN QUALITY
PROTEIN MAIZE AND NORMAL MAIZE HYBRIDS

4.1 ABSTRACT

Starch is the major constituent and principal cdnigdrate of maize and it is composed of
amylose and amylopectin. The ratio between these demponents influences the
industrial use of starch. The objective of thisdgtwas to determine the starch and
amylose content of South African open-pollinatedlitpuprotein maize (QPM) varieties
and hybrids, compared with normal maize hybridse §anotypes were obtained from the
Agricultural Research Council, Potchefstroom. Asa@yof variance (ANOVA) on the
data of the 15 maize genotypes showed significdféarehces among the QPM and
normal maize genotypes for both amylose and steocitent. The open-pollinated QPM
variety SYNQWQPM had the highest amylose contethtbaen-pollinated QPM variety
SYN4QYQPM the lowest. The QPM genotype SYN2QWQEMibaificantly higher
starch content (66.20%) than the other genotypés. genotype SYN4QYQPM had the
lowest starch content (50.06%). This study indidateat the QPM genotypes did not
yield starch and amylose content higher than thenad maize genotypes and that there
was genetic variation for these characteristicsha tested material.

4.2 INTRODUCTION

Starch is composed primarily of branched glucarth \&n architecture that allows the
formation of a semi-crystalline insoluble granuléeémanet al, 2007). Amylose is
defined as a linear molecule of¢#) linked a-D-glucopyranosyl units, but it is today
well established that some molecules are slightinthed by (3>6)-a-linkages (Buléon
et al, 1998). On the other hand, amylopectin has adheoh structure with thousands of

poly-glucose residues linked loyD-(1—4) anda-D-(1—6) glycosidic linkages.

Maize serves as a very important source of starchlyzing approximately 60% of
starch, which consists of approximately 25% amylasd 75% amylopectin (Anon,
2010). One of the newly emerging enhanced-valuketsiis for the production of high
quality maize grain with high value of chemical qmmnds, including starch and
amylose content (Paulsen al, 2003). According to Cottredit al. (1995) and Paulsest

101



al. (2003), the accumulation of chemical nutrientduding starch and amylose content
in the kernel is influenced by ecological growingnditions, and drying conditions.
Wheat seeds exposed to water stress had low casftantylose and fat (Hurkmaet al,
2003).

Maize genotypes vary widely in their starch and lxsg contents, with both genetics and
environment affecting the concentration of the comqs. Various starches including
maize starches have been extensively studied gudteel on (Cheret al, 2006). The
majority of the starch within the seed is from sisgamade by photosynthesis during the
grain-filling period (Edwards, 2010). Van Twisk al (1976) reported that the starch
yield of QPM does not vary greatly and can be caegbdavourably with the values
obtained from normal maize. Gometal (1990) indicated that QPM yielded starch and

amylose amounts comparable to normal maize hybrids.

The production of maize cultivars with high amourds starch and amylose or
amylopectin (depending on the end use of the maias)well as other desirable
nutritional characteristics, is important. Howevdittle is known about differences
between normal maize and QPM with special refereaacgtarch and amylose content.
Maize starches have attracted particular scientifterests, because different
amylose/amylopectin content can be used to manurgactenewable resources and
various starch products (Chehal, 2006; Liuet al, 2006; Cheret al, 2007; Corcuera,

2007). Measuring starch and amylose content is itapbto breeders focusing on high

starch and amylose in their breeding programmeagReét al, 2005).

Maize breeders and agronomists have been strigidg\velop improved maize genotypes
that are superior in various nutritional charastées including starch and amylose
content for a considerable time (Gaglaal, 2005). However, to date, there has been no
study that compares normal maize and QPM in terhdasch and amylose content in
South Africa. Thus, the aim of this study was toaswge the starch and amylose content
of South African open-pollinated and hybrid QPMigtes, and to compare them with

some normal maize hybrids.
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4.3 MATERIALSAND METHODS

4.3.1 Planting location
As described in Chapter 3 (section 3.3.1).

4.3.2 Plant material
As described in Chapter 3 (section 3.3.2).

4.3.3 Experimental design and procedures
As described in Chapter 3 (section 3.3.3).

4.3.4 Starch extraction and analyses

Starch content was determined according to thé staech assay procedure described by
Megazyme International Ireland Limited (2009). Tdrain of freshly harvested materials
was ground to a fine powder using a 1KA analysisdgr, A10 Yellowline (Merck
Chemicals Pty Ltd) with a 1 mm sieve. A 100 mg skengb each entry was measured into
a glass test tube (16x120 mm) and 0.2 ml of aquethanol (80% v/v) was added to wet
the samples to aid dispersion. The tube was stiomnea vortex mixer. Two ml of dimethyl
sulphoxide (DMSO) was added immediately and the whs stirred on a vortex mixer.
After that, the tube was placed in a boiling wdtath at 98C for 5 min. Three ml of
thermostablea-amylase (300 U) was added in a 3-morpholinopropalfenic acid
(MOPS) buffer (50 mM, pH 7.0) and the tubes wegoxously stirred on a vortex mixer.
Sodium acetate buffer (4 ml, 200 mM, pH 4.5) wadeadto the tubes which were then
incubated in a boiling water bath at®@5for 6 min. Amyloglucosidase (0.1 ml, 20 U) was
added to the tubes before they were placed in arwth at 58 for 30 min. The
volume was adjusted from 7 ml to 10 ml with distllwater and then the tubes were
centrifuged at 3000 rpm for 10 min. The duplicdiquents (0.1 ml) of the diluted solution
were transferred to glass test tubes (16 x 100 rniimee ml of the glucose oxidase-
peroxidase (GOPOD) reagent was added to each inutdeding the glucose controls and
reagent blanks), and the tubes were incubated’at 80 20 min. A glucose control was
prepared by mixing 0.1 m of glucose standard smiu¢l mg/ml) and 3.0 ml of GOPOD
reagent. A reagent blank solution was prepared bBynmn 0.1 ml of water and 3.0 ml of
GOPOD reagent. The absorbance was read in duphtd&&0 nm for each sample, and

the glucose control was read against the reagemkhbih duplicate. Total starch was

103



measured as the glucose derived from hydrolysecthstand was expressed as a
percentage of total sample weight on an “as isfshas

Total starch AA x F x FV/0.1 x 1/1000 x 100/W x 162/1808A x F/W x FV x 0.9
WhereAA is the absorbance (reaction) read against th@lgaotank; F is a factor for the
conversion from absorbance values to micrograms ghicose (100 pg of
glucose/absorbance for 100 pug of glucose); FV al fuolume; 0.1 = volume of sample
analysed; 1/1000 is a conversion from microgramsntiligrams; 100/W = factor to
express “starch” as a percentage of flour weightis\ithe weight in milligrams (“as is”
basis) of the flour analysed; and 162/180 is adjest from free D-glucose to anhydro D-

glucose (as occurs in starch).

4.3.5 Amylose deter mination

Amylose was extracted and estimated by the iodinéitg method as described by Cruz
and Khush (2000). One hundred milligram of maizeuflsample was measured. The
samples were wetted with 1 ml of 95% ethanol fodawby 9 ml of 1 M Sodium
hydroxide (NaOH) to aid dispersion and stirred gsanvortex mixer. The samples were
placed in a boiling water bath for 15 min and stirusing a vortex mixer every 5 min.
The samples were cooled for 1 h at room temperatadecentrifuged at 3000 rpm for 5
min. Duplicate 0.1 ml aliquots of the solution weransferred to clean test tubes and 0.1
ml of 1 M acetic acid was added to each test tulevwed by the addition of 0.2 ml
iodine solution and 9.6 ml distilled water. The wonis were vortexed and left to stand for
20 min. The absorbance was read in duplicate agtiesreagent blank at 620 nm for

each sample. The amylose percentage was calcuisiteglthe formula:

Amylose% = [Concentration (mg/ml) x 1000/mass & sample (mg)] x 100

4.3.6 Data analysis
Analysis of variance was done using Agrobase (2005)

4.4 RESULTSAND DISCUSSION

The mean squares for genotype for both starch amdoae content were significant at
P=0.05 (Table 4.1). The QPM genotypes containghttji higher starch content than the
normal maize whereas the normal maize containdiglalg higher amylose content than

the QPM (neither difference was significant).
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Table 4.1 Mean squares for measured charactertdtiosize samples

Source Amylose Starch
Block 1.11 2.06
Entry 2.29* 2.23*
*P=0.05

The average amylose content of the tested maizetymss ranged from 16.78% to
19.60%, but Batey and Curtin (1996) reported angylosntent ranging from 25.3% to
30.2% in normal maize genotypes. This indicates itt@ize cultivars used in this study
could contain low amylose content due to their tyjpeother maize nutritional value
studies, the amylose content of maize ranged fréfb 20 30% (Janet al, 2010), a
figure that is higher than that of the 15 maizeaggpes used in this study, but lower than
that of the 10 maize cultivars used in the studyBhyey and Curtin (1996). The highest
amylose content was 19.60% followed by 19.12% amatewobserved in the open-
pollinated QPM genotypes SYN2QWQPM and SYN5QWQP&4pectively. The open-
pollinated QPM genotype SYN4QYQPM yielded the loivasylose content (16.78%)
compared with both QPM and normal maize genotypés. amylose content in both
tested QPM and normal maize genotypes was diffeftrembh genotype to genotype,
proving that amylose content is not necessarihhéign QPM than in normal maize
(Table 4.2).

The present values of amylose content in both QR#reormal maize genotypes with the
highest being 19.60% were lower than those repdrteéiasjimet al (2009) in QPM
genotypes which yielded 26% amylose. Similarly, éineylose content of normal maize
genotypes obtained in this study were also notdrighan those reported by Hernandez-
Uribe et al. (2004) and Cheat al (2006) in normal maize genotypes (26.5% and 26.0%
respectively). However, the average amylase corfnboth QPM and normal maize
genotypes nearly matched the amylose content ahaomaize genotypes (21%) as
reported by Wilsoret al (2004). In addition, the results obtained in ttigdy, although
little bit low, but they are in slight agreementthvearlier reports and also in support of
the findings of Sandhu and Singh (2007) in whiclylase content in maize ranged from
16.9% to 21.3%.
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Table 4.2 Means of amylose and starch content inzengenotypes (ranking in

parenthesis)

No. Genotype Type Amylose (%) Starch (%)
1 CRW3505 Normal hybrid 17.62 (12) 50.06 (15)
2 QS7608 QPM hybrid 18.22 (7) 60.58 (8)
3 C3505 Normal hybrid 17.92 (9) 56.19 (13)
4 CB341xI37F2 Normal hybrid 18.73 (3) 62.64 (3)
5 CB346xI37F2 Normal hybrid 18.33 (6) 62.57 (4)
6 P6479F2 Normal hybrid 17.73 (10) 58.57 (9)
7 CB389xI37F2 Normal hybrid 18.18 (8) 62.56 (5)
8 SYN2QYQPM Open-pollinated QPM 18.39 (5) 66.20 (1)
9 SYN4QYQPM Open-pollinated QPM 16.78 (15) 63.21 (2
10 SYN11QYQPM Open-pollinated QPM 17.27 (13) 58D)
11 SYN13QYQPM Open-pollinated QPM 17.72 (11) 58.56)
12 SYN2QWQPM Open-pollinated QPM 19.60 (1) 62.1p (6
13  SYNSQWQPM Open-pollinated QPM 19.12 (2) 60.80 (7
14  SYN12QWQPM Open-pollinated QPM 18.66 (4) 58.100) (
15 SYN15QWQPM Open-pollinated QPM 16.97 (14) 5314

LSD (0.05) 1.47 8.19

CV% 4.91 8.23

Mean 18.10 59.91

Mean for QPM 18.08 59.86

Mean for normal hybrids 18.09 58.77

The maize amylose content is known to vary fronticall to cultivar, but several studies
have reported maize varieties with similar amylosetent of about 26% which is higher
than the results reported in this study. In fdog inajority of QPM genotypes were the
ones with the amylose content of 26%, perhaps atitig that QPM could be having
higher amylose content than normal maize hybridsepserted by Prasanre al. (2001)
and Hasjimet al (2009). These observations could also mean lieainsertion of opaque
gene into maize landraces might have influenceaihgose content. However, the same
amount of amylase content (26%) were also founfewm normal maize genotypes as
reported by Gerardt al (2001) and Buckovet al (2009) in a study of maize starches
with different amylose contents.

The starch content ranged from 50.06% to 66.20%ange that is below what most
studies revealed in maize genotypes (Bewley andkBIE978; Mellonet al, 2005). The

open-pollinated QPM genotype SYN2QYQPM had sigaiiity higher starch content
(66.20%) than other 14 genotypes. However, it isthe highest compared with 72.4%
starch found in QPM cultivar as reported by Hasgtnal (2009). The normal maize
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genotype CRW3505 had the lowest starch content0§86), but the content is not
comparable with 60%, the lowest starch contentdaarone the normal maize genotypes
studied by Bewley and Black (1978). The starch eonbf above 66.20% in QPM has
further been reported by Hasjiat al. (2009), and this is in agreement with the results
obtained in this study. The average starch comibtained in this study slightly supports
research evidence that maize comprises over 60%taich (DiCostanzo, 2003).
However, previous studies have showed that mainéant about 75% starch (Bae and
Lim, 1998; Carriere, 1999; Mondragénal, 2008).

There was no relationship between the starch andioaescontent and the type of maize.
This indicates that the endosperm characteristi¢tsth types of maize were a function
of the genotype rather than the type of maize. Ewample, one normal maize
CB346xI37F2 ranked second and third, respectivigly,starch and amylose contents,
likewise QPM genotype SYN2QYQPM ranked first arfthfirespectively, for these two
traits. This indicates that QPM breeding has mathdgeminimise differences between
QPM and normal maize starch characteristics. Tleeame amylose content for the QPM
group was 18.18% compared with the 18.3% of thenabhybrids, and the starch was
58.76% for the normal hybrids and 59.86% for theMQ&oup. The low starch and
amlylose contents under study could suggest thaitgpes used just had lower amounts
than amylose and starch contents obtained in pus\studies of amylose and starch.

4.5 CONCLUSIONS

The results of this study showed that there wegaifstant variations within normal
maize and within QPM genotypes in terms of starah @amylose content. However, there
were no significant differences between these tvwougs of material in terms of starch
and amylose content. This indicates that the eretospf QPM was not negatively
influenced by the protein conversion to high lysamal tryptophan content. The variation
expressed for both starch and amylose contentsoffesad opportunities for selecting
genotypes with desired levels of starch and amyilmdeeeding programmes to develop
varieties suitable for different purposes and fdfedent markets such as in starch

industry where starch is processed into bio-ethdopkexample.
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CHAPTER 5

THE INFLUENCE OF STORAGE CONDITIONS ON STARCH AND AMYLOSE
CONTENT OF SOUTH AFRICAN QUALITY PROTEIN MAIZE AND NORMAL
MAIZE HYBRIDS

5.1 ABSTRACT

The quality of maize grains during storage is d&kdc by unfavourable storage
conditions, resulting in physicochemical changesspecifically amylose and starch
content that lead to significant product qualit&ignd quantitative losses. The objective
of this study was to evaluate the starch and ameytasmtent of normal maize and quality
protein maize (QPM) seed samples at different teatpes treatments: in cold storage at
3.6°C, at room temperature (18G) and at 36C for 0, 6 and 12 month storage periods.
The genotypes were obtained from the Agriculturasdarch Council-Grain Crops
Institute in Potchefstroom. The results of thisdgtindicated that storage at 3@ and
18.5°C caused a reduction in amylose and starch congétitpugh it was not significant.
On the other hand, storage at®8Dsignificantly reduced the starch and amylose eont

after both 6 and 12 month periods of storage.

52 INTRODUCTION

Starch is the major reserve carbohydrate presentmost seeds. Other major
carbohydrates in seeds are cellulose, hemicells)adigosaccharides and galactomannan
(Desai, 2004). Starch, the chief source of carbodtgdin human diets, forms the major
energy reserve in cereal grains. It is laid downcémeal endosperms in the form of
discrete, insoluble particles called starch gramacGregor, 1983). Amylose is one of
the two glucopolysaccharide components of starchrq@®ra, 2007). The amylose
content in maize starch has an effect on many itapbphysical, chemical and functional

properties of starch, particularly during storaGaéetham and Tao, 1998).

The starch and amylose contents of seed depenteoguality, physical structure and
storage conditions (Buckoet al, 2009). From a seed quality preservation pointiedv,

little is known about the response of starch angllase of QPM when exposed to various
storage conditions. Poor storage conditions oft&vall and often lead to biochemical

changes in chemical compounds of maize kernelsidina) amylose and starch content
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during storage. The deterioration of maize kerimekerms of starch and amylose content
during storage can be visually observed througtptiee state of the kernels and through
laboratory analysis (Kobayas#t al, 1986; Yuaret al, 1993; Hellet al, 2000).

The biochemical changes are not clear, but unfalderstorage conditions and the
formation of free radicals during storage have besgorted to play a role (McDonald,

1999; 2006). Free radical formation can be prevketmie the presence of antioxidants,
particularly during storage (McDonald, 1999; 2006hese biochemical changes may
affect the starch and amylose content. During gmraome part of the starch and
amylose has been reported to undergo aggregatomess that leads to changes in their
content (Liuet al, 2003; Pongsawatmanmet al, 2006). This change in content is the
result of agglomeration of starch and amylose madésc(Daneke and Decker, 1988; Liu

et al, 2003) which in turn causes problems for anaytimethods with regards to the

detection of exact amount of starch or amylosegmees the seed during storage. The
interaction of starch granules and high lipid cabteas also been reported to complex
amylose content during storage (McCanral, 2009).

There is a growing concern on how to best stordsseacluding maize seeds, for a long
time without biochemical changes, especially in edeping countries worldwide
(Thanapornpoonpong and Vearasilp, 1999; Doijod®1p0Méndez-Alborest al (2003)
stated that in developing counties, efficient mamaince of grain quality is not possible
due to the lack of adequate post-harvest technplaglding suitable storage conditions.
Despite ongoing research on maize quality improveméttle is known about how
storage conditions affect both normal maize and QR special reference to starch and

amylose content.

The biochemical changes in starch and amylose afens®ed during storage is a problem
to small-scale farmers. Farmers lose large quastif seeds due to their weakened value
as a result of poor storage conditions. The conssiar&d the industrial companies, on the
other hand, are indirectly affected. Neverthelessreasing storage losses is possible
through the provision of suitable storage condgiolh is normal practice to implement
preventive management, rather than to solve spesifirage problems once they have
occurred (Lopest al, 2008). The measurement of starch and amyloserbbefore and

after storage should be able to provide the infoionathat may be needed to help solve
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future storage problems. The aim of this study w@snvestigate the influence of
different storage conditions on starch and amytasgent extracted from South African
open-pollinated QPM, a QPM hybrid and normal maamples which were stored for 0,
6 and 12 months at 3®, 18.5C and 36C.

5.3 MATERIALSAND METHODS

5.3.1 Planting location
As described in Chapter 3 (section 3.3.1).

5.3.2 Plant material
As described in Chapter 3 (section 3.3.2).

5.3.3 Experimental design and procedures
As described in Chapter 3 (section 3.3.3).

5.3.4 Storage conditions

The open-pollinated QPM, QPM hybrid and normal reaeed samples were sealed in
brown paper bags and stored under the controlleditons of a cold room (3°6),
laboratory (18.%8C) and oven (3C) for 0, 6, and 12 months. The relative humiditgsw
76.5% in the cold room, and 28% in the laboratbmthe oven the relative humidity was
very low or close to zero due to the prolonged sype to heat. Forty-five bags were
placed in the cold room at 3@ for 6 and 12 months. Another 45 bags were platéae
laboratory at 18 % for 6 and 12 months. The last 45 bags were placad oven at 3T

for 6 and 12 months. Each bag consisted of 90 mseeels. A randomized complete
block design with three replicates was used. Ateand 12 month storage periods, 45
seed samples per bag were taken and ground toegpfiwder using a 1KA analysis
grinder, A10 Yellowline (Merck Chemicals Pty Ltd)ttva 1 mm sieve. The processed
samples were directly transferred to containers/tmd moisture accumulation. The seeds

were then evaluated for starch and amylose content.

5.3.5 Starch extraction and analysis
As described in Chapter 4 (section 4.3.4).
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5.3.6 Amylose deter mination
As described in Chapter 4 (section 4.3.5).

5.3.7 Data analyses
The influence of storage conditions on starch ang/l@se content over time was

analysed by analysis of variance (ANOVA) using Atase (2005).

54 RESULTSAND DISCUSSION

Amylose content of the maize genotypes af@.fanged between 16.66% and 19.49%
after 6 months of storage and from 16.43% to 19.288r 12 months of storage and
varied significantly amongst tested maize genotyidedle 5.1). Although the amylose
content of both QPM and normal maize genotypesnegstively affected by storage, the
open-pollinated QPM genotype SYN2QWQPM had the dslamylose content at 3@
significantly higher than all QPM and normal maigenotypes after both 6 and 12
months of storage (Table 5.1). The second highestiase content was observed in
normal maize genotype CB341xI37F2 after 6 and 1ath®of storage at 36, but it
had the third highest amylose content before stgradnich implies that during storage
the genotype and relative humidity had an effecth@namylose content (Table 5.1). The
lowest amylose content was observed in the opdmptd QPM genotype
SYN4QYQPM after both 6 and 12 months of storag8.61C compared with normal
maize and other QPM genotypes (Fig. 5.1).

The amylose content at 183 ranged from 15.90% to 18.86% and from 15.35% to
17.81%, respectively, after 6 and 12 months ofagfer a range that is lower than that of
the control, indicating that the 18® storage temperature significantly affected the
amylose content of both QPM and normal maize gerestyThe highest amylose content
at 18.5C was observed in the open-pollinated QPM geno8YE2QWQPM after both

6 and 12 months of storage (Fig. 5.2). The lowesylase content at 186 was
observed in the open-pollinated QPM genotype SYNARPM after 6 months and
SYN4QYQPM after 12 months of storage. Thé@B@emperature significantly reduced
the amylose content of both QPM and normal mair®types after both 6 and 12 month
of storage (Fig. 5.3). Highest amylose content GC3after both 6 and 12 months of
storage was observed in the open-pollinated QPMtgpe SYN2QWQPM.
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Table 5.1 Effect of different storage conditionsasnylose content over time of storage

Amylose (%)

Genotype Type Control 36 18.5C 30C

0 months 6 months 12 months 6 months 12 monthsorGhs 12 months
CRW3505 Normal hybrid 17.62 17.47 17.28 16.35 625. 15.56 13.57
QS7608 QPM hybrid 18.22 18.87 18.65 17.50 16.41 7.1d 15.13
C3505 Normal hybrid 17.92 18.20 18.09 17.74 16.77 16.29 14.28
CB341xI37F2 Normal hybrid 18.73 19.35 19.09 18.72 17.03 17.43 15.41
CB346xI37F2 Normal hybrid 18.33 18.62 18.27 17.81 16.80 16.74 14.69
P6479F2 Normal hybrid 17.73 17.47 17.22 17.12 126. 15.58 13.63
CB389xI37F2 Normal hybrid 18.18 17.97 17.78 17.50 16.53 16.09 14.12
SYN2QYQPM  Open-pollinated QPM  18.39 18.28 18.04 747 16.69 16.33 14.32
SYN4QYQPM  Open-pollinated QPM  16.78 16.66 16.43 .246 15.22 14.72 14.14
SYN11QYQPM Open-pollinated QPM 17.27 17.13 16.88 6.48 15.43 15.26 12.96
SYN13QYQPM Open-pollinated QPM 17.72 17.51 17.15 6.81 15.80 15.69 13.75
SYN2QWQPM  Open-pollinated QPM  19.60 19.49 19.23 .88 17.81 17.54 15.56
SYNS5QWQPM  Open-pollinated QPM  19.12 19.04 18.96 .688 16.37 17.18 15.15
SYN12QWQPM Open-pollinated QPM  18.67 18.46 18.16 17.74 16.72 16.68 14.47
SYN15QWQPM Open-pollinated QPM  16.97 16.83 16.62 15.90 15.35 14.93 12.64
LSD (0.05) 1.49 1.49 1.11 1.31 1.50 1.33 1.14
LSD (0.05) across treatments 0.42
Mean 18.08 18.09 17.86 17.41 16.31 16.21 14.26
Mean for QPM 18.08 18.03 17.79 17.33 16.20 16.17 14.24
Mean for normal hybrids 18.09 18.18 17.96 17.54 486. 16.28 14.28
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Figure 5.2 Amylose content of maize after storage8a&5'C for 0, 6 and 12 months
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The QPM genotypes seemed to have smaller redudticasiylose content than normal
maize genotypes at 3@, after both 6 and 12 months of storage (Tablg 2\118.5C,
the normal maize genotypes lost more amylose ther@QPM genotypes after both 6 and
12 months of storage. The QPM genotypes lost highgylose amounts at %D after 6
months of storage than normal maize genotypesaftat 12 months of storage more

amylose was lost in normal maize hybrids than ilMQ@fenotypes.

The storage time significantly influenced the amsgl@ontent (Table 5.1). The amylose
content after 6 months of storage at £8.%vas significantly different from the control.
The amylose content after 6 months of storage@C3was similar to the control. High
temperature storage for 6 and 12 months causedisggn reduction in amylose content.
Six months of storage at %D caused the amylose to decrease. A further decieas

amylose content was observed after 12 month st@b8écC.

Starch content of the maize genotypes at@mnged between 50.01% and 63.00% after
6 months of storage and from 49.88% to 65.64% dffemonths of storage and varied
amongst tested maize genotypes, with statisticsilipificant differences (Table 5.2).
Starch content of both QPM and normal maize gemstywas negatively affected by
storage at 33 after both 6 and 12 months of storage (Fig. 5T#e open-pollinated
QPM genotype SYN2QYQPM had the highest starch octnét 3.6C, significantly
higher than all QPM and normal maize hybrids afteth 6 and 12 months of storage
(Table 5.2). The third highest starch content waseoved in both normal maize
genotypes CB341xI37F2 and CB389xI37F2 after 6 nerih storage, but after 12
months of storage CB341xI37F2 had higher starcitecdrthan CB389xI37F2, which
implies that during storage the genotype and reddtumidity had an effect on the starch
content (Table 5.2). The drop in starch contentldcobave been caused by the
agglomeration of starch during storage under hwilitions as it was the case with the
findings of Daneke and Decker (1988) where aminemidity caused the seed starch to
aggregate, preventing the actual content of starebent in the seed from being detected.
The lowest starch content was observed in the ppdmated QPM genotype
SYN15QWQPM after 6 months of storage, but aftemidhths of storage the genotype
SYN15QWQPM had higher starch content than the nommaéze genotype CRW3505.
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Table 5.2 Effect of different storage conditionsstarch content over time of storage

Starch (%)

Genotype Type Control 36 18.5C 30C

0 months 6 months 12 months 6 months 12 monthsiorBhs 12 months
CRW3505 Normal hybrid 50.06 50.01 49.88 49.92 49.2 48.45 46.30
QS7608 QPM hybrid 60.58 60.25 59.37 59.49 58.95 287 55.64
C3505 Normal hybrid 56.19 56.06 55.75 55.84 55.45 53.91 51.16
CB341xI37F2 Normal hybrid 62.65 62.20 61.86 61.93 61.70 59.28 57.44
CB346xI37F2 Normal hybrid 62.56 62.17 61.82 61.89 61.48 59.02 57.07
P6479F2 Normal hybrid 58.57 58.18 57.78 57.85 57.3 55.87 53.74
CB389xI37F2 Normal hybrid 62.56 62.17 61.84 6191 61.41 59.63 57.62
SYN2QYQPM  Open-pollinated QPM  66.20 66.03 65.64 .785 65.24 63.50 61.27
SYN4QYQPM  Open-pollinated QPM  63.21 63.00 62.66 .882 62.08 59.88 57.81
SYN11QYQPM Open-pollinated QPM 56.60 56.20 55.93 6.0% 55.95 53.71 51.39
SYN13QYQPM Open-pollinated QPM 58.56 58.18 57.72 7.88 57.92 55.50 53.70
SYN2QWQPM  Open-pollinated QPM  62.12 62.04 61.69 .861 61.46 59.05 57.98
SYN5QWQPM  Open-pollinated QPM  60.80 60.40 59.65 .839 59.30 57.95 55.89
SYN12QWQPM Open-pollinated QPM  58.00 58.00 57.70 57.77 57.32 55.66 53.34
SYN15QWQPM Open-pollinated QPM  53.15 53.02 52.84 52.96 52.37 50.24 48.20
LSD (0.05) 8.19 1.77 2.11 2.03 1.93 1.48 1.92
LSD (0.05) across treatments 1.31
Mean 59.45 59.19 58.81 58.92 58.48 56.60 54.57
Mean for QPM 59.91 59.68 59.24 59.38 58.95 56.97 5.05
Mean for normal hybrids 58.77 58.47 58.14 58.22 757. 56.03 53.89
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The starch content of the maize genotypes aC&anged between 49.92% and 65.73%
after 6 months of storage and from 49.28% to 65.2%ér 12 months of storage,
indicating that, compared to the control, the 18.5torage temperature significantly
affected the starch content of both QPM and nomraikze genotypes after both 6 and 12
months of storage (Fig. 5.5). The highest staraftest at 18.%5C was observed in the
open-pollinated QPM genotype SYN2QYQPM after botArgl 12 months of storage.
The lowest starch content was observed in normatergenotype CRW3505 at 185
after both 6 and 12 months of storage.

The starch content of the maize genotypes %€ 3a@nged from 48.45% to 63.50% after 6
months of storage and from 46.30% to 61.27% aftandnths of storage, suggesting that
the 30C storage temperature significantly reduced theclstaontent of both QPM and
normal maize genotypes after both 6 and 12 montlstovage (Fig. 5.6). The highest
starch content at 3G after both 6 and 12 months of storage was obdervéhe open-
pollinated QPM genotype SYN2QWQPM. The genotype 3YMQPM had constantly
lost starch throughout the storage period.

There was no starch lost in both QPM and normakzengenotypes at 36, after both 6

and 12 months of storage (Table 5.2). At 18,5the amount of starch lost in QPM
genotypes was not significant, compared with normaize genotypes after both 6 and
12 months of storage. Both normal maize and QPMbiypes had lost similar amounts

of starch at 3% after 6 months of storage compared with the chntr

The storage time significantly influenced the dtacontent (Table 5.2). The effect of 6
month storage period on starch at’8.6vas significantly different from the control. The
effect of 6 months of storage on starch at 48.&as similar to 12 months of storage at
3.6°C which suggest that low temperature is better thigh temperature during long
term storage. Two periods of heat treatment casgguficant reduction in starch content
for all genotypes. Six months of storage atG3@aused the starch to decrease, and a
further decrease in starch content was observed B2 months of storage. The findings
are consistent with those reported by Rehratial (2002) where starch was reduced
when exposed to high temperature °@pafter 6 months of storage. This occurrence
could be the effect of high temperature as thedahowed to have a negative effect on

chemical compounds of various seeds including mstexeh (Simi et al, 2007).
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Figure 5.6 Starch content of maize after storag&f@ for 0, 6 and 12 months

The QPM and normal maize genotypes showed a cdnsi@unction in both amylose and
starch content, producing rankings that were ctersiover treatments. The amylose and

starch content of open-pollinated QPM, QPM hybmd mormal maize genotypes were
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equally affected by the different storage cond#ioover time. In contrast, QPM
genotypes were spread throughout the rankingstaisdnot clear if they contain higher
amylose and starch content than normal maize gpestyHowever, due to the
considerable number of QPM genotypes showing higherlose and starch content than
normal maize under various storage conditions, ¢bigdd indicate that QPM genotypes

benefited from storage temperature.

The results of this study showed that storage tmmdi (temperature and humidity) and
the time of storage were significant on the amowoh@mylose and starch in maize, with
significant differences between these genotypdaenms of the effect of the treatments.
Thus, the amylose and starch content of both QP§reotmal hybrids during storage
were higher at 3% and 18.8C as opposed to 3D. High temperature of 8G had a
negative effect on the stored QPM and normal mgem®otypes in terms of starch and
amylose content. These findings are in agreemetit thiose reported elsewhere that
unfavourable storage conditions (high temperaturé eelative humidity) cause seed
quality losses (Daneke and Decker, 1988; Al-Yal3@01). In general, biochemical
changes in amylose and starch content during tBed@@s of storage indicated a gradual
decline of amylose and starch content under alhg®conditions. The observed reduced
starch contents during storage at high temperatouéd be the possibility of occurrence
of chemically cross-linking starch at relativelyghitemperature within the endosperm
which can restrict access of amylase enzymes tohstand therefore less starch would be
measured (Shukri, 2013).

Generally the results show that the amylose andrstaontent decrease over storage time.
This is possible when one takes into consideratienanalytical methods used to extract
and analyse these nutritional characteristics, taerdnatural reaction of starch structure
under certain circumstances. Many researchers Bhoeg/n that chemical analytical
methods have shortcomings when it comes to accuiifferent amylose contents of
cereals were observed using colorimetric iodine dmgh performance liquid
chromatography (HPLC) methods (Batey and Curtin96)9 which imply that the
methods differ from one another when it comes twuexcy for amylose analysis. The
average amylose contents obtained by Knutson an#e31994) and Mahmooet al
(2007) were different from the average amylose eminbbtained in this study when

analysed by the same colorimetric method, reveamge inconvenience of using the
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analytical method for determining amylose in maikleat being said, storage conditions
could also have influenced the different amountdath starch and amylose contents

observed in this study.

Under certain circumstances, particularly duringrage, the semi-crystalline part of
starch behaves in such a way that it is imposgibldetect using the current analytical
methods. The semi-crystalline regions may becomee atable, such that the analytical
method used, may provide “false” results (Rehratal, 2002; Creelet al, 2007). This
means that a part of the starch, although presamtjot be detected by the analytical
method (Creelet al, 2007). This change in structure affects the stip#ity of starch and
has been, and still is, investigated by nutritimiRehmanret al, 2002). In addition,
changes in starch and amylose content could haae ¢sused by other processes such as
metabolism occurring during storage. During resfmm starch is converted into water,
carbon dioxide and energy. Since a seed is a liemggnism which is able to respire,
energy is used in this regard, which may be obthiog limited starch metabolism-a
process accomplished lbyamylase enzyme which hydrolysis intact starch gieswith
the production of soluble starch fragments (Mac@red983; Narayanasamy, 2006).
With an increase in storage temperature, respiratite is increased, resulting in loss of
nutrients including starch present in the seed gdimmasamy, 2006). The amount of
starch lost through the metabolism process wasteghto be the same as the amount of
glucose required for respiration (Reed, 1992, Namagamy, 2006).

5.5 CONCLUSIONS

The results of this study indicated that storag®.&C had huge influence on starch and
amylose content, which were stable for all storpgeiods. However, 18°6 storage
temperature differently influenced both starch and/lose content. Amylose content was
negatively influenced, compared with starch undher $ame storage conditions. On the
other hand, storage at ®Dfor 6 and 12 months had a negative effect orcistand
amylose content. The study indicated that storirmgzenseeds at low temperature is the
best option if seeds are to be stored for a long@ef time with minimal reduction in
starch and amylose content. However, if low stotaggperatures are not maintained, the
chemical compounds of the seed including starchaangose content will significantly

be affected.

123



5.6 REFERENCES

AGROBASE. 2005. AGROBASE Generation Il User's Mdniersion 11, Revised
Edition. www.agronomix.com. Agronomix Software, Wipeg, MB, Canada.

AL-YAHYA, S. A. 2001. Effect of storage conditiom germination in wheafournal
of Agronomy and Crop Scien&84: 273-279.

BATEY, I. L., and B. M. CURTIN. 1996. Measuremeritamylose/amylopectin ratio by
high-performance liquid chromatograpl8tarch/Starket8: 338-344.

BUCKOW, R., L. JANKOWIAK., D. KNORR., and C. VERSH. 2009. Pressure-
temperature phase diagrams of maize starches widremt amylose contents.
Journal of Agricultural and Food Chemistby: 11510-11516.

CHEETHAM, N. W. H., and L. TAO1998.Variation in crystalline type with amylose
content in maize starch granules: an x-ray powdé&adtion study.Carbohydrate
Polymers33: 277-284.

CORCUERA, V., E. M. SALMORAL., J. C. SALERNO,, ar@l R. KRISMAN. 2007.
Starch molecular fractionation of bread wheat ese AgriscientiaXXIV (1):
11-18.

CREEK, J. A., A. BENESI., J. RUNT., and G. R. ZIEER. 2007. Potential sources of
error in the calorimetric evaluation of amylose tem of starchesCarbohydrate
Polymers68: 465-471.

DANEKE, D., and D. G. DECKER. 1988. Prolonged sdwuhdling time deters red-
winged blackbirds feeding on rice seed. Proceedoighe Thirteen Vertebrate
Pest Conference. Pages 287-292 in: A.C. Crabb a@adNRarsh (eds.). Vertebrate
Pest Conference Proceedings Collection. Univexsitiebraska-Lincoln. ISBN:
3-1-1998.

DANIEL, I. O., and M. O. AJALA. 2004. Probit modelj of seed physiological
deterioration in humid tropical seed stol®SSET Al: 47-53.

DESAI, B. B. 2004. Seeds Handbook: Biology, PromustProcessing, and Storagé? 2
Ed. Marcel Dekker, Inc; New York.

DOIJODE, S. D. 2001. Seed Storage of Horticultucabps. The Haworth Press;
Binghamton, New York.

HELL, K., K. F. CARDWELL., M. SETAMOU., and H. M. ®GEHLING. 2000. The
influence of storage practices on aflatoxin contetion in maize in four agro
ecological zones of Benin, west-Africdournal of Stored Products Resear@8:
365-382.

124



KOBAYASHI, S., S. J. SCHWARTZ., and D. R. LINEBACK986. Comparison of the
structures of amylopectins from different wheatietaes. Cereal Chemistry63:
71-74.

KNUTSON, C. A., and M. J. GROVE. 1994. Rapid methodestimation of amylose in
maize starche€ereal Chemistryl: 469-471.

LIU, H., N. A. ESKIN., and S. W. CUI. 2003. Intetaan of wheat and rice starches with
yellow mustard mucilagé=ood Hydrocolloidsl7: 863-869.

LOPES, D. C.,, J. H. MARTINS., A. J. S. NETO., and A L. FILHO. 2008.
Management of stored maize by AERO controller ure fBrazilian locations: a
simulation studyBiosystems Engineeriri)1: 325-330.

MCDONALD, M. B. 2006. Physilogical causes of seeetedioration. Seed Biology
program. Department of Horticulture and Crop Sagerhio State University.
[Seebiology.osu.edu/HCS631_FILES/9B%20Seed%20dedtion. pdf].

MCDONALD, M. B. 1999. Seed deterioration: Physiolpgepair and assessmeSeed
Science and Technolo@y: 177-237.

MACGREGOR, A. W. 1983. Cereal-amylases: synthesis and action pattern. in: J.
Daussant, J. Mosse and J. Vaughan (eds.). SeeeirRtofcademic Press; New
York, USA.

MAHMOOD, T., M. A. TURNER., and F. L. STODDARD. 2@0 Comparison of
methods for colometric amylose determination ireaégrains Starch/Starkes9:
357-365.

MCCANN, T. H., D. M. SMALL., I. L. BATEY., C. W. WRGLEY., and L. DAY. 2009.
Protein-lipid interactions in gluten elucidatedngsacetic-acid fractionatiofrood
Chemistryl115: 105-112.

MENDEZ-ALBORES, J. A, V. G. ARAMBULA.,, B. M. E. VEQUEZ., E. M.
MENDOZA., O. R. E. PRECIADO., and E. MORENO-MARTIIYE2003. Effect
of high moisture maize storage on tortilla qualidgurnal of Food Sciencé8:
1878-1881.

NARAYANASAMY, P. 2006. Postharvest Pathogens andease Management. John
Wiley and Sons, Inc; New Jersey, USA.

PONGSAWATMAMIT, R., T. TEMSIRIPONG., S. IKEDA., and. NISHINARI. 2006.
Influence of tamarind seed xyloglucan on rheoldgiseperties and thermal

stability of tapioca starcldournal of Food Engineering7: 41-50.

125



REED, C. 1992. Development of storage techniquesistorical perspective. Pages 143-
182 in: D. B. Sauer (ed.). Storage of Cereal Grams their Products. American
Association of Cereal Chemists; Minnesota, USA.

REHMAN, Z. U., F. HABIB., and S. I. ZAFAR. 2002. Nitional changes in maiz&éa
may$9 during storage at three temperatufesod Chemistryr7: 197-201.

SHUKRI, R. 2013. Effect of amylose content and ciwaity cross-linking starch on in-
vitro digestibility and extrusion of starch. Ph.Desis, Kansas State University,
Manhattan, USA.

SIMIC, B., R. POPOM., A. SUDARK., V. ROZMAN., I. KALINOVIC., and J.
COSIC. 2007. Effect of storage condition on seed oiltenh of maize, soybean
and sunflowerAgriculturae Conspectus Scientificdg: 211-213.

THANAPORNPOONPONG, S., and S. VEARASILP.1999. Migimg quality losses
during maize seed processing in postharvest maragemeutscher Tropentag,
Berlin. Session: Sustainable Technology Developrre@rop Production.

YUAN, R. C., D. B. THOMPSON., and C. D. BOYER. 199Bine structure of
amylopectin in relation to gelatinization and rgnadation behavior of maize
starches from three wx-containing genotypes in timbred lines. Cereal

Chemistry70: 81-89.

126



CHAPTER 6

THE PROTEIN AND ZEIN CONTENTS OF SOUTH AFRICAN QUALITY
PROTEIN MAIZE AND NORMAL MAIZE HYBRIDS

6.1 ABSTRACT

Quality protein maize (QPM) was developed for inwei lysine and tryptophan content,
but the extent of the differences in South Afriozaterial between QPM and normal
maize genotypes is not known. The objective ofstiidy was to determine the protein
and zein content of South African open-pollinaté&MYarieties and a QPM hybrid, and
to compare them to normal maize hybrids. The reslibwed that there were significant
differences in protein and zein concentration & @PM material compared with normal
maize genotypes. Almost all QPM genotypes had higtaein content than normal

maize genotypes. The zein peak that eluted at ih9mas much higher in QPM than
other maize. The peak at 10.5 min was present almasusively in QPM. The peak at
11.8 min was present almost exclusively in normaizen There were therefore clear
differences between QPM and normal maize genotyiessignificance of each different
peak is not known, but the differences in the pdaksveen QPM and non-QPM is
probably related to the increased tryptophan arging in the QPM.

6.2 INTRODUCTION

Maize is one of the most important sources of pnoite Africa. The provision of maize
protein is important and its quality is as impottas its quantity (Jugenheimer, 1961).
The protein content is important for preventingedses in humans and animals. The
maize kernel consists of protein which is dividatbifour fractions. One of the protein
fractions, found in the endosperm, is primarilynzefein is an alcohol-soluble protein
that occurs principally in protein bodies of magelosperm. Normal maize zein content
has been reduced after the insertion of the op@qyeme which alters the protein profile.
The introgression of the opaque-2 gene resultednew maize type called QPM which

has a balanced zein content proportional to thergitotein fractions.

There are considerable differences between mailievars for protein content (Arief,
2008), but the protein content is usually arountl®PM varieties, including opaque-2

and floury-2, have improved amino acid profiles datnot appear to yield higher protein
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content than conventional maize cultivars (Blaif02). The significant variation in

protein content of different maize genotypes isugitd about by many factors including
the genotype itself, soil, nitrogen fertilizer acldnatic conditions prevailing during grain
development (Bushukt al, 1969; Bajajet al, 1994; Morriset al, 2003; Léder, 2004;

Landryet al, 2005). The zein content of most maize genotypeges between 40% and
70% of the total protein found in maize endospemiidon, 1992; Viveket al, 2008).

The nutritional quality characteristics includingpfein content of maize genotypes have
been investigated. Normal maize genotypes inclugigipw and white maize have been
compared with respect to their protein content i(Bl2007). However, to date, South
African open-pollinated QPM varieties, QPM hybriddanormal maize genotypes have
not been compared in terms of protein and zeinerdst According to O’Kennedy
(2011), protein and zein content are usually nos@ered when evaluating maize quality
in South Africa. The aim of this study was to detere the protein and zein content of
South African open-pollinated QPM varieties and RMQhybrid, and to compare them

with normal maize hybrids.

6.3 MATERIALSAND METHODS

6.3.1 Planting location
As described in Chapter 3 (section 3.3.1).

6.3.2 Plant material
As described in Chapter 3 (section 3.3.2).

6.3.3 Experimental design and procedures
As described in Chapter 3 (section 3.3.3).

6.3.4 Protein analysis

The total protein content was determined usingcthrabustion method with a Leco FP-
528 nitrogen analyser. Whole-grain samples werelyfiground using a 1KA analysis
grinder, A10 Yellowline (Merck Chemicals Pty Ltdjttva 1 mm sieve. Approximately 3
mg of maize flour was weighed into glass tubes dridd overnight at 95%. The

samples were then placed in a desiccator (room g@satyre) to cool off. The dried
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samples were individually removed from the desmcaind transferred to foils (which
had their mass individually recorded) and immedyateeighed in triplicate. Protein
concentration was estimated from the nitrogen vahie

%protein= %nitrogen x 6.25 (conversion factor faire).

6.3.5 Zein extraction and analysis

Zein was extracted using a 1 ml mixture of 60% Ytért-butyl alcohol, 38% KD and
2% (v/v) beta-mercaptoethanol for protein reductikee et al, 2006). This was
transferred to Eppendorf microfuge tubes contairtirigg of maize flour. The samples
were then mixed on a vortex mixer for 1 h. The dasiwere centrifuged for 20 min at
12 000 rpm to separate supernatants from the pellee supernatants were then filtered
through 45 um filters into glass vials.

RP-HPLC

RP-HPLC was performed on a Shimadzu Prominenceyste8) using a Jupiter 300 C18
column (5 um particle size, 300 A pore size, 258.& mm). Samples (100 ul) were
injected and eluted with a solvent flow rate of llnamn, using a column temperature of
55°C. The two eluants used were: (A) 95% acetonid€N) containing 0.1% (v/v)
trifluoacetic acid (TFA); (B) distilled water conténg 5% (v/v) ACN and 0.11% (v/v)
TFA.

A linear elution gradient was used for the zeinlgsis: 50-40% (B), 0-25 min; 20-25%
(B), 25-40 min; 25-50% (A), 40-50 min. Protein wadetected at 230 nm. Zein
components were quantified by integrating the clatmgram areas using Shimadzu
class-VP 6.14 SP1. Only the most distinct peakewaken into account, and they were

numbered according to their elution times.

6.3.6 Data analysis
Analysis of variance (ANOVA) was done for proteimntent and zein peak area
(Agrobase, 2005).

6.4 RESULTS AND DISCUSSION
ANOVA on the data of the 15 tested genotypes irditahat there were significant
differences (p=0.01) in protein content among th&ize genotypes (Table 6.1). The
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protein content ranged from 5.41% to 13.40%, agimatange that nearly matched the 6-
12% range which was reported by Watson (2003). highest protein content was
13.40% followed by 11.97% and was recorded in gpahnated QPM genotypes
SYN4QYQPM and SYN15QWQPM, respectively. The high@sttein content (13.40%)
in this study is in agreement with the findings@ibbon and Larkins (2005) that maize
has an upper limit of about 13.5%his value was higher than the highest values tegor
by Gupta (1994andPrasannat al (2001) of 10.2% and 10.2%, respectively.

The lowest protein content was 5.41% and was obdeirv the normal maize genotype
CB341xI37F2. This is in agreement with previousoré&p indicating that normal maize

(9.22%) had lower protein content than QPM (10.01%Z)ai and Zhang, 2007). The

normal maize genotypes C3505 and CB389xI37F2 amth-ppllinated QPM genotype

SYN2QYQPM revealed intermediate protein content present results were lower than
the earlier reports which recorded the lowest pnotentent of 8.1% in maize genotypes
(Hernandez-Uribet al, 2004).

Table 6.1 Mean values of the protein content inzeangienotypes (rank in parenthesis)

No Genotype Type Protein (%)
1 CRW3505 Normal hybrid 10.06 (8)
2 QS7608 QPM hybrid 7.10 (14)
3 C3505 Normal hybrid 7.86 (12)
4 CB341xI37F2 Normal hybrid 5.41 (15)
5 CB346xI37F2 Normal hybrid 7.78 (13)
6 P6479F2 Normal hybrid 9.87 (10)
7 CB389xI37F2 Normal hybrid 8.91 (11)
8 SYN2QYQPM Open-pollinated QPM 9.95 (9)
9 SYN4QYQPM Open-pollinated QPM 13.40 (1)
10 SYN11QYQPM Open-pollinated QPM 10.91 (6)
11 SYN13QYQPM Open-pollinated QPM 10.46 (7)
12 SYN2QWQPM Open-pollinated QPM 11.97 (3)
13 SYN5QWQPM Open-pollinated QPM 11.01 (5)
14 SYN12QWQPM Open-pollinated QPM 11.70 (4)
15 SYN15QWQPM Open-pollinated QPM 11.97 (2)

LSD (0.05) 0.34

CV (%) 2.07

Mean 9.89

QPM mean 8.32

Normal maize mean 10.94
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There was a significant difference between the mbmaize and QPM genotypes in
terms of protein content. This agrees with eanlegorts where significant differences
were observed between QPM and normal maize (Prasasinal 2001). The present
results suggest that protein content was high istr@#®M genotypes although relatively
high protein content was observed in some normaartgpes. This confirms findings by
Sofi et al (2009). There were significant differences withive QPM and the normal

maize genotypes as well.

The zein peaks according to RP-HPLC-elution tim&9,(9.4, 10.5, 11.8, 13.9, 15 and
18.4 minutes respectively) are given Table 6.2.nkas of zein profiles are given in
Figs. 6.1-6.12. QPM genotypes had higher values time-QPM genotypes for peak 7.9.
Peak 9.4 was higher for all non-QPM genotypes whth exception of SYN4QY which
had values similar to the non-QPM genotypes. Thek e 10.5 min was present in
almost all QPM. Peak 11.8 was present in all the @Q®M but only in three of the QPM
genotypes. Peak 15 was present and similar for @&l and non-QPM genotypes with
the exception of non-QPM genotype P6479 which hgtdn values than all QPM and
non-QPM genotypes. Peaks 13.9 and 18.4 were sirfataall QPM and non-QPM
genotypes.
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Figure 6.1 Zein profile of CRW3505 (normal hybrid)
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Table 6.2 RP-HPLC zein peaks according to elufimies in minutes (7.9, 9.4, 10.5, 11.8, 13.9, 158%4)

C3505 | CB341 | CB346 | CB389 | CRW P6479 | QS SYN SYN SYN SYN | SYN SYN SYN SYN
xI37F2 | xI37F2 | xI37F2 | 3505 F2 7608 | 11QY | 12QW | 15QW | 13QY | 2QW 2QY 4QY 5QW
Normal | Normal | Normal | Normal | Normal | Normal | QPM | QPM QPM QPM QPM | QPM QPM QPM QPM
Peak 7.9 440m| 3.57 5.75 6.93 7.10 3.86 3.82 6.4512.18 12.33 12.67 10.33 7.33 15.67
Peak 9.4 29.06 31.99 24.67 30.63 29.44 28.19 3,708.371 | 20.39 15.80 21.44 16.96 11.88 27.63 18.63
Peak 10.5 7.67 14.52 19.84 20.00 23.86 13.48.79
Peak 11.8 | 9.02 6.26 8.71 12.30 8.32 10.80 4.32 8.62 5.67
Peak 13.9 | 18.24 15.91 12.74 17.03 18.30 6.21 514.6513.24 11.09| 13.64 9.76 11.19 16.04
Peak 15 18.56 18.48 21.05 18.172 18.29 40.16 11.28511 | 10.37 15.19 16.37 12.57 21.11 17.99 17.18
Peak 18.4 | 13.07 14.18 14.44 12.37 12.22 9.94 10/41 17.00 6614.| 15.25 15.39] 14.71 16.92 16.24 18.19
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6.5 CONCLUSIONS

The results showed that the protein content of Q®Mignificantly higher than that of
normal maize. There was considerable genetic vamiaamong maize genotypes for
protein and zein contents. This variation offerpapunities for using the genotypes with
desired levels of protein and zein in a maize brep@rogramme to develop improved
protein content and manipulate zein fractions. Bjgepeaks could not be identified as
specific proteins, but there were clear differeneadkected in the presence or absence of
some peaks between QPM and normal maize, andratee emount of protein expressed
as an area of some peaks. In addition, the diffggeaks could also mean that QPM and

normal maize genotypes used in this study separé¢ems of size of the peaks.

6.6 REFERENCES

AGROBASE. 2005. AGROBASE Generation Il User's Mdniersion 11, Revised
Edition. www.agronomix.com. Agronomix Software, Wipeg, MB, Canada.

ARIEF, R. W. 2008. Relative qualitative analysis wfaize proteinin vivo using
PDCAAS methodIindonesian Journal of Agriculturg: 1-6.

BAJAJ, S., N. BHATIA,, and Y. P. S. BAJAJ. 1994.oBichnology in nutritional
improvement of maize. Pages 405-512 in: Y. P. $ajBad.). Biotechnology in
Agriculture and Forestry 25. Springer-Verlag; Beteideberg.

BLAIR, R. 2007. Nutrition and Feeding of Organig®i Cromwell Press; Trownbridge,
UK.

BUSHUK, W., K. G. BRIGGS., and L. H. SHEBESKI. 196®otein quantity and quality
as factors in the evaluation of bread whe&@anadian Journal of Plant Science
49: 113-122.

GIBBON, B. C., and B. A. LARKINS. 2005. Moleculaegetic approaches to developing
quality protein maizeTrends in Genetic81: 227-233.

GUPTA, H. O. 1994. Protein quality evaluation ofr@ged maizePlant Foods for
Human Nutrition46: 85-91.

HERNANDE-URIBE, J. P., G. PEREZ-ROMAN., G. MENDEZ@NTEALVO., L. A.
BELLO-PEREZ., and J. SOLORZA-FERIA. 2004. Thermaildaviscoelastic
properties of starch isolated from Mexican corn ridd Food Technologyb5:
276-287.

JUGENHEIMER, R. W. 1961. Breeding for oil and proteontent in maizeEuphytica
10: 152-156.

137



LANDRY, J., C. DAMERVAL., R. A. AZEVEDO., and S. DEHAYE. 2005. Effect of
the opaqueand floury mutations on the accumulation of dry matter andqimo
fractions in maize endosperilant Physiology and Biochemist#ys: 549-556.

LEDER, I. 2004. Sorghum and Millets, @ultivated Plants, Primarily as Food Sources
in (G. Fuleky ed.)Encyclopedia of Life Support Systems (EOLS®)eloped
under the Auspices of the UNESCO, Eolss Publishedsford, UK,
[http:/mwww.eolss.net].

LEE, K., S. R. BEAN., S. ALAVI, T. J. HERRMAN., anR. D. WANISKA. 2006.
Physical and biochemical properties of maize hasslr@ad extrudates of selected
hybrids.Journal of Agricultural and Food chemistbg: 4260-4269.

MORRIS, M., M. MEKURIA., and R. GERPACIO. 2003. lagts of CIMMTY maize
breeding research. Pages 135-158 in: R. E. EveasdrD. Gollin (eds.). Crop
Improvement and its Effect on Productivity. CABl;alWngford, UK.

O’KENNEDY, K. 2011. Characterisation of zein fronou#h African maize of varying
endosperm texture. M.Sc. dissertation, Universitystellenbosch, Stellenbosch,
South Africa.

PRASANNA, B. M., S. K. VASAL., B. KASSAHUM., and NN. SINGH. 2001. Quality
protein maizeCurrent Scienc@&1: 1308-1319.

SOFI, P.A., S. A. WANI, A. G. RATHER., and S. H.AMI. 2009. Review article:
Quality protein maize (QPM): Genetic manipulatioor fthe nutritional
fortification of maizeJournal of Plant Breeding and Crop Scierice244-253.

VIVEK, B. S., A. F. KRIVANEK., N. PALACIOS-ROJAS.S. TWUMASI-AFRIYIE.,
and A. O. DIALLO. 2008. Breeding Quality Protein ida (QPM): Protocols for
Developing QPM Cultivars. Mexico D. F.: CIMMYT.

WATSON, S. A. 2003. Description, development, dinte, and composition of the corn
kernel. Pages 96-106 in: P. W. White and L. A. 3oim (eds.). Chemistry and
Technology. 2 Ed. American Association of Cereal Chemists; Msuta, USA.

WILSON, C. M. 1992. Techniques for characterizatminmaize endosperm storage
proteins and identification of nutritionally impred maize. Pages 141-154 in: E.
T. Mertz (ed.). Quality Protein Maize. American Asgtion of Cereal Chemists;
Minnesota, USA.

ZHAI, S. W., and M. L. ZHANG. 2007. Comparison ofie¢ metabolisable energy and
true amino acid availability between normal maizel ajuality protein maize.
Italian Journal of Animal Sciendg& 289-294.

138



CHAPTER 7

THE INFLUENCE OF STORAGE CONDITIONS ON PROTEIN AND ZEIN
CONTENT OF SOUTH AFRICAN QUALITY PROTEIN MAIZE AND NORMAL
MAIZE HYBRIDS

7.1 ABSTRACT

The grain composition of normal maize and qualitgt@in maize (QPM) genotypes may
be affected by storage conditions, leading to cleanip protein and zein content. The
objective of this study was to examine the pradeith zein content of South African open-
pollinated QPM varieties and one QPM hybrid comgavath normal maize hybrids at
3.6°C, 18.5C and 30C after 0, 6 and 12 months of storage. The resfitthis study
indicated that there were significant differencesprotein and zein of South African
open-pollinated QPM varieties and one QPM hybridnpared with normal maize
hybrids. Storage at 3’6 and 18.8C kept the protein content stable during the sterag
period. Storage at 3C reduced the protein content after both 6 and I¢htims of
storage. Zein peak 9.4 was very sensitive to mmsage conditions, leading to a
reduction in this peak. Peak 13.9 in QPM entries wary sensitive to heat treatment and
long term storage under room temperature conditiamisich caused an increase in this
peak. Peak 15 was consistently very sensitiveaimge at 36C for 6 and 12 months,

which caused an increase in the peak.

7.2INTRODUCTION

Maize kernels contain differing amounts of prot@nd zein. QPM is nutritionally
enhanced maize that has a better protein qualittyahit possesses double the quantity of
lysine and tryptophan found in non-QPM. Maize resleers at the International Maize
and Wheat Improvement Center (CIMMYT) developeddhandosperm QPM with
improved lysine and tryptophan content. Cerealduging maize, are the main source of
protein consumed by humans and thus the need fterbmutritionally balanced cereal
proteins is important (Ingversen, 1983). Zein, th@jor protein fraction of maize
endosperm tissue, is soluble in aqueous alcohatisnk and contains almost no lysine or

tryptophan (Paulis and Bietz, 1986).
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From a nutritional quality preservation point oéwi, little is known about the reaction of
protein and zein of QPM when exposed to differdéatagye conditions. During storage,
nutritional aspects of the grain including proteimd zein content may be changed as a
result of exposure to unfavourable storage condtidReed, 1992). The most important
external factors influencing protein and zein cahie maize kernels during storage are
storage temperature, time of storage, seed moistargent and relative humidity
(McDonald, 1999). Therefore, protein and zein cohtef QPM and normal maize

hybrids are likely to vary and to be influenceddifferent storage conditions.

During storage, protein and zein content can reratitie initial amount or decline to a
point that may make the kernel undesirable for hum@nsumption. The production of
essential amino acids plays a role in protein diggran (Bagleyet al, 1963). The free

amino acid groups of protein spontaneously form mem intermediate compounds
resulting in the activity, leading to reductionpnotein and zein content during storage
(Marshall and Chrastil, 1992; Rehmenal, 2002) According to Kalpana and Rao (1997), a
decrease in protein content is associated witeeain the level of amino acids during the

ageing process.

Gonzalez-Pérez and Arellano (2009) reported thatepr fractions undergo reversible
and irreversible association-dissociation phenomewrhich may complicate their
isolation and characterization. For instance, thajonty of 7S globulins from
monocotyledonous seeds (e.g. maize) associate rg@rlanolecular weight species
(Gonzéalez-Pérez and Arellano, 2009). Little biocleainchanges in protein occur in dry
seeds during storage than in seeds with high meistontent (British Nutrition
Foundation, 2004). According to Serna-Saldivar (B0protein content does not change
when determined with the Kjeldahl method even wileeposed to extreme storage
conditions or normal conditions, but if it does ©ba, then the changes are due to the
carbohydrate losses from respirati@uring storage, the agglomeration of starch arodepn

within the endosperm may affect the final protedntent (Pomeranz and Williams, 1990).

During extended storage, changes in the chemiaalposition and nutritive value of
grain may occur (Mitchell and Breadles, 1949). Aligh the processes involved in the
biochemical changes are unclear, available expetahevidence indicates that storage

conditions may contribute to the reduction in riignal composition, including protein
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content (Prestley, 1986; McDonald, 1999). Succéssfarage of seeds, therefore,
requires certain conditions to be met and thusatimeof this study was to investigate the
influence of different storage conditions on protand zein content extracted from QPM
and normal maize seed samples stored for 0, 6 2maohths at 3%, 18.5C and 36C.

7.3MATERIALSAND METHODS

7.3.1 Planting location
As described in Chapter 3 (section 3.3.1).

7.3.2 Plant material
As described in Chapter 3 (section 3.3.2).

7.3.3 Experimental design and procedures
As described in Chapter 3 (section 3.3.3).

7.3.4 Storage conditions
The storage conditions of the South African opeltinmied QPM, QPM hybrid and
normal maize seed samples were the same as tlwatb@elsin Chapter 5 (section 5.3.4).

7.3.5Protein analysis
As described in Chapter 6 (section 6.3.4).

7.3.6 Zein extraction and analysis
As described in Chapter 6 (section 6.3.5).

RP-HPLC
As described in Chapter 6 (section 6.3.5.1).

7.3.7 Data analyses

The effect of storage conditions on protein contemti zein peak area over time was
analysed by analysis of variance (ANOVA) using Amase (2005). For statistical
comparisons over storage time and storage temperdfue average peak sizes were

determined from three profiles.
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7.4 RESULTS AND DISCUSSION

The means of protein content of tested maize geestynder different storage conditions
over time are presented in Table 7.1. Protein cant@ried amongst tested maize
genotypes, with statistically significant differesc Almost all QPM genotypes had
higher protein content than normal maize genotygté&s6C and 18.8C after 0, 6 and 12
months of storage (Figs. 7.1 and 7.2). AAGOQPM genotypes still had higher protein
content than normal maize although th€GBGnvironment significantly reduced the
protein content after 6 and 12 months of storadg. (F.3). A higher amount of total
protein was obtained in the QPM genotypes (SYN4QVMQPSYN15QWQPM,
SYN2QWQPM, SYN12QWQPM, SYN5QWQPM and SYN11QYQPMprhin the
normal maize across all treatments; these restdtsnaagreement with previous reports
indicating that QPM had higher protein content thrermal maize (Prasanret al,
2001). Although QPM showed to have higher proteomtent than normal maize
genotypes under different conditions, the reseaiched at looking at the effect of
storage conditions on nutritional content showeat frotein content of seeds does not

change under any storage conditions (Serna-SaJdiQan).

The storage time significantly influenced the pioteontent (Table 7.1). Maize samples
stored for six months at had lower protein conteah the control, suggesting that €6
temperature and length of storage contributed ® dlecrease of protein content.
However, protein content after 12 months of storaig8.6C was similar to 6 months of
storage at 18%, which imply that low storage temperature of’G.@layed an important
role in keeping the protein content intact. Durthg 12 month storage period at’GQ
protein content was significantly different fromethontrol, implying that storage period
under the storage conditions of high temperature dasevere impact on the protein

content of both QPM and normal maize genotypes.
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Table 7.1 Effect of different storage conditionspsatein content over time

Protein (%)

Genotype Type Control 36 18.5C 30°C

0 months 6 months 12 months 6 months 12 monthsior6hs 12 months
CRW3505 Normal hybrid 10.06 9.91 9.76 9.75 9.44 429. 8.79
QS7608 QPM hybrid 7.10 6.95 6.80 6.79 6.48 6.46 83 5.
C3505 Normal hybrid 7.86 7.71 7.56 7.55 7.24 7.22 6.59
CB341xI37F2 Normal hybrid 5.41 5.26 5.11 5.10 479 4.77 4.16
CB346xI37F2 Normal hybrid 7.78 7.63 7.48 7.47 716 7.14 6.51
P6479F2 Normal hybrid 9.87 9.72 9.57 9.56 9.25 39.2 8.60
CB389xI37F2 Normal hybrid 8.91 8.76 8.61 8.60 8.29 8.27 7.64
SYN2QYQPM  Open-pollinated QPM  9.95 9.80 9.65 9.64 9.33 9.31 8.67
SYN4QYQPM  Open-pollinated QPM  13.40 13.25 13.10 023. 12.78 12.76 12.13
SYN11QYQPM Open-pollinated QPM  10.91 10.76 10.61 .6Q0 10.29 10.27 9.63
SYN13QYQPM Open-pollinated QPM  10.46 10.31 10.16 .130 9.84 9.82 9.18
SYN2QWQPM  Open-pollinated QPM  11.97 11.69 11.54 591. 11.21 11.25 10.55
SYNSQWQPM  Open-pollinated QPM  11.01 10.86 10.71 7Q0. 10.39 10.37 9.74
SYN12QWQPM Open-pollinated QPM  11.70 11.55 11.40 11.39 11.08 1.04 10.42
SYN15QWQPM Open-pollinated QPM  11.97 11.82 11.67 11.66 11.35 11.33 10.69
LSD (0.05) 0.34 1.09 0.52 1.07 0.92 0.77 0.70
LSD (0.05) across treatments 0.40
Mean 9.89 9.73 9.58 9.58 9.26 9.25 8.61
Mean for QPM 10.94 10.78 10.63 10.62 10.31 10.29 .659
Mean for normal hybrids 8.32 8.17 8.02 8.01 7.70 687. 7.05
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Figure 7.1 Protein content of maize after storadge@C for 0, 6 and 12 months
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Figure 7.2 Protein content of maize after storad8a&5C for 0, 6 and 12 months
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Figure 7.3 Protein content of maize after storad@C for 0, 6 and 12 months

Two heat treatment periods caused significant rgolucin protein content for all
genotypes. Six months of storage af@Gn protein caused the protein content to
decrease, while a further decrease in protein com@s observed after 12 months of
storage at 3. The results of protein content observed in shigly are not necessarily
consistent with the findings reported in other sadwhich demonstrated that protein
content does not change under storage conditioiessias a result of respiration which
causes carbohydrate loss which in turn affectsotrexall protein content (Mezeit al,
2007; Strelet al, 2010; Serna-Saldivar, 2010). In contrast, Bmudiad Jenner (1985)

observed a significant increase in protein contéiseeds exposed to high temperatures.

Although the protein content has shown to changenmxposed to storage conditions
over time, the possible reasons for this changeamplex and range from the chemical
methods used to determine the content to the betiaei some of the protein fractions
during storage (Serna-Saldivar, 2010). The higid lgontent often agglomerates with the
protein fractions during milling, and therefore nrmakthe protein content appear to have
dropped (Gonzalez-Pérez and Arellano, 2009). Intresty the protein, under some
circumstances of ageing, bio-degrades, leading stight drop in its content (British
Nutrition Foundation, 2004). This is in agreemeithvthe findings of Mezegt al (2007)
which showed that protein content of soybean calfivwas lost due to degradation.

Another possible cause of protein deterioratiorfiéhd crops, especially in soybeans
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during storage is the occurrence of reactions betwbke proteins or the proteinogenous
amino acids and the sugars, mainly pentoses, wdtchr to the extent of about 10%
(MacMasterset al, 1941). In addition, the observed reduced prot@ntent during
storage could be the possibility of occurrence obtgin cross-linking within the
endosperm matrix proteins which can restrict acoéggotease enzymes to protein and

therefore less protein would be measured (loezgat, 2007).

Zein

The mean squares for HPLC zein peaks common &ntiles are presented in Table 7.2.
The mean squares for entry were highly signifidantpeaks 7.9, 9.4, 13.9, 15 and 18.4.
The treatment mean squares were also highly sogmififor peaks 7.9, 9.4, 13.9, 15 and
18.4. This indicates that different storage coodsi significantly influenced the peaks.
The entry x treatment mean squares were highlyifeignt for peaks 7.9, 9.4, 13.9, 15
and 18.4, indicating that the genotypes reactddreifitly to different storage conditions.

Table 7.2 Mean squares for HPLC zein peaks (in tagelution time) common to all

entries

7.9 9.4 13.9 15.0 18.4
Entry 282.87**  1350.45** 612.34** 1150.91** 194.98*
Treatment 92.56** 525.96** 110.70** 257.80** 22785

Entry x Treatment  689.23**  27.51** 20.77** 16.86** 22.92**

** P<0.01

The HPLC zein peaks according to elution times inutes after 0, 6 and 12 month
storage periods at 36, 18.5C and 30C are presented in Table 7.3. Examples of
extractable zein profiles are given in Fig. 7.45g7 Peak 7.9 at 326 was present in both
non-QPM and QPM genotypes after 6 and 12 montrstooge, but only absent in one
QPM genotype SYN13QY. At 18’6, peak 7.9 as at 3@, was absent in QPM genotype
SYN13QY, but present in other QPM and normal majeaotypes. At 3T, peak 7.9
was also missing in QPM genotype SYN13QY, but ammk&n other QPM and normal
maize genotypes after both 6 and 12 months ofgora
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Table 7.3 HPLC zein peaks according to elution sinmeminutes after 0, 6 and 12 month storage psriod

C3505 CB341| CB346 | CB389 | CRW P6479 | QS SYN SYN SYN SYN SYN SYN SYN SYN
xI37F2 | xI37F2 | xI37F2 | 3505 F2 7608 11QY | 12QW | 15QW | 13QY | 2QW 2QY 4QY 5QW

Normal | Normal| Normall Normal Normal Normal QPM QPM| QPM QPM QPM QPM QPM QPM QPM
Peak 7.9
Control 4.40 3.57 5.75 6.93 7.10 3.86 3.82 6.45 182.| 12.33 12.67 10.33 7.33 15.67
3.6°C 6M 2.73 6.08 3.72 9.27 3.88 2.67 6.37 3.30 12.1411.49 9.87 10.75 7.99 9.33
3.66C 12M | 6.09 2.33 2.73 6.45 4.47 2.67 3.09 5.71 12.3.22 12.85 5.08 4,72 7.82
18.5C 6M | 6.48 9.08 7.98 12.79 8.42 5.40 11.99 6.67 26.8 13.62 16.54 5.74 8.85 16.96
18.5°C 12M | 3.54 3.82 4.05 8.67 4.57 3.33 5.14 452 13.77.76 10.83 7.84 6.00 12.50
30°C 6M 2.86 3.76 3.33 9.35 4.29 2.00 2.79 2.78 11.74010.30 11.82 7.07 4.00 7.15
30°C 12Mm 4.36 5.57 2.95 11.62 6.79 3.63 7.34 8.72 a42.0 8.25 9.71 9.67 5.58 10.98
LSD 2.45 2.78 2.42 4.18 2.66 1.32 6.35 4.85 5.50 3.26 3.3 4.17 4.10 3.12
Peak 9.4
Control 29.06 31.99 24.67 30.63 29.44 28.19 3.70 .378| 20.39 15.80 21.44 16.96 11.88§ 27.63 18.6
3.6°C 6M 22.95 21.36 23.34 18.68 23.87 15.29 6.17 8.66 14.46 9.85 23.81 9.48 8.51 9.28 5.86
3.66C 12M | 24.39 21.86 18.87 14.14 22.32 14.68 3.10 72.99.49 7.19 24.10 9.93 5.93 9.99 5.44
18.5C 6M | 29.73 26.82 21.17 19.40 25.83 16.58 12.01 52.618.01 12.33 41.16 12.75 11.18 21.5% 14.3
18.5C 12M | 25.43 31.88 21.71 18.90 25.18 15.76 2.51 94.2 10.45 8.76 35.73 7.38 8.96 10.00 10.1
30°C 6M 21.28 23.87 21.59 13.79 22.14 13.94 3.16 9.88 9.88 12.07 34.58 11.70 8.08 9.03 8.50
30°C 12Mm 23.36 26.89 26.23 17.12 26.99 18.01 7.93 35.4 13.91 11.42 43.99 12.87 10.33 17.16 12.2
LSD 9.36 8.90 6.27 3.83 5.45 4.59 6.40 3.00 4.76 421 294 | 2.86 1.98 2.80 3.12
Peak 10.5
Control 7.67 14.52 19.84 20.00 23.86 13.45 .793
3.6°C 6M 15.29 8.66 9.85 19.17 7.51 6.55
3.6C 12M 14.68 12.97 7.19 23.25 7.25 5.96
18.5C 6M 16.58 12.65 12.33 23.57 9.92 5.76
18.5°C 12M 15.76 14.29 8.76 21.52 13.37 8.35
30°C 6M 13.94 9.88 12.07 17.29 7.45 11.19
30°C 12Mm 18.01 15.43 11.42 24.15 11.23 7.75
LSD 4.59 3.00 4.21 4.90 3.71 3.54
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Table 7.3 Continued

Peak 11.8

Control 9.02 6.26 8.71 12.30 8.32 10.80 4.32 .628 5.67

3.6°C 6M 8.59 8.66 12.72 9.51 8.18 6.9 2.33 4.70| .466

3.6°C 12M 6.71 3.29 5.11 7.15 5.35 6.92 5.50 3.20| 5.52

18.5C 6M 7.69 7.09 9.25 10.10 7.19 6.67 5.89 9.87| 9.08

18.5C 12M 5.97 5.40 8.27 8.28 5.83 6.22 4.98 7.18| 7.56

30°C 6M 9.06 6.67 11.42 12.99 10.12 9.35 2.78 27.1 | 9.58

30°C 12M 8.38 6.58 12.47 12.11 8.94 8.84 7.95 040. | 11.72

LSD 2.5 4.34 2.18 2.70 3.33 4,72 1.52 1.29 81.5

Peak 13.9

Control 18.24 15.91 12.74 17.03 18.30 6.21 14.5% 13.24 11.09 13.64 9.76 11.19 16.04
3.6°C 6M 22.63 11.74 10.97 17.14 20.37 7.54 14.17% 206. | 5.53 11.40 12.01 9.16 20.43
3.6°C 12M 19.69 15.00 22.69 18.27 21.30 11.72 16.97 4.311 7.50 12.80 9.69 10.17 15.65
18.5C 6M 20.21 10.47 13.99 16.06 20.10 7.65 20.14 693. | 13.21 12.97 10.13 14.95 19.23
18.5C 12M 21.94 13.43 16.45 16.50 21.54 10.08 19.48 7.671 10.13 15.05 14.58 14.36 21.96
30°C 6M 25.79 12.63 15.55 17.25 22.77 13.73 20.02 .733 11.03 15.38 14.51 16.43 24.71
30°C 12M 23.42 10.81 9.7 13.64 21.94 17.93 25.58 8116. | 16.82 16.19 14.75 16.27 25.00
LSD 2.88 3.72 6.20 3.01 2.67 2.49 4.96 3.78 3.03| 2.90 3.15 1.77 6.48
Peak 15

Control 18.56 18.48 21.05 18.12 18.29 40.16 11.28 7.511 10.37 15.19 16.37 12.57 21.11 17.99 17.18
3.6°C 6M 22.95 20.94 21.71 21.17 17.63 44.84 14.28 719.6| 11.14 15.04 12.14 15.59 21.00 18.37 18.74
3.6°C 12M 20.57 20.54 22.31 26.86 17.74 42.24 11.12 2518. | 15.69 15.34 13.25 15.73 22.00 18.33 14.67
18.5C 6M 18.55 20.12 20.64 25.68 16.41 45.63 14.84 @3.9| 13.46 16.98 16.95 14.32 15.40 17.24 17.34
18.5C 12M 23.17 21.75 24.44 27.90 21.08 52.01 15.55 8418. | 17.70 19.31 19.79 18.77 22.30 20.80 20.34
30°C 6M 19.14 24.79 21.82 20.81 24.83 43.46 20.25 @45 12.91 19.44 25.86 15.69 23.66 23.09 20.2(
30°C 12M 23.39 28.55 25.05 24.48 21.18 53.44 19.12 335. | 15.37 22.08 20.46 21.82 22.21 24.96 26.64
LSD 5.39 5.62 2.19 4.98 4.20 7.81 5.50 5.98 2.36 13 3. 3.68 2.80 4.47 3.23 6.02
Peak 18.4

Control 13.07 14.18 14.44 12.37 12.22 9.94 10.41 7.0 14.66 15.25 15.39 14.71 16.92 16.24 18.19
3.6°C 6M 13.44 15.44 14.60 14.54 11.83 7.74 15.83 25.9814.15 12.66 17.10 19.52 21.29 17.18 26.91
3.6°C 12M 12.41 16.59 17.59 15.43 12.64 11.73 7.88 AaA4.9| 24.79 18.39 12.84 17.74 19.66 16.99 17.88
18.5C 6M 10.77 13.10 14.44 12.08 13.38 10.80 10.03 15.2| 17.68 14.22 15.56 16.33 17.72 14.53 18.49
18.5C 12M 14.71 15.57 16.75 15.53 15.13 8.28 14.64 QaL7.0] 24.68 23.40 18.62 21.09 20.41 21.00 25.35
30°C 6M 19.63 20.14 14.52 12.81 12.38 6.69 15.29 23.9517.35 17.85 23.08 16.67 21.99 16.69 24.7Q
30°C 12M 13.41 12.33 14.02 12.69 10.04 5.13 10.58 7.40| 19.01 13.91 9.34 9.54 12.61 10.02 14.38
LSD 3.47 4.47 3.50 2.76 4.20 3.62 4.09 4.89 5.25 62 3. 4.63 3.10 5.57 2.91 8.35
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Figure 7.4a Zein profile of CRW3505, control
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Figure 7.4b Zein profile of CRW3505 after storag@&5C for 6 months
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Figure 7.4c Zein profile of CRW3505 after storag@@&5C for 12 months
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Figure 7.4d Zein profile of CRW3505 after storay8.8’C for 6 months

Figure 7.4e Zein profile of CRW3505 after storay8.6°C for 12 months
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Figure 7.4f Zein profile of CRW3505 after storag@@&C for 6 months
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Figure 7.4g Zein profile of CRW3505 after storag8@&C for 12 months
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Figure 7.5a Zein profile of SYN4QYQPM, control

Figure 7.5b Zein profile of SYN4QYQPM after storaael 8.5C for 6 months
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Figure 7.5¢ Zein profile of SYN4QYQPM after storaajel8.5C for 12 months
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Figure 7.5d Zein profile of SYN4QYQPM after storaae3.6C for 6 months

Figure 7.5e Zein profile of SYN4QYQPM after storae3.6C for 12 months
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Figure 7.5f Zein profile of SYN4QYQPM after storaae3CFC for 6 months

Figure 7.5¢g Zein profile of SYN4QYQPM after storame80C for 12 months

Peak 9.4 was similar at 3@ for both QPM and normal maize genotypes aften® a
months of storage, but higher for QPM and normakmagenotypes at 186 and 36C
after 6 and 12 months of storage. The observed gtk under higher temperatures of
18°C and 30C could suggest that high temperatures during géodaad a positive
influence on the extractable zein content of botAMQand normal maize genotypes
(Bhullar and Jenner, 1985; Wilhelst al, 1999). Peak 10.5 was absent in almost all
normal maize at 3°€, 18.5C and 36C after 6 and 12 months of storage with an
exception of P6479F2, but present in some QPM gpestwith an exception of four
QPM genotypes. Peak 11.8 was present in all non-QBitypes at 3°6, 18.5C and

30°C after 6 and 12 months of storage, but absenPiM @enotypes with an exception of
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three QPM genotypes. The absence of proteins itHEIeC profile may not necessarily
mean that the protein has been degraded. Protealsding extractable maize zein
proteins may also agglomerate during storage wheakes them unextractable by the
applied method (Palzer, 2005; Kim, 2008; Dhanalaksdt al, 2011).

Peak 13.9 was present in almost all normal maize@RM genotypes at 36, 18.5C
and 30C after 6 and 12 months of storage with an exceptib one normal maize
genotype and one QPM genotype. Peak 15 was highmrmal maize genotypes than in
QPM genotypes at 36 after 6 and 12 months of storage, but lower imab maize
genotypes at 18%6 after 6 and 12 months of storage. AfGOpeak 15 was high in both
QPM and normal genotypes after 6 and 12 monthsovdge. Peak 18.4 was, at &6
stable for all normal maize and QPM genotypes afieand 12 months of storage
compared to the control. Peak 18.4 at 48.Bad higher values after 6 months of storage,
but after 12 months the values increased evendurit 30°C, peak 18.4 was high in
both QPM and normal maize genotypes after 6 maoftksorage but low after 12 months
of storage in both QPM and normal maize genotypespared to the control, and this is
in agreement with earlier reports that persistezdt Fstress negatively affects proteins

including extractable zein (Rehmanal., 2002).

Peak 7.9 was not largely influenced by storage itioms and mostly at 18°6 after 6
months of storage there was a significant incréaskis peak against the control for six
of the tested genotypes. SYN5QW was an exceptiaravall but two treatments caused
a significant reduction in this peak. Peak 9.4 way sensitive to storage in most of the
entries. In CB389xI37F2, P6479F2, SYN12QW, SYN2@VN4QY and SYN5QW all
storage treatments caused a significant reductighis peak. C3505 and CB346xI37F2

were not significantly influenced by storage.

Very few entries had peak 10.5 but in the one nbmmaize variety all the treatments

caused a significant increase in this peak. In SYXQW all treatments caused a
significant reduction in this peak and in SYN2QYreth of the treatments caused a
significant reduction in this peak. For peak 1h&ré were variable reactions to storage,

there were some significant differences but theaie mo consistent pattern.
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For peak 13.9 especially the heat treatmenfGB@or both 6 and 12 months and the
18.5°C treatment for 12 months caused a significantiase in this peak for most of the
QPM entries. For peak 15 there was a clear patt&in heat treatment for 12 months
causing a significant increase in this peak forball three entries. Heat treatment for 6
months also caused a significant increase in tbak for eight of the entries. This peak
was also significantly increased in six of the iestafter 12 months of storage at £8.5
For peak 18.4 during 12 month storage at A8 & significant increase was seen for six of
the nine QPM entries.

The results of this study indicated that seed gt consistently high temperature and
the duration of storage lead to a significant réiducin protein content and significantly
influenced some of the zein peaks. The data inglicttat maize seeds stored at’G.6
and 18.8C for 6 months had more protein and zein contewpp®sed to the maize seeds
stored at 18% for 12 months and 8G for 6 and 12 months. This is not necessarily in
agreement with the previous reports that proteirientt was increased due to the effect of
persistent heat (Monjardinet al, 2005) and that storage at low temperature had a
negative effect on chemical compounds includingginoand zein content (Rehman
al., 2002). Smith and Smith (1986) also confirmedt teavironmental effects can
markedly affect both the quantitative and qualatconstitution of proteins that are
formed in the seed. Nevertheless, losses in thesmmical compounds occurred to a lesser
extent during storage at 18% after 6 months of storage. In contrast, no sicgmilft
changes in protein content were observed duringagéoof maize seeds at Zbafter

both 6 and 12 months of storage.

7.5 CONCLUSIONS

The results from this study showed that high temjpee during storage has a negative
impact on the protein content. Therefore, it isgagged that maize grains should not be
stored at high temperatures above 1822(h order to minimize protein losses during
storage. In addition, heat treatment showed to megatively affected the zein peaks,
suggesting that low temperature is ideal for zéomage. The results of this study also
highlights the need for further investigations be thanges in protein content and zein
peaks of various maize genotypes during storagehab informed decisions about

changing chemical compounds can be made availatdeshared between those who

make recommendations on storing grain with miniquantity losses.
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CHAPTER 8

GENERAL CONCLUSIONSAND RECOMMENDATIONS
Maize is a versatile crop and many people, paditylthose in rural communities,
depend largely on it as their main food sourcecBybohydrates and proteins. It is used to
manufacture a wide variety of products. As a reseftd-use quality traits are very
important in the food industry. Despite the impoda of these traits in the livelihoods of
people, small-scale maize farmers face challerglated to storage. Maize deteriorates to
such an extent that it does not meet the acceptabdds of nutrition. The problem of
deterioration of the grain during storage is perpetd by unfavourable storage
conditions and the length of storage period. Theatel for maize varieties with high
nutritional quality, particularly in rural commuias, pushes the small-scale farmers to

find ways of storing maize with less storage losses

In this study, open-pollinated QPM genotypes, omMChybrid and non-QPM hybrids
were compared for various endosperm and nutritiohatacteristics. The Ca content was
highest in the open-pollinated QPM genotype SYN2@¥Q and lowest in
SYNS5QWQPM. The Fe content was highest in normalzengienotype CRW3505, but
lowest in the open-pollinated QPM genotype SYN13®¥Q The K content was highest
in QPM genotype QS7608, while the lowest K conteat observed in normal maize
genotype P6479F2. QS7608 had the highest Mg comtkibé normal maize genotype
had the lowest Mg content. The highest Mn contesst wbserved in the open-pollinated
QPM genotype SYN15QWQPM, while open-pollinated QBa&mhotype SYN11QYQPM
had the lowest Mn content. The open-pollinated Qiviotype SYN4QYQPM had the
highest Na content, while the lowest Na content whserved in the open-pollinated
SYN13QYQPM. The highest P content was observed he bpen-pollinated
SYN15QWQPM, while the lowest P content was obsenvedormal maize genotype
P6479F2. The principal component analysis revetilat a relationship exists between
some mineral elements, particularly between K amd”Zand Mn, Zn and P, and K and P,
and these mineral elements could be concurrentlgrawed without lowering the
concentrations of Na, Ca and Mg. In this study, dlerall content of the minerals was
lower in normal maize than in QPM, but the con@n€Ca, Na, Mg and Fe was higher in
normal maize than in QPM. Although the QPM in th&se has shown to outperform

normal maize, these findings do not necessarilygssigthat QPM has higher mineral
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content than normal maize as it has been repantether studies that the overall content
of the minerals in the seed depends largely oratheunt of existing minerals present in
the soil, the amount of fertilizers applied and estlenvironmental factors. In other
studies, some normal maize genotypes showed toligkier mineral content than some

of the maize genotypes under study.

In this study, the overall content of the starckd amylose was lower in normal maize
genotypes compared with QPM genotypes after stordbe content of starch and
amylose reported in other studies was higher th@&ncbntent of starch and amylose
observed in this study, suggesting that starch amglose content could have been
influenced by the environmental factors. The opelismted QPM genotypes
SYN2QWQPM and SYN4QYQPM had the highest and lowastylose content,
respectively. The average amylose content of nommakze dropped from 18.18% to
17.96% at 3.%C during 6 and 12 months of storage. In QPM, ippgex from 18.87% to
18.65% at 3.8 during 6 and 12 months of storage af@.6n other studies, the amylose
content did not change significantly in QPM, opathipated QPM and normal maize
genotypes. The amylose content of normal maize pdigdrom 17.54% to 16.48% at
18.5°C during 6 and 12 months of storage. In QPM, theraye content dropped from
17.33% to 16.20% at 186 during 6 and 12 months of storage at 48.5In other
studies, the amylose content did not change sggmfly in QPM, open-pollinated QPM
and normal maize genotypes. The amylose contemoofmal maize dropped from
16.28% to 14.28% at 3G during 6 and 12 months of storage. In QPM, ipgex from
16.17% to 14.24% at 30 during 6 and 12 months of storage. In other ssjdihe
amylose content did not change significantly in QRIden-pollinated QPM and normal
maize genotypes. The open-pollinated QPM genotypR2®WQPM had the highest
amylose content during 6 and 12 months of stora@ecC, 18.5C and 36C. The open-
pollinated QPM genotype SYN4QYQPM had the lowestylase content at 3°G,
18.5C and 36C after 6 and 12 months of storage. High tempesatfi3GC negatively
affected the amylose content whereas’@.&nd 18.8C were ideal for stabilising the

amylose content.

The starch content of normal maize dropped frordB®. to 58.14% at 3°6€ during 6
and 12 months of storage. In QPM, it dropped fréh26% to 59.24% at 36 during 6
and 12 months of storage. The starch content didtlmnge significantly in QPM, open-
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pollinated QPM and normal maize genotypes. Theclstamontent of normal maize
dropped from 58.22% to 57.77% at 1&5uring 6 and 12 months of storage. In QPM, it
dropped from 59.49% to 58.95% at 1&5during 6 and 12 months of storage at 8.5
In other studies, starch content did not changeifgsgntly in both QPM, open-pollinated
QPM and normal maize genotypes. The starch comtenbrmal maize dropped from
56.03% to 53.89% at 8G during 6 and 12 months of storage. In QPM, itpgex from
57.28% to 55.64% at 3G during 6 and 12 months of storage at@0n other studies,
starch content did not change significantly in QRMen-pollinated QPM and normal

maize genotypes.

The open-pollinated QPM genotype SYN2QYQPM also thadhighest starch content at
3.6°C, 18.5C and 30C after 6 and 12 months of storage. The normal engenotype
CRW?3505 had the lowest starch content at@,.48.5C and 36C after 6 and 12 months
of storage. The low temperatures of°8.@&nd 18.8C had a minimal impact on the starch
content as opposed to ZDwhich significantly reduced starch content. Aligh starch
and amylose dropped significantly in non-QPM comedawith QPM genotypes during
storage, the research evidence in other studiggestthat content of starch and amylose
does not change significantly during storage. lditeah, storage does not seem to induce
nutritional changes in maize seed during storageyeler, a decrease in starch and
amylose content has been observed in soybean gerdgh the changes could have been
influenced by mycoflora inoculation. However, theserved changes in starch, amylase,
protein and zein, could be due to the extreme geow@nditions (e.g. relative humidity)
that the seeds were exposed to. That is, relatimeidity could indeed be a reason for

these observations, since in other studies it wagalled.

The protein content of normal maize dropped frofiv® to 8.02% at 3°€ during 6 and
12 months of storage. In QPM, it dropped from 6.946%.80% at 3.9 during 6 and 12
months of storage at 3®. During 6 and 12 months of storage at°G,6the protein
content of open-pollinated QPM dropped from 11.26041.11%. In other studies the
protein content did not change significantly in lb@PM, open-pollinated QPM and
normal maize genotypes, with the exception of whtee mycoflora were used. The
protein content of normal maize dropped from 8.Gh%%.70% at 18 % during 6 and 12
months of storage. During 6 and 12 months of swraig18.8C, the average protein
content of open-pollinated QPM dropped from 10.68%010.31%. In other studies,
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protein content did not change significantly in lb@PM, open-pollinated QPM and
normal maize genotypes, unless the mycoflora aheratestructive insects were present.
The protein content of normal maize dropped fro68% to 7.05% at 3C during 6 and
12 months of storage. During 6 and 12 months abgm® at 38C, the protein content of
open-pollinated QPM dropped from 10.29% to 9.65f60ther studies, protein content
did not change significantly in both QPM, open-pated QPM and normal maize
genotypes, with the exception of where the mycaflwere used.

South African open-pollinated QPM and a QPM hylirad significantly higher protein
content than the normal maize. The open-polling@#®M genotype had the highest
protein content whereas the normal maize genotyB@4CxI37F2 had the lowest protein
content. The overall content of the protein was iawnon-QPM compared with QPM
before storage, but normal maize genotype CRW3B@&8, higher protein content than
only two QPM genotypes (QS7608 and SYN2QYQPM). hevpus studies, the content
of other chemical compounds including that of prgtdas shown to be higher than the
protein content observed in this study. At différetorage conditions of 36, 18.5C
and 30C, the protein content and composition differedm8ayeneral guidelines can be
formulated to optimise protein content and compmsitduring storage, especially in
QPM. Although storage does not seem to inducetrautal changes in maize seed during
storage, biochemical changes have been observedybean seeds though the changes
have been influenced by mycoflora inoculation. His tstudy, the content of the protein
has also been significantly reduced over storage tinder different storage conditions,
and this tendency has not been observed in othéiest The storage conditions do not in
all cases lead to the reduction of protein cont&hrbtein content has shown to be
positively influenced by high temperature storagaditions in other research studies on

seed storage.

QPM genotypes had higher values than the non-QRidtgpes for the zein peak eluting
at 7.9 minutes. The peak eluting at 9.4 minutes gker for all non-QPM genotypes
than QPM genotypes with the exception of SYN4AQYQ®RNMch had values similar to
the non-QPM genotypes. The peak at 10.5 minutespnesent in almost all QPM. The
peak eluting at 11.8 minutes was present in allQ&M but only in three of the QPM
genotypes. The peak eluting at 15 minutes was presel similar for both QPM and
non-QPM genotypes with the exception of non-QPMoggme P6479F2 which had
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higher values than all QPM and non-QPM genotypesak® eluting at 13.9 and 18.4

minutes were similar for all QPM and non-QPM gepet.

Peak 7.9 was not largely influenced by storage itiond and mostly at 18°6€ during 6
months of storage there was a significant incréaskis peak against the control for six
of the tested genotypes. SYN5QW was an exceptiaravall but two treatments caused
a significant reduction in this peak. Peak 9.4 way sensitive to storage in most of the
entries. In CB389xI37F2, P6479F2, SYN12QW, SYN2@VN4QY and SYN5QW all
storage treatments caused a significant reductidhis peak. C3505 and CB346xI37F2
were not significantly influenced by storage. Véeyv entries had peak 10.5 but in the
one normal maize variety all the treatments caassinificant increase in this peak. In
SYN15QW all treatments caused a significant redactn this peak and in SYN2QY
three of the treatments caused a significant réaluch this peak. For peak 11.8 there
were variable reactions to storage, there were sigmficant differences but there was
no consistent pattern. For peak 13.9 especiallyéae treatment (3Q) for both 6 and 12
months and the 18’6 treatment for 12 months caused a significanteiase in this peak
for most of the QPM entries. For peak 15 there avakear pattern with heat treatment for
12 months causing a significant increase in thiakpr all but three entries. Heat
treatment for 6 months also caused a significaotease in this peak for eight of the
entries. This peak was also significantly increasesix of the entries after 12 months of
storage at 18%. For peak 18.4 during 12 month storage at°@8a&significant increase

was seen for six of the nine QPM entries.

The results showed that the starch, amylose, pr@ed zein content were negatively
influenced with increase in storage time at@during 6 and 12 months of storage and at
18.5°C during the 12 month storage period, and thiséeog has been confirmed in other
studies. A reduction of these negative effectisspple through the provision of suitable
storage conditions although it was shown that a&tdeterioration occurs and varies
according to the storage period. Therefore, eveh Wie best storage facilities, seed
deterioration is inevitable as it was shown touafice grain composition in both types of
maize. The 6 and 12 months of storage af(3.Bad a little impact on the grain
composition, suggesting that there is a need foptah of cold storage for both normal
maize and QPM genotypes. However, this is usualpessive for long-term storage as

the operational costs are too high. This means dahelheap and efficient cold storage
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method must be initiated. The study has revealed ithportance of assessing the
nutritional quality characteristic of the seeds aiéd from and stored at different
environments. Based on this study, it is advisabk the detailed records on the
condition of the grain before and after storagekbept to help in identifying potential

storage problems and in planning preventative actio

In conclusion, there were differences between QRMreormal maize genotypes in terms
of nutritional characteristics. QPM genotypes haghér protein content than other tested
normal maize genotypes. During 6 and 12 monthsarfige at 3.%C, 18.5C and 36C,
the same QPM genotypes retained their high pra@nent in terms of the rankings and
the normal maize genotypes retained their low protentent. Some zein peaks were
shown to be specific for QPM or non-QPM. QPM gepet/were not necessarily higher
in amylose and starch contents than non-QPM gepetyjefore and after storage at
3.6°C, 18.5C and 36C.

The present investigations show that during stqorageds were affected by storage
conditions such as high temperature°30and storage time (12 months), resulting in
change of nutritional composition. All the chemicampounds including starch, amylose
and protein determined in this study under diffestarage conditions and before storage
showed to have been consistently reduced compaittd other chemical compounds

determined under more or less the same conditems,the reason behind this change
was unclear. However, the conditions that all theseds have been exposed to,
particularly during storage, were different. In diah, this study and other studies mainly
differ from one another by the use of mycofloraidgrstorage. That is, where these
compounds have been reduced, especially duringgagpmycoflora were a number one
suspect for those observations. In addition, thesapounds did not seem to change
under storage conditions where mycoflora were setiin many other studies. However,

only few studies led to the discovery of little tihemical changes during seed storage.
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SUMMARY

Maize is the main source of proteins, mineralshohydrates and lipids for many people,
and the world-wide demand for these primary nutsies growing continuously. The
physical and compositional characteristics of maee of utmost importance. Quality
protein maize (QPM) has a high nutritional valuet bis nutritional content may be
affected by storage conditions. The objectives o tstudy were to determine the
nutritional composition of South African open-podied QPM varieties and a QPM
hybrid, compared with normal maize hybrids and Ijn& evaluate the influence of
different storage conditions on these measureditiontl characteristics. This was
realised by exposing the seed of these genotyp8$¥0, 18.5C and 36C for 0, 6 and
12 months of storage. The nutritional quality amatlesperm characteristics of these
genotypes were measured first before storage ardafter 6 and 12 months of storage,
respectively. Before storage, open-pollinated QRMQPM hybrid and maize genotypes
had comparable amounts of minerals, amylose amchstevealing that the two types of
tested maize genotypes were not necessarily ditfédrem each other. However, protein
content in QPM was significantly higher than in mai maize genotypes. Some zein
peaks were also different in QPM than in normalz@ajenotypes. Zein peaks of both
QPM and normal maize were significantly increasgavarm storage conditions (18G%
and 30C) for 6 and 12 months of storage. AC5temperature did not significantly
influence the zein peaks of both QPM and normakmgenotypes for 6 and 12 months
of storage. During storage, one open-pollinated Qfeotype SYN2QWQPM retained
higher amylose, starch and protein content than@BM and other QPM genotypes.
This suggests that optimal conditions for storage dastinctive for different genotypes,
and it is possible to suggest some general guielfiar storage to maintain endosperm
and nutritional characteristics. The protein andosperm characteristics were negatively
influenced by storage at 3@, 18.5C and 36C, but SYN15QWQPM was least affected.
The 3.6C for 12 months and 186 for 6 months seemed to be the most favourable
conditions to retain kernel stability in terms betmeasured characteristics. The results
suggest that there is a need for adoption of QPM had better protein quantity and
guality than the normal maize hybrids.

Keywords: QPM, maize, nutritional composition, sige, minerals, starch, amylose,

protein, zein.
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OPSOMMING

Mielies is die hoof bron van proteiene, mineraleolkidrate en vette vit baie mense, en
die wéreldwye aanvraag na hierdie primére voedavgst groei voortdurend. Die fisiese
eienskappe en smaestelling van mielies is baiengeka Kwaliteit proteien mielies
(QPM) het ‘n verbeterde voedingswaarde, maar diedvmgswaarde kan deur
storingstoestande beinvioed word. Die doel van dieerstudie was om die
voedingswaarde en samestelling van Suid Afrikaaagdestuifde QPM genotipes en ‘n
QPM baster, in vergelyking met normale mielie baste bepaal en om dan die invioed
van verskillende storingstoestande op sekere vgediaardes te bepaal. Dit is gedoen
deur die saad bloot te stel aan°8.618.5C en 36C vir 0, 6 en 12 maande van storing.
Die voedings en endosperm eienskappe van hierdietiges is gemeet voor storing en
daarna by 6 en 12 maande van storing onderskeid&ér storing het die oopbestuifde
QPM, die QPM baster en die gewone mielie genotipesyelykbare hoeveelhede
minerale, amilose en stysel gehad, wat getoon laetdie twee tipes mielies nie
noodwendig van mekaar verskil het nie. Die protefeoud van die QPM genotipes was
egter betekenisvol hoér as die van die normaleienggnotipes. Seker zeien pieke was
verskillend tussen QPM en gewone mielie genotigelen pieke van beide QPM en
gewone mielies is betekenisvol verhoog by warmirsgstoestande (186 en 36C) vir

6 en 12 maande van storing. DRCGemperatuur het geen betekenisvolle invioed ep di
zeien pieke van beide gewone en QPM mielies gehad en 12 maande van storing
gehad nie. Tydens storing het een oopbestuifde @eNbtipe, SYN2QWQPM, hoér
amilose, stysel en proteieninhoud as gewone miefhieander QPM genotipes behou. Dit
is ‘n aanduiding dat optimale storingstoestandeskievan een na die ander genotipe,
maar dit is moontlik om algemene riglyne voor tel stir storing om endosperm en
voedingseienskappe te behou. Die proteien en eedusgienskappe is negatief
beinvioed deur storing by 3@, 18.5C en 30C, maar SYN15QWQPM is die minste
beinvioed. Die 3.5 temperatuur vir 12 maande en f85ir 6 maande was die beste
toestande om saad stabiliteit vir die gemeetteskegpe te behou. Die resultate het
aangedui dat QPM gebruik moet word, omdat dit beteteien kwantiteit en kwaliteit het

as gewone mielie basters.

Sleutelwoordes: QPM, mielies, voedingssamestellatgring, minerale, stysel, amilose,
proteien, zeien.
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