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The aim of this study was to establish the attributes of kernel type based on kernel hardness and its
interrelationship with maize endosperm chemical components, which are essential during storage.
Three local varieties and one hybrid variety commonly grown by smallholder farmers in central Malawi
were used. For storage experiment, the maize samples were infested with Prostephanus truncatus,
larger grain borer (LGB) for eight weeks. Due to the high propensity of maize to cross-pollinate, the
kernels were classified into flint and dent kernels to establish the physicochemical properties of the
kernel type and variety independently. Local variety (L-3) exhibited the lowest humber and weight of
damaged grains and the highest adult LGB cadavers. Local variety, L-1 and L-3 had significantly the
highest proportion of flint kernels type. Moreover, flint kernels of local varieties showed significantly
the highest hardness, and the highest content of protein, total zein, a-zein and zinc (p < 0.05).
Furthermore, hardness was significantly and positively correlated with total zein and 14 kDa B-zein
content (p < 0.05). Zein in the endosperm, particularly 19 and 22 kDa a-zein mainly contributed to
distinct hardness of the local varieties hence may contribute to physical barrier of the kernels against
storage pests.
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INTRODUCTION

Globally, maize (Zea mays L.) is the most produced crop the main staple food and primary source of calories
(FAO, 2016). Most developing countries rely on maize as (Smale et al.,, 2011; Suleiman et al., 2015). Maize is
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consumed by more than 50% of the population in sub-
Saharan Africa (SSA), with an average per capita annual
consumption in Malawi being 129 kg, Lesotho at 158 kg,
Kenya at 76 kg, Zambia at 118 kg and Zimbabwe at 93
kg (FAO, 2013; Smale and Jayne, 2003). Smallholder
farmers rely on rain-fed maize farming; hence, production
of the single crop in one season, which necessitates long
storage period of about eight months (Maliro and
Kandiwa, 2015). Furthermore, they prefer flinty varieties
commonly referred to as ‘local’, (Smale and Heisey,
1997) which are locally adapted and traditional maize
varieties inherited from the ancestors. In addition, these
local varieties are associated with superior performance
under abiotic stress conditions and higher grain to flour
conversion ratio, than dent, white hybrids (Gilbert et al.,
1994).

Maize hardness is an important quality factor to
smallholder farmers. Indeed, hard kernels are less
susceptible to damage during traditional storage by pests
(Smale et al., 2011; Suleiman et al., 2015). Endosperm,
the main component of maize kernels, significantly
contributes to hardness (Mestres and Matencio, 1993;
Blandino et al., 2010) with the most abundant components
being starch and protein (Fox and Manley, 2009). Protein
plays a significant role in influencing mechanical strength
of the endosperm, (Fox and Manley, 2009; Williams et al.,
2009) owing to zein, the main maize storage protein
(Shewry and Halford, 2002). a-zein, which is composed
of 19 and 22 kDa has been associated with vitreous
kernels whereas y-zein, which comprised 16 and 27-kDa
has been associated with the floury kernels
(Chandrashekar and Mazhar, 1999; Gayral et al., 2016).

Generally, normal starch consists of about 25%
amylose (Sandhu and Singh, 2007; Hu et al.,, 2010).
Although amylose is a minor compound of maize
endosperm, it plays a role in the formation of a compact
starch-protein matrix (Dombrink-Kurtzman and Knutson,
1997) as shown by Gayral et al. (2015) that flint maize
have a higher amylose content than dent maize as well
as their corresponding vitreous and floury endosperm
fractions.

In our previous study, we have shown that the
Malawian local varieties, which are mainly orange in color,
have superiority in nutrients, cookability, and storability
than hybrid varieties (Murayama et al., 2017). The local
varieties showed more resistance to Prostephanus
truncatus, larger grain borer (LGB) during a 12-week
storage experiment than hybrid varieties. Furthermore,
the Malawian maize varieties and particularly flinty ‘local’
varieties have been contaminated with dent hybrids due
to natural open-pollination over time (Smale and Heisey,
1997) and have different chemical composition 1997) and

have different chemical composition (Letchworth and
Lambert, 1998).

In light of the aforementioned, the extent of cross-
pollination and its effect on maize hardness and
endosperm chemical properties, which are crucial in
determining maize resistance to storage pest damage,
are not well established. In the current study, we
elucidated the level of natural cross-pollination among
farm-stored maize varieties by smallholder farmers in
central Malawi and its effect on the interrelationship of
kernel hardness, storability, and endosperm chemical
components.

MATERIALS AND METHODS
Maize varieties and experimental field design

Four maize varieties were used in this study. Three local varieties
namely white local variety (ACC OU 549), yellow local variety (ACC
OU 546-2), and yellow local variety (ACC OU 552-4) obtained from
Malawi Plant Genetic Resource Center in Chitedze Agricultural
Research Station (CARS) and one hybrid variety (DKC-9089)
obtained from DeKalb Genetics Corp., USA (Table 1). To obtain the
maize samples, eight plots were prepared as a single factor
experiment of the maize varieties without randomization. The trial
experiment was conducted in an experimental field in CARS,
Lilongwe, Malawi during the 2014/2015 cultivation season. Each
plot size was 10 m x 15 m and maize seed spacing between hills
was 25 and 75 cm between the rows. A compound fertilizer of 23%
N, 21% P and 0% K with urea of 46% N were applied in the ratio
2:3 to attain a standard fertilizer of 92 kg-N/ha as recommended by
the government of Malawi (Mutegi et al., 2015). The actual total
rainfall in 2014/2015 season was 560.4 mm as compared to the
normal expected rainfall of 859.0 mm. Daily minimum and
maximum temperatures averaged between 14.0 and 38.2°C,
respectively (Messina et al., 2017).

Sample preparation

The maize grains were disinfected by freezing at -30°C for three
weeks and thawed at 4°C for one week. Moisture standardization
was done in a hot air oven (WFO-700, Tokyo Rikakikai Co., Ltd,
Tokyo, Japan) at 40°C to achieve approximately 12.0 £ 1.0%
moisture content, wet weight basis. Dried samples were kept at 4°C
in an airtight container for one week.

LGB resistance

LGB resistance was evaluated as described by Tefera et al. (2011)
and Abebe et al. (2009) with some modifications. Two hundred
grams of each maize variety were placed in glass jars (500 mL) with
steel screens at the lids (60 mesh), then 30 adult P. truncatus of 0
to 7 days old were introduced into each jar and kept in an incubator
(MIR-254, Sanyo Co., Ltd) at 28.0 = 1.0°C. The number of live adult
LGB, adult LGB cadavers and number, and weight of damaged
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Table 1. Identities of maize varieties and their sampling information.
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Sampling point

Sample code Variety Accession number Color - - - -

Latitude Longitude District Province
L-1 Local ACC OU 549 White S14°02'08.9” E33°36'01.1” Lilongwe  Central
L-2 Local ACC OU 546-2 Yellow S14°01'27.6” E33°34'39.8” Lilongwe  Central
L-3 Local ACC OU 552-4 Yellow S13°58'32.6” E33°41'14.7” Lilongwe  Central
H-1 Hybrid DKC9089 White - - - -

grains were recorded after the fourth and eighth week of incubation.
All LGB were separated and removed from the maize by use of
sieves with 1.00 and 4.00 mm mesh sizes (IIDA Testing Sieve, IIDA
Manufacturing Co. Ltd, Osaka, Japan). The number of damaged
grains was determined by randomly selecting 100 grains from the
jar and counting all grains tunneled by LGB and their weight was
determined in triplicate.

Kernels classification

Classification of maize kernels into flint and dent types was done
based on endosperm phenotypic characteristics (Suleiman et al.,
2015). Maize flour was prepared by milling with a blender (New
Power Mill PM-2005, Osaka Chemical Co., Ltd., Osaka, Japan) and
sieved through a 355 um mesh sieve for chemical analysis.

Physical properties

Kernel hardness was determined using the method described by
Blandino et al. (2010). Fifteen maize grains were punctured on the
upper lateral surface using a texture analyzer (TA-XT2, Stable
Micro System, Godalming, UK) with a flat probe P/2 (diameter 2
mm) and 25 kg load cell. Puncture test was performed at 1 mm/s of
puncture speed and kernel punctured at the lateral center side,
opposite to the embryo to a depth of 2 mm. Kernel hardness was
expressed as the break force calculated in Newton (N).

Chemical properties

Moisture content and crude protein were determined using the
standard AOAC methods (AOAC, 2005). Total starch and amylose
contents were determined using Megazyme K-TSTA and K-AMYL
Assay procedures, respectively (Megazyme International, Bray,
Ireland). Total zein was extracted as described by Wallace et al.
(1990) and the supernatant representing the total zein fraction was
dried at 80°C in Kjeldahl tubes for 4 h and analyzed for nitrogen
content by the Kjeldahl method (AOAC, 2005). Zein composition
analysis was done by extracting zein using a method described by
Wu et al. (2012) with some modifications. Twenty-five mg of flour
was transferred to a 2 mL micro-centrifuge tube, then mixed,
vortexed with 2 mL of 70% ethanol with 2% 2-mercaptoethanol (v/v),
and allowed to stand at room temperature overnight. The mixture
was centrifuged at 13,000 rpm for 10 min; 100 pl of the supernatant
was transferred into a new tube and mixed with 10 pl of 10%
sodium dodecyl sulfate (SDS). The mixture was dried in a rotary
vacuum (DNA Speed Vac DNA110, Savant Instruments, INC.
Farmingdale, NY), and resuspended in 50 pl of water by vortexing.
Further 50 pl of sample reducing buffer, composed of 4% SDS,
10% 2-mercapethanol, 10% sucrose, 0.05% Coomassie blue G-250
and 1.5 M Tris-HCI pH 6.5 was added, and vortexed. Tubes were
sealed and boiled for 5 min and frozen overnight. The extracted

zein was separated by SDS-PAGE (49.5% T, 6% C mixture) as
described by Schéagger (2006), the gel scanned at 312 nm
(Biolnstruments ATTO, AE-6933FXES) and quantification of the
bands done using ImageJ 1.50i (National Institutes of Health,
Bethesda, Maryland). Mineral contents of magnesium (Mg),
phosphorus (P), potassium (K), calcium (Ca) and zinc (Zn) were
determined by wet-ashing 100 mg with concentrated sulfuric acid
and hydrogen peroxide (2:1 v/v), the resulting solution was diluted
25-fold with deionized water and quantified by an inductively
coupled plasma mass spectrometry (ICP; ICPS-8100, Shimadzu Co.
Ltd., Japan) in triplicate.

Statistical analysis

Results were subjected to statistical analysis using SPSS for
Windows (ver.17.0). A t-test and ANOVA complemented with
Tukey’'s multiple-range test were used to determine significant
differences of LGB resistance parameters for each variety,
physicochemical properties, and kernel type. Significant level was
established at p < 0.05. Hardness and chemical properties were
correlated using Pearson’s correlation.

RESULTS AND DISCUSSION
LGB resistance

Live and dead insects, damaged grains, and their weight
are commonly used to determine maize resistance to
LGB in laboratory storage experiments. As shown in
Table 2, there was an exponential increase in live adult
LGB from the fourth to the eighth week of infestation. In
addition, adult LGB cadavers and number, and weight of
damaged grains increased with storage period. In the
fourth and eighth week of the storage periods, there were
no significant differences of the LGB resistance
parameters among the varieties (Table 2). However, in
the fourth week, L-3 showed the minimum number and
weight of damaged grains at 15.1 and 3.2 g, respectively.
L-1 and H-1 were observed to have a higher number and
weight of damaged grains than L-3. After the eighth week
of infestation, L-3 steadily exhibited the minimum number
and weight of damaged grains and the highest number of
adult LGB cadavers. LGB is known to cause damage to
maize grains by tunneling at pre-ingestion phase for food
and oviposition during storage period (Li, 1988). The
tendency of L-3 to show resistance to damage by LGB
during storage due to the less feeding observed, indicates
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Table 2. Number of live adult LGB, and adult LGB cadavers, number of damaged grains and weight of damaged grains (g) on LGB

infestation after a storage period of 4 and 8 weeks.

Live adult LBG Adult LGB cadavers

Number of damaged grains

Weight of damaged grains (g)

Sample code

4 weeks
L-1 28.3+1.2% 1.7+1.2°2 20.8 + 4.4% 6.1+1.3°%
L-2 27.3+1.7° 27+17° 19.1 £ 3.0° 5.6 +0.7°
L-3 28.3+0.9% 1.7+0.9% 15.1 +2.7% 3.2+05°%
H-1 27.7+0.5° 2.3+0.9° 20.3+4.1° 47+1.0%
8 weeks
L-1 281.7 + 28.5% 15.0 + 5.0% 51.1 +8.5% 14.2 + 2.9%
L-2 357.7 + 180.6% 11.3 £ 4.0° 54.1 +10.1% 14.7 £ 2.4°
L-3 473.7 +161.5% 23.0+2.2% 51.6 +8.3% 10.6 + 1.6°
H-1 403.3+53.9% 15.3 £ 8.3° 67.3+9.2° 14.3 £ 2.6°
Means in a column with different letter are significantly different at p < 0.05 among the varieties.
Table 3. Classification (proportion/100 grains) and hardness (N) of flint and dent type kernels.

Sample code Kernel type Proportion/100 grains® Hardness”

L-1 63.9 + 9.7%% 255.9 + 50.0%

L-2 Flint 31.8+11.1° 280.5 + 55.2%*

L-3 85.6 + 2.2% 303.5 + 40.6%

H-1 46.0 + 13.3" 238.8 + 56.4%

L-1 15.1 + 3.0 193.8 + 59.5™

L-2 Dent 452 +11.0° 232.8+59.8"

L-3 12.7 +0.3° 284.4 + 41.0°

H-1 29.8 +3.0° 182.7 + 35.3°

Means in the same column with different letter(s) are significantly different at p < 0.05 among the varieties. Means in the
same column with * are significantly higher at p < 0.05 between kernel types for each variety. Mean + SD (°n = 100) and

(°n = 15).

a higher tolerance to insect damage, probably attributed
to its physicochemical properties and/or genetic ability.
The tendency of H-1 to exhibit the highest number of
damaged grains and lower weight damaged grains
depicts susceptibility to attack by LGB over the storage
period.

Classification

Cross-pollination significantly affects both physical and
chemical properties of maize grains (Letchworth and
Lambert, 1998). Thus, the maize varieties was classified
into flint and dent type kernels based on endosperm
phenotypic characteristics (Suleiman et al., 2015) to
highlight the interconnection between hardness and
chemical composition and their effect on kernel
resistance. In every 100 g of maize grains, L-3 and L-1
had significantly the highest proportion of flint type
kernels at 85.6 and 63.9%, respectively. Dent type kernel

proportion of L-1, L-2, L-3 and H-1 was 15.1, 45.2, 12.7
and 29.8%, respectively (Table 3), while the remaining
proportion was classified as semi-flint. Local maize
varieties are generally flinty’, which was in agreement
with our results. However, the proportion of dent type
kernel in local varieties might continue to increase in the
near future due to the high degree of maize to cross-
pollinate and predominance of hybrid dent varieties
among smallholder farmers as well as in the market
outlets (Smale and Heisey, 1997). Therefore, there is a
need to conserve the ‘local’ flinty maize diversity among
the smallholder farmers.

Hardness

Hardness among the varieties fluctuated significantly
between 238.8 and 303.5 N for flint type kernels and
182.7 and 284.4 N for dent type kernels as shown in
Table 3. Blandino et al. (2010) reported results within the
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Table 4. Total starch, amylose, crude protein and total zein content of flint and dent type kernels.

Sample code Kernel type Total starch, % db  Amylose, % ww Crude protein, % db Total zein, % db
L-1 69.2 + 3.1% 21.0+1.2%® 12.3+0.1” 11.1+0.2"
L-2 Flint 72.0+2.0% 19.1 + 1.2 11.8 +0.1° 10.3+0.1°
L-3 66.3 +2.1° 221+1.2° 13.5 + 0.0% 12.1+0.1%
H-1 69.5 + 1.1% 18.7 +1.9° 11.5 +0.0% 9.4+0.2¢
L-1 69.9 + 1.4% 20.0+2.7%® 12.1 +0.0° 10.5 + 0.2%
L-2 Dent 724+ 2.7° 18.8+0.3 11.7 +0.0° 9.8 + 0.4
L-3 69.2 + 1.0™ 21.4+1.0% 13.2 + 0.0° 10.9 + 0.2°
H-1 70.9 + 1.1% 18.6 + 1.4 11.9+0.1° 9.3+0.3°

Means in a column with different letter(s) are significantly different at p < 0.05 among the varieties. Means in a column with * are significantly higher

at p < 0.05 between kernel types for each variety. Mean £ SD (n = 3)

same range, from 145 to 300 N for 13 commercial maize
hybrids. Local varieties had a significantly higher
hardness (p < 0.05) compared to Hybrid DKC9089 (H-1),
with L-3 showing significantly the highest hardness. For
the type of kernels, flint had the significantly higher
hardness as compared to dent counterparts apart from L-
3, although its flint type kernels had a higher hardness
than the dent type kernels. These findings suggest that
flint type kernels had a high ratio of vitreous compact
endosperm fraction compared with the dent type kernel
counterparts. Consequently, this contributed to higher
physical resistance of flint type kernels during penetration
and shearing by the probe.

Chemical properties

Chemical properties evaluated for flint and dent type
kernels of each variety are shown in Table 4. Total starch
content among the varieties ranged from 66.3 to 72.0%
and 69.2 to 72.4% for flint and dent type kernels,
respectively. Essentially, dent type Kkernels were
observed to have a higher content of total starch as
compared to flint counterparts (Table 4). Dent type
kernels of L-3 and L-1 had significantly the lowest starch
content and significantly the highest hardness whereas
H-1 had significantly higher starch content and
significantly the lowest hardness. These findings are in
agreement with other studies that total starch content has
a negative correlation with hardness (Pineda-Hidalgo et
al., 2015).

Amylose content varied from 18.6 to 22.1% (Table 4) as
reported in other studies (Gayral et al., 2015). Local
varieties were observed to have significantly higher
amylose content than Hybrid variety H-1 (p < 0.05)
whereas flint type kernels exhibited the higher content of
amylose than dent type kernels (Table 4), which was in
agreement with Juarez-Garcia et al. (2013) that vitreous
kernels have a higher content of amylose than floury
kernels. Amylose gradient exists in the endosperm with a

gradual decrease from vitreous to the floury fraction in
flint and dent maize (Chandrashekar and Mazhar, 1999;
Gayral et al.,, 2016), thus, the higher amylose content
may be responsible for the compactness of starch
granules at the periphery of the endosperm as proposed
by Dombrink-Kurtzman and Knutson (1997).

The average crude protein for kernel types of each
variety are shown in Table 4. Flint type kernels were
observed to have higher protein content as compared to
their corresponding dent type kernels for all varieties with
L-1, L-3 and H-1 having significantly higher protein
content (p < 0.05). Despite the low abundance of protein
in maize endosperm, its role in constituting the physical
resistance in maize kernels cannot be ignored as
exhibited by L-3, due to the formation of starch-protein
matrix. Indeed, the compactness of the endosperm
depends on the architecture of starch (Narvaez-Gonzalez
et al., 2006) which is influenced by the presence of
proteins leading to the formation of a starch-protein
matrix (Wallace et al., 1990).

Further studies with a key interest of zein’s role in
kernel hardness were conducted. Total zein accounted
for an average of 87.4 and 82.7% of protein content for
flint and dent type kernels, respectively. Total zein
content among the varieties varied from 9.4 to 12.1% and
9.3 to 10.9% for flint and dent type kernels, respectively
as shown in Table 4. Similar to protein content, flint type
kernels had higher total zein content compared to dent
counterparts with L-1 and L-3 having significantly higher
total zein content (p < 0.05). It is important to note that
zein synthesis takes place in the endoplasmic reticulum,
assembled as protein bodies, and deposited in the
endosperm, (Holding and Larkins, 2006; Shewry and
Halford, 2002) while Pereira et al. (2008) established that
hard-endosperm maize cultivars had abundant and well-
organized protein bodies. This may augment the
adhesion of protein bodies on the surface of the starch
granules hence increasing the rigidity of the starch-
protein matrix, which explains the significantly higher
hardness of the flint type kernels. It is worth noting that
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Table 5. Zein composition content of flint and dent type kernels.

fg‘g‘ep'e g%re“e' a-22° a-19°  Totala®  y-27° y-16*  Totaly®  pB-14° 5-10°

L-1 3.0+£01%* 6.0+04* 90+05* 0.7+02® 04+0.1° 11+03* 05+01° 05=%0.1°
L-2 Flint 25+0.0% 54+00°% 7.9+00% 07+00® 05+00*° 1.1+00* 07+00* 0.6£0.0°
L-3 3.1+0.1%* 62+02%* 93+01* 10+01° 03+01* 13+0.1° 07+01* 07:0.1%
H-1 21+0.1° 54+03> 75+02> 05+02° 03+00° 0.8+02° 04+00° 07zx01°
L-1 25+01%° 49+02% 75+02® 14+01* 0501 1.9+00™ 04+01* 072x02°
L-2 Dent 23+0.0° 48+01* 7.1+01" 09+01> 04+00® 14+01% 07+00° 07x02°
L-3 26+00° 50+01* 7.6+01%® 1.4+01* 0.3+00" 1.7+01>* 07+00° 09%01°
H-1 20+02° 49+00*° 69+02° 1.0£0.0>* 02+00° 1.2+00%* 03+0.1° 08z+0.1°

2All data expressed as a percentage of total zein content on dry weight basis. Means in a column with different letter(s) are significantly different at
p < 0.05 among the varieties. Means in a column with * are significantly higher at p < 0.05 between kernel types for each variety. Mean + SD (n = 3).

Table 6. Mineral composition of flint and dent type kernels.

M P K Ca Zn
Sample Kernel type g

code mg/100 g, db

L-1 125.9 + 1.3% 314.8 + 4.1 154.9 + 2.8% 54+0.1% 1.6 +£0.1%
L-2 Flint 95.4 + 0.2¢ 233.3+24° 134.9 +2.4° 6.0+ 0.5° 1.3 +0.0%
L-3 150.4 + 2.1% 328.4 +3.1% 154.1 + 1.9% 6.0 £ 0.9% 1.8+0.1%
H-1 113.1+3.1° 242.8 + 4.0° 149.8 + 3.7° 5.6 +0.5% 1.1+0.1¢
L-1 113.0 £ 0.1° 274.4 +2.7° 1493 +1.7° 6.0+1.3% 1.3+0.1°
L-2 Dent 121.8 + 1.0% 288.6 + 1.2 154.5 + 2.7% 5.6 +0.4% 1.6 +0.0°
L-3 106.0 + 0.9¢ 255.5 +2.7¢ 126.5+1.7° 6.0 +0.7% 0.9+0.1°
H-1 146.0 + 1.7% 313.0 £ 4.7 184.3 + 2.7% 6.9 + 0.3% 1.7 +0.1%

Means in a column with different letter(s) are significantly different at p < 0.05 among the varieties. Means in a column with * are

significantly higher at p < 0.05 between kernel types for each variety. Mean + SD (n = 3).

non-zein protein content such as albumins, glutelins, and
globulins in dent type kernels of H-1 was the highest at
around 22.0% of crude protein, which explains H-1
having significantly the lowest total zein content, yet a
higher crude protein content. Furthermore, dent type
kernels of the H-1 had significantly the lowest hardness.
To evaluate the composition of zein sub-classes in
connection with kernel hardness, extracted zein was
separated by SDS-PAGE and quantified as a percentage
of total zein as shown in Table 5. Distinct bands observed
in the gels were similar to previous studies of maize
kernels (Wu et al., 2012; Paiva et al., 1991). a-zein was
the most abundant zein class with an average of 78.7%
and 75.4% of total zein content for flint and dent type
kernels, respectively. Notably, 19 kDa was higher than 22
kDa for a-zein content, while 27 kDa content was higher
than 16 kDa for y-zein content. Flint type kernels had
significantly higher total a-zein and 19 kDa a-zein
compared to dent type kernel for each variety (p < 0.05),
whereas dent type kernels had a significantly higher total

y-zein and 27 kDa y-zein content (p < 0.05). This is in
agreement with Gayral et al. (2016) who established that
y-zein was significantly higher in floury endosperm and
augments our earlier findings that dent kernel had a
higher content of total starch. y-zein and the most
expressed 27 kDa y-zein (Holding and Larkins, 2006) are
synthesized during early stages of kernel development
and as a result of programmed cell death (PCD) (Young
and Gallie, 2000) are associated with the inner core
floury fraction of endosperm. In addition, more mature
protein bodies, mainly composed of a-zein are located at
the periphery of endosperm due to PCD (Gayral et al.,
2016; Holding and Larkins, 2006) which explains the high
content of a-zein in flint kernels.

The main minerals in maize kernels such as Mg, K, P,
Ca and Zn are shown in Table 6. The most abundant
mineral was P, ranging from 242.8 to 328.4 mg/100 g dry
weight (dw) while Zn was the least ranging from 1.8 to
0.9 mg/100 g dw in both kernel types. Mineral content
was similar with other studies following P, K, Mg, Ca, and
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Table 7. Pearson’s correlation matrix of hardness and chemical properties.
Variable TS AM CP TZ a-22 a-19 Total a Y-27 Y-16 Total y B-14
HD -0.46 0.63 0.63 0.709* 0.69 0.63 0.69 -0.22 0.15 -0.17 0.780*
TS -0.817*  -0.782*  -0.743* -0.64 -.720*  -0.732* -0.13 0.29 -0.05 -0.09
AM 0.936**  0.948**  0.879** 0.62 0.776* 0.38 0.04 0.37 0.46
CP 0.846** 0.714* 0.45 0.60 0.48 -0.16 0.42 0.54
TZ 0.972* 0.713* 0.874* 0.23 0.26 0.29 0.57
a-22 0.759*  0.915* 0.10 0.37 0.19 0.55
a-19 0.957* -0.44 -0.02 -0.42 0.15
Total a -0.23 0.16 -0.18 0.33
y-27 0.05 0.967** 0.17
y-16 0.31 0.40
Total y 0.26

HD= hardness (N), TS = total starch (%), AM = amylose (%), CP = crude protein (%), TZ = total zein (%). *Correlation is significant at 0.05 level.

**Correlation is significant at 0.01 level.

Zn descending order (Chen et al.,, 2016; Nuss and
Tanumihardjo, 2010). Maize endosperm has a negligible
<1% of minerals in the grain, while 30% of zinc is
localized in the endosperm (Nuss and Tanumihardjo,
2010). The concentration of zinc at a high level may be
toxic to grain storage insects by impairing catalase
mechanism (Lazzari and Lazzari, 2012). Moreover, for
normal growth and a healthy life, smallholder farmers
require maize rich in microelements such as zinc (Ortiz-
Monasterio et al., 2007) considering the high prevalence
of zinc deficiency in Malawi (Siyame et al., 2013). In this
study, it was observed that flint type kernels had
significantly higher content of zinc, which can help
improve the zinc deficiency problem as well as act as an
intrinsic deterrent of LGB during storage of maize.

Correlation between hardness and chemical

composition

Pearson’s correlation results of hardness, chemical
properties and LGB resistance parameters at the eighth
week of infestation are shown in Table 7. Total zein
content, the abundant protein in maize endosperm was
positively correlated with hardness at r = 0.71 (p < 0.05).
This finding shows that total zein is strongly associated
with hardness and directly influences the physical
resistance of maize kernels. It is worthwhile noting that,
greater than 70% of zein is composed of a-zein (Wu et al.,
2012) and actually, flint type kernels had significantly
higher hardness than their dent counterparts, and
therefore a-zein and particularly 19 kDa a-zein certainly
plays a major role in kernel hardness as shown by our
ANOVA results.  Furthermore, 14 kDa [-zein was
positively correlated with hardness at r = 0.78 (p < 0.05).
B-zein is located in the periphery of the protein bodies
(Shewry and Halford, 2002) and contains methionine and
cysteine hence rich in sulfur (Wuet al., 2012). L-3

showed significantly the highest 14 kDa B-zein content,
whereas H-1 had significantly the lowest content. Indeed,
it can be hypothesized that, probably due to the presence
of methionine and cysteine, 3-zein could contain a higher
disulfide bridges hence increasing the rigidity of the
protein bodies at the periphery, which might impart better
filling of the starch intergranular spaces, therefore higher
compactness and vitreousness of the endosperm.

Conclusion

Based on this study, the tendency of local varieties to
have resitance to LGB, especially L-3 was due to its
physicochemical properties despite of natural transgene
effect of cross-pollination, further depicting the preference
of local varieties among smallholder farmers in Malawi.
The hardness of maize kernel was highly influenced by
both the composition of starch and protein in the
endosperm. In this study, it has been shown that zein
profile was more associated with hardness, and therefore
regulating its synthesis may increase endosperm
vitreousness. Consequently, L-3 exhibited highest
proportion of flint type kernels and superiority in its
hardness, which was closely associated with its chemical
properties. These chemical properties depend on genetic
traits as observed in variety and kernel type variables,
although abiotic factors may also have an influence. L-3
may be proposed as a suitable farm-stored maize variety
for smallholder farmers in Malawi, and highlights the
importance of conserving the local flint maize varieties.
Currently, breeding programs endeavour to develop
insect-resistant varieties to minimize postharvest losses
due to storage pests. Plant breeders may utilize local
varieties like L-3 as a genetic resource to develop
naturally superior pest resistant farm-stored maize
cultivars for smallholder farmers in Malawi and sub-
Saharan Africa (SSA) reducing the current high post-



1456 Afr. J. Agric. Res.

harvest losses caused by LGB during storage.
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