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ABSTRACT. Quality is considered to be mainly related to protein and oil concentration in
maize kernel. Great effort has been made through the elevation of oil and protein
concentrations; however, studies to enhance the composition quality of oil have been
limited. Maize genotypes with special fatty acid composition may confer different end uses
and added value. We investigated eight maize inbreds for kernel quality and fatty acid
composition. Kernel samples from a two-year experiment were analyzed for oil, protein,
moisture and ash, as well as several fatty acids, including oleic, linoleic, and linolenic acids.
Results indicated differences among the genotypes for all traits, except for behenic acid.
A680 appeared to be a promising parent to elevate oleic acid, while N194 and RSSSC were
the genotypes with the highest oil and protein levels, respectively. A new statistical
approach, Canonical Discriminant Analysis with Hypothesis-Error plot technique was
utilized to evaluate the data. It showed a good level of agreement with linear tests, and show
similar results with those of multi comparison test. With the easily understandable graphical
outputs that can interpret the interaction of variables and cases, it offers a good alternative
way in analyzing data.

Keywords: Zea mays, oil, protein, multivariate analysis.

RESUMO. Anailise de linhagens de milho quanto as caracteristicas de qualidade da
semente e a composicao de acidos graxos por uma técnica multivariada. Considera-
se que a qualidade estd relacionada principalmente com a concentragio de proteinas ¢ de
Sleos na semente de milho. Grandes esforgos foram feitos para elevar as concentragdes de
Sleos e de proteinas; no entanto, os estudos para realcar a qualidade da composic¢io do dleo
tém sido limitados. Os gendtipos de milho com composigio especial de dcidos graxo podem
conferir diferentes utilizagoes finais e maior valor. Foram investigados oito linhagens de
milho quanto i qualidade da semente ¢ 3 composi¢io de dcidos graxos. As amostras de
sementes de um ensaio de dois anos foram analisadas quanto aos teores de 6leos, proteinas,
umidade e cinza, assim como diversos 4cidos, incluindo oleico, linoleico e linolénico. Os
resultados indicaram diferencas entre os gendtipos para todas as linhagens, com exce¢io do
icido behénico. O A680 pareceu ser promissor para elevar os niveis de 4cido oleico,
enquanto o N194 ¢ o RSSSC foram as linhagens com os niveis mais elevados de Sleos e de
proteinas. Uma nova abordagem estatistica, a Andlise Discriminante Candnica com a técnica
de Hipdtese-Erro, foi utilizada para avaliar os dados. Esta indicou bom nivel de
concordincia com os testes lineares, e mostra resultados semelhantes aos do teste de
comparagio mudltipla. Os resultados grificos sio ficeis de interpretar e¢ constitui boa
alternativa para andlise dos dados.

Palavras-chave: Zea mays, 6leos, proteinas, andlise multivariada.

Introduction

The quality of foodstuft derived from maize is
directly related with the quality of the maize grain.
Therefore, it is of importance to enhance the quality
of the kernel which is widely used in both human
and animal feeding. The quality is considered to be
mainly related to protein and oil concentration in
maize kernel. A typical maize hybrid contains 8-15%

protein (REYNOLDS et al., 2005), and most of
these proteins consist of prolamins.

The oil concentration of widely used maize
hybrids varies between 3.5-5% (LAMBERT, 2001),
and affected by the size of embryo, maturity, and
position of the kernel on the ear (CURTIS et al,,
1968, LAMBERT, 2001). As a result of the studies
to enhance oil and protein concentration, lines have

been developed containing as high as 220 g kg
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(Illinois High Oil) oil, and 320 g kg™ (Illinois High
Protein) protein (DUDLEY; LAMBERT, 1992).
The main quality traits of the kernel, protein and oil,
also possess some quality criteria of their own. The
quality of maize protein is related to amino acid
composition, while oil quality is partly determined
by fatty acid composition (PONELEIT; BAUMAN,
1970). Ash is another parameter that can be seen to
affect kernel quality. Total ash makes up 1-3% of
maize grain, and most of the minerals constituting
ash are mainly located in the embryo
(ANONYMOUS, 1993).

There are numerous fatty acid types in nature,
but 5 of them compromise about 90% of the total in
the widely used crops (BROWSE; SOMERVILLE,
1991). These are palmitic (16:0), stearic (18:0), oleic
(18:1), linoleic (18:2) and linolenic (18:3) acids
(GOFEMAN; BOHME, 2001). Mono unsaturated
fatty acids have some superiorities over poly
unsaturated fatty acids in both cooking and health
aspects (MATTSON; GRUNDY, 1985). The eating
habits containing high levels of saturated fats, sugar,
and processed food, so called “Western-diet”, have
been progressively expanding throughout the world,
and have started to replace the other eating styles for
the last decades (LIEBERMAN, 2003; POPKIN,
2003). In this type of eating, keeping the balance of
plant-based oils and preferring the oils containing a
larger ratio of the unsaturated fatty acids may have
important health benefits. Compared to some other
plant-based oils, corn oil contains a less amount of
linolenic acid, one of the poly unsaturated fatty acids
(PUFA), resulting in a higher quality in terms of
shelf life and cooking stability (WEBER, 1987).
Coupling with this advantage, increasing the
currently low levels of oleic acid in maize grain
through breeding studies may confer additional
health benefits (TSIMIKAS et al., 1999).

Breeding studies in maize to enhance fatty acid
composition started in 1970’s; however, they have
not continued. Research in this area dealt with
different aspects of grain quality, focusing mainly on
determination of the grain quality traits and
characterization of maize genotypes in terms of fatty
acid composition. Jellum (1970) determined large
ranges of oleic (16-64%) and linoleic (19-71%) acids
and reported a negative correlation between them in
a study with 788 maize strains. Dunlap et al. (1995a)
evaluated 20 maize populations collected from US,
Chile, Argentina and Uruguay for their fatty acid
compositions, and reported ranges of 6.3-18.2% for
palmitic acid, 0.9-4.5% for stearic acid, 18.5-46.1%
for oleic acid, 36.6-66.8% for linoleic acid, 0.0-2.0%
for linolenic acid, and 0.0-1.4% for arachidic acid. In
another study by the same researchers using 418
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hybrids and 98 inbreds 6.7-16.5% palmitic; 0.7-6.6%
stearic, 16.2-43.8% oleic, 39.5-69.5% linoleic, and
0.0-3.7% linolenic acid wvalues were reported
(DUNLAP et al., 1995b). It may be inferred that,
genetic resources existed in Zea mays species should
be screened and characterized for their quality traits
to determine objectives and possibilities of use in
quality breeding. Based on the research results, it
can be said that maize could possibly be enhanced
for its oil quality although it does not have a high oil
ratio as oilseed crops. This existing broad genetic
variance for the fatty acids could be utilized to breed
very different types of maize hybrids.

Despite the fact that maize is not a high-ranked
oil supplier plant in the world, it comprises a
significant 10-15% of oil consumption in Turkey
(YAYAR; BAL, 2007). In fact, it ranks third only to
sunflower and olive oil and highly preferred by
urban population. Therefore, studies to enhance
corn oil quality would be of a distinct consequence.
The main objective of this research was to evaluate 8
maize genotypes with different genetic constitution
for their grain and oil quality and determine the
potential of using them as genetic material in quality
breeding studies, with an emphasis on manipulating
fatty acid composition. We also intended to exercise
the use of Canonical Discriminant Analysis with
Hypothesis-Error plot technique for a better
presentation and easier interpretation of scientific
data collected from the studies of this kind.

Material and methods

The plant material used in this study consisted of
8 maize inbreds randomly chosen from the set of
genotypes existed in the maize breeding program of’
Canakkale Onsekiz Mart University, Field Crops
Department (Table 1).

Table 1. The maize genotypes used in the study.

Genotype Pedigree or Heterotic Group
A619 (A171 x Oh43)Oh43
A632 (Mt42x B14)B14 "3
A680 (A662x B73) B73"3
B100 (B85 x H99)H99

B37 Reid, BSSS

FR13 C03 x VA35

N194 (B85 x H99)H99-336
RSSSC* BSSS x BSS2

*Originally a synthetic, but selfed for several generations.

The field trials were conducted in Canakkale for
two years (2006 and 2007), using a randomized
complete block design. Each plot consisted of two
rows, spaced 0.70 m and 5 m long, and final plant
density was set at about 71,400 plants ha™. To
preserve the genetic purity of the lines, the first ears
of the plants were self pollinated. Due to the limited
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number of seed set in some of the plots, self-
pollinated ears from each genotype were bulked and
3 subsamples were taken for laboratory analyses.

Monthly temperature and precipitation data for
the two years are given in Figure 1. In the second
year of the experiment, there was no precipitation in
July, and higher temperature values were recorded
compared to the first year (Figure 1). The soil in the
experimental area had a sand-loam characteristic,
poor in organic matter (1.26%) and slightly basic
(pH = 7.93).

gt =
Piasr®™ Bigpger® 10
- lidb, - bdellesl sk

T T T T T T T T T T T
Jan  Mar May July Sep HNov Jan Mar HWay July Sep HNov

Figurel. Daily rainfall (mm) and temperature (°C) values for the
two years.

For kernel quality traits (protein, oil, ash, and
moisture content), appropximately 200 g of seed
were grounded from each sub-sample by using
laboratory mill with a 0.5 mm sieve (Frictsch
pulverisette 14, Germany). On these samples, ash
and moisture were measured based on Association
of Analytical Communities (AOAC) methods no.
923.03 and no. 925.10, respectively (AOAC, 1990a,
2000). Elementary analyses were done in EA3000
elementary analysis instrument with single reactor
system  (Eurovector, Italy) by the Dumas
combustion principle (ICC, 2000). The instrument
was conditioned as recommended by the producer
to accomplish the combustion of the samples. For
conditioning, reactor and gas column temperatures
were set to 1,020 and 105°C, respectively; and
waited in these conditions until the instrument has
been stabilized. High purity oxygen at a pressure of
35 kPa was used for sample combustion, while
helium (high purity, 78 kPa) was the carrier gas.
After conditioning the instrument, a standard curve
was prepared using L-Cystine (E11009; Eurovector
s.p-a, Milano) calibration chemical. Ground kernel
samples (0.5-1.5 mg) were weighed into tin caps for
C/N  analysis. Sample data were entered into
elemental  analysis  instrument and C/N
chromatograms were obtained. Calculated N values
were multiplied by the coefficient 6.25 to yield total
protein ratio of a sample.
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Using the remaining ground tissue for each
entry, oil extraction was achieved in Soxhlet
extractor (Elektromag MX625, Turkey) following
the method no. 920.85 by AOAC (1990b). For each
replication, 10 g sample was extracted with n-hexan
at 70°C for 6 hours. Extracted oil was stored
appropriately at 4°C to be used in fatty acid analyses.

Fatty acids were analysed in the Plant Breeding
Laboratories of the Department of Crop Sciences,
Gottingen Georg-August University. The fatty acid
composition of the selected samples was determined
through GLC analysis of fatty acid methyl esters.
They were prepared following the procedure
developed by Thies (1971), and analysed on a Perkin
Elmer gas chromatograph model 8600 (Perkin
Elmer Corporation, Norwalk, CT, USA) equipped
with a fused silica capillary column FFAP, 25 m
0.25 mm 0.25 m film thickness (Macherey & Nagel
GmbH + Co. Kg, Giiren, Germany). The oven,
detector, and injector temperatures were 200, 250,
and 250°C, respectively. The carrier gas was
nitrogen, at a pressure of 100 kPa. Two microlitres
of methylated samples (with 0.5 mL of i-octan and
0.2 mL of a solution of 5% NaHSO, in water) were
injected, at a split rate of 1:70. Individual fatty acids
were expressed as % of total fatty acids.

The statistical analysis was done using Proc
GLM procedure of SAS statistical software (SAS,
1999). Tukey test was used for mean separation. The
variance analysis was done based on the following
model:

Yvijk =u + Si + RJ(Sl) + Gk + SXGik + Cijk

where:

Y observation value, W: general population
mean, S;: effect of year i (i=1, 2), R(S)): effect of
replication j within year 1 (j=1, 2, 3; i=1, 2), G
effect of genotype k (k = 1, 2,...8), SxGj:
interaction effect of genotype by year, e;;: random
error term.

Canonical Discriminant Analysis (CDA) with
Hypothesis-Error (HE) plot technique was utilized
to evaluate the genotypes collectively (FRIENDLY,
2006a). This method is based on a multivariate
linear model (MLM) approach. In CDA with HE
graphs, hypothesis (H) ellipse is obtained from the
sum of squares for the hypothesis, while error (E)
ellipse is obtained from the sum of squares for the
error. These values are p x p matrices of sum of
squares cross products. This analysis was done using
R28.1 program (R DEVELOPMENT CORE
TEAM, 2010). To generate CDA-HE graphics in R
program, candisc and heplot packages were used in
Remdr library. The candisc package enables to
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visualize a multivariate linear model in a low-
dimensional view via a generalized canonical
discriminant analysis. The heplot package gives plot
ellipses representing the hypothesis and error sums-
of-squares-and-products matrices for terms and
linear hypotheses in a multivariate linear model
(FRIENDLY; FOX, 2010).

Results and discussion

Variance analysis results of the kernel quality
traits indicated a significant genotype x year
interaction effect for moisture, ash, and oil
(Table 2). Genotype effect was significant for all the
variables investigated (p < 0.01). Of the oil quality
traits, palmitic (16:0), stearic (18:0), linoleic (18:2),
and linolenic (18:3) acids were affected by genotype
X year interaction. Except for behenic acid (22:0),
genotype was a significant eftect for all fatty acids (p
< 0.01) (Table 3).

Table 2. Mean squares for kernel quality traits.

Source of Variation Df Moisture Ash Protein Qil
Replication (Year) 4 0.016 0.003 0.729 0.271*
Year 1 18.625%*  0.139**  1.577 0.001
Genotype 7 0.399%%  0.071%%  7.653%%  1.229%*
Year x Genotype 7 0271%%  0.021%*% 2761  0.451%*
Error 28 0.006 0.005 1.775 0.095

*, % Statistically significant at p < 0.05 and 0.01 levels, respectively. df: Degrees of
freedom.

Table 3. Mean squares for fatty acids.

Source of Variation df Palmitic  Stearic Oleic Linoleic
16:0 18:0 18:1 18:2
Replication (Year) 4 0.745%%  0.071%*  47.722%%  43251%*
Year 1 1.755%*  0.049* 12.741%%  30.417%*
Genotype 7 8.894%*  (0.249%*%  116.071**  112.518**
Year x Genotype 7 0.995%*  0.038** 2.406 6.219%*
Error 28 0.066 0.010 1.240 1.366
Source of variation df Linolenic Arachidic Arachidonic  Behenic
18:3 20:0 20:4 22:0
Replication (Year) 4 0.205%*  0.010* 0.075%* 0.003
Year 1 0.045* 0.005 0.014 0.002
Genotype 7 0.342%%  0.047** 0.057** 0.002
Year x Genotype 7 0.023* 0.002 0.003 0.003
Error 28 0.007 0.004 0.005 0.004

*, %k Statistically significant at p < 0.05 and 0.01 levels, respectively. Df: Degrees of
freedom.

CDA with HE plot was utilized in order to
evaluate the genotypes for the investigated traits
(Fig 2). HE plot is a new method integrated to
CDA (FRIENDLY, 20062), and is different from
other graphical methods (e.g., Multi Dimensional
Scaling, Principal Component Analysis etc.) in that
it allows to evaluate investigated traits (variables)
and factors (cases) together. It also makes it
possible to interpret the relationships among the
variables in accordance with correlation analysis, by
schematizing them as vectors drawn away from the
origin. If a positive correlation exists between two
variables, the vectors head similar directions, while
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they show diverse directions in the case of a
negative correlation. The length of the related
vector indicates how well the variation for that trait
can be explained in two-dimensional space
(FRIENDLY, 2006b). In other words, the longer a
vector is, the better interpretation is possible about
the variable it represents. Besides, the shapes of the
hypothesis (Genotypes) and error of hypothesis
(Error) ellipses in HE plots give information about
the distribution of the data and canonical
dimensions. If hypothesis circle is annular it means
total variation is explained by both canonical
dimensions equally, while if it is a flat ellipsoid
then it means the first dimension explains a higher
ratio than the second dimension does. The
diameter of the error circle indicates the error rate
of the hypothesis, and the factor levels (cases)
nestled within this circle have a high error rate.
Normally, genotype x year interaction is not shown
in HE plot graphics, nevertheless it is possible to
evaluate the presence of this source of variation if
the proximity of the genotypes to the vectors about
the investigated trait and the ranking of these
genotypes show differences in different years. In
Figure 2, the first 4 graphs (a-d) intend to evaluate
the genotypes in different years (genotype x year
interaction). The last graphs (e and f) are for the
evaluation of general means of the genotypes.
Arachidic, arachidonic and behenic acids were not
included in the graphical analysis because of their
very low concentrations, and the values in Table 4
were used for any interpretation about them.

In the light of above mentioned explanations, it is
possible to say that the present variation for the
variables could be explained at a high level based on the
vector lengths in the grain quality graphs except for oil
content in the first year (Figure 2a) and protein content
in the second year (Figure 2c). Of the genotypes
located in the direction pointed by above-mentioned
vectors, A619 and RSSSC appeared in different
locations in different year graphs for oil content
(Figure 2a and c), indicating the presence of year x
genotype interaction. The well known negative
association between the protein and oil ratios reported
by others (DUDLEY et al., 2007) in maize is clearly
visible in HE plots. Similarly, year x genotype
interaction came up due to the variation caused by
A680 for ash and RSSSC for moisture contents (Figure
2a and c). Ash values decreased in the second year in all
genotypes but A680 (Table 4). Looking at the general
means, N194 and FR13 come forward as the genotypes
with high ratio of oil and moisture, respectively; while
A632 and A619 genotypes had high levels of ash
(Figure 2e).
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Figure 2. CDA with HE plots for kernel quality traits (a, ¢ and ¢) and fatty acids (b, d and f). (a and b: 2006; ¢ and d: 2007; ¢ and f:
Average of two years).

Although RSSSC had a high mean value for (Figure 2¢). Regarding these graphs (Figure 2a, ¢ and
protein content (Table 4) it was located in the opposite e), the first dimension (Canl) has a higher proportion
direction of protein vector in graphichal presentation in explaining the between-group variation. In the first
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year graph (Figure 2a) two canonical dimensions
explain 93.3% of the between-group variation, and the
first dimension accounts for 84.9% of it. In the second
year graphs (Figure 2c) these numbers are 94.1% and
75.6%, respectively. The first dimension explains
60.6% of the total variation in the graph showing
general  means  (Figure 2e). Therefore, the
interpretations are more elucidative about the variables
explained by Canl dimension (i.e., vectors that are
closer to the horizontal plane). Regarding the graphs
about fatty acids, both canonical dimensions should be
used when commenting on these traits. In all three
graphs (Figure 2b, d and f), although the first canonical
dimension explains a high ratio, the second dimension
also has significant ratios and therefore both
dimensions should be considered when explaining the
variation on fatty acids existed in these graphs. In the
graphs showing fatty acids in different years (Figure 2b
and d) oleic acid (18:1) appears to have a negative
association with the other fatty acids. In the first year’s
graph (Figure 2b), it can be argued that B37 for

Table 4. Genotype means for the investigated traits.

Egesel et al.

palmitic and linolenic acid, N194 and A680 for oleic
acid, A632 and FR13 for linoleic acid, and A619 for
stearic acid contents are of higher values compared to
the other genotypes for the respective traits. In the
second year (Figure 2d), B37 and N194 for palmitic,
N194 and A680 for oleic, A619, A632, FR13, and
RSSSC for linoleic acids are the superior genotypes.
For stearic and linolenic acids, vector lengths are rather
short, thereby limiting the accuracy of the HE plot for
these traits.

Comparing the first and second year graphs, one
can argue that B100 and B37 are the genotypes having
a higher contribution to emerge an interaction effect,
for palmitic and linoleic acid contents, respectively. Of
the fatty acids investigated in this study, all but behenic
acid exhibited significant differences among the
genotypes. Looking at the graph showing general
means (Figure 2f), B37 and A680 are the genotypes
with the highest levels of palmitic and oleic acids,
respectively; whereas A632 and FR13 have the highest
linoleic acid.

Moisture (%) Ash (%) Protein (%)
Genotypes 2006 2007 Mean 2006 2007 Mean 2006 2007 Mean
A619 9.3 bt 10.2d 9.7 ¢ 1.50 be 1.48a 1.49b 11.1 11.6 11.4b
A632 9.2b 99 e 9.6d 1.67 a 1.50 a 1.58a 13.9 10.9 12.4 ab
A680 9.0c 104 ¢ 9.7 ¢ 137 c-e 1.43 ab 1.40 cd 11.5 10.4 11.0 be
B100 9.6a 10.7b 10.1a 1.35de 1.32 be 1.33 de 12.1 11.5 11.8 ab
B37 8.8d 10.3 cd 9.6d 1.36 c-¢ 1.20d 128 ¢ 12.9 11.8 12.4 ab
FR13 9.7a 10.7b 10.2a 152b 1.38 ab 1.45 be 10.6 11.5 11.1b
N194 93b 10.7b 10.0 b 132e¢ 123 cd 128¢ 8.9 9.9 94c
RSSSC 9.1c¢ 11.1a 10.1a 1.48 b-d 1.17d 1.33 de 12.7 13.3 13.0a
Mean 9.2 Bft 10.5A 145A 1.34B 11.7 11.4
Oil (%) Palmitic acid (%) Stearic acid (%)
Genotypes 2006 2007 Mean 2006 2007 Mean 2006 2007 Mean
A619 472a 3.76 cd 4.24b 12.1¢ 115a 11.8¢ 227a 2.00a 2.14a
A632 3.71 be 379 ¢ 3.75cd 10.4d 105b 10.5d 1.71 be 1.76 ¢ 1.74 cd
A680 3.38¢ 326e 332¢ 99e¢ 10.0 ¢ 10.0 e 1.45d 1.47d 146 f
B100 4.14 ab 423b 4.19b 98¢ 109b 10.4d 1.55 cd 1.74 ¢ 1.65 de
B37 3.67 be 3.49 de 3.58 de 13.5a 119a 12.7 a 1.90 b 173 ¢ 1.81 be
FR13 3.63 be 345e 3.54de 10.5d 10.0 ¢ 10.3d 1.86b 1.89b 1.87b
N194 4.60 a 480a 470a 12.5b 11.8a 122b 1.83b 1.69 ¢ 1.76 b-d
RSSSC 3.46 be 4.48b 3.97 be 9.7¢ 8.7d 9.2f 1.69 be 1.48d 158 ¢
Mean 3.91 3.91 11.1A 10.7B 1.78 A 1.72B
Oleic acid (%) Linoleic acid (%) Linolenic acid (%)
Genotypes 2006 2007 Mean 2006 2007 Mean 2006 2007 Mean
A619 25.0 229 23.9d 583b 613a 59.8b 1.08 de 1.06 be 1.07b
A632 233 237 23.5d 62.1a 615a 61.8a 1.35¢ 1.43a 139a
A680 36.7 34.1 354a 495¢ 52.1c¢ 50.8d 1.19d 1.11b 1.15b
B100 30.4 30.7 30.5b 55.7 cd 54.0c¢ 54.8 ¢ 1.42 be 135a 139a
B37 277 269 273 ¢ 54.0d 57.1b 55.5¢ 1.49 ab 1.30a 140a
FR13 23.1 235 23.3d 62.4a 623a 62.4a 0.75f 0.87d 0.81d
N194 32.7 30.9 31.8b 50.7 ¢ 53.4c¢ 52.1d 098¢ 0.92 cd 0.95¢
RSSSC 29.0 27.1 28.0¢ 56.7 bc 60.3a 585b 1.57a 1.30a 1.44a
Mean 285A 275B 562 A 57.8B 123 A 1.17B
Arachidic acid (%) Arachidonic acid (%) Behenic acid (%)
Genotypes 2006 2007 Mean 2006 2007 Mean 2006 2007 Mean
A619 0.63 0.63 0.63 a 0.28 0.25 0.26 ¢ 0.10 0.14 0.12
A632 0.44 0.47 0.45 be 0.38 0.37 0.38 be 0.13 0.13 0.13
A680 0.48 0.51 0.50 be 0.52 0.43 0.47 a 0.13 0.15 0.14
B100 0.44 0.41 0.42c¢ 0.48 0.50 0.49a 0.14 0.19 0.16
B37 0.70 0.63 0.66 a 0.41 0.29 0.35 cd 0.13 0.10 0.12
FR13 0.61 0.59 0.60 a 0.29 0.27 0.28 de 0.14 0.08 0.11
N194 0.52 0.51 0.52b 0.52 0.53 0.52a 0.16 0.16 0.16
RSSSC 0.50 0.42 0.46 bc 0.47 0.43 0.45 ab 0.10 0.17 0.13
Mean 0.54 0.52 0.42 0.38 0.13 0.14

1The differences between the genotype means having different lower case letters in a column are statistically significant at 0.05 alpha level. +1The differences between the year means

having different capital letters in a line are statistically significant at 0.05 alpha level.
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Grain quality in maize genotypes

Oleic acid which has some advantages over the
other fatty acids in terms of cooking and health
(MATTSON; GRUNDY, 1985) is normally found in
corn oil at a level of about 25%, and genotypes with
higher levels of this fatty acid is economically more
valuable (MIKKILINENI; ROCHEFORD, 2003).
Figure 2f cannot provide accurate estimates of linolenic
and stearic acid levels due to the short vector lengths,
therefore Table 4 should be used to identify the
superior genotypes for these traits. In addition, higher
values of arachidic acid existed in A619, B37, FR13,
while A680, B100 and N194 are the genotypes with
higher levels of arachidonic acid (Table 4). Comparing
the year means, ash, palmitic, stearic, oleic and
linolenic acid values were higher in the first year;
while, moisture and linoleic acid values were higher in
the second year (Table 4).

We obtained similar results to earlier studies
with regards to genetic and environmental factors
having effects on the quality characteristics.
Dunlap et al. (1995a) argued that saturated fatty
acids were higher in hotter climates, nonetheless
genetic factors play more important role on fatty
acid composition than environmental factors. In
our study, average daily temperature was higher in
May-July period of the second year (Figure 1).
Based on this, an increase in the saturated fatty
acid ratios could have been expected. However,
only 3 genotypes (A632, A680 and B100) for
palmitic acid, and 4 genotypes (A632, A680, B100
and FR13) for stearic acid showed such an
increase. It can be argued that there is an
inconstant status in the saturated fatty acid ratios
of the genotypes against the temperature changes;
and in the G x Y interaction emerging as a result
of these changes, genetic factors are more
influential than the environmental factors. Along
with this, it is notable that the expected increases
have been exhibited by the same genotypes for
both of these fatty acids. This brings to mind that
some genotypes may have stable reactions to
environmental effects, which offers a potential
use in breeding studies focused on improving
fatty acid composition. Further research using
different temperature levels in controlled
conditions may help to elicit the effect of
temperature on fatty acids. Also, the negative
correlation of oleic acid with the other fatty acids
(i.e., linoleic and linolenic) (WASSOM et al.,
2008) can be seen looking at the distance between
the vectors representing them. The fact that
linoleic and linolenic acids are biosynthesized at
the expense of oleic acid explains the negative
association between these fatty acids.
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Conclusion

Enhancing the corn oil quality would open up
new opportunities for food and industrial end uses
of this crop. Even though a limited number of
genotypes were studied, the results indicate that
there was a considerable variation for fatty acid
composition in the germplasm. Therefore, we can
say that there is good chance for enhancement in
these materials for fatty acid composition as well as
the general grain quality traits. A680 appeared to be a
promising parent to elevate oleic acid levels, while
N194 and RSSSC were the genotypes with the
highest oil and protein levels, respectively.

In explaining the present wvariation, multi-
variable interpretations based on HE plots seem to
have good level of agreement with linear tests
(ANOVA), and show similar results with those of
multi comparison test (Tukey) used in the statistical
analysis of this data set. From this point of view,
with its easily understandable graphical outputs that
can interpret the interaction of variables and cases,
CDA with HE plot method offers a good alternative
way in analyzing data from this kind of studies.
Along with these advantages, there may be some
problems about the vector lengths when the
numerical differences among the traits are large. In
fact, the presence of short vectors that cannot exceed
the error ellipse may be concurrent with an
inaccurate ranking of the genotypes for the
respective trait.
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