
World Journal of Agricultural Sciences 8 (1): 43-50, 2012
ISSN 1817-3047
© IDOSI Publications, 2012

Corresponding Author: M.H. Abou-Deif, Genetics and Cytology Department,
National Research Centre, Dokki, Giza, Egypt, 12622.

43

The Genetic Relationship Between Proteins, Oil and Grain Yield in Some Maize Hybrids

M.H. Abou-Deif, B.B. Mekki, E.A.H. Mostafa, R.M. Esmail and S.A.M. Khattab1 2 1 1 1

Department of Genetics and Cytology, National Research Centre, Dokki, Giza, Egypt, 123111

Department of Field Crops Research, National Research Centre, Dokki, Giza, Egypt, 12311 2

Abstract: Protein and oil contents of maize grains are of considerable values for both livestock feeds and
millers. In the present study, 14 inbred lines of maize and 15 crosses were evaluated for protein and oil contents.
Protein content in grains of the 14 maize inbred lines ranged from 8.34% to 11.60%. The inbreds K62, K5, K11,
G342, L162B and K51 gave high protein content (11.60%, 10.40, 10.40, 10.39, 10.35 and 10.03%, respectively).
With respect to the crosses, the values of protein content varied between 8.22 and 13.94%. Five crosses out
of 15 gave high protein content, K11xRg59 (13.94%), K7xK62 (13.35%), Rg59xK62 (12.67%), K5xK7 (12.03%) and
K5xK11 (11.44%). On the other hand, oil content in maize inbred line grains ranged from 7.67 to 11.56 %. The
highest values of oil content were found in inbreds K7 (11.56%), K11 (11.44%), K8 (11.36%), K5 (11.36%), K10
(10.73) and K61 (10.36%). Regarding the crosses, the values of oil content were from 9.27 to 11.29%. Seven
crosses out of fifteen gave high oil values, K5xL162B (11.29%), K5xRg59 (10.69%), K11xK62 (10.69%), K7xK11
(10.67%), K11xRg59 (10.65%), K5xK11 (10.55%) and K5xK7 (10.21%). Estimated values of protein in the studied
crosses showed positive heterosis over the best parent in six crosses ranging from 2.79% (K7xK11) to 34.04%
(K11xRg59). All studied crosses showed negative heterotic values for oil content comparing to the best parent,
while comparing to the mid-parents six crosses gave positive heterotic values ranged between 0.53 to 12.35%
with average heterosis of 6.44%. The relationship between protein and oil contents was negative in the majority
of maize inbred lines. However, three inbred lines out of 14 gave high protein and oil content, K5 (10.40% and
11.36%), K11 (10.40% and 11.44%) and L162B (10.35% and 11.10%). Eleven out of 15 studied crosses had
negative relation, while four crosses gave high values in both protein and oil content, K5xK7 (12.03% and
10.21%), K5xL162B (11.44 and 11.29%), K7xK11 (10.69% and 10.67%) and K11xRg59 (13.94% and 10.65%). Four
crosses exhibited highly significant positive heterotic values for protein content over the best parent and grain
yield per plant. However, the relationship between heterotic values of oil content over the best parent and grain
yield per plant was negative. Generally, two crosses; K11xRg59 and Rg59xK62, gave significant positive
heterotic values for oil and protein contents over the mid-parents and grain yield per plant (45.59, 11.46 and
52.89%; 24.52, 10.89 % and 78.29%, respectively). The values of amino acid content indicated that the cross
K11xRg59 has the highest values of most amino acid content, while the cross K7xK62 had the lowest values.
Moreover, the cross K11xRg59 had the highest content of crude protein (13.94%), high content of oil (10.65%)
and high grain yield per plant (128.73g).
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INTRODUCTION we take into consideration one of the most important

Maize has a very wide and variety utilization and High oil maize hybrids have a different chemical structure
because of that, the main goal of all maize breeding and bigger biology value than standard maize hybrid.
programs is to obtain new inbreds and hybrids that will High oil maize is used in industry to get quality maize oil
outperform the existing hybrids with respect to a number and it is attractive as a livestock feed because it has
of traits. In working towards this goal, particular attention higher energy than normal maize and can replace some of
is paid to grain yield as the most important agronomic the more expensive sources of fats and proteins. Previous
traits. Besides, that the attention should be paid to the studies of maize conventional hybrids have generally
quality of kernel itself i.e. chemical composition, mainly if indicated that genetic factors have a greater influence on

maize uses in developed countries as livestock feed [1].
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oil content than environmental factors. Oil content is an manifested significant negative correlation (-0.55) between
important trait of maize grains to be considered when the oil and protein content in the studied genotypes. Renuka
crop is used as animal feed since oil is more caloric than et al. [10] found high heterotic advantages for oil content
starch. up to 28.76% (ICRISAT-279 x Sarhad HSRB) in autumn

Thomison et al. [2] performed field experiments and and 31.92% (ICRISAT-1849 x FRD-73) in spring season.
on-farm studies to compare select grain quality attributes Dubey et al. [11] found that the heterosis over mid
of high oil corn test cross Blends with conventional parents and better parent was observed for seed oil
hybrids. Oil levels in grain were 31 g/kg higher in test content and grain yield per plant. The highest positive
cross Blends compared with conventional hybrids, while significant heterosis was exhibited by the non-
protein levels were generally similar, but lysine content conventional hybrid L10xT1-VC for oil content and grain
was 20% greater in grain of test cross Blends. Xiao et al. yield per plant. 
[3] reported that the average contents of crude fat and Medici et al. [12] observed a positive correlation
protein of inbred lines were 4.24% and 12.17 %, between lysine and oil contents in the hybrids, in the lines
respectively, while the average contents of crude fat and and even in the control cultivars. Cervants et al. [13]
protein of cross combinations were 4.86 and 9.93 %, found that a high (r = 0.97) and significant (p = < 0.01)
respectively. Oliveira et al. [4] evaluated open-pollinated correlation coefficient between the real protein (some of
populations of quality protein maize (QPM) and their the contents of all amino acids) and the crude protein
crosses for total grain protein. The analyses were content in the cereals. Hemavathy and Balaji [14]
conducted on 96 hybrids, derived from eight populations observed that among the hybrids, CML 143 x UMI189
of dent grains (group 1) and 13 of flint grains (group 2), recorded highly significant heterosis for lysine (13.29%)
including their parents in a partial diallel intergroup and tryptophan (34.29%) and also this hybrid was
design. Total protein content means of group 1 and group considered to be the best one for yield (31.25%), starch
2 were 9.67 g/100 g and 10.51 g/100 g, respectively and the (4.92%) and protein (1.63%), which indicated that
mean of hybrid combinations was 11.86 g/100 g. The heterosis in general, can be commercially exploited
average heterosis was 17.58% revealing the superiority of especially in maize to improve nutritional qualities along
the hybrids over the parents. Kaushik et al. [5] studied with yield to suit the farmers. Sreckov et al. [15] studied
the protein and oil concentration in heterotic crosses of the correlation between grain yield and oil content in two
maize. Out of 72 crosses studied, 30 crosses exhibited testcross populations of maize. They found, in both
standard heterosis either for maturity traits or for protein studied populations, that grain yield showed low
and oil concentration. One cross showed significant and correlation with kernel oil content. The relationship was
commercially acceptable standard heterosis for grain yield negative (r = -0.110) with the first population (NSU1 x
per plant (22.37%) followed by protein concentration B73), while in the second population (NSU1 x 568/II NS)
(20.40%) and oil concentration (7.35%). Tang et al. [6] grain yield was positively associated with kernel oil
found that protein content of Z. mixicana was 21.9% and content.
protein content of maize 3153 was 15.2%, while protein The objectives of this study were to develop maize
content of progeny F1 (13.6%) was evidently lower than hybrids with high oil and protein content and study the
that of its parents (maize 3153 and Z. mixicana). genetic correlation among oil, protein and grain yield in
Mittelmann et al. [7] evaluated the grain yield and grain these hybrids. 
oil content of 10 maize genotypes and their hybrids in a
field experiment. The means of the populations varied MATERIALS AND METHODS
from 4.22 to 4.94% for oil yield in a dry matter basis and
this variation was independent of the variation for grain Materials: Fourteen maize inbred lines with different
yield. The mean heterosis was -0.1391, indicating that genetic background, as shown in Table 1 were used in
there is dominance for low oil content. Oliveira et al. [8] this study.
reported that the oil content among the hybrid crosses, Plant Breeding Group, Genetics and Cytology
CMS 456 x CMS 463 (6.84 g/100 g) presented the highest Department, National Research Centre, Giza, Egypt,
value. The average heterosis (-9.83%) indicates average developed the inbred lines 1-9. The grains of inbred lines
dominance of the alleles for low oil content. Seiam and 10-14 were kindly furnished by the Maize Research
Khalifa [9] showed significant differences among the Department, Field Crop Research Institute, Agricultural
tested genotypes for oil and protein content. They also Research Center, Giza, Egypt. Fifteen F1 crosses from a
pointed out that phenotypic correlation coefficients 6X6   diallel    set    without   reciprocal   (Table   3),   were
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Table 1: Origin of the 14 studied inbred lines of maize.
No. Maize lines Origin
1 K1 Single Cross 10 (S.C.10)
2 K5 Nab El-Gamal (local variety)
3 K7 Giza 2 (synthetic variety)
4 K8 Giza 2 (synthetic variety)
5 K10 Single Cross 10 (S.C.10)
6 K11 Girga Balady (local variety)
7 K52 Single Cross 10 (S.C.10)
8 K61 Taba (double cross variety)
9 K62 Single Cross 10 (S.C.10)
10 Rg25 G.S.(Syn.Lapostax Ci-64)xSC.14
11 Rg33 G.S.(PI221866x307)xS.C.14
12 Rg59 G.S.(Syn.Lapostax307)xS.C.14
13 G342 LocBrod SC12100 USA
14 L162B Locally developed

performed in other study reported by Abou-Deif et al.[16],
were used to estimate the protein and oil content in this
study besides the parents.

Methods
Protein Analysis 
Estimation of Crude Protein: Measurement of protein
content in grains of the 14 maize inbred lines and 15
crosses was performed using the analysis method of
A.O.A.C. [17].

Amino Acid Analysis: The amino acids (AA) analysis in
the protein of six crosses K5xk7, K5xL162B, K7xK11,
K7xK62, K11xRg59 and Rg59xK62 was performed
according to Dionne et al. [18] using an HPLC apparatus
(LC 3000 Eppendorf, Germany), after protein hydrolysis in
HCl 6 N at 120°C, during 24 h. 

Oil Analysis: Estimation of oil content in grains of the 14
maize inbred lines and 15 crosses was determined by
using Soxhlet units according to A.O.A.C. [17]. 

Statistical Analysis: The genotype means were compared
by the Duncan multiple range test as published in Duncan
[19]. Heterosis was determined as the percentage increase
of F1 over the best parents, according to the formula
adopted by Bhatt [20].

RESULTS AND DISCUSSION

Crude Protein Content: Crude protein content in grains
of 14 maize inbred lines is presented in Table 2. The
results showed that percentage of crude protein were
significantly different and ranged from 8.34% to 11.60%.
The inbred lines K62, K5, K11, G342, L162B and K51
indicated high crude protein content (11.60%,   10.40%,

10.40%, 10.39%, 10.35% and 10.03%, respectively).
Meanwhile, the inbreds K1, K10, K8, K7 and Rg25
manifested intermediate percentages of crude protein
content (9.54%, 9.40%, 9.38%, 9.34% and 9.26%,
respectively).  On  the   other   hand,   three  inbreds
(Rg59, K61 and Rg33) showed slightly low crude protein
content (8.75%, 8.68% and 8.34%, respectively). With
respect to the crosses (Table 3), the values of protein
content were significantly different and varied between
13.94% and 8.22%. Five crosses out of 15 gave high
protein content, K11xRg59 (13.94%), K7xK62 (13.35%),
Rg59xK62 (12.67%), K5xK7 (12.03%) and K5xL162B
(11.44%). Meanwhile, four crosses revealed intermediate
values of protein content K7xK11 (10.69%), L162BxK62
(10.09%), K5xK11 (9.81%) and Rg59xL162B (9.44%). The
other six crosses showed slightly low protein content
which ranged from 8.22% to 8.87%. These results are in
agreement with those obtained by Seiam and Khalifa [9]
who found varied values of protein content, which ranged
from 9.35% to 12.08% in maize populations. Olivera et al.
[4] reported similar results, as they found total protein
content means of dent and flint populations were 9.67%
and 10.51%, respectively and the mean of hybrid
combinations was 11.86%. 

Oil Content: Oil content in maize inbred line grains is
presented in Table 2, which were significantly different
from each other and ranged from 7.67 to 11.56 %. The
lowest values of oil were found in the two inbreds Rg59
(7.67%) and K1 (7.86%), while the highest values were
observed in six inbreds K7 (11.56%), K11 (11.44%), K8
(11.36%), K5 (11.36%), K10 (10.73) and K61 (10.36%). The
five inbreds K62, G342, Rg33, Rg25 and K51 recorded
intermediate values of oil content (9.95%, 9.59%, 9.37%,
8.62% and 8.60%, respectively). Regarding the crosses
(Table 3), the values of oil content as percentages were
from 9.27% to 11.29%, which showed significant
differences. Seven crosses out of fifteen gave high oil
values, K5xL162B (11.29%), K5xRg59 (10.69%), K11x:62
(10.69%), K7xK11 (10.67%), K11xRg59 (10.65%), K5xK11
(10.55%) and K5xK7 (10.21%). While the other eight
crosses demonstrated intermediate values ranged from
9.27% to 9.94%. The inbred lines and crosses in this study
gave oil content superseded those in previous studies
such as Seiam and Khalifa [9] who reported values
ranging from 5.25% to 7.74%, Olivera et al. [8] showed
mean values of 5.04% and 4.78% in the groups of dent
and flint, respectively and the highest value for crosses
was 6.48%. In addition, Mittelmann et al. [7] found that
means of 10 maize genotypes and their hybrids varied
from 4.22% to 4.94% for oil yield. 
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Table 2: Protein and oil contents as percentages in grains of the 14 maize inbred lines. 
No. Inbred lines Crude protein% Oil %
1 K 1 9.54 7.86c e

2 K 5 10.40 11.36b a

3 K 7 9.34 11.56c a

4 K 8 9.38 11.36c a

5 K 10 9.40 10.73c b

6 K 11 10.40 11.44b a

7 K 51 10.03 8.60b d

8 K 61 8.68 10.36d b

9 K 62 11.60 9.95a c

10 G342 10.39 9.59b c

11 Rg25 9.26 8.62c d

12 Rg33 8.34 9.37d c

13 L162B 10.35 11.10b a

14 Rg59 8.75 7.67d e

Table 3: Protein and oil content as percentages and grain yield/plant in 15 single crosses.
No Genotypes Crude protein% Oil% Grain yield / plant  (g)*

1 K5xK7 12.03 10.21 178.22b b a

2 K5xK11 9.81 10.55 172.26e b ab

3 K5xRg59 8.29 10.69 130.85f b cd

4 K5xL162-B 11.44 11.29 131.24c a cd

5 K5xK62 8.72 9.27 75.25f c fgh

6 K7xK11 10.69 10.67 198.19d b a

7 K7xRg59 8.87 9.82 139.58f c bc

8 K7xL162B 8.33 9.94 78.41c c fgh

9 K7xK62 13.35 9.29 113.67a c cdef

10 K11xRg59 13.94 10.65 128.73a b cd

11 K11xL162B 8.69 9.31 177.53f c a

12 K11xK62 8.22 10.69 135.39f b cd

13 Rg59xL162B 9.44 9.48 95.54e c defgh

14 Rg59xK62 12.67 9.77 112.16b c cdef

15 l162Bx K62 10.09 9.67 102.33d c cdefg

*: Values from study of Abou-Deif et al. [16].

Table 4: Estimates of heterosis for protein and oil content over the best and mid parents and grain yield/plant (g) over the best parent as percentages in 15
maize crosses.

Heterosis for protein % Heterosis for oil %
------------------------------------ ---------------------------------------

Crosses B. P. M. P. B. P. M. P. Heterosis for grain yield/plant
K5xK7 15.67 21.88 -11.68 -10.91 49.34** ** ** ** **

K5xK11 -5.67 -5.67 -7.78 -7.46 44.34* * ** ** *

K5xRg59 -20.29 -13.42 -5.89 12.35 9.64** ** ** **

K5xL162B 10.00 10.26 -0.62 0.53 9.97** **

K5xK62 -24.83 -24.17 -18.39 -14.60 -36.94** ** ** **

K7xK11 2.79 8.31 -7.69 -7.22 135.38** ** ** **

K7xRg59 -5.03 -1.93 -15.05 2.13 121.87* ** **

K7xL162B -19.52 -15.39 -14.01 -12.26 -0.65** ** ** **

K7xK62 14.69 27.51 -19.64 -13.62 100.23** ** ** ** **

K11xRg59 34.04 45.59 -7.57 11.46 52.89** ** ** ** **

K11xL162B -16.44 -16.24 -18.62 -17.39 110.84** ** ** ** **

K11xK62 -29.14 -28.52 -6.55 -0.05 60.80** ** ** **

Rg59xL162B -8.79 -1.15 -14.59 1.01 21.06* **

Rg59xK62 9.22 24.52 -11.98 10.89 78.29** ** ** ** **

L162BxK62 -13.02 -8.06 -12.88 -8.12 29.66** ** ** **

* Significant at 0.05, ** significant at 0.01
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Protein, Oil and Grain Yield Heterosis: The values of Relationships Between Protein, Oil and  Grain  Yield:
crude protein in the studied crosses (Table 4) showed The relationships between protein and oil content were
positive heterosis over the best parent in six crosses, negative in the majority of maize inbred lines, as shown in
which ranged from 2.79% (K7xK11) to 34.04% (K11xRg59), Table 2. Three inbred lines out of 14 gave high protein
five of them revealed highly significant positive heterosis, and oil content, K5 (10.40% and 11.36%), K11 (10.40% and
with average heterosis of 18.42%. The heterotic values 11.44%) and L162B (10.35% and 11.10%). The same trend
were positive and highly significant in the same six in the relationship between protein and oil content was
crosses over the mid-parents, but with range between observed in the crosses (Table 3). Eleven out of 15
8.31% (K7xK11) and 45.59% (K11xRg59) with average studied crosses had negative relation while four crosses
heterosis of 27.05%. These results are in agreement with gave high values in both protein and oil content, K5xK7
those obtained by Olivera et al. [4] who reported that the (12.03% and 10.21%), K5xL162B (11.44 and 11.29%),
mean of hybrid combinations was 11.86% and the average K7xK11 (10.69% and 10.67%) and K11xRg59 (13.94% and
heterosis was 17.58% revealing the superiority of the 10.65%). The heterotic values of protein and oil content in
hybrids over the parents. Seiam and Khalifa [9] obtained the F1 generation showed negative relation in six crosses
positive mid-parent heterosis up to 37.1% for protein compared with the best parent and six crosses (including
content. Hemavathy and Balaji [14] observed heterosis three different crosses) compared with the mid-parents
over the best parent for protein (54.47%) and plant grain (Table 4). All studied crosses gave negative heterotic
yield (59.99%). On the other hand, the other nine crosses values for both protein and oil content comparing with the
in our study showed negative heterosis below the best best and mid-parents except three crosses which gave
and mid-parents. This result is similar to those of Xiao et positive heterotic values for both protein and oil content
al.[3] who found average content of crude protein in over the mid-parents; K5xL162B (10.26% and 0.53%),
inbred lines 12.17%, while in the cross combinations it K11xRg59 (45.59% and 11.46%) and Rg59xK62 (24.52%
was 9.93%. Tang et al. [6] found, in some crosses, that the and 10.89%).
protein content of progeny F1 (13.9%) was evidently The relationship between heterotic values of protein
lower than that of its maize inbreds 3153 (15.2%) and Zea content and grain yield per plant in the F1 crosses was
mixicana (21.9%). negative in seven crosses and positive in six crosses

All studied crosses showed negative heterotic while two crosses revealed negative heterosis in both
values  for  oil  content  comparing  to  the  best  parent traits (Table 4). Four crosses exhibited highly significant
(Table  4),  but  comparing  to  the  mid-parents,  six positive heterotic values for protein content over the best
crosses  gave positive heterotic values ranging from parent and grain yield per plant; K5xK7 (15.67% and
0.53% to 12.35% with average heterosis of 6.44% and 49.34%), K7xK62 (14.69% and 100.23%), K11xRg59
three of them manifested highly significant heterosis, i.e. (34.04% and 52.89%) and Rg59xK62 (9.22% and 78.29%).
K5xRg59 (12.35%), K11xRg59 (11.46%) and Rg59xK62 However, the relationship between heterotic values of oil
(10.89%).  The  two  inbreds  K5  and  K11  that  entered content over the best parent and grain yield per plant was
in the  constituent  of  the  first  two  crosses  have  high generally negative as shown in Table (4). There were two
oil  content  (11.36%  and 11.44%, respectively) as shown crosses; K11xRg59 and Rg59xK62 gave highly significant
in Table (2). The negative results of heterosis in this positive heterotic values for oil and protein content over
study agreed with those of Oliveira et al. [8] who reported the mid-parents and grain yield per plant (45.59%, 11.46%
that the hybrid cross CMS456xCMS463 presented the and 52.89%; 24.52%, 10.89 % and 78.29%, respectively).
highest heterotic value of 6.84% for oil content with Similar results were reported by Kaushik et al. [5], who
average heterosis -9.83% indicating dominance of the noticed that out of 72 crosses, 30 crosses exhibited
alleles for low oil content. Also, Mittelmann et al. [7] standard heterosis either for maturity traits or for protein
evaluated the grain oil content for hybrids of 10 maize and oil concentration. One cross-showed significant and
genotypes and showed that the mean heterosis was -0.14, commercially acceptable standard heterosis for grain yield
indicating that there is dominance for low oil content. On per plant (22.37%) followed by protein concentration
the other hand, Renuka et al. [10] observed high heterotic (20.40%) and oil concentration (7.35%). Seiam and Khalifa
advantages for oil content up to 31.92% over the best [9] showed that phenotypic correlation coefficients
parent. manifested significant negative correlation (-0.55) between
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Table 5: Amino acids content as g per 100g sample of grains of six maize crosses
Crosses
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Amino acids K5XK7 K5xL162-B K7xK11 K7xK62 K11xRg59 Rg59xK62
Essential
Arginine - 0.16 0.47 0.06 0.57 0.38
Histidine 0.48 0.55 0.63 0.26 0.63 0.62
Leucine 2.08 2.48 2.54 1.22 2.69 2.58
Lysine 0.34 0.38 0.48 0.13 0.56 0.43
Methionine 0.06 0.15 - - 0.18 -
Phenylalanine 0.99 0.91 1.14 0.46 1.01 1.02
Tyrosine 0.68 0.94 1.13 0.55 1.01 1.16
Valine 0.32 0.43 0.47 0.22 0.58 0.47
Non-essential
Alanine 1.55 1.32 2.14 0.25 1.97 1.94
Aspartic acid 0.79 0.96 1.07 0.40 1.15 1.03
Glutamine 2.26 2.65 3.05 1.35 3.35 2.98
Glycine 0.20 0.22 - - - -
Proline 1.39 1.72 2.70 1.20 2.35 2.51
 Serine 0.48 0.54 0.73 0.27 0.70 0.69
Threonine 0.27 0.31 0.37 0.12 0.43 0.34
NH 1.71 1.71 2.08 1.15 1.67 2.034

+

oil and protein content in the studied genotypes. Dubey from  0.55g/100g  (K7xK62)  to   1.16g/100g  (Rg59xK62).
et al. [11] found heterosis over mid parents for seed oil The content of valine varied from 0.22g/100g (K7xK62) to
content and grain yield per plant such as in the hybrid 0.58g/100g (K11xRg59). Regarding the essential AA
L10xT1-VC that revealed the hybrid performance for oil content; the content of leucine, phenylalanine and
content (7.02%) and grain yield per plant (76.25g). Hybrids tyrosine showed the highest variation; arginine and lysine
with higher oil content trend to have lower yield in terms had intermediate variation while histidine, valine and
of tonnages per hectare; for example, after 22 cycles of methionine recorded the lowest variation. The differences
selection, the oil content of "Alexho Synthetic" was between the maximum and minimum values of leucin,
increased from 6.2 to 12.9 %, but the yield of the maize phenyalanine and tyrosine were 147%, 68% and 61%,
was reduced from 8.50 to 5.69 t/ha [21]. Sreckov et al. [15] respectively. The differences in arginine and lysine were
found low correlation between grain yield and oil content 51% and 43% respectively, while the differences in
in two testcross populations of maize. The relationship histidine, valine and methionine were 37%, 36% and 12%,
was negative (r = -0.110) with the first population (NSU1 respectively.
x B73), while in the second population (NSU1 x 568/II NS) With respect to non-essential AA content (Table 5),
grain yield was positively associated with kernel oil alanine ranged from 0.25g/100g (K7xK62) to 2.14g/100g
content. (K7xK11). Aspartic acid ranged from 0.40g/100g (K7xK62)

Amino Acids Analysis: Results of amino acid (AA) 1.35g/100g (K7xK62) to 3.35g/100g (K11xRg59). Glycine
content are presented in Table 5, which were estimated as appeared only in two crosses K5xK7 (0.20g/100g) and
g per 100g grains of six maize crosses. The content of K5xL162B (0.22g/100g). Proline gave values between
arginine ranged from 0.06g/100g (K7xK62) to 0.57g/100g 1.20g/100g (K7xK62) and 2.51g/100 (Rg59xK62). Serine
(K11xRg59). The content of histidine ranged from content gave values between 0.27g/100g (K7xK62) to
0.26g/100g (K7xK62) to 0.63g/100g (K7xK11 and 0.73g/100g (K7xK11) and threonine ranged from
K11xRg59). The content of leucine varied from 1.22g/100g 0.12g/100g (K7xK62) to 0.43g/100g (K11xRg59). The
(K7xK62) to 2.69g/100g (K11xRg59). The content of lysine content of alanine, aspartic acid, glutamine and proline
varied from 0.13g/100g (K7xK62) to 0.56g/100g were the AA with the highest variation, which the
(K11xRg59). The content of methionine varied from differences between the maximum and minimum values
0.06g/100g (K5xK7) to 0.18g/100g (K11xRg59). The were 189%, 75%, 200% and 131%, respectively. The
content of phenylalanine varied from 0.46g/100g (K7xK62) content of serine had low variation (31%), while glycine
to 1.14g/100g (K7xK11). The content of tyrosine varied had  the  lowest   variation   (2%).   Therefore,   the  cross

to 1.15g/100g (K11xRg59). Glutamine ranged from
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K11xRg59  had  the  highest  values  of  most AA 6. Tang,   C.J.,   Z.L.   Ying,   L.L.   Ting,   S.Z.  Quan,
content,  while  the  cross  K7xK62  had  the lowest H.Y.  Qun and  L.Z.  Zeng,   2005.  Study on
values. Moreover,  the  cross  K11xRg59  had   the heterosis   of   protein   content   of    distant
highest  content  of  crude  protein  (13.94%), High crossing between maize inbred line and Zea
content of oil (10.65%) and High grain yield per plant luxurians.  Southwest  China  J. Agricultural   Sci.,
(128.73g). The results revealed that glutamine, leucine, 18: 562-564. 
proline  and  alanine  were  the  most  abundant AA. 7. Mittelmann,  A.,  J.B.  Miranda  Filho,  G.J.M.   Lima,
These results coincided with those of Cervants et al. [13] C. Hara-Klein, R.M. Silva and R.T. Tanaka, 2006.
who found that glutamine and proline were the most Diallel analysis of oil content in maize. Revista
abundant AA and the non-essential AA were mainly Brasileira de Agrociencia, 12: 139-143. 
responsible for the high variation in the crude protein. 8. Oliveira, J.P., L.J. Chaves, J.B. Duarte, K.O. Ribeiro
The results also showed positive relationship between and E.M. Brasil, 2006. Heterosis for oil content in
AA content and oil content, such as in the cross maize populations and hybrids of high quality
K11xRg59 gave high AA lysine (0.56%) and oil content protein.  Crop  Breeding  and  Applied  Biotechnol.,
(10.65%), while the cross K7xK62 gave low AA lysine 6: 113-120.
(0.13%) and intermediate oil content (9.29%). This is in 9. Seiam,   M.A.    and     K.I.     Khalifa,    2007.
partial agreement with Medici et al. [12] who observed Heterosis  and  phenotypic  correlation for oil,
positive correlation between lysine and oil content, which protein and starch content in 81 maize inbreds,
indicated the possibility of achieving both high lysine and hybrids and populations. Egyptian J. Plant Breeding,
oil content in maize grains. 11: 209-221. 
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