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Sorghum is a drought tolerant cereal and staple food which is a dietary source of protein
and more than 20 minerals. The concentration of the mineral elements and protein content
in sorghum varies due to genotypic and environmental influences and genotype by environ-
ment interactions. The objective of this study was to determine the contents of eight mineral
elements (Ca, Fe, K, Mn, Na, P, Zn and Mg) and protein in sorghum genotypes. The analysis
of variance showed significant differences in mineral and protein contents. There was a
significant relationship between Zn and Fe and between protein and P and Zn. The principal
component (PC) analysis showed that Fe, Mn, P, Zn and protein contributed largely to clus-
tering of the genotypes in PC1; Ca, P and Mg to PC2 and Ca, K and Na to PC3. The presence
of a considerable amount of compositional variability of mineral and protein contents among
tested genotypes suggests that they can be a valuable source of genes for nutritional quality
improvement of sorghum.
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Introduction

In Africa, grain sorghum ranks second among cereals for human consumption. Sorghum
has an advantage of being drought tolerant and many subsistence farmers in these regions
cultivate it as a staple food crop for consumption (Murty and Kumar 1995). Sorghum
contains protein (6-25%), ash (1.2-1.8%), oil (3.4-3.5%), fiber (2.3-2.7%) and carbohy-
drate (71.4-80.7%) with dry matter ranging from 89.2 to 95.3% depending on the type of
cultivar (Lasztity 1996; Samia et al. 2005; Idris et al. 2007). Further, they reported that
sorghum flour contained 11.0-13.0, 285-310 and 4.0-5.50 mg 100 g! Ca, P and Fe, re-
spectively. Sorghum is reported to be a good source of more than 20 minerals (BSTID-
NRC 1996; Dicko et al. 2006) and is also rich in P, K, Fe, and Zn (Glew et al. 1997; An-
glani 1998; Dicko et al. 2006).
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Furthermore, it is a staple crop for people living in water-stressed regions in Ethiopia
and acts as a source of energy, protein, vitamins and minerals (Klopfenstein and Hoseney
1995). Breeding of cereal crops with increased protein and micronutrient concentration
requires genetic variation in the trait among germplasm (Morgounov et al. 2007). Selec-
tion and development of new varieties for a higher concentration of mineral elements
through evaluation will help to improve human health (Gorz et al. 1987). Previous work
with several plant species suggested that mineral concentration was under genetic control
and that considerable progress was possible by selecting for either high or low mineral
accumulation (Gorz et al. 1987).

Intensive plant breeding programmes have increased yields of sorghum grain but little
attention has been paid to the nutritional quality of the grain. Therefore, the objective of
this study was to study the compositional variation in mineral elements and protein con-
tents of grain of sorghum genotypes and determine association between them.

Materials and Methods
Plant material

The experimental material comprised of 22 sorghum cultivars obtained from the Institute
of Biodiversity Conservation Gene Bank of Ethiopia (Table 1) and Agricultural Research
Council — Grain Crops Institute, South Africa. The study was conducted on the research
farm of the Agricultural Research Council — Grain Crops Institute in South Africa located
at Potchefstroom (26°74”’S; 27°8’E) during the 2009 and 2010 growing seasons.
Potchefstroom is located at an altitude of 1344 m above sea level and the average mini-
mum and maximum temperature is 9.61 °C and 25.48 °C, respectively, with an average
annual total rainfall of 618.88 mm.

Mineral analyses

Sorghum kernels were ground into a fine powder with an IKA Analysis A10 Grinder. Two
gram flour samples were weighed, placed into porcelain crucibles and the dry ashing
procedures were used for determination of Ca, Mg, Mn, Zn, Fe, Na, K and P in the Soil
Laboratory, Department of Soil, Crop and Climate Sciences at the University of the Free
State. Samples were placed in a muffle furnace at 550 °C for 3 h after which samples were
acid-digested by addition of 1 ml of 55% (v/v) HNOj after cooling. The acid was evapo-
rated from the samples using a sand bath and oven dried in the muffle furnace again. Ten
ml of 1:2 v/v 55% HNO; solution was added to the samples to moisten them and placed
in the sand bath for 5-10 min to warm it up. The samples were stirred in porcelain cruci-
bles using glass rods and transferred into 100 ml volumetric flasks. The samples were
shaken immediately and allowed to dissolve overnight to extract the minerals. The sam-
ples were then transferred into glass test tubes and diluted with distilled water 100 times.
Mineral concentrations were then determined by an Atomic Absorption Spectrophotom-
eter (SpectrAA 300).
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Protein content determination

Flour samples (250 mg) were weighed, oven dried over night at 95 °C and protein content
(N%6.25) was determined by the combustion method (Leco®model, FP-528, St. Joseph,
M) in the Nutritional Laboratory, Department of Animal, Wild and Grassland Sciences,
University of the Free State.

Statistical data analysis

Agrobase Generation II software (Agrobase 2005) was used for analysis of variance.
Bivariate Pearson’s correlation coefficient test was applied to assess the significance of
degree of association in protein content and concentrations among mineral elements
(Hintze 2004). Standardisation of data was carried out as described by Ruiz et al. (1997).
Principal component analysis (PCA) was used to visualise the pattern of variation of the
data (NCSS 2004).

Results
Mineral and protein contents

The concentration of mineral elements and protein content of sorghum genotypes on dry
weight basis are shown in Tables 1 and 2. The mean squares for the genotypes were
highly significant (P <0.01) for the concentration of all mineral elements and total protein
content for the 2009 and 2010 cropping seasons (Table 1) as well as for combined analy-
sis of variance over the two seasons (Table 2).

Genotypes Macia-SA (279.85 mg kg") and 97MW6127 (218.70 mg kg™") were signifi-
cantly higher in Ca content compared to all other genotypes (Table 2). Among genotypes,
the highest concentration of Fe was recorded in genotype 216737 (37.65 mg kg™'); while
the lowest was 22.59 mg kg! and found in genotype M141. Similarly, substantial differ-
ences in K concentration was also observed ranging from 1492.33 to 2575.00 mg kg™
with the highest being in genotype M141 and lowest in genotype NO253 compared to
other genotypes over the two cropping seasons (Table 2). Mn content varied from 11.28—
18.54 (mg kg™). It was highest in genotype M81 and lowest in genotype Birmash.

The Na concentration varied from 14.13 to 39.53 mg kg™' (Table 2). The highest con-
centration was found in 216737 and 97MW6129 compared to other genotypes. The con-
centration of P varied from 2505.83 mg kg~! in genotype 97MW6113 to 3453 mg kg™! in
genotypes Macia-SA and 97MW6127 (Table 2). The concentration of Zn over the two
cropping seasons (Table 2) ranged from 20.00 to 33.42 (mg kg™') and the content of
genotypes 216737 and Gambella-1107 was significantly higher than all other genotypes.
The Zn content of genotype NO253 (20.00 mg kg!) was significantly lower than that of
the other genotypes studied, while genotypes Birmash, 1S9302, Baji, PI308453 and Ma-
cia-SA had identical Zn contents (26.00 mg kg™'). Among all genotypes, the highest con-
centration of Mg was recorded in the genotype Gambella-1107 (1390.33 mg kg™'); and
the lowest in 97MW6127 (977.50 mg kg™'). Protein content varied from 7.20 to 11.00%
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(Table 2). The highest protein content was recorded in genotype Gambella-1107 (11.00%);
while the lowest was in 97MW6113 (7.20%) combined over two years as shown in
Table 2.

Significant correlations were observed between Ca and P and Mn with Zn and protein
(Table 3). Ca was highly significantly positively correlated with P. Significant positive
correlations between Zn and Fe, Mn, and P were observed. There was also highly signifi-
cantly positive correlation between protein and Mn, P and Zn.

Principal component analysis

Principal component analysis (PCA) grouped the nine traits into nine components which
accounted for the entire (100%) variability but there were only three principal compo-
nents which had eigenvalues greater than one and cumulatively accounted for 68.72% of
the total variation among the genotype (Table 4).

Discussion

Deficiency of mineral nutrients and protein content is a large problem in growing human
populations. The mineral elements play an important role in the development of the hu-
man body (Ng’uni et al. 2012). The existence of genetic variation among genotypes for
nutritional composition will help the improvement of crops for high nutritional quality
through breeding in the available gene pool (Ng’uni et al. 2012; Shegro et al. 2012).
Quantification of sorghum genotypes on the basis of mineral composition and protein
content will help in the identification of the best parents for breeding nutritionally en-
hanced sorghum. In the present study, the highest Ca content was obtained in genotypes
Macia-SA (279.85 mg kg') and 97MW6127 (218.70 mg kg™'), respectively (Table 2).
The mineral element, Ca plays a major role in the growth and development of plant mer-
istems, root hairs and root tips (Stanley 1995) as well as for bone development and
strength (Samia et al. 2005; Shegro et al. 2012). Ca deficiency in plants leads to stunted
growth and development of roots (Stanley 1995; Jimoh and Abdullahi 2011). The values
recorded in the present study were higher than the values reported previously by Moham-
med et al. (2010) in sorghum flour.

The Fe concentration was much higher in the first cropping season (Table 1). A reason
for this could be that the rainfall and the yield were much higher in the second season,
which diluted the concentration of some minerals, such as Fe, Ca and Zn. This is due to
the amount of rainfall variation in the growing seasons (403 mm in 2009 and 867.66 mm
in 2010 cropping seasons). The concentration of Fe varied from 22.59 mg kg! to 37.65
mg kg! (Table 2). The values for mineral elements in this study were lower than the find-
ings of others (Miller and Boswell 1976; Léder 2004; Waters and Pedersen 2009; Mo-
hammed et al. 2010) but were higher than the values reported by Asha et al. (2005). The
present study indicated that genotypes Gambella-1107, 97MW6127, NO253, Macia-SA
and M81 revealed relatively similar Fe concentration. This indicated that they had some
common characters in the uptake, translocation and the biological processes of this min-
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eral element. Fe is an essential mineral element in the biochemical system. Genotypes
with high concentration of Fe could be selected as potential genotypes for biofortification
through breeding to alleviate malnutrition due to lack of Fe to meet the micronutrient
requirements in their diet for health, growth and development. Furthermore, the geno-
types with high concentration of Fe can be formulated for baby foods for growth and re-
pair (Okareh et al. 2015).

It was reported that K is the major cation of intracellular fluid which helps to regulate
the acid base balance, osmotic pressure and water balance (Yellen, 2002; Olatunji and
Temitope 2013). In the current study, significant genetic differences in the uptake of K
was observed among the genotypes and the highest concentration was recorded in geno-
type M141 (Table 2). The values obtained were higher than those reported earlier (Léder
2004; Asha et al. 2005; Ragace et al. 2006; Waters and Pedersen 2009).

There was a significant genetic variation among the genotypes in the concentration of
Mn (Table 2). The values recorded for this mineral element ranged from 11.28 mg kg™! to
18.54 mg kg!. These values are lower than those reported previously (Waters and Ped-
ersen 2009) but higher than those reported by Léder (2004).

The Na concentration varied from 14.13 mg kg! to 39.53 mg kg! in sorghum grain
with the highest concentration found in 216737 and 97MW6129 (Table 2). These values
were higher than values reported by (Léder 2004) but lower than those reported by Badi
(2004) and Awadelkareem et al. (2009). Ca and P are very important in the formation of
strong bones and teeth, for growth, blood clotting, heart function and cell metabolism
(Rolfes et al. 2009; Jimoh and Abdullahi 2011). P is an essential mineral element in hu-
man nutrition and plays an important role in the structure and function of the human body.
The concentration of P varied from 2505.83 mg kg to 3453 mg kg' (Table 2). The high-
est P content was recorded in genotype 97MW6113 followed by genotypes Macia-SA and
97MW6127. The values obtained were higher than what was reported previously (Mo-
hammed et al. 2010). Zn is a microelement which is required for body weight gain and
height (Brown and Wnehler, 2002; Olatunji and Temitope 2013). It is also an essential
component of proteinases and peptidases enzymes (Prince et al. 1972). Zn concentration
showed a mean value of 26.04 mg kg ! and ranged from 20.00 mg kg ! to 33.42 mg kg!
(Table 2). These values were lower than those reported by others (Waters and Pedersen
2009; Mohammed et al. 2010) but higher than those previously reported (Miller and
Boswell 1976; Léder 2004). The highest Mg content was obtained in genotype Gambel-
la-1107 (1390.33 mg kg ) followed by the genotype M26 with a concentration of 1344.67
mg kg (Table 2). The values obtained in this study were higher than those reported by
others (Miller and Boswell 1976; Mohammed et al. 2010).

Protein is an essential component of the diet of animals and human and supplies the
required amino acids (Okareh et al. 2015). The protein content between genotypes was
significantly different with the highest amount recorded in genotype Gambella-1107
(11.00%); while the lowest was found in 97MW6113 (7.20%) combined over two crop-
ping seasons (Table 2). It was in the range reported by Subramanian and Jambunathan
(1984) but lower than the values previously reported (Ragaee et al. 2006; Waters and
Pedersen 2009; Mohammed et al. 2010; Mokrane et al. 2010). Grain protein content in
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sorghum grains was reported to range from 6.80% to 19.60% (Subramanian et al. 1990);
5.44% to 12.90%, and 10.00 to 14.00% (Neucere and Sumrell 1980; Awadelkareem 2002;
Awadelkareem et al. 2009). The genotypes as well as the environment influence the pro-
tein content (Benzian et al. 1983; Ebadi 2005) during the growing seasons. This trait is
significantly affected by environmental factors that affect grain filling. This could explain
the big difference in mean protein values for the 2009 (10.09%) and 2010 (8.57%) crop-
ping seasons (Table 1).

The genotype, growing season and soil factors as well as the relationship of these fac-
tors largely influenced the variation in mineral composition and protein content of sor-
ghum genotypes. Of the mineral elements studied, P, K, Mg and Ca were the most abun-
dant while Fe, Na, Mn and Zn were found in small quantities. The highest concentrations
of minerals present in sorghum grain were previously reported to be K, P, Ca and Mg
(Khalil et al. 1984). Fe values were lower than that reported by others (Léder 2004) but
values for Ca, K, Na, Mn, Zn and Mg were higher in the present study. It was also re-
ported that both the environment and effects of the genotype have an influence on micro-
nutrient content of many crops (Zhang et al. 2010). Genotype differences, mineral con-
centration in the soil as well as translocation rates of the elements by the sorghum plants
from the soil, as well as environmental factors such as weather conditions during
the growth and development period of the plants influence the final grain composition
(Shegro et al. 2012).

Breeding for high concentration of mineral elements and protein content in sorghum
can be done by selecting appropriate genotypes for crossing. From the results of this
study, the following genotypes could be selected and incorporated into the sorghum im-
provement programme in two regions of Africa (Ethiopia and South Africa): Macia-SA
(Ca and P), 216737 (Fe, Na and Zn), M141 (K), genotype M81 (Mn), 97MW6129 (Na),
97MW6127 (P) and Gambella-1107 (Zn, Mg and protein). On average, Ca and K content
was significantly higher in South African material and Mn was significantly higher in
Ethiopian material which shows that there was a translocation difference of these miner-
als for the two sets of material. The content of the other minerals were very similar. The
protein content of the two sets of material differed with only 0.3%. This is probably due
to a lack of selection for protein in both breeding programmes, but the fact that some
genotypes had protein content of more than 10% indicates that there is selection potential.

The highest correlations were between Ca with P; Mn with Zn and protein (Table 3).
Ca was highly significantly positively correlated with P. Significant positive correlations
between Zn and Fe, Mn, and P were observed. There was also highly significantly posi-
tive correlation between protein and Mn, P and Zn indicating that some interactions ex-
isted between them. Therefore, breeding for high total protein content in such a manner
increases the concentration of Mn, P and Zn and vice-versa. Waters and Pedersen (2009)
also reported positive correlation between sorghum grain protein and Zn and P.

PCA is a technique used to emphasize variation among the genotypes and to identify
patterns in the dataset used for the analysis. It is used to make data easy to explore and
visualize in a biplot. The first principal component which alone explained 32.95% of the
total variability among the genotypes was mainly due to variations in Fe, Mn, P, Zn and
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Figure 1. Configuration of the sorghum genotypes under principal component axis 1 and 2

protein with high negative loading (Table 4). The second principal component which
accounted for 18.94% of the total variation was predominantly a function of Ca, P and Mg
with positive and negative loading, respectively. Genotypes with high PCA2 scores,
therefore, would have high Ca, P and Mg values. The third principal component with
16.82% variance separated the genotypes on Ca, K and Na, all with negative loadings.
The PC1 and PC2 explained most of the variation among the genotypes, depicting a high
degree of association among the protein and mineral elements. The eigenvectors of the
PC1 revealed large negative loadings for all variables and a few positive loading for the
variables in PC2. Chatfield and Collin (1980) and Hair et al. (1998) suggested that eigen-
values greater than one are considered significant and component loadings greater than
+0.30 were considered to be meaningful. Consequently, only the first three principal com-
ponent axes were retained in this study and traits with loading greater than +0.30 were
viewed to represent the corresponding principal component axis (Hair et al. 1998). The
proportion of the total variance explained by each principal component is additive, with
each new component contributing less than the preceding one to the explained variance.
The sign of the loading indicated the direction of the relationship between the compo-
nents and the variables (Johnson 1998). A plot of the first principal component axis
(PCA 1) against the second principal component axis (PCA 2) (Fig. 1) revealed that Ma-
cia-SA, 97MW6127, NO253, M153, 216737 and Gambella-1107 were most distant from
the major group which was concentrated around zero. Genotypes M163, 216743, M105,
Mamolokwane, 97MW6113 and PI308453 were the most stable in terms of mineral and
protein contents (Fig. 1).
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There was considerable genetic variation among the genotypes for mineral and protein
content. It is conceivable that these differences are genetic and may have value as bio-
chemical markers in sorghum breeding. Genotypes with high concentration of the most
important mineral elements and protein content are potential genetic sources for the fu-
ture development of improved lines. Furthermore, it is important to consider these geno-
types with higher contents of mineral elements for the animal feed industry. With the
exception of Ca, K and Mn, the mineral and protein contents of the material from Ethio-
pia and South Africa were similar. PCA elucidated three principal component axes that
explained most of the variability among the genotypes.
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