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ABSTRACT

Twenty-four rice genotypes were examined to assess genetic variability, heritability, and correlations for seven-
grain quality traits, eight nutritional elements, and protein. ANOVA revealed significant differences for the quality
traits studied. For every trait under study, the phenotypic coefficient of variation was higher than the correspon-
dence genotypic coefficient of variation. Heritability in a broad sense varied from 29.75% for grain length to
98.31% for the elongation trait. Hulling percentage recovery had a highly significant positive correlation with
milling and head rice percentage. Consequently, milling percentage had a highly positive correlation with head
rice percentage. In amylose percentage, all the genotypes belonged to low amylose except the Hassawi-1 variety,
which had intermediate amylose content. Mineral nutrition contents of magnesium (Mg), sodium (Na), potas-
sium (K), calcium (Ca), copper (Cu), manganese (Mn), zinc (Zn), iron (Fe), or protein percentage gave different
variations for 24 rice genotypes under all the nutritional elements. Among the 24 genotypes, ten rice genotypes–
HighNutrient-1, HighNutrient-2, HighNutrient-9, HighNutrient-8, HighNutrient-3, Hassawi-2, HighNutrient-7,
HighNutrient-6, Hassawi-1, and HighNutrient-4–had the highest heist value for all nutritional and protein con-
tents, and could be used as a donor to improving new varieties. There was a positive and significant correlation
between magnesium Mg, K, Zn and Fe. Consequently, K had a positive correlation with zinc Zn, Fe, and protein
percentage. Clustering analysis was divided into two groups: the first group included all genotypes rich in nutri-
ents, while the remaining genotypes with low nutritional content were included in the second group.
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1 Introduction

One of the most essential foods is rice (Oryza sativa L.) and it provides most of the human needs for
carbohydrates, nutrient elements, calories, and protein. In Asia and Africa, rice makes up 50%–80% of
daily caloric consumption, making it an especially essential source of energy [1–3]. Therefore, one of the
primary goals of rice breeding is to improve rice quality, a complex attribute that includes grain
appearance, milling, cooking, eating, or nutritional value [4]. Nutrient elements are important components
in human nutrition, which will help directly and indirectly in strengthening the human immune system
[5–8]. The immune system is responsible for resistance to diseases, and it is considered a wall against
any attack on the human body. The essential nutrient elements also contribute to the building of bones
and the development and growth of organs in children [9,10]. Anyway, the quality of food is estimated
based on what it contains of important elements such as zinc, phosphorus, potassium, magnesium, and
other elements necessary for human life [11–13]. Therefore, scientists resorted to increasing these
components in some crops, such as the production of golden rice, which was known to increase vitamin
A in it, and there are also many varieties now known to be rich in the necessary elements important to
humans [14,15]. As for the security of food and nutrition, micronutrient deficiencies are seen as one of
the new threats, especially in developing countries [16].

Rice breeders developed new varieties rich in proteins and micronutrients through conventional
breeding and genetic engineering. Through the use of breeding approaches, these technologies offer the
chance to select genotypes rich in micronutrients for direct application or to genetically modify staple
crops [17,18]. Since then, scientists have worked to improve rice varieties and reduce production barriers
by examining the genetic variability of the crop. This is necessary because the development of successful
rice breeding programs depends on the presence of genetic variability and character association in rice
[19–21]. Thus, to begin an effective breeding program, a thorough assessment of genetic variability
utilizing appropriate metrics including genotypic coefficient of variation, heritability estimates, or genetic
progress is required before program initiation [22].

Genetic variety is the occurrence of individual differences brought about by variations in their
upbringing and genetic composition [23–26]. Genetic variation analysis facilitates the observation of
germplasm and the prediction of probable genetic traits by breeders [27]. Until recently, morphological
characterization was a useful technique for detecting genetic material. Nevertheless, it is no longer a
useful strategy for differentiating commercial genotypes [28] due to the commercial genotype higher
consistency in morphological features and the limited number of morphological traits available [29].

Therefore, the current study aims to estimate the essential nutritional elements in white rice grains under
study and to study the genetic parameters and genetic diversity among twenty-four rice genotypes.

2 Materials and Methods

2.1 Rice Genotypes
In this study, 24 genotypes of different types of rice were selected on basis of grain quality

characteristics, important nutritional elements, and growing during the 2020–2021 seasons (Table 1).
These genotypes come from different sources, nine from Korea, two from Kingdom of Saudi Arabia, four
from International Rice Research Institute (IRRI), and nine from Egypt. However, there was diversity in
the selection of these genotypes, which included 16 japonica types, four indica types, and four indica-
Japonica types used in this study (Fig. 1).

2.2 Grain Quality Traits
Seven grain quality traits were analyzed in all genotypes, and samples were collected after harvest and

dried at 14% moisture. From each entry, 150 g well dried paddy was hulled in a mini “Satake Rice Machine”
to get brown rice. The brown rice was passed through “Satake Rice whitening and caking machine” to obtain
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uniform polished grains. The polished samples were sieved to separate whole kernels from the broken ones.
However, hulling percentage was computed on the amount of weight of hulling rice divided to weight of
brown rice by 100, milling percentage was computed on the amount of weight milling rice divided to
weight of brown rice by 100, while head rice percentage was computed for the amount of weight of
whole grains divided to the weight of paddy samples by 100, as previously detailed by Adair [30]. In
addition, the length grain was calculated according to a specific scale, which classified to extra-long
(>7.50 mm), long (6.61–7.50 mm), medium (5.51–6.60 mm), and short (<5.50 mm), while, grain shape
classified based on length-width ratio to slender (>3.00 mm), medium (2.01–3.00 mm), bold (1.01–
2.00 mm) as suggested by Khush et al. [31], gelatinization temperature (G.T.), which was visually graded
on a 7-point numerical scale devised by Little et al. [32] and split into classes as follows, represented
processes such as alkali spreading and removal of starchy endosperm. (1) No effect on the kernel (very
high); (2) Swollen kernel (high); (3) Swollen kernel, collar incomplete or narrow (high-intermediate); (4)
Swollen kernel, collar complete and wide (intermediate); (5) Split or segmented kernel, collar complete
and wide (intermediate); (6) Kernel scattered, blending with the collar (low); (7) Completely scattered
and intermingled kernel (very low). While Juliano [33] and Little et al. [32] determined the elongation
and amylose percentages and the varieties were classified according to amylose ratio to waxy (0%–5.0%),
very low (5.1%–12%), low (12.1%–20%), intermediate (20.1%–25%) and high (>25.0%).

Table 1: Genotypes, parentage, origin, nutrient level, and types

No. Genotypes Parentage Origin Nutrient level Types

1 High Nutrient-1 Mizuho/Zenith//Black rice Korean High Japonica

2 High Nutrient-2 Pure line selection Korean High Japonica

3 High Nutrient-3 Pure line selection Korean High Japonica

4 High Nutrient-4 Pure line selection Korean High Japonica

5 High Nutrient-5 Pure line selection Korean High Japonica

6 High Nutrient-6 Pure line selection Korean High Japonica

7 High Nutrient-7 Pure line selection Korean High Japonica

8 High Nutrient-8 Pure line selection Korean High Japonica

9 High Nutrient-9 Pure line selection Korean High Japonica

10 Hassawi-1 Wild-type Saudi Arabia High Indica/Japonica

11 Hassawi-2 Hassawi-1/IR1112 Saudi Arabia High Indica/Japonica

12 IRBLKS-S Lijiangxintuanheigu/SHIN2 IRRI Low Indica

13 IRBL3-CP4 Lijiangxintuanheigu/C104PKT IRRI Low Indica

14 IRBL5-M Lijiangxintuanheigu/RIL 249 IRRI Low Indica

15 IRBL7-M Lijiangxintuanheigu/RIL 29 IRRI Low Indica

16 Sakha102 Gz4096-7-1/Giza177 Egypt Low Japonica

17 Sakha101 (Giza 176/Milyang 79) Egypt Low Japonica

18 Sakha104 Gz4096-8-1/Gz4100-9-1 Egypt Low Japonica

19 Sakha108 Sakha101/HR5824//Sakha101 Egypt Low Japonica

20 Giza178 Giza175/Milyange49 Egypt Low Indica/Japonica

21 Giza179 Gz1368/IRAT112 Egypt Low Indica/Japonica
(Continued)
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2.3 Estimation of Nutrients Concentrations
Milled grain samples of 24 different rice genotypes were dried at 60°C for 48 h. The samples were then

ground to a fine powder [34]. One gram of milled rice was digested with hydrochloric acid 20% after dry
washing for five hours at 450°C in a muffle oven. While calcium, iron, sodium, potassium and heavy
metals in the samples were evaluated using flame atomic absorption spectrometry, the P concentration
was confirmed using a colorimetric procedure known as the ascorbic acid method [35] and a
UV+80 visible spectrophotometers.

2.4 Statistical Analysis
For every season, analysis of variance was performed on assumption that cultivars being studied are

random. Two experiments were statistically combined over two seasons because experiment’s error
variances were statistically homogeneous, as stated by Le Clerg et al. [36]. After that, experiments were

Figure 1: 24 rice genotypes including 16 Japonica, four Indica and four one Indica-Japonica

Table 1 (continued)

No. Genotypes Parentage Origin Nutrient level Types

22 Saka105 Gz5581/Gz4316 Egypt Low Japonica

23 Sakha106 Giza177/Hexi30 Egypt Low Japonica

24 Giza177 Giza171/Yamji No.1//PiNo.4 Egypt Low Japonica
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subjected to analysis of variance, which was utilized to separate gross phenotypic variability into components
attributed to genetic (hereditary) and non-genetic (environmental) factors and estimate their relative
magnitudes. Comparably, the overall diversity among phenotypes when produced in variety of relevant
conditions is known as phenotypic variance [37]. Thus, formula of Wricke et al. [38], Prasad et al. [39],
was used to estimate variance components, genotypic (Vg), phenotypic (Vp), or error (Ve) variances.
According to Allard [40], broad-sense heritability (h2B) was calculated on genotypic mean basis.
Dissimilarity coefficients were calculated according to Sneath et al. [41]. The programme NTSYS-PC
version 2.1 was used to create similarity matrices [42].

3 Results

3.1 Analysis of Variance
Considering genotypes under study’s wild range, the ANOVA showed that there are extremely

significant differences among 24 rice genotypes (Table 2). Certain characteristics were very important,
including the percentages of hulling, milling, head rice, elongation, amylose concentration (AC), and
gelatinization temperature. There was a broad range of genetic variation among the 24 rice genotypes
employed in this study, nevertheless, as seen by the results’ highly significant variances among
genotypes. Zaghum et al. [1] as well as Roy et al. [43] reported on this as well.

3.2 Mean Performance of Grain Quality Traits
Genotypes were significantly varied for grain quality traits under study (Table 3). The results for hulling

traits ranged from 57.7 with Hassawi-2 to 88.2 with Sakha104. Anyhow, the Egyptian varieties gave the
highest value for hulling percentage, while the two Saudi Arabian varieties (Hassawi-2 and Hassawi-1)
had the lowest value. For milling percent, the highest value was found with the Giza177 variety
(72.39%), while the lowest one was 50.4% with Hassawi-2. Also, the same result was found for head rice
percentage, but the lowest one was found with High Nutrient-5 (44.1%).

Table 2: Analysis of variance and mean square for some agronomic and yield studied traits

S.O.V Replication Genotypes Error

d.f 2 23 46

Hulling (%) 4.01 213.87** 3.07

Milling (%) 6.00 123.39** 2.95

Head rice (%) 1.15 147.32** 6.21

Amylose concentration (%) 0.33 13.49** 0.23

Grain length 0.45 0.91* 0.49

Elongation (%) 3.30 212.75** 1.81

Gelatinization temperature 0.01 3.62** 0.35
Note: *means significant difference at p < 0.05. **means significant difference at p < 0.01.

Table 3: Mean performance of grain yield and grain quality traits for 24 rice genotypes

No. Genotypes Hulling
(%)

Milling
(%)

Head rice
(%)

Amylose
concentration (%)

Grain length
(mm)

Elongation
(%)

Gelatinization
temperature

1 High Nutrient-1 68.04 60.47 54.22 13.77 4.79 35.11 6.67

2 High Nutrient-2 62.17 52.89 45.89 16.03 5.08 18.64 6.67

3 High Nutrient-3 64.57 58.80 46.67 15.44 5.04 27.77 6.67

(Continued)
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Concerning the amylose percentage, the results ranged from 13.77 to 21.54, and according to Juliano
[33], amylose was classified into very low (7–10), low (11–20), intermediates (21–23), or high (24–26).
These classifications reflected that all the genotypes belonged to low amylose except the
Hassawi-1 variety, which had intermediate amylose concentration (Table 3). Similar results with those of
Fatma et al. [44], Lu et al. [4] highlighted that a rice variety’s amylose concentration affects all of its
cooking and eating qualities. The variety Giza179 had the highest elongation trait value (42.8), while the
High Nutrient-9 variety had the lowest value (11.4) for elongation percentage. According to the
gelatinization temperature trait, the results ranged from 2.3 to 6.6; however, the Hassawi-1 and Hassawi-
2 varieties gave the lowest values of gelatinization temperature (GT), and the rest of the of the genotypes
gave the highest values. In any case, Fig. 1 shows a difference in the colors of the milled grains, as
colors different from the natural white color are associated with an increase in the concentration of nutrients.

3.3 Phenotypic and Genotypic Variability
Table 4 displays estimates of phenotypic and genotypic variances as well as genotypic and phenotypic

coefficients of variation (GCV and PCV, respectively). Table 4 shows genotypic coefficients of variation

Table 3 (continued)

No. Genotypes Hulling
(%)

Milling
(%)

Head rice
(%)

Amylose
concentration (%)

Grain length
(mm)

Elongation
(%)

Gelatinization
temperature

4 High Nutrient-4 62.54 58.22 44.67 14.11 5.55 16.40 6.67

5 High Nutrient-5 65.61 58.30 44.19 17.83 4.25 26.37 6.67

6 High Nutrient-6 68.27 61.40 53.56 15.57 5.19 38.48 6.33

7 High Nutrient-7 66.27 60.67 54.67 15.22 5.69 22.10 6.67

8 High Nutrient-8 64.92 57.52 49.33 15.96 5.14 16.73 6.67

9 High Nutrient-9 65.00 58.43 52.56 17.77 5.16 11.44 6.67

10 Hassawi-1 62.77 54.63 49.53 21.54 5.36 29.58 3.33

11 Hassawi-2 57.74 50.40 47.56 20.34 5.53 26.68 2.33

12 IRBLKS-S 63.53 50.59 46.73 14.09 4.50 33.29 6.67

13 IRBL3-CP4 72.00 60.60 55.67 17.05 5.55 20.72 5.33

14 IRBL5-M 71.10 61.23 54.41 14.15 5.42 22.34 6.67

15 IRBL7-M 68.00 57.47 53.13 17.03 5.23 27.62 6.67

16 Sakha102 81.67 70.93 62.00 17.14 5.13 31.44 5.67

17 Sakha101 82.26 69.22 60.24 18.40 5.43 25.44 6.67

18 Sakha104 88.29 71.00 68.29 18.59 5.70 22.48 6.67

19 Sakha108 81.15 70.58 63.07 16.81 7.25 20.22 6.33

20 Giza178 81.07 69.26 64.25 16.48 5.51 25.85 6.33

21 Giza179 73.60 55.80 51.70 19.40 5.30 42.84 6.33

22 Saka105 80.70 70.77 63.50 19.24 5.41 39.68 6.67

23 Sakha106 75.70 67.00 61.40 17.11 5.42 38.78 6.67

24 Giza177 82.54 72.39 68.67 17.36 5.94 38.64 6.67

LSD 0.05 2.89 2.84 4.11 0.79 1.16 2.22 0.97

LSD 0.01 3.87 3.80 5.50 1.05 1.55 2.97 1.30

Range 57.7–
88.2

50.4–
72.3

44.1–68.6 13.7–21.5 4.2–7.2 11.4–42.8 2.3–6.6
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(GCV) for grain length (mm) and elongation percentage, which varied from 6.95 to 30.56. However, the
phenotypic coefficients of variation (PCV) varied from 10.26% for the grain length to 30.69% for the
percentage of elongation (Table 4). The PCV percent was primarily influenced by environmental factors
and cultural traditions, as evidenced by the fact that it was greater than the genotypic PCV percent for all
attributes across all genotypes. Table 4 shows the GCV percent values for head rice, hulling %, milling
percentage, elongation percentage, grain length, and gelatinization temperature. The seven quantitative
features have heritability estimates ranging from 29.75% for grain length to 98.31% for elongation
percentage, when viewed in a wide sense.

3.4 Correlation Analysis among the Studied Traits
Trait relationship was ascertained by phenotypic correlation analysis, and the outcome is displayed in

Fig. 2. The proportion of head rice (0.928) and milling (0.924) showed a highly significant positive
association with the hulling (%), while the milling percentage also demonstrated a highly positive
correlation (0.912) with the head rice percentage. On the other hand, gelatinization trait was significantly
positive with head rice, milling, and hulling percentages. The amylose concentration had negative
correlation with gelatinization trait (−0.601).

3.5 Estimation of Micronutrient and Protein Percentage
The concentrations of magnesium (Mg), sodium (Na), potassium (K), calcium (Ca), copper (Cu),

manganese (Mn), zinc (Zn), iron (Fe), or protein in milled rice of 24 rice genotypes were listed in
Figs. 3–5. The results also noted that concentrations of Mg, Na, K, Ca, Cu, Mn, Zn, Fe, or protein
percentage showed different variations under all the nutritional elements. The means of Mg, Na, K, and
Ca concentrations for all genotypes were 1250, 275, 2625, and 757.5 ppm, and the ranges were 1250–
2125, 207.5–367.5, 2600–4500, and 510.0–932.5 ppm, respectively (Fig. 3). Among the 24 genotypes,
ten rice genotypes: HighNutrient-1 (2125 ppm), ighNutrient-2 (2050 ppm), HighNutrient-9 (1925 ppm),
HighNutrient-8 (1900 ppm), HighNutrient-3 (1875 ppm), Hassawi-2 (1875 ppm), HighNutrient-7
(1775 ppm), HighNutrient-6 (1775 ppm), Hassawi-1 (1750 ppm), and HighNutrient-4 (1750 ppm) gave
the heist value for Mg concentrations (Fig. 3). Whereas, the Na concentrations of 24 genotypes ranged
from 207.5 to 367.5, and the highest value was found with the HighNutrient-8 variety (367.5 ppm), while
the lowest one was found with Giza179 (207.5 ppm). According to K concentrations, 21 rice genotypes
gave a high value and ranged from 2600 to 4500 ppm. However, a high value was found with
HighNutrient-1, HighNutrient-3, and HighNutrient-2 (Fig. 3).

In Ca concentrations, the 24 rice genotypes ranged from 510 to 932.5 ppm, and the lowest value was
found with the Sakha104 (510 ppm) variety, while the highest value was found with the HighNutrient-2
(932.5 ppm) variety, which indicated that the genotypes with higher Ca concentrations comprised the

Table 4: Variability parameters for twenty quantitative characters in rice

Genetic parameters Mean Vp Vg Ve PCV GCV Heritability

Hulling (%) 71.23 71.29 70.27 1.02 11.85 11.77 97.17

Milling (%) 61.11 41.13 40.15 0.98 10.50 10.37 95.32

Head rice (%) 55.66 49.11 47.04 2.07 12.59 12.32 91.91

Amylose concentration (%) 17.10 4.50 4.42 0.08 12.40 12.30 96.70

Grain length (mm) 5.36 0.30 0.14 0.16 10.26 6.95 29.75

Elongation (%) 27.44 70.92 70.31 0.60 30.69 30.56 98.31

Gelatinization temperature 6.19 1.21 1.09 0.12 17.74 16.86 82.50

Range 1.2–71.2 0.14–70.2 0.12–2.07 10.26–30.69 6.95–30.56 29.75–98.31
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majority of the 24 rice genotypes under study (Fig. 3). On the other hand, for the elements Cu, Mn, Zn, and
Fe, which belonged to microelements in milled rice, the means were 40, 72.5, 20.19, and 7.74 ppm,
respectively (Fig. 4). As for the Cu element, most of the values were narrow, and the highest value was
45.5 ppm with the variety HighNutrient-2, while the lowest value was 27.5 ppm with HighNutrient-8.
Furthermore, the 24 genotypes for Mn, Zn, and Fe concentrations are in a narrow range of 57.5–82.5,
15.7–30.1, and 5.8–13.2 ppm, respectively. But in any case, the results for the Mn element showed that
ten rice genotypes had a high concentration of Mn, and the rest of the genotypes showed moderate
concentration. While the Zn concentrations of 24 rice genotypes range from 15.7 to 30.1 ppm, the highest
value was HighNutrient-1 (30.1 ppm), and the lowest value (15.7 ppm) was the Sakha108 variety
(Fig. 4). As a result, it was possible to choose materials with abundant mineral nutrients because there
was a discernible variation in the mineral element concentrations of the genotypes examined in this
experiment. According to the Fe concentrations in Fig. 4, six rice genotypes were high in Fe, while the
rest had a moderate value. However, there are five rice genotypes: HighNutrient-2 (13.246),
HighNutrient-1 (12.978), HighNutrient-6 (11.122), HighNutrient-7 (10.410), and HighNutrient-4
(10.120 ppm).

3.6 Estimation of Protein Percentage
For protein concentration percentage, the result showed that the mean for 24 genotypes was

6.1 percentages, which ranged from 4.2 to 11.8. The results showed that 11 rice genotypes, HighNutrient-
9, HighNutrient-1, HighNutrient-2, HighNutrient-3, HighNutrient-8, HighNutrient-5, HighNutrient-7,
HighNutrient-6, HighNutrient-4, Hassawi-1, and Hassawi-2, gave 11.8, 11.7, 10.8, 10.0, 10.0, 9.5, 9.4,
9.0, 8.7, 8.7, and 8.1 percent, respectively (Fig. 5), while the rest genotypes gave low protein

Figure 2: Pearson correlation coefficients for seven grain quality traits of 24 rice genotypes. The color
assigned to a point in the heat map grid indicates the intensity of a particular link between two traits. Red
indicates a positive association, whereas blue indicates a negative correlation
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concentrations (Fig. 5). Therefore, varieties high in protein concentration can be utilized in breeding
programs in order to develop varieties with high protein concentration, which is extremely important as a
basic food for humans.

3.7 Correlation Analysis for Mineral Nutrient Study
Phenotypic correlation analysis for nine nutrient elements of Mg, Na, K, Ca, Cu, Mn, Zn, Fe, or protein

percentage in milled rice of 24 rice genotypes (Fig. 6), The results showed that magnesium (Mg ppm) was
highly significant and positively correlated with both potassium (K ppm) or protein, while it was positively
and significantly correlated with zinc (Zn) and iron (Fe). Sodium (Na) was negatively correlated with copper
(Cu), while potassium (K) had positive correlation with zinc (Zn), iron (Fe), and protein percentage. On the
other hand, calcium (Ca) had positive correlation with manganese (Mn) and iron (Fe), while copper (Cu) had
positive correlation with manganese (Mn). Zinc (Zn) element was correlated with iron (Fe) and protein
percentage, and iron (Fe) was correlated with protein percentage (Fig. 6).

Figure 3: The concentrations of Mg (a), Na (b), K (c), and Ca (d) in milled rice among 24 rice genotypes.
Data are represented as means of three replicates (±SD). Different letters within each bar indicate significant
differences according to Duncan’s Multiple Range test at p < 0.05
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Figure 4: The concentrations of Cu (a), Mn (b), Zn (c), and Fe (d) in milled rice among 24 rice genotypes.
Data are represented as means of three replicates (±SD). Different letters within each bar indicate significant
differences according to Duncan’s multiple range test at p < 0.05

Figure 5: Protein concentrations in milled rice among 24 rice genotypes. Data are represented as means of
three replicates (±SD). Different letters within each bar indicate significant differences according to Duncan’s
multiple range test at p < 0.05
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3.8 Cluster Analysis
The clustering pattern of 24 rice genotypes was visualized by dendrogram analysis (Fig. 7). The

compelling results based upon grain quality traits and nutritional elements were divided into two major
groups. The genotype HighNutrient-1 was in one group alone due to its highest values in protein,
magnesium (Mg), zinc (Zn), manganese (Mn), and potassium concentration. It was also the lowest in
amylose concentration (13.77%) compared to all the varieties under study. Two subgroups were created
from the second group: the first contained the genotypes of Hassawi-1 and Hassawi-2, while the second
subgroup contained the genotypes (Fig. 7). Anyway, the genotypes Hassawi-1 and Hassawi-2 had the
same values in Mg, Na, K, and protein concentration, as well as in amylose concentration, grain length,
elongation percentage, or gelatinization temperature (Fig. 7). Also, these genotypes were produced by the
same parents, cultivated in the same area, and belonged to Indica-Japonic type. Second subgroup was
divided into two groups: IRBL3-CP4, IRBL5-M, IRBL7-M, IRBLKS-S, Giza178, and Giza179, which
belonged to the Indica and Indica-Japonica types. These genotypes had low nutrient values and protein
concentration. The last second subgroup included all the other genotypes, which were reached by
nutritional elements and protein concentration except Sakha104 and Sakha106. Also, the results showed
that these varieties were low in characteristics in hulling, milling, head rice, and amylose concentration
percentages, except Sakha104 and Sakha106 (Fig. 7).

4 Discussion

In recent years, the world has been suffering from a shortage of nutritional concentration in some crops,
especially in countries that consume rice [45]. The decrease in nutrient and protein concentration in the food
will cause the spread of diseases and increased mortality rates among children, especially in developing
countries [46,47]. Therefore, developing varieties that contain abundant mineral nutrients in milled rice is
one of the effective methods to solve the problem of mineral nutrient deficiency, which is one of the
goals of breeding programs [48].

This study showed differences in nutrients and grain quality traits among the 24 rice varieties used. The
Egyptian varieties were higher in grain quality characteristics, but were lower in the concentration of other

Figure 6: Pearson correlation correlations for 24 rice genotypes’ nine nutritional element attributes. The
color a point in the heat map grid is assigned indicates the strength of a particular link between two
qualities. Red indicates a positive association, whereas blue indicates a negative correlation
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nutrients compared to the colored varieties, while the rest of the varieties were low in these characteristics but
were rich in the concentration of other nutritional elements.

For amylose concentration, all the varieties were low in amylose, except the varieties Hassawi-1 and
Hassawi-2, which were high in amylose. However, significant positive correlations were found between
the hulling, milling, head percentage and gelatinization traits, which suggest that these characteristics
exist on one chromosome or are located in close locations on the chromosome. The results are in
agreement with those of previous studies [47,49].

This study was useful for knowing the concentration of nutrients in Egyptian varieties. It also helps rice
breeders to transfer these traits to other varieties through hybridization between them. Heritability (h2B)
values were computed, indicating existence of both additive and non-additive genetic variances in
inheritance of most features [43]. Traditional and modern breeding methods were used to develop new
varieties high in protein and nutritional elements, like the golden rice variety [14,50], which had a high
level of beta-carotene (vitamin A). Within 24 rice genotypes, eleven varieties, namely, HighNutrient-1,
HighNutrient-2, HighNutrient-3, HighNutrient-4, HighNutrient-5, HighNutrient-6, HighNutrient-7,
HighNutrient-8, HighNutrient-9, Hassawi-1, and Hassawi-2, had high nutritional elements and protein
concentration [22,51,52]. In addition, these varieties were colored (Fig. 1) compared with the rest, which
were low in nutritional elements, protein concentration, and non-colored [48]. Either conventional or
contemporary biotechnology techniques could be employed to enhance nutritional concentration of rice
by utilizing reach genotypes by protein and nutritional components [22].

Our results corroborate those of those who claimed that certain rice cultivars have good grain quality
characteristics, specifically grain protein concentration [1,47]. On the other hand, magnesium (Mg) was
highly significant and positively correlated with both potassium (K) or protein, while it was positively
and significantly correlated with zinc (Zn) and iron (Fe). While, potassium (K) had positive correlation
with zinc (Zn), iron (Fe), or protein percentage, calcium (Ca) had positive correlation with manganese
(Mn) and iron (Fe), and copper (Cu) had positive correlation with manganese (Mn). Zinc (Zn) element

Figure 7: Clustering varieties, based on similarity of quantitative characteristics, produced two large groups
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was correlated with iron (Fe) and protein percentage, and iron (Fe) was correlated with protein percentage
(Fig. 6). This positive and significant correlation between these elements is due to the possibility that
these elements and could be inherited as linkage group or were located in chromosome one [53,54].
Cluster analysis showed that varieties rich in protein and nutrients were close together and in one group,
while varieties low in protein and nutrients were present in a group [55,56]. Finally, colored rice, or dyed
rice, is rich in important nutritional elements. The development of golden rice, rich in vitamin A, was the
most important variety, which opened the way for the development of many other varieties rich in
nutritional elements [57]. Therefore, work on developing colorful varieties is very important, and many
countries are seeking to produce varieties rich in some disease-resistant elements and rich in iron [58].

5 Conclusion

This study showed genetic differences between varieties in quality traits and also in nutrients and
elements. It was also shown that all colored varieties (HighNutrient-1, HighNutrient-2, HighNutrient-3,
HighNutrient-4, HighNutrient-5, HighNutrient-6, HighNutrient-7, HighNutrient-8, HighNutrient-9,
Hassawi-1 and Hassawi-2) contain high levels of protein, Mg, Na, K, Ca, Cu, Mn, Zn, and Fe, as well as
a positive correlation between these elements. While the cluster analysis was divided into two major
groups, the first one included almost all rich varieties together, and the second one included only the low
varieties.
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