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ABSTRACT

Two field and laboratory experiments were conducted at Rice Research and Training Center
(RRTC), Sakha. Egypt The first experimental was conducted with randomized complete block design with
three replications to identify the mean performance of some rice varieties for morphological and yield
characters, chemical, quality characters. The second experimental carried out at Rice Technology Training
Center (RTTC) at Alexandria to study the effect of temperature, sample weight and their interaction on
technological traits with split-split plot design with three replications during two seasons. The results
showed that highly differences found for days to heading, plant height, number of panicles/plant, panicle
weight, total grains/panicle and grain yield (t/fed) among the studied varieties. The Sakha 108 variety
recorded the superior values for all the studied characters except days to heading. The Black rice variety
recorded the lowest value for days to heading and plant height characters, while, recorded the desirable
values for micro elements, zink, iron and protein, moreover, the short glutinous variety recorded the
desirable values for fired characters. The Egyptian Yasmin was later one for days to heading, for the grain
quality characters, moreover, recorded the desirable values for cooking characters as aromatic rice. Finally,
it could be recommended these varieties used as adorners to improvement the grain quality characters in
rice breeding program. Moreover, the denderogram analysis showed that the Egyptian yasmin as indica type
was in one group, while, all japonica type was in second group, that confirmed with morphological, yield

and grain quality characters.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the major staple food
crops being grown worldwide. It is a nutritious cereal crop,
provides 20 percent of the calories and 15 percent of the
protein consumed by world’s population. The world
population is expected to reach 8 billion in 2025 and it is
estimated that 50 % more food is required to feed the
increased Khush, (2004). So, the breeders should be
concerning on developing high yield varieties with good grain
quality.

In Egypt the total cultivated area 1.186000 fed and the
total production 4.5 million ton with average production 3.77
t/ fed EAS (2018) referred to decrease the cultivated area with
increasing the shortage of irrigation water. So, should be
finding out different ways to increase the productivity/unit
area thorough using different growth regulators to increase the
yield component.

The consumption in Egypt preferred the highly grain
quality especially with hulling, milling and head rice
percentage, also, the eating quality become preferred to some
consumption. Designing snack foods today can be a complex
process to meet changing consumers taste. Most shack
manufacturers use some form of existing technology as the
basis for creating snack products and incorporate variations
that increase the resulting snacks’ health image. Therefore,
popping using advance technologies are processes, which
could be accomplishing all these targets. The whole grain
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produce contributes numerous beneficial nutrients for human
health including dietary, fiber, vitamins, minerals and
phytochemicals Maisont and Narkrugsa, (2010). Moisture
loss decreases popping performance Song and Eckhoff,
(1994)

To avoid the limitations of conventional popping
methods, electromagnetic waves such as microwaves are
used now-a-days, which provides better energy efficiency in
very short time. Microwave energy is worldwide used for
producing popcorn. Though a wide range of cereals are used
for popping; only few of them pop well. High popping could
be achieved with paddy containing moisture content between
14 and 15%. Time of heating is a sensitive parameter for sharp
rise in popping percentage as compared to power level
Swarnakar et al., (2014). Zinc and amylose content had
significantly negative correlation with pop ability
(Bhatupadya et al. 2008). The previous results showed that, it
was found that the optimum conditions for producing popped
rice with best yield were Giza 178 variety with 14% moisture
content, 300 °C heating temperature, one min time and 50
grams of paddy rice Abd EI Salam (2006), should be select
for eating quality and popping rice in rice breeding program.

Therefore, this study was conducted to assess the
relationship between yield components and grain quality
characters in some rice varieties and determine the effect of
processing conditions, including temperature and sample
weight on expansion of popped rice cultivars.
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MATERIALS AND METHODS

Newly harvested certified seeds in 2019 and 2020
growing seasons of five rice varieties namely Short
Glutinous, Black Rice, Egyptian Yasmin, Sakha Super 300,
and Sakha 108 were provided by Rice Research Program,
Field Crop Research Institute, Agriculture Research Center,
Sakha, Kafr EI-Sheikh, Egypt.

Two field and laboratory experiments were
performed at experimental farm for Rice Research and
Training Center — Sakha and grain quality Labs; Rice
Technology Training Center (RTTC), Alexandria, Egypt.
The first experimental was conducted to identify the mean
performance of some rice varieties for morphological, yield,
chemical, quality characters. The second experimental
carried out to study the effect of temperature, sample weight
and their interaction on popping expansion of rice cultivars.
The date of sowing was 1% May during 2019 and 2020
seasons and then the rice varieties were transplanted in
seven rows with 5 m long as individual plants with plant
spacing 20x20 cm, the rice varieties were grown in a
Randomized Complete Block Design (RCBD) with three
replications. All recommended cultural practices for rice
cultivation were applied as recommended by RRTC (2008).
Data were recorded on 25 randomly selected plants from
each replication and mean values were used for statistical
analysis. The second experimental design was A split-split
plot design with three replicates was used in both seasons.
The main plots were devoted to rice cultivars and the sub
plots were occupied by three temperature levels (160, 180,
and 200°C) whereas, the sub-sub plots were assigned to
three sample weight (30, 40 and 50 gm). The characters
were measured on 14 % moisture content basis and fixed
time for popping was 40 seconds.

Studied characters:

The data were recorded according to standard
evaluation system of IRRI (2018) for all studied characters;
days to heading, plant height, number of panicles/ plant,

panicle weight, number of total grains / panicle and grain
yield (t/fed) and quality characters hulling%, milling % and
head rice% and chemical characters such as protein and
elements (Zn, Fe, Mn, Mg), eating and cooking characters
gelatinization temperature, gel consistency test, elongation
ratio and popping characters were weight after popping
(excluding loss in moisture), weight of popped rice (g),
popping percentage (%), expansion ratio and density
(g/cm3).

Popped and unpopped grains were separated using a
USA standard testing sieve (No. 6 Fischer Scientific co.
Pitsburgh, PA). The popping percentage was calculated as
mentioned by Swarnakar et al. (2014) as follows: Popping
% = weight of popped grains / weight after popping X 100.
Expansion ratio was the ratio of the volume of the popped
grains without the husk to that of whole brown rice obtained
from 25 g paddy Murugesan and Bhattacharya, (1989).
Density was determined as described by Delost-Lewis et al.
(1992).

Analysis of variance was carried out according to
Gomez and Gomez (1984) using SAS program, version 8.0.
Means were compared using least significant difference
(LSD) at 0.05 level of probability. The combined analysis
of the two experiments was done whenever homogeneity of
variance was not significant.

RESULTS AND DISCUSSION

The results in the Table 1 clarified that there were a
significant differences among the rice varieties in some
characters namely days to heading, plant height and no. of
panicles / plant. The rice variety Black rice recorded the
shortest duration for days to heading and the shortest stature,
whereas, the rice variety Sakha 108 recorded the highest
value for number of panicles per plant.

The results in the Table 2 clarified that there were a
significant differences among the rice varieties for the yield
characters.

Table 1. Mean performance for morphological characters of some rice varieties during 2019 and 2020 seasons and

their combined data..

Genotypes Days to heading (day) Plant height (cm) No. of panicles / plant
2019 2020 Comb 2019 2020 Comb 2019 2020 Comb.
Short Glutinous 101.00 102.66 101.83 96.00 98.65 97.33 15.32 16.00 15.66
Black Rice 89.66 90.33 90.00 91.33 92.68 92.01 10.00 11.66 10.83
E. Yasmin 113.00 114.00 113.50 103.67 106.00 104.84 18.00 18.00 18.00
Sakha Super 300 108.66 110.33 109.50 107.00 106.00 106.50 16.33 17.00 16.67
Sakha 108 97.67 99.67 98.67 97.66 99.33 98.50 20.66 20.33 1150
LSD 0.05 1.73 1.37 154 2.65 1.76 221 2.78 2.35 257

Table 2. Mean performance for yield and component characters of some rice varieties during 2019 and 2020 seasons

and combined data.

Genotypes Panicle weight (g) No. of total grain / panicle 1000 grain weight (g) Grainyield (t/ fed.)
2019 2020 Comb 2019 2020 Comb 2019 2020 Comb. 2019 2020 Comb
Short Glutinous 4.13 4.16 4.15 165.66 164.00 164.83 26.22 26.30 27126 422 434 428
Black Rice 3.50 3.30 3.40 97.33 97.66 97.50 26.10 26.60 2635 313 322 318
E. Yasmin 4.65 461 4.63 173.00 18133 17717 26.00 26.39 26.19 444 457 451
Sakha Super 300 425 427 426 16566 16733 16650 2808 2855 2829 463 465 464
Sakha 108 466 469 468 166.33 17233 16933 2930 30.00 2965 481 485 4.83
LSD 0.05 041 0.40 041 6.69 4.80 5.75 0.654 0.720 0.688 0.105 0.130 0.118

The varieties Sakha 108 and E. yasmin recorded the
highest values for these traits during two seasons. While,
Black rice recoded the undesirable values for yield and its
components during two seasons. The increases in grain yield

of Sakhal08 and E. yasmin when cultivated under wider or
medium spacing might be due to the vigorous growth in
both shoots (canopy) and roots, so the wider or medium
spaces are suitable for minimizing the competition among
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both shoots and roots which led to increase both nutrient
uptake and light penetration through the leaves of their
canopy specially flag leaf plus second and third leaves
which are representative for about 75% from total
photosynthesis consequently increase the photosynthesis
process and its products (assimilates) that translocate to the
panicle and efficiently fill most of the spikelet’s resulted in
increase the number of filled grains consequently grain
yield. These results coincidence with that recorded by
Koutroubas and Ntanos (2003) and Sorour et al., (2016).
The results in Table 3 Highly differences among rice
genotypes for 1000- grain weight length, width grain,
thickness, grain shape, Hardness and GT characters, where
the rice variety Sakha 108 recorded the desirable values for
hardness and GT , while short glutinous recorded the
desirable values for length ,width, kernel thickness and
shape , on the other side the Egyptian yasmine showed

undesirable values for most of the studies characters, could
be used the short glutinous as donor improve the grains
physical characters during the two seasons, While Sakha
108 rice variety could be used as donor for improve,
hardness characters in rice breeding program .

For grain chemicals characters, the results in Table 4
showed highly variability among the rice varieties during
the two seasons , where , the short glutinous and black rice
recorded the highest values for the protein content , while
the black rice recorded the highest values for Zn,Fe and Mg,
but, Sakha 108 rice variety recorded the highest value for
Mn content , indicated to could be used the short glutinous
as donor for improvement , the total protein content, while
the black rice used as donor for improvement , the Zn ,Fe
and Mg content , moreover, could be used the Sakha 108
rice variety as a donor for improvement the Mn content in
rice breeding program.

Table 3. Mean performance for rice grain physical characters of some rice varieties as combined data for 2019 and

2020 seasons.
Genotypes Grain Shape Thickness Hardness Gel consistency test
2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb.
Short glutinous 1.25 132 157 2.20 2.10 215 4.40 4.80 4.60 4.15 4.17 4.16
E. yasmin 3.17 3.15 3.16 1.70 1.75 172 6.30 6.16 6.23 4.25 4.09 4.17
Black rice 1.89 1.97 1.93 2.01 2.08 2.04 5.45 541 5.43 4.28 433 4.30
Sakha super 300  1.81 1.85 183 2.04 2.01 2.03 443 487 4.65 431 4.36 433
Sakha 108 1.70 1.82 1.76 1.72 1.86 1.78 4.35 4.67 451 4.68 4.78 473
LSD 0.05 0065 0071 0.034 0474 0482 0478 0.095 0117 0.106 0.275 0.280 0.278
Table 4. Mean performance for rice grain chemical characters of some rice varieties as combined data for 2019 and
2020 seasons.
Genotypes Protein % Zinc (Zn) ppm Iron (Fe) ppm Manganese (Mn) ppm  Magnesium (Mg) ppm
2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb.
Short glutinous 9.67 9.73 9.70 47.00 63.00 55.00 46.67 46.96 46.80 4735 4965 4850 2535 2794 26.70
E. yasmin 738 462 750 7048 7052 7050 5508 55.14 5511 4725 49.76 4850 4342 4458 4400
Black rice 835 864 850 11800 1225 120.00 6240 64.58 6350 4838 50.74 49.7 4654 4746 47.00
Sakhasuper 300 650 6.99 6.75 77.40 82.60 80.00 27.06 29.20 28.13 4736 4724 4730 1810 1990 19.00
Sakha 108 740 790 7.65 5400 5740 5570 46.85 47.17 4700 63.05 64.00 6350 2085 2115 1950
LSD 0.05 0.2850.297 0291 2.009 2015 2.012 663 851 757 1201 1273 1237 1.55 1.95 1.75

The results in Table 5 showed that, the highly
differences were found among the studied rice varieties,
where the Sakha 108 rice variety was superior for the
hulling%, milling% and head rice% characters, while the
Egyptian yasmine recorded the lowest value for hilling and

short glutinous recorded the lowest values for milling and
head rice characters indicated to the Sakha 108 rice variety
could be used as donor for improve in rice breeding program
. Highest milling% (72%) was recorded for promising line
Sakhal08, compared with other check varieties

Table 5. Mean performance for rice grain quality characters of some rice varieties as combined data for 2019 and

2020 seasons.
Hulling (%) Milling (%) Head rice (%)
Genotypes 2019 2020  Comb. 2019 2020 Comb. 2019 2020 Comb.
Short glutinous 7890  78.70 78.80 6470 6486 64.78 46.62 48.67 47.64
E. yasmin 7515  77.18 76.17 68.90  71.06 69.98 62.75 64.91 63.83
Black rice 7745 7846 77.96 7015 7184 71.01 69.15 69.22 69.18
sakha super 300 8140 8152 81.46 7260 7278 72.69 68.30 68.42 68.36
Sakha 108 8370 8382 83.76 7280 7298 72.89 69.45 69.81 69.63
LSD 0.05 1.023 1111 1.067 1478 1.500 1.489 2.605 2.208 2.606

The results in Table 6 showed that the short
glutinous and Egyptian yasmine recorded the desirable
values for timing popping, weight after pooping, popping %,
expansion % and density % compared to other varieties,
indicated to short glutinous and Egyptian yasmine
considered as the best rice genotypes for pooping
temperature, This might be due to genetic differences
between cultivars in grain structure and endosperm
characteristics. Abd EIl Salam et al., (2006). Also, resulted
showed the desirable treatment was 180 co compared to

other treatments for all the studied traits. For weight sample
to popping, the results showed that, the desirable values for
the studied traits were recorded with 40 gm as sample
weight compared to the other treatments, so, the all
interaction were highly significant. This might be due to that
increasing the popping temperature could accelerate both
melting of rice kernels and evaporation of water in rice. The
melting renders the rice grain elastic and expandable
whereas, the evaporation exerts the pressure needed for
expansion. Therefore, the expansion of rice increased with
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increasing heating temperature. Similar results was reported
by Swarnakar et al (2014) showed The maximum popping
percentage of 63.47% was obtained at a moisture content of
14.15% and energy level of 80 kJ (1000 W and 80 s) while
the maximum expansion ratio of 4.42 was obtained at

14.94% moisture content and energy level of 68 kJ (850 W
and 80 s). Optimum values of microwave power, time of
heating and moisture content of paddy were achieved at
1000 W, 80 s and 15%, respectively, corresponding to
popping percentage and expansion ratio of 58.73 and 3.58.

Table 6. The effect of different temperature and sample weight of some rice varieties on the popping character as
combined data for 2019 and 2020 seasons.

Main effect Timing Popping  Weight after popping  Popping (%) Expansion (%) Density (%)
Varieties (V) 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb. 2019 2020 Comb.
Short Glotinious 080 078 079 3490 3495 3492 80558071 8063 781 785 783 12670 12682 126.76
E. Yasmin 085 089 087 3460 3471 3465 81128115 8113 935 951 943 12690 1271 127.00
Black Rice 101 107 106 3509 3513 3511 46254637 4631 805 861 833 14635 147.15 146.75
Sakha super 300 140 158 149 3385 3597 3491 7068 7060 7064 735 804 769 136.13 136.07 136.10
Sakha 108 094 102 098 3553 3558 3555 62956311 6303 795 802 797 13990 13993 13991
LSD 0.05 0079 0076 0078 0190 0197 0193 1310 1322 1316 0345 0356 0351 1149 1145 1147
Temperature (T)

160 155 150 153 3480 3472 3476 67.856813 6799 820 826 823 13450 13460 13455
180 090 093 091 3495 3501 3496 6888 69.00 6894 835 845 840 13534 13540 135.37
200 067 069 068 3528 3544 3536 68106812 6811 809 815 812 13590 136.12 136.00
LSD 0.05 0020 0026 0023 0061 0068 0064 0574 0584 0579 0.030 0038 0034 0.749 0.747 0.748
Weight sample(W)

30 080 094 087 2620 2625 2622 66.60 6884 6767 819 825 821 13612 13620 136.15
40 117 110 113 3516 3518 3517 71507192 7170 835 837 836 13231 13233 13232
50 113 109 111 4350 4388 4369 65.77 6552 6567 815 820 818 13748 13741 13745
LSD 0.05 0045 0040 0042 0094 009 0.092 04010398 039 0.018 0024 0020 0410 0413 0406
Interaction

V*T * *%x *% *% *% *% * *% *% *k *% *k *% *% *%x
V*W ** ** ** ** ** ** ** * ** ** * ** **k * **k
T*W ** ** ** ** ** ** * ** ** ** ** ** **k * **k
V*T*W ** ** ** ** ** ** ** ** ** ** ** ** **k ** **k

The results in Table 7 showed that, the desirable
results was recorded from short glutinous and Egyptian
yasmine with 180c pooping temperature and gm sample
weight compared to other treatments of the studied rice
varieties , indicated to could be used the short glutinous and
Egyptian yasmine as a donor to improvement traits in rice
breeding program. Expansion during cooking due to water
absorption and hence increase in cocked rice volume is
directly affected by amylose content.

Table 7. Time popping and weight after popping of some
rice varieties as affected by different pooping
temperature and sample weight as combined
data as combined data for 2019 and 2020seasons

Time popping Weight after popping

Low amylose content rice varieties (17- 22%) are
Egyptian consumer’s preference. SakhalO8 and check
varieties exhibited excellent cooking quality with amylose
content ranged between 18 to 19%.

The results in Table 8 and 9 showed that , the density
% was affected by different popping temperature and
popping weight sample , whereas the treatment 180 c°
popping temperature and 40 gm popping weight sample of
short glutinous were recorded the desirable values compared
the other treatments, indicated to this characters , could be
improved through rice breeding program. Popping quality is
always determined by calculating the expansion ratio.
Table 8 . Popping and expansion (%) of some rice

varieties as affected popping temperature and
sample weight as combined data as combined

Varieties Temperature Weightsample  Weight sample data for 2019 and 2020 seasons .
30 40 50 30 40 50 Varieties Temperature Popping % Expansion
Short 160 105 180 118 2606 3490 4298 30 40 50 30 40 50
Glotinious 180 0.78 035 080 2585 3567 4294 Short 160 8177 8398 7630 781 813 787
200 042 034 040 2641 3519 4428 Glotinious 180 84418832 7962 779 798 7.68
160 138 151 227 2599 3422 4315 200 7452 7930 7746 771 784 7.68
E. Yasmin 180 038 046 053 2623 3535 4332 160 8318 8405 7981 922 950 921
200 037 045 048 2640 3489 4231 E. Yasmin 180 78.03 83.73 7851 932 991 10.00
Black 160 126 138 182 2546 344 4366 200 7537 8518 8235 934 929 9.08
Rice 180 055 080 133 2583 3482 4346 Black 160 4033 50.77 4528 816 846 827
200 032 102 105 2700 3654 4484 Rice 180 3881 4514 4214 815 834 830
Sakha 160 117 215 244 2633 3513 4279 200 49.36 6049 4446 838 858 833
Super 180 114 222 111 2716 3491 4305 Sakha 160 7122 8032 7252 766 817 7.70
300 200 049 118 152 2512 3663 43.08 Super 180 76.35 68.67 7478 836 746 8.66
Sakha 160 122 182 047 2672 3483 44830 300 200 67.19 6842 5630 726 742 655
108 180 130 106 079 2616 3417 4545 Sakha 160 57.06 5854 5478 787 792 758
200 129 037 051 2659 3592 4527 108 180 7416 64.75 56.73 822 811 7.72
LSD 0.05 0.165 0.359 200 63.33 7386 6408 796 837 803
LSD 0.05 1.534 0.076
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It is defined as ratio of the volume of the popped
without husk to that of raw brown rice at a constant weight
(Murugesan and  Bhattcharya, 1989). Moreover,
determinations of Flake size, popping density, hydration
power, hardness, whiteness, size and shape of the end
product are of significant importance. Expansion ratio as
well as other quality indices have been found to depend on
many factors, such as moisture content of rice, kernel size,
shape and other physical properties of variety or genotype,
harvesting and handling practices, drying conditions, kernel
damage, kernel structure, amount and distribution of
protein, starch composition, popping temperature, popping
method, and several other unexplained factors Srinivas and
Desikachar (1973) and Gokmen, (2004). However, among
all these factors affecting expansion ratio, moisture content
is the most critical factor, because it affects the rate and
extent of pressure build up in starch granules Hoseney et al.,
(1983) and Tain et al (2011)

Table 9. Density % as affected by pooping temperature
and weight sample of some rice varieties as
combined data for 2019 and 2020 seasons.

- Weight Sample
Varieties Temperature 0 0 50
Short 160 122.50 116.3 134.75
Glgtinious 180 11945 11590 131.10

200 135.15 132.65 133.05
£ 160 123.80 123.05 129.75
Y.asmin 180 13340 12535 132.85

200 13480 120.20 119.85
Black 160 150.15  144.05 146.05
Rice 180 150.95 1494 149.20

200 143.90 14055  146.55
Sakha Super 160 136.60 126.15 137.05
300 180 13525 13755 133.80

200 138.60 137.65 142.30
Sakha 160 14255 14205 14350
108 180 13520 138.75 1424

200 140.05 13520 139.55
LSD 0.05 1574

The denderogram for morphological, grain yield,
quality and chemical and eating for grain characters of some
rice varieties showed that, these varieties divided to two
main groups, the first one for japonica type which divided
to sub group, one sub group for Black rice and second sub
group for Sakha super 300 with one single branch, while the
second branch included Sakha 108 and short glutinous, on
the other side, the Egyptian yasmine was found in one group
that confirmed with rice taxonomy where, the genetic
diversity was highly between indica and japonica type, as
shown Fig 1 these results were confimed with Hammoud et
al (2020) they mentioned that, the Sakha 108 as japonica
type early maturing, high yielding and resistance to blast.

Finally, it could be recommended these varieties
used as adorners to improvement the grain quality characters
in rice breeding program. Moreover, the denderogram
analysis showed that the Egyptian yasmin as indica type was
in one group, while, all japonica type was in second group,
that confirmed with morphological, yield and grain quality
characters.
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Fig 1. Cluster analysis among some rice varieties for
morphological, yield and its component traits.
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