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Abstract

The cooking and eating qualities of rice are some of the problems facing by rice producers and consumers
around the world. In this study we investigated the cooking and eating qualities of Basmati 385 and Hua Jing Xian
74. Both are rice cultivars with different phenotypic traits.

The results show that Basmati 385 increased by an average of 102.14% after cooking while Hua Jing Xian 74
increased by an average of 69.91% after cooking. Basmati 385 had a pasting temperature of 78°C, while Hua Jing
Xian 74 had a pasting temperature of 84°C. However, Hua Jing Xian 74 had a final viscosity of 4,686 cP while
Basmati 385 had a final viscosity of 3,514 cP. The amylose contents of the two cultivars were also different; Hua
Jing Xian 74 had an amylose content of 19.4%, while that of Basmati 385 was 18%. We also discovered that the
starch granule morphology of the two cultivars were remarkably different.

The lower pasting temperature of Basmati 385 positively correlated with good cooking qualities of rice. However,
Hua Jing Xian 74 appears to have relatively better eating qualities due to its higher viscosity and higher amylose
content. It would be pertinent to do more research about hybrid lines resulting from a cross of Hua Jing Xian 74 and
Basmati 385, to see if they possess the good cooking qualities of Basmati 385 and the good eating qualities of Hua
Jing Xian 74.

Keywords: Cooking qualities; Eating qualities; Basmati 385; Hua Jing
Xian 74
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Introduction
Rice (Oryza sativa L.) is one of the leading food crops of the world

and is a staple food for over half of the world’s population. Most
commercial rice cultivars are from either japonica or indica subspecies,
and these subspecies exhibit marked differences in both agronomic
and physiological traits [1]. In countries with high human populations
like China and India, rice is consumed daily in a variety of ways. Rice
is the most widely cultivated crop in China. Rice production in India
has increased remarkably in the recent past and now represents
approximately one third of the global rice production [2]. Rice is also a
staple food in Africa, where it is cultivated widely with a steady
increase in consumption.

As household incomes increases, rice consumers are demanding rice
with better cooking and eating qualities. Rice grain quality remains an
important concern for rice breeders, producers, and consumers all over
the world [3]. Improvement of grain quality is an aim for most rice
breeders, because it affects the commercial value of rice [4]. Increased
production efficiency for rice is needed all over the world, not just
because of the inevitable expansion of the human population, but also
because of the projected decrease of arable land. The major

components of rice quality include its appearance, cooking quality,
eating quality and nutritional quality [5].

Cooked rice elongation, water absorption, amylose content, and
pasting temperature are some of the traits that have been identified to
represent the cooking and eating quality of rice [6]. The aim of this
study was: (i) to discern the differences in cooking and eating qualities
between Hua Jing Xian 74 and Basmati 385 by comparing traits
including cooked rice elongation length, pasting properties, starch
granule morphology and amylose content, (ii) to determine if starch
granule morphology affects the pasting temperature of rice varieties
used for the study.

Materials and Methods

Rice grains
The ten rice varieties used in this study were cultivated in Hainan,

China in November, 2014 and were harvested and stored under the
same condition in April, 2015. The ten varieties are Basmati 385, Hua
Jing Xian 74 and eight other varieties listed in Supplementary Table 1.

Test Variety Final Viscosity (cP) Pasting Temp (°C)

Hua Jing Xian 74 4686 84

Basmati 385 3514 78.3

Table 1: Pasting properties of Hua Jing Xian 74 and Basmati 385.
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Since part of this study was to compare the effect of starch granule
morphology on the pasting temperature of Hua Jing Xian 74 and
Basmati 385, we decided to add the eight varieties to study the effect
 of starch granule morphology on their pasting temperature.

Dehusking, milling and pulverizing
Whole and mature grains of ten varieties were dehusked using Jing

Ao Liang Yong Qi Cai Chang JLGJ-45 de-husker machine. Rice grains
that got broken during the process were discarded, as were immature
grains. Whole and mature dehusked rice grains were milled with
Taizhou Jing Ao LTJM-2008 milling machine. The objective of milling
was to remove rice bran, which consists of the aleurone and pericarp
tissues. Rice grains were all milled for three minutes.

Milled rice grains were pulverized with a Retsch Mixer Mill MM
400. The frequency was set at 30/sec and the grains were milled for 50
sec. Note that the mixer mill was extremely efficient for these samples;
the samples remained cool after pulverizing.

Cooked rice elongation
Cooked rice elongation was here represented as the difference

between the length of grains measured before and after cooking (see
detailed cooking protocol below). In this kind of investigation,
precision is very crucial; therefore a Microtek ScanMaker i56 scanner
was used to make all of the length measurements.

Raw rice and cooked rice measurement
For each line, 60 grains of milled rice were measured. 20 raw grains

were measured at a time in ScanMaker i56. Each grain was then
transferred to a PCR plate containing 155µl of distilled water. The
grains were allowed to soak for 30 min. The PCR plate containing the
rice grains was then placed in a PCR thermocycler and the rice grains
were individually cooked for 20 min at 98°C and then for 5 min at
20°C. The cooked rice grains were then removed from the PCR plate
and placed on a filter paper. After drying for 5 min at room
temperature, they were transferred to a petri dish to be re-measured
with the scanner. As with the raw grains, 20 cooked grains were re-
measured simultaneously; this helped to control the variability of water
content that could have resulted from unequal resting times between
measurements. These experiments used 20 grains per cultivar per each
of the three replicates.

Elongation of cooked rice
In other to determine the elongation percentage of the cooked rice

for each cultivar, the mean value of each replicate was determined
(before and after cooking). The following formula was used to
determine the elongation percentage:Elongation (%E) = ACML‐BCMLBCML × 100

Where %E is elongation percentage; ACML is the after cooking
mean length and BCML is the before cooking mean length.

Total starch and amylose content analysis
This experiment was performed strictly in compliance with the

instructions stipulated by Megazyme in the instruction manual for
their Amylose/Amylopectin Assay kit; however, Sodium azide was not

used in this experiment. As all solvents were used within 1 week and
were well preserved during use, there was no need for sodium azide.

Pasting properties
Pasting property analysis was carried out using Perten RVA

TecMASTER instrument. 25 mL of distilled water was poured into the
sample canister prior to adding 3 g of pulverized and sieved rice into
the canister. The instrument paddle was placed prior to analysis.

Scanning electron microscopy (SEM)
SEM analysis was done with a Hitachi S-4800 electron microscope.

Rice grains were cut with scalpel and fixed in formalin-acetic-alcohol
solution and were sputter-coated with gold and examined at a
magnification of 500 and 3,500 at 10.0 kV.

Starch granule morphology of each variety was observed with
magnification of 500x and 3,500x. The starch granules were more
conspicuous with magnification of 3,500x, but with magnification of
500x more area could be seen.

Results and Discussion

Cooked rice elongation
Hua Jing Xian 74 is an indica cultivar [7] and Basmati 385 is also an

indica cultivar [8]. Studies have suggested that cooked rice grains with
extensive elongation are often more desirable rice varieties [6].

Figure 1: (A) Cooked rice elongation of Hua Jing Xian 74 and
Basmati 385, (B) Amylose content percentage of Hua Jing Xian 74
and Basmati 385, (C) the change of viscosity profiles of Hua Jing
Xian 74 and Basmati 385.
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In this study, the length of Basmati 385 increased by an average of
102.14% while Hua Jing Xian 74 increased by an average of 69.91% as
shown in Figure 1A. The extensive elongation of Basmati 385 is
desirable trait.

Amylose content
Amylose content is another vital parameter in determining the

eating quality of cooked rice. Amylose content has been widely
reported to affect the quality of cooked rice [6,9]. The relatively lower
amylose content characteristics of the kernels of chalky rice, has been
postulated to be responsible for their poor eating quality as compared
to translucent kernels which typically have higher amylose content
[10]. Rice starch can be classified as waxy with (0-2% amylose), very
low starch (5-12% amylose), low starch (12-20% amylose),
intermediate starch (20-25% amylose), or high starch (25-33%
amylose) [11,12]. Hua Jing Xian 74 and Basmati 385 both fell into low
starch content category with 19.4% and 18% amylose content,
respectively. Note that the amylose content of Hua Jing Xian 74 is
higher than that of Basmati 385 (Figure 1B). It is not unprecedented
for some rice cultivars with long grains to have low amylose content.
Studies have reported that amylose content of long-grain rice starches
ranged from 17% to 35.7% [13,14].

Pasting properties
Pasting properties of starch, including viscosity and pasting

temperature are important indicators of how the starch will behave
during processing. Starch is generally regarded by researchers
concerned with the eating quality to be the most important constituent
of rice. The pasting properties of starch are used in determining the
suitability of use for particular sources of starch in various foods and
other allied product applications. Table 1 reveals that Hua Jing Xian 74
has a higher final viscosity of 4686 cP, higher pasting temperature of
84°C compared to Basmati 385 with final viscosity of 3514 cP and
pasting temperature of 78°C. Due to its high viscosity, food processed
from Hua Jing Xian 74 will likely have a better appearance as
compared to food processed from Basmati 385. This supposition is
based on [15], who reported that peak viscosity is often positively
correlated with the quality of end-products and also represents an
excellent indication of the viscous load likely to be encountered by a
mixing cooker.

Test Variety Pasting Temp (°C)

223 84.05

230 82.35

228 83.95

224 84.85

226 80.75

197 75.05

199 77.45

201 73.55

Table 2: Pasting temperature of eight rice cultivars.

Starch granule morphology
Figure 2 shows that 197, 199, and 201 have bigger airspaces and

more pronounced starch granules compared to 223, 230, 228, 224, and
226.

Figure 2: Scanning electron micrographs, showing starch granule of
eight rice varieties; “a” after each metaphor code shows the

magnification of 3,500x, while “b” shows the variety with 
magnification  of 500x.

Figure 3: Scanning electron micrograph showing starch granule
morphology of Hua Jing Xian 74 and Basmati 385, (A) Basmati 385
with magnification of 3,500x, (B) Basmati 385 with magnification of
500x, (C) Hua Jing Xian 74 with magnification 3,500x, (D) Hua Jing
Xian 74 with magnification of 500x.
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Figure 4: The change of viscosity profiles of eight rice varieties.

We also discovered that 197, 199, and 201 also have lower pasting
temperatures, compared to 223, 230, 228, 224, and 226 with higher
pasting temperature as shown in Table 2. Supplementary Figure 1 also
shows that 197, 199, and 201 have greater extent of grain elongation
compared to 223, 230, 228, 224, and 226.

The starch granule morphology of Hua Jing Xian 74 and Basmati
385 are remarkably different as shown in Figure 3. Basmati 385 has
bigger airspaces and more pronounced starch granules as compared to
Hua Jing Xian 74. With these bigger airspaces, Basmati 385 seems more
likely to be able to absorb water quite rapidly, and which should result
in reduced cooking times. This situation would explain the reason for
the lower pasting temperature of Basmati 385, 197, 199, and 201
reported above. This finding is consistent with [16,17] who reported
that rice grains with loosely packed starch granules with numerous
airspaces absorb water more rapidly than do rice grains with few
airspaces and tightly packed starch granules (Figure 4).

Conclusion
This study showed that starch granule morphology likely affects the

pasting temperature of rice. In this investigation, varieties with bigger
and loosely packed starch granules and larger airspaces spaces have a
lower pasting temperature.

In this study we also characterised differences between Hua Jing
Xian 74 and Basmati 385 grains. On the one hand, Basmati 385 grains
appear to have relatively better cooking qualities compared to Hua Jing
Xian 74 because it requires less water and less time to cook due its
lower pasting temperature, and bigger airspaces. On the other hand,
Hua Jing Xian 74 appears to have relatively better eating qualities due
to its higher viscosity and higher amylose content. Moreover, Hua Jing
Xian 74 appears to be relatively more stable for use in processed food
applications due to its higher viscosity. Since rice consumers are
known to show a preference for rice with extensive grain elongation, it
would be pertinent to do more research about hybrid lines resulting
from a cross of Hua Jing Xian 74 and Basmati 385. It would be
interesting to see if some of such lines possessed the good cooking
qualities of Basmati 385 and also possessed the good eating qualities of
Hua Jing Xian 74. If the hybrid lines possess these properties, it would
almost certainly increase their economic value.
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