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ABSTRACT

The rice cultivar MR297 has a high harvesting yield but a low milling and head rice yield. 
Parboiling is one of the methods to increase the head yield of rice varieties. The colour of 
parboiled rice is intense due to husk colour absorption during soaking. This study researched 
the influence of hydrothermal pretreatment (soaking time and temperature) on the physical 
properties such as dimension, thousand kernel weight (TKW), density, volume expansion 
(Ve), colour, and hardness of parboiled milled rice. MR297 raw rice cultivars were soaked 
at 1:1 (w/w). Paddy was soaked at 50, 60, and 70°C for 1, 2, 3, 4, and 5 hr and steamed 
at 100°C for 20 min prior to drying for 24 hr at 38°C. It was discovered that the effects 
of soaking time and temperature varied with the physical properties of rice. Soaking time 
and temperatures were found to be significant (p<0.05) in terms of dimensional properties 

(length [L], width [W], and thickness [T]), 
TKW, density, Ve, colour (L*, a*, b*) and 
hardness of parboiled rice. The L, W, T, Ve, 
TKW, a*, and b* increase proportionally as 
time and temperature increased, while the 
density and L* were negatively correlated. 
The hardness was negatively correlated 
with the L and colour b* (yellowness) rice 
measurements. The principal component 
analysis (PCA) results revealed that the 
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soaking time was associated with L, W, T, 
density, Ve, and colour properties based on 
the loading analysis in the PC1. In contrast, 
the temperature, TKW and hardness were 
associated with PC2.

Keywords: Correlation, hydrothermal, paddy MR297, 

parboiling, physical properties, soaking condition

INTRODUCTION

A new rice cultivar created by the Malaysian 
Agricultural Research and Development 
Institute (MARDI) is called MR297. The 
parents of MRQ76 and P446 were used 
to begin breeding MR297 in 2006/2007. 
The cultivars were then made public in 
the off-season of 2014. MARDI SIRAJ 
297 is another name for MR297 (Ramli & 
Kamaruzaman, 2020). The cultivars MR253, 
MR263, and MR269 are well known for 
yielding crops of greater quality. Esa et al. 
(2020) found that MR297 types had higher 
disease resistance than MR263, which was 
advantageous for farmers. However, MR263 
has a 65.5% milling yield and an 88% head 
rice yield, while the milling yield of this 
crop is only 61.4% and the head rice yield 
is only 67.8%. Because of this, the variety 
may have a lesser economic value to the 
milling factories. By using the parboiling 
technique, broken rice varieties might be 
fixed instead. Parboiling gelatinises the 
whole grain’s starch to maximise head rice’s 
recovery and reduce breakage, which has 
been a considerable loss during processing 
(Buggenhout et al., 2014). 

Rice starch undergoes structural and 
physical modifications during parboiling 

(Dutta & Mahanta, 2012; Iqbal et al., 
2021; Muchlisyiyah et al., 2023; Roy et 
al., 2019). Before milling, the parboiling 
method calls for soaking, steaming, and 
drying the rice. This process aims to enhance 
rice’s physical, functional, and nutritional 
properties. Hydrothermal treatment is a 
crucial phase in the parboiling process that 
significantly impacts the overall quality of 
the parboiled rice. Hydrothermal treatments 
can enhance the physical properties of rice 
grain during parboiling, such as its size, 
hardness, and colour (Azuka et al., 2021; 
Saleh & Meullenet, 2015; Sivakamasundari 
et al., 2020). The treatment also gives the 
rice a yellowish tone, changing its colour 
(Saleh et al., 2018). Rice’s dimensional 
characteristics, such as length and the 
length-to-breadth ratio, are positively 
correlated. On the other hand, the colour of 
rice grains has a detrimental effect on the 
price of rice at the point of marketing price 
(Rachmat et al., 2016). The primary reason 
for consumers’ preference for local rice is 
mostly attributed to its physical attributes 
and aroma, which are comparable to those 
of locally produced fragrant rice (Rahim et 
al., 2023).

Previous studies have been researched 
on the influence of single soaking treatment 
on the physical properties of rice and paddy 
(Bello et al., 2004, 2007; Ji-u & Inprasit, 
2019; Rattanamechaiskul et al., 2023). Some 
of the previous scientific papers reported on 
the physical and chemical changes to the 
rice kernel during soaking (Behera & Sutar, 
2018; Hu et al., 2021; Liu et al., 2021; Saleh 
et al., 2018; Zhu et al., 2019). Mir and Bosco 
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(2013) examined how soaking affected the 
physical and practical characteristics of 
rice farmed in temperate parts of India. The 
parameters were tested on the soaked paddy, 
which will undergo further changes in the 
other steps of parboiling. Other studies also 
examined the effect of soaking, along with 
the other parboiling step parboiling to the 
physicochemical properties of parboiled rice 
(Ebuehi & Oyewole, 2008; Jayaraman et al., 
2019; Panda et al., 2021; Roy et al., 2019; Y. 
Tian et al., 2014; Z. Wu et al., 2021). To the 
best of our knowledge, there are still limited 
studies regarding the effect of soaking 
treatment on the physical characteristics 
of dried parboiled rice. Because there is no 
information on the soaking behaviour of 
parboiled milled Malaysian rice varieties, 
the current study sought to evaluate the 
influence of time (1, 2, 3, 4, and 5 hr) 
and temperature (50, 60, and 70°C) as 
the effect of hydrothermal pretreatment 
processing of MR297 parboiled rice on the 
physical characteristics changes, and to 
determine the best correlations can display 
the soaking behaviour of rice under the 
analysed condition.

METHODOLOGY

Sample Preparation

Fresh paddy (MR297) was sown in June 
2022 and harvested in November 2022 
by a regional farmer in Tanjung Karang, 
Selangor, Malaysia. Fresh paddy grain 
was delivered to the laboratory and kept at 
10°C in an airtight container until further 
analysis. A moisture analyser was used to 
examine the initial moisture content of the 

paddy (MX50, A&D, USA). The initial 
moisture content was 19.5±0.6%. During 
the cleaning process, sticks, stones, leaves, 
and other plant fragments were physically 
removed from the foreign materials (Reddy 
& Chakraverty, 2004).

Parboiling Procedure

The parboiling procedure consisted of 
soaking, steaming, and dehydrating. Fresh 
paddy from MR297 was parboiled in 
the laboratory using a heat immersion 
procedure. In the beginning, a water bath 
(WNB22, Memmert, Germany) was utilised 
to heat 100 ml of water in a beaker glass 
size 250 ml to the desired temperature 
(50, 60, and 70°C). The beaker was sealed 
with aluminium foil. When the water in the 
beaker glass attained the desired temperature 
(50, 60, or 70°C), 100 g of paddy was 
added (1:1 paddy to water ratio) to prevent 
excessive evaporation (Jannasch & Wang, 
2020). Gentle mixing was performed. The 
paddy was soaked for one, two, three, 
four, and five hours in a separate beaker 
glass for each temperature to ensure that 
the paddy was thoroughly saturated. The 
paddy was steamed for 20 min at 100°C 
using a domestic steamer (VC1401, Tefal, 
France). The steamed paddy was then 
cooled at ambient temperature for one hour 
(Bootkote et al., 2016). Then, the paddy 
was dehydrated in an oven at 38°C for 24 
hr (DO6836, Memmert, Germany) (J. Tian 
et al., 2018; Roy et al., 2019; Villanova et 
al., 2017).

Using a dehusker (THU-35, Satake 
Corporation, Japan), dried parboiled rice 
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was dehulled and milled for 150 s (TM05-C, 
Satake, Japan) (Liang et al., 2008). The 
head rice grains were sorted from broken 
rice using a laboratory-grade instrument 
(TWL05C-T, Satake Corporation, Japan). 
The term “head rice yield” (HRY) refers 
to the ratio of dried parboiled rough rice 
mass to head parboiled rice mass. The 
physical characteristics of the milled rice 
were examined next, including dimension, 
TKW, density, volume expansion, colour, 
and hardness.

Determination of Physical Properties

Dimensions. Using a vernier calliper 
(Mitutoyo Corporation, Japan), the average 
length (L), width (W), and thickness (T) of 
100 paddy grains were calculated (±0.01 
mm) (Zainal & Shamsudin, 2021). Figure 1 
depicts the axis’s major (L), medium (W), 
and minor (T) dimensions.

Japan) (±0.0001 g). The results were then 
multiplied by ten to calculate the mass of 
one thousand grains.

Volume Expansion. Rice grain volume 
represents the quantity of space occupied 
by the entire grain. The volume of the paddy 
was assumed to be constant and calculated 
using the relationship that follows between 
its dimensions (Bhat & Riar, 2016; Mir & 
Bosco, 2013; Nádvorníková et al., 2018):

Vc =
π L (WT)2
6

4

[Equation 1]

where, Vc = Volume calculated (mm3); L 
= Major axis (length) (mm); W = Medium 
axis (width) (mm); and T = Minor axis 
(thickness) (mm)

T h e  v o l u m e  e x p a n s i o n  w a s  a 
dimensionless number calculated by the 
ratio of parboiled paddy volume divided by 
the raw paddy volume:

Volume expansion

=
Parboiled paddy volume

Raw paddy volume

[Equation 2]

Density. Paddy’s density was determined by 
calculating the mass divided by its volume.

ρT =
Mass of grain
True volume

[Equation 3]

Figure 1. Dimensional characteristics of MR297 
paddy grain

length thickness

w
id

th

Thousand Kernel Weight (TKW). TKW 
measures paddy yield and milling quality 
(W. Wu et al., 2018). TKW is the weight 
of one thousand seeds in g. TKW was 
determined by manually counting and 
weighing one hundred grains of milled head 
rice on an electronic scale (ER-120A, AND, 
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Colour. Using a colourimeter (FRU WR10, 
China), 50 g of each variety of milled rice 
was randomly selected and placed in a 
Petri dish. The colour reader was calibrated 
using a whiteboard with black-and-white 
writing. L (lightness), a* (redness), and 
b* (yellowness) scales were measured 
by placing the colourimeter next to the 
Petri dish containing the rice samples and 
photographing it with a 40 mm lens against 
a plain white paper background (Shamsudin 
et al., 2021; Shen et al., 2009).

Hardness. The greatest force applied 
during the initial compression was used to 
determine the hardness. The hardness of 
samples was analysed by using a texture 
analyser (TA-XT2, Stable Micro Systems, 
United Kingdom). Individual rice grains 
were compressed using a single compression 
force-versus-time program at a test speed of 
2 mm/s and a post speed of 10 mm/s using a 
stainless-steel probe with a 5 mm diameter 
(P5) (Kumar & Prasad, 2018).

Statistical Analysis 

Each experiment was carried out three 
times. The effects of soaking time and 
temperature on dimensions, physical, colour 
and hardness were assessed using analysis 
of variance (two-way-ANOVA). Tukey’s 
honestly significant difference (HSD) tests 
(p<0.05) were performed to investigate the 
significant impact across polishing time 
levels. Pearson correlation analysis was 
used to analyse the connections between 
the physical characteristics of the parboiled 
rice MR297. To illustrate the change in 

parboiled paddy and rice properties at 
various soaking times and temperatures, 
the PCA was carried out using the Minitab 
Software (version 19).

RESULTS AND DISCUSSION

Effect of Soaking Time and 
Temperature on the Dimensional 
Properties of Parboiled Paddy 

The results showed a significant effect of the 
soaking time on the L, W, and T of MR297 
long-grain paddy (p<0.05). The soaking 
temperature significantly affected the W and 
T of the parboiled paddy. The interaction 
effect between soaking time and soaking 
temperature is not statistically significant, 
indicating that the influence of soaking 
time remained constant across all levels of 
soaking temperature and vice versa. Table 1 
displays the various dimensional properties 
of parboiled MR297 long-grain paddy with 
varying soaking times and temperatures. It 
was found that there is an increase of the 
W (2.30–2.36 mm) and T (2.03–2.06 mm) 
of parboiled paddy with increasing soaking 
time and temperature (p<0.05). However, 
the L of the parboiled paddy slightly 
increases with the increase of soaking time 
(p<0.05), and there is no significant increase 
of the L of the paddy by the increasing 
soaking temperature (p>0.05).

Due to the physical and chemical 
interactions that occur during hydrothermal 
treatment, the paddy endures distinct 
transformations. The L, W, and T of the rice 
grew by 12 to 15% from its unprocessed 
state. According to previous research, 
parboiling decreases unpolished and brown 
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rice’s length and dorsiventral diameter 
(Rocha‐Villarreal et al., 2018). Due to the 
irreversible swell of starch granules caused 
by water diffusion and heat treatment, 
parboiled rice kernels are bulkier and shorter 
than non-parboiled rice kernels (Patindol et 
al., 2008). This change was observed during 
parboiling under the surplus water system 
but not under water restrictions like dry heat 
and pressure (Sittipod & Shi, 2016). During 
the soaking process, the volume of milled 
rice changed as water molecules moved 
from the external medium to the interior 
kernel (Hu et al., 2021). Table 1 shows that 
as time and temperature increase, the growth 
in dimension will mostly affect the medium 
and minor axes rather than the major axis 
(L). It indicates that the husk is swollen. 
Due to water penetrating amorphous starch 
granules and forming hydrate through 
hydrogen bonding, paddy’s dimensions 
increased (Ji-u & Inprasit, 2019). After 
the first hour of soaking, the growth of the 

paddy’s size slows down (Hanucharoenkul 
et al., 2021; Ji-u & Inprasit, 2019; Yadav & 
Jindal, 2007). 

Effect of Soaking Time and 
Temperature on the TKW of Parboiled 
Paddy

The soaking time and temperature affected 
the TKW of parboiled paddy (Table 2). The 
TKW increased substantially from 27.70 
to 28.04 g as the soaking time increased 
from 1 to 4 hr (p<0.05). However, 5 hr 
of immersion demonstrated that the TKW 
decreased with time. At a given level of 
parboiling, the TKW mass will increase. 
Our research revealed that the TKW of 
parboiled paddy increased to a certain point 
in time and temperature, which decreased 
as the soaking time increased. The soluble 
amylose will significantly decrease at a high 
parboiling temperature, so the parboiled rice 
weight will appear quite lower (Dutta & 
Mahanta, 2012; Tao et al., 2019). The levels 

Table 1 
Effect of soaking time and temperature of parboiled rice on dimensional properties

L (mm) W (mm) T (mm)
Soaking time (hr)

1 10.16±0.07b 2.30±0.02c 2.03±0.02c

2 10.30±0.02a 2.31±0.01c 2.04±0.02c

3 10.32±0.01a 2.32±0.01b 2.05±0.01bc

4 10.37±0.04a 2.34±0.01b 2.06±0.02b

5 10.37±0.01a 2.36±0.02a 2.09±0.02a

Soaking temperature (oC)
50 10.29±0.11a 2.31±0.02b 2.03±0.02c

60 10.31±0.08a 2.33±0.02a 2.06±0.02b

70 10.32±0.08a 2.34±0.02a 2.07±0.02a

Note. Data are expressed mean±SD; Different letters indicate statistically significant differences exist p<0.05 
for each column. Means do not share a letter is significantly different. Tukey’s test was applied with 95% 
simultaneous confidence intervals. L = Length; W = Width; T = Thickness
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of soluble amylose influence the weight of 
parboiled rice per thousand kernels.

Effect of Soaking Time and 
Temperature on the Volume Expansion

Table 2 demonstrates the effect of various 
soaking times and temperatures on the 
volume expansion of parboiled rice. In 
this study, the volume expansion increased 
from 1.69 to 1.91 with increasing duration 
and temperature of the soaking process 
(p<0.05). The increase of dimensions (L, 
W, and T) in the “Effect of Soaking Time 
and Temperature on the Dimensional 
Properties of Parboiled Paddy” affected 
the volume expansion of the parboiled 
paddy. The volume of the paddy was 
determined using a mathematical method 
that incorporates the measurements of the 
paddy’s dimensions (Bhat & Riar, 2016; 
Mir & Bosco, 2013; Nádvorníková et 
al., 2018). Consequently, the dimension 

enhancement resulting from hydrothermal 
treatment would result in a corresponding 
rise in volume expansion. The greater the 
severity of the parboiling procedure, the 
greater the increase in volume expansion 
(Wahengbam & Hazarika, 2019).

Effect of Soaking Time and 
Temperature on the Density

Table 2 also shows the effect of different 
soaking times and temperatures in the 
parboiled conditions on the density. In 
this study, the density was decreased with 
increasing time and temperature of the 
soaking process (p<0.05). Parboiled paddy 
has a density that ranges from 0.85 to 0.95 
g/ml. In this study, the density decreased 
(0.95 to 0.85 g/ml) as the soaking process’ 
time and temperature increased (p<0.05). 
The decrease in density might be due to the 
increase in volume expansion in the “Effect 
of Soaking Time and Temperature on the 

Table 2 
Effect of soaking time and temperature of parboiled rice on thousand kernel weight (TKW), density, and 
volume expansion

TKW (g) Density (g/mL) Volume expansion
Soaking time (hr)

1 27.70±0.54b 0.95±0.02a 1.69±0.07d

2 27.93±0.64ab 0.94±0.01ab 1.72±0.05d

3 28.12±0.62ab 0.92±0.02bc 1.77±0.04c

4 28.36±0.27a 0.90±0.01c 1.82±0.03b

5 28.04±0.20ab 0.85±0.03d 1.91±0.07a

Soaking temperature (oC)
50 27.68±0.47b 0.93±0.03a 1.72±0.08c

60 27.95±0.43b 0.90±0.04b 1.80±0.08b

70 28.46±0.25a 0.90±0.04b 1.83±0.08a

Note. Data are expressed mean±SD; Different letters indicate statistically significant differences exist p<0.05 
for each column. Means do not share a letter is significantly different. Tukey’s test was applied with 95% 
simultaneous confidence intervals
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Volume Expansion.” The ratio between 
mass and volume of paddy calculated the 
density of paddy. The increase in mass 
was found to be smaller than the increase 
in the dimensions. The mass was more 
influenced by the change of mass of the 
rice inside the paddy, whereas the husk was 
more influenced by the dimensional change. 
The density of paddy is lower than that of 
dehusked paddy due to eliminating the bran 
component during the milling procedure. 
The bran has a relatively low density, and 
its removal leads to an increased dehusked 
paddy density. Rice is traded by weight on 
international markets; grains with a higher 
density fetch a higher price. According 
to Mir et al. (2013), some rice varieties 
grown in temperate India were 1.22–1.40 
g/ml. Nigerian native rice has a density 
ranging from 1.03–2.07 g/ml (Azuka et al., 
2021). The density of the parboiled rice will 
differ due to the range in size and TKW, as 
discussed previously.

Effect of Soaking Time and 
Temperature on the Colour 

The lightness of milled rice reduced when 
it was parboiled. According to the results of 
the two-way ANOVA, there is no interaction 
impact between soaking time and soaking 
temperature. The average value of lightness, 
yellowness, and redness of milled parboiled 
rice as impacted by the soaking process 
conditions is shown in Table 3. The lightness 
dropped significantly (67.89–63.95) when 
the soaking time and temperature increased 
(p<0.05). The degree of consumer acceptance 
regarding rice exports is contingent upon 
the observable yellowness exhibited by 
parboiled milled rice. Table 3 illustrates the 
effect of parboiled rice soaking time and 
temperature on yellowness (b*) attributes. 
The yellowness increased significantly 
(30.12–33.49) with increasing temperature 
time and temperature (Table 3). Also, the 
redness of parboiled milled rice has an 
impact on consumer acceptability of rice 

Table 3
Effect of soaking time and temperature of parboiled rice on colour properties

L* a* b*
Soaking time (hr)

1 67.89±1.48a 7.34±0.30c 30.12±1.03c

2 67.12±1.28a 7.48±0.20c 31.45±1.47bc

3 65.43±0.96b 8.20±0.19b 31.87±1.60b

4 65.19±0.90b 8.24±0.28b 32.14±1.32ab

5 63.95±0.58c 8.92±0.29a 33.49±2.53a

Soaking temperature (oC)
50 67.05±1.87a 7.83±0.60b 30.13±0.49c

60 65.60±1.66b 8.07±0.61a 32.07±1.59b

70 65.11±1.18b 8.20±0.68a 33.24±1.86a

Note. Data are expressed mean±SD; Different letters indicate statistically significant differences exist p< 0.05 
for each column. Means do not share a letter is significantly different. Tukey’s test was applied with 95% 
simultaneous confidence intervals. L* = Lightness; a* = Redness; b* = Yellowness
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markets. Table 3 illustrates the effect of 
parboiled rice soaking time and temperature 
on redness (a*) attributes. The redness (a*) 
grew significantly (p<0.05) as the soaking 
time and temperature increased (Table 3).

The soaking temperature intensified the 
colour (Mir & Bosco, 2013). The endosperm 
absorbs the husk colour during the process, 
causing the rice to turn amber when 
parboiled. The elevated levels of reducing 
sugar, free a-amino nitrogen, and glucose-
to-fructose isomerisation in parboiled rice 
indicate a non-enzymatic Maillard colour 
change (Balbinoti et al., 2018). Increasing 
the soak water temperature, steaming time, 
and steaming pressure for poorly hydrated 
grains improves the colour of parboiled 
rice  (Hu et al., 2019). Higher soaking 
temperatures cause the husk to absorb 
more colour, and coloured materials like 
folic acid absorb into the soaking water, 
colouring the rice kernel. Lamberts et al. 
(2008) found that the transformation from 
white to amber rice after parboiling was 
caused by the diffusion of bark and bran 
pigments, as well as non-enzymatic Maillard 
and enzymatic browning, to a lesser extent. 
Maillard reactions (increased furosine 
levels) following gelatinisation led to the 
darkening of rice. Pigment taken from husks 
altered the colour (Sareepuang et al., 2008). 

Effect of Soaking Time and 
Temperature on the Hardness

It was found that the hardness was 
significantly affected by the different 
soaking times and temperatures of the 
parboiling process. The hardness increased 

(3,077.26–3,268.67 g) with the increasing 
temperature of the soaking process. 
However, the hardness was significantly 
(p<0.05) decreased (3,545.83–3,087.82 g) 
with the increase of time of the soaking 
process. The hardness of the kernel is 
influenced by soaking time and temperature. 
According to Graham-Acquaah et al. 
(2015), the stiffness of rice increases with 
steaming time and decreases with soaking 
water temperature. After parboiling, the rice 
kernel’s ultimate tensile strength and elastic 
modulus are raised four to five times. The 
steaming duration and starch gelatinisation 
directly influence Hardness levels. 

Table 4 illustrates how soaking time 
and temperature treatment affected the 
parboiled rice’s hardness. An increase in 
soaking time would result in a reduction 
in hardness (p<0.05). However, a slight 

Table 4
Effect of soaking time and temperature of parboiled 
rice on hardness

Time Hardness (g)
Soaking time (hr)

1 3545.43±125.50a

2 3244.05±203.21b

3 3025.02±54.97bc

4 3008.21±171.96bc

5 3087.82±78.26c

Temperature (°C)
50 3077.26±217.29a

60 3200.40±206.82ab

70 3268.67±274.59b

Note. Data are expressed mean±SD; Different letters 
indicate statistically significant differences exist 
p<0.05 for each column. Means do not share a letter 
is significantly different. Tukey’s test was applied with 
95% simultaneous confidence intervals
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increase in hardness was observed after 5 
hr of soaking time. At the beginning of the 
soaking period, the hardness was decreased 
upon amylose leaching; the increase in 
soaking time would severe the gelatinisation 
of rice starch. Upon heating, the process of 
leaching caused the migration of short-chain 
amylose, which subsequently penetrated the 
indentations on the surface of the cooked 
rice. During this period, the amylose with 
elongated chains underwent cross-linking, 
resulting in the eventual formation of 
three-dimensional network architectures 
by hydrogen bonding (Yang et al., 2016). 
Rising the soaking temperature would result 
in an elevation in rice hardness (p<0.05). 
The observed phenomenon can be attributed 
to the heightened gelatinisation of starch, 
which is directly influenced by the duration 
of soaking  (Miah et al., 2002).  

Parboiled rice has a distinct texture 
when cooked and less breaking when 
milled because of its increased strength. 
Gelatinisation, thermal starch degradation, 
and recrystallisation of starch with lipid-
amylose inclusion complexes are the three 
processes that contribute to the altered 
hardness of rice that has been parboiled 
(Dutta & Mahanta, 2012). The types of 
starch polymorphs generated in rice during 
the parboiling process determine the texture 
of the rice after it has been cooked.

The Correlation between Dimensional, 
Physical, Colour, and Texture 
Properties

Pearson’s correlation coefficients among the 
physical characteristics of parboiled rice with 

the different soaking times and temperatures 
are shown in Table 5. There is a significant 
correlation across the different properties of 
parboiled rice MR297, including hardness, L, 
W, T, Ve, TKW, density, and colour L, a, and b 
(𝑝<0.05). The hardness was highly negatively 
correlated with the major axis (𝑟=-0.770, 
𝑝<0.01) and a* (𝑟=-0.0557, 𝑝<0.005). The 
correlation coefficients between L and the W, 
T, Ve, TKW, a∗, and 𝑏* were highly positive 
with values of 0.758, 0.634, 0.766, 0.556, 
0.761, and 0.612, respectively. Meanwhile, 
correlation coefficients between the major 
axis and the L* and density were highly 
negative -0.734 and -0.0798, respectively 
(p<0.05). 

The medium axis was highly positively 
correlated with the minor axis (𝑟=0.931, 
𝑝<0.01), volume expansion (𝑟=0.985, 
𝑝<0.01), TKW (𝑟=0.565, 𝑝<0.05), a∗ 
(𝑟=0938, 𝑝<0.01), and 𝑏∗ (𝑟=0.825, 𝑝<0.01). 
The correlation coefficients between the 
minor axis with volume expansion, TKW, 
a*, and 𝑏∗ were highly positive with 
values of 0.973, 0.645, 0.831, and 0.867, 
respectively (𝑝<0.01). On the other hand, 
correlation coefficients between the medium 
axis and the minor axis with density and 
L* were highly negative -0.968, -0.927, 
-0.924, and -0.895, respectively (𝑝<0.01). 
These results indicate that the increase of 
dimensions decreased proportionally with 
the increase in density and L*. The same 
results were found by Megat-Ahmad-Azman 
et al. (2020), in which the dimensions were 
negatively correlated with the density.

As indicated in Table 5, volume 
expansion increases proportionally with 
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TKW (𝑟=0.624, 𝑝<0.05), a* (𝑟=0.911, 
𝑝<0.01), and b* (𝑟=0.863, 𝑝<0.01). The 
volume expansion was negatively correlated 
with the density (−0.966) and L* (−0.934). 
TKW was highly positively correlated with 
b* (𝑟=0.652, 𝑝<0.01). TKW was conversely 
highly negative with L* (r=-0.670, 𝑝<0.01). 
These results indicate volume expansions 
and TKW decreased proportionally with the 
decrease in b*. However, it also decreased 
proportionally with the increase in L*. The 
correlation coefficient between density 
and L* was highly positive, with a value 
of 0.889. Volume had a highly negative 
correlation with a* (−0.928) and b (-0.781) 
(p<0.01). L* was highly negatively correlated 
with the a∗ (𝑟=-0.927, 𝑝<0.01) and b∗ (𝑟=-
0.808, 𝑝<0.01). Meanwhile, a∗ was highly 
positively correlated with the b∗ (0.745). The 
results showed that the increase in volume 
expansion, TKW, a* and b* decreased 
proportionally with density and L*.

Figure 2 displays the score plot of the 
physical and dimensional characteristics 

of MR297 parboiled paddy grain and the 
hardness and colour of milled parboiled 
rice as the effect of temperature and time of 
soaking. This plot is based on the principal 
component analysis. The PCA score plot 
shows the variations in the characteristics of 
MR297 across a range of different treatments. 
The variance was divided into two halves. 
The first (PC1) and second (PC2) principal 
components (PC) accounted for 71.5% 
and 17.4%, which together accounted for 
88.9% of the variation (Table 6). The PC1 
was by far the most important component 
for providing data that was plotted in the 
PCA. According to Table 7, PC1 considers 
all physical properties except hardness, 
TKW, and temperature of soaking to be 
equally important. However, the important 
qualities in PC2 were temperature, hardness, 
and TKW, which were less important in 
PC1. Additionally, Figure 2 noted that the 
sample load positively towards the PC1, 
the higher the soaking temperature. Also, 
the increase in soaking time was loading 

Table 5
Pearson correlation coefficients for physical properties of parboiled paddy and milled rice MR297

Hardness L W T V TKW density L* a* b*
Hardness 1
L -.770** 1
W -0.426 .758** 1
T -0.158 .634* .931** 1
V -0.362 .766** .985** .973** 1
TKW -0.158 .556* .565* .645** .624* 1
Density 0.392 -.734** -.968** -.924** -.966** -0.407 1
L* 0.456 -.798** -.927** -.895** -.937** -.670** .889** 1
a* -.557* .761** .938** .831** .911** 0.432 -.928** -.927** 1
b* -0.214 .612* .825** .867** .863** .652** -.781** -.808** .745** 1

Note. * = Correlation is significant at the 0.05 level (2-tailed); ** = Correlation is significant at the 0.01 level 
(2-tailed); TKW = Thousand kernel weight
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Figure 2. Score plot for principal components 1 and 2
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positively towards the increase of the 
soaking temperature. It was further agreed 
by the study’s earlier portion, where the time 
and temperature of the soaking treatment 
during parboiling affects proportionally with 
no interaction for the dimensional, physical, 
hardness, and colour properties of parboiled 
paddy and milled rice. 

CONCLUSION

Soaking time and temperature were all 
important in parboiled paddy and rice 
propert ies.  However,  there was no 
interaction between time and temperature 
due to all the changes in physical properties. 
The hydrothermal treatment has expanded 
the dimensions of parboiled rice compared 
to raw rice; therefore, it has increased the 
volume expansion. Hydrothermal also 
modified the TKW, density, and colour 
properties of parboiled rice. The colour turns 
into a yellowish colour due to the Maillard 

reaction and the imbibition of the colour of 
the husk. Increasing the soaking duration 
decreases the hardness, while raising the 
soaking temperature increases the hardness. 
Several significant correlations between the 
properties of parboiled rice were discovered. 
The dimensions, volume expansion, TKW, 
a* and b* were negatively correlated with 
the density and L*. After parboiling, the 
hardness was negatively correlated with L 
and b*. The study will be very important 
for parboiled rice producers regarding the 
effect of soaking time and temperature on 
the physical characteristics of parboiled 
paddy and rice.
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