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Physicochemical properties of white rice (WR), brown rice (BR) and germinated brown rice (GBR) 
starches from a mixed variety of MR219 and MR220, commonly consumed Malaysian varieties, were 
compared in this study. The granular size of the starch particles, measured using scanning electron 
microscope (SEM), varied from 2 to 8 µm for all starches and appeared in polyhyedral shapes. Amylose 
content in WR, BR and GBR as analysed using colorimetric method was found to be 25.77, 23.83 and 
21.78%, respectively. The amylose content of GBR was significantly lower than that of WR or BR. 
Results also show that germination affected gelatinization and pasting properties. This study has 
profound implications for future studies on functional properties of GBR and may help us understand 
what role changes in physicochemical properties, brought about by germination, play in determining 
functional effects.  
 
Key words: Starch characterization, amylase, gelatinization, germinated brown rice. 

 
 
INTRODUCTION 
 
Rice is one of the most important crops around the world. 
It is a staple food for a great majority of people making it 
widely cultivated in over 100 countries including 
Malaysia. The total paddy production area is about 154 
million hectares and the annual production of rice is 
about 594 million metric tons globally. Rice accounts for 
over 22% of global energy intake. Asia is the major rice 
producer, wherein rice production accounts for about 
92% of the world’s total production (Ohtsubo et al., 2005). 
In Malaysia, total rice consumption annually is around 2 
million metric tons accounting for close to 70% of its 
production (FAO, 2005).  
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Tel:  +603-89472115. Fax: +603-89472116. 
 
Abbreviations: WR, White rice; BR, brown rice; GBR, 
germinated brown rice. 

White rice (WR) or polished rice is manufactured by 
eliminating the fiber-rich bran layer from unpolished rice, 
also known as brown rice (BR). BR contains more, 
nutritional components such as dietary fibers, phytic acid 
E and B vitamins and γ-aminobutyric acid (GABA) than 
WR due to the presence of outer bran layer being the 
main source for the nutritional elements (Ohtsubo et al., 
2005). Although, BR is more nutritious than WR, its 
intake is somewhat limited by the chewy texture and 
reduced digestibility. This problem can be overcome by 
subjecting BR to partial germination, thus, producing 
germinated brown rice.  

With an increasing realization of the role of diet in the 
pathogenesis of certain chronic diseases, functional diets 
have received a lot of attention for their promising role in 
the prevention of such diseases. In line with this, 
nowadays, consumption of germinated brown rice (GBR) 
is gaining appreciation among health conscious 
individuals due to its better nutritive and organoleptic 
value  and  textural  properties  than  the  BR  even  after  
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cooking. GBR is basically produced by soaking BR in 
water and allowing it to slightly germinate (Hagiwara et 
al., 2004). The outer bran layer becomes soft and more 
prone to water absorption, making it easier to cook.  

Rice quality is mostly determined by its chemical, phy-
sical, cooking and also eating characteristics (Cameron 
et al., 2007). Additionally, starch, a major component of 
rice is composed of individual granules which consist 
mainly of two glucose homopolymers: amylose and 
amylopectin. Amylose is essentially a linear polymer, 
whereas amylopectin molecules are highly branched and 
together they have been shown to affect the properties of 
starch (Goddard et al., 1984; Morvarid et al., 1998). 
Germination has been widely reported to affect many 
constituents of BR (Komatsuzaki et al., 2007; 
Jongjareonrak et al., 2009; Ohtsubo et al., 2005) and 
some physicochemical properties (Charoenthaikij et al., 
2009; Mohan et al., 2010). It is also known that different 
germination conditions will affect the properties of BR 
differently (Charoenthaikij et al., 2009) and even though 
these different GBR varieties are produced under 
different conditions; studies have reported consistently 
positive results in terms of functional properties from 
different countries (Hsu et al., 2008; Ito et al., 2005; 
Mamiya et al., 2004, 2007; Sakamoto et al., 2007) 
including Malaysia (Roohinejad et al., 2009). Because 
many functional properties of rice are believed to be 
closely related to physicochemical and other properties 
(Goddard et al., 1984; Miller et al., 1992; Hallfrisch and 
Behall, 2000; Morvarid et al., 1998), we felt it necessary 
to elucidate the properties of the commonly consumed 
Malaysian rice varieties. As far as we know, there is no 
earlier study report on investigating the effects of 
germination on the properties of the common Malaysian 
MR219 and MR220 BR varieties. Other parameters like 
the effects of germination on x-ray diffraction patterns 
and starch morphology studied here have also not been 
reported else where. This study will enable us understand 
what contribution germination makes to the 
physicochemical properties of these Malaysian BR 
varieties and eventually help us project whether or not 
physicochemical properties would play any role in 
determining the functional effects of the corresponding 
Malaysian GBR varieties. This is important since majority 
of Malaysian population is rice eating and WR which is 
commonly consumed has been linked with the 
development of especially type 2 diabetes mellitus (Nanri 
et al., 2010; Sun et al., 2010). We hope studies like these 
will pave way for more studies on GBR, so that the entire 
properties of GBR varieties will be unraveled. With a 
positive attitude towards GBR, the Malaysian authorities 
could benefit a lot from knowing about these 
physicochemical properties and follow up studies on 
functional properties of these GBR varieties, per chance 
they could make policies that would favor the consumption 
of GBR more than WR. Thus, in this study, the effects of 
germination on some physicochemical properties of GBR 
rice starches were evaluated and  compared  with  WR  and  

 
 
 
 
BR.  
 
 
MATERIALS AND METHODS 
 
White and brown indica  rice  (mixed  varieties  of  MR219  and  
MR220) of Malaysian origin was supplied by National Rice Berhad 
(BERNAS Sdn Bhd., Malaysia). Germinated brown rice was 
prepared at Laboratory of Molecular Biomedicine, Institute of 
Bioscience, Universiti Putra Malaysia, Serdang, Selangor, Malaysia. 
The amylose and amylopectin standards were obtained from Sigma 
(St. Louis, MO, USA). All reagents were of analytical grade, 
obtained from Merck (Darmstadt, Germany). 
 
 
Starch isolation 
 
Starch was isolated by alkaline extraction of the proteins as 
described by Sodhi and Singh (2003). In order to soften the 
endosperm, rice flours (100 g) were steeped in 1 L of aqueous 
sodium hydroxide (0.25% NaOH w/v) and allowed to settle for 24 h 
at 20°C. Part of the supernatant liquor (750 ml) was discarded and 
the remaining slurry was diluted to the original volume (1 L) with the 
NaOH solution. The mixture was shaken for 10 min and centrifuged 
at 4200 x g for 5 min in an analytical centrifuge (Model 6K15, Sigma 
laboratory centrifuges). Then, the supernatant and the slurry were 
once more separated, as described earlier. This procedure was 
repeated eight times, after which the remaining slurry was 
suspended in distilled water, passed through a nylon sieve and 
centrifuged for 5 min at 6600 x g. Finally, the sample was washed 
with distilled water until pH 7.0, dried at 35 to 38°C to get the 
treated starch.  
 
 
Determination of amylose content 
 
The amylose content was determined according to the micro 
method used by McGrance et al. (1998). The amylose content was 
calculated using a standard curve plotted from different mixtures of 
potato amylose and amylopectin containing 0, 10, 25, 50, 75 and 
100% amylose. 
 
 
Starch morphology 
 
Granule characterization 
 
The morphologies of WR, BR and GBR starches were observed 
under scanning electron microscopy (SEM) Leo 1455 VPSEM (UK). 
One drop of the starch powder was applied on an aluminium stub 
and the starch was coated with gold-palladium (60:40). An 
acceleration potential of 10 kV was used during micrography.  
 
 
X-ray diffraction 
 
The x-ray diffraction patterns were obtained from the x-ray 
diffractometer (PANanalytical, Philips, The Netherlands) operating 
in a transmission mode with Ni filter Cu-Ka radiation at 40 kV and 
40 mA. The x-ray diffraction pattern was recorded at angles (2θ) 10 
to 40°. Degree of relative crystallinity was calculated by the method 
of Muljana et al. (2009) modified from Komiya and Nara (1986): 
  
Xc= Ac/At 

Xrc= Xc/Xn 

 

Where, Xc is the degree of crystallinity of samples; Ac is the area of 
the crystalline reflections; At is the overall  area;  Xrc  is  the   relative 



 
 
 
 
crystallinity and Xn is the degree of crystallinity of native starch. 
 
 
Swelling power and solubility 
 
Starch slurries at 1% w/v (dry basis) were prepared  in  a  centrifuge 
tube and heated for 30 min at 80°C with stirring after every 5 min. 
The samples were then cooled to room temperature before 
centrifuging at 8500 x g for 15 min. The supernatant was separated 
from the swollen granules and 5 ml of supernatant was dried in a 
stainless steel dish at 110°C over night. Swelling power and 
solubility (%) were calculated as follows (Abdel-Rahman et al., 
2008): 
 
% Soluble (on a dry basis) = Residue weight in (g) water weight in 
(g)/ Aliquot volume (ml) Sample weight in (g) X 100 
 
Swelling power(g/g)= weight of sedimented starch in (g)/ weight of 
sample in (g) (100- % soluble in (on a dry basis) 
 
 
Thermal properties 
 
Starch gelatinization was studied in a differential scanning 
calorimeter (Mettler Toledo DSC 823-E, Switzerland) under oxygen-
free N2 flow rate of 50 ml/min, using 1:3 (w/v) starch-water mixtures. 
The samples were hermetically sealed in a pre-weighed aluminum 
pan at room temperature and re-weighed in a microbalance. After 
sealing the pan and leaving it to equilibrate for about 1 h, the 
samples were heated from 30 to 110°C at the rate of 10°C /min. An 
empty pan was used as a reference. The temperatures of the 
characteristic transitions, onset temperature (To), peak temperature 
(Tp) and end temperature (Te) were recorded and the temperature 
range (Te-To, ∆T) was calculated. The enthalpy (∆HG) of the 
transition was expressed as mJ/g on a dry weight basis. 
 
 
Pasting properties 
 
The RVA paste viscosity was determined on a rapid visco analyser 
(Model RVA Series 4, Newport Scientific Pvt. Ltd., Warriewood, 
Australia) using the American Association of Cereal Chemists’ 
Standard Method AACC 61-02 (1995). Three grams of the rice 
starches were weighed, to which 25 ml of distilled water was added 
in a clean test canisters. A paddle was placed in the canister and 
the blade was vigorously jogged up and down through the sample 
ten times. The slurry was dispersed at a rotation speed of 160 rpm 
until viscosity was sensed, followed by rotating the paddle at 960 
rpm for 10 s. The idle temperature was set to 50°C and the 
following 12.5 min test profiles were run: (1) an initial temperature of 
50°C was held for 1.0 min; (2) the temperature was linearly ramped 
up to 95°C until 4.8 min; (3) the temperature was held at 95°C until 
7.5 min; (4) the temperature was then linearly ramped down to 
50°C until 11 min; (5) finally, held at 50°C until 12.5 min. Starches 
paste viscosity characteristics were studied by three important 
parameters of the pasting curve: peak (first peak viscosity after 
gelatinization), hot paste (paste viscosity at the end of the 95°C 
holding period) and cool paste viscosity (paste viscosity at the end 
of the test). In addition, breakdown, setback and consistency were 
derived from peak minus hot paste viscosity values, cool paste 
viscosity minus peak viscosity values and cool paste viscosity 
minus hot paste viscosity values, respectively. All the viscosity 
parameters were measured in rapid visco units (RVU). 
 
 
Statistical analysis 
 
All measurements were carried out in triplicates and the  data  were  
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expressed as means ± standard deviations. One-way analysis of 
variance (ANOVA) using SPSS 17.0 software (SPSS Inc., Chicago, 
IL, USA) was used to assess the significance of the differences 
between means at p < 0.05. 

 
 
RESULTS AND DISCUSSION  

 
Determination of amylose content 
 
During the analysis of amylose content, the formation of a 
helical complex between amylose and iodine results in 
the deep blue color of starch dispersions stained with 
iodine. This principle lies behind the quantification of 
amylose content. Figure 1 displays the composition of 
amylose in GBR, BR and WR isolated starches. GBR 
isolated starch showed the lowest amylose content 
(21.78%) among all, followed by BR isolated starch 
(23.83%) and WR (25.77%). The amylose content in 
GBR starch was significantly different (p < 0.05) from that 
of BR and WR starches. Previous research (Juliano, 
1992) had categorized rice according to amylose content 
into four groups that is, waxy (0 to 5%), very low (5 to 
12%), low (12 to 20%), intermediate (20 to 25%) and high 
(25 to 33%). However, commercially, rice is classified 
based on amylose content as either low (less than 20% 
amylose), medium (21 to 25% amylose) or high (25 to 
33% amylose). So, based on amylose content in 
Malaysian cultivated rice (21.78 to 25.77%), we 
categorized the starches as having intermediate amylose 
content, using the criteria suggested by Juliano (1992). 
The significantly different (p < 0.05) amylose content of 
GBR starch when compared with BR starch indicated that 
the germination process can indeed reduce the amylose 
content in these Malaysian rice cultivar. The reduction in 
the level of amylose was likely as a result of the 
activation of amylase which is activated under chemical 
pretreatment of BR and anoxic conditions (Kaneko and 
Morohashi, 2003; Perata et al., 1993) similar to what we 
did. Similarly, Charoenthaikij et al. (2009) had reported 
that germination increased not only the activity of 
amylase but also increased reducing sugars in BR, 
supporting our findings of a lower amylose content in 
GBR when compared with BR. Similar findings have also 
been reported by other researchers (Jiamyanyuen and 
Ooraikul, 2008; Mohan et al., 2010). Amylose content 
plays a significant role in determining rice eating quality 
and it is used as a parameter for the texture of cooked 
rice (Suwannaporn et al., 2007) and so its reduction in 
BR will bring about a softer texture. Additionally, amylose 
content was reported to have a positive correlation with 
hardness and a negative correlation with stickiness 
(Juliano, 1992; Windham et al., 1997). This goes to say 
from our result that germination could actually reduce the 
hardness of BR, while it increases its stickiness, 
suggesting that GBR would be more palatable than BR 
taking into consideration its amylose content. Interes-
tingly,  amylase  has  been  shown  to  have   a   negative 
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Figure 1. Amylose content of alkali-treated rice starches. Vertical bar represents ± SD from the mean. Bars with same letter are 
not significantly different (p > 0.05). 

 
 
correlation with glycemic index (GI) (Goddard et al., 
1984; Miller et al., 1992) and though ours and other 
results (Charoenthaikij et al., 2009; Mohan et al., 2010) 
have shown that GBR possess low amylose content; it 
has also been proven to have low GI (Hsu et al., 2008; Ito 
et al., 2005). This is important information on GBR as a 
potential functional food for diabetics, since foods low in 
GI are good for this group of people. Additionally, this 
means that the better glucose lowering effect of GBR 
over BR is likely as a result of other bioactive compounds 
it contains and not determined by its amylose content. 
 
 
Granule characterization 
 
Figure 2 shows the images of isolated WR, BR and GBR 
viewed at 500 x g and 3000 x g magnification viewed 
under SEM (Leo 1455 VPSEM, UK). It is evident that 
WR, BR and GBR starch granules are mainly polyhedral 
in shapes. Their shapes and sizes are in average of 3 to 
8 µm and these results are in agreement with a previous 
study by Sodhi and Singh (2003). The smooth surface  of  

the granules of these starches indicated that the isolation 
treatment with 0.25% NaOH used in this study did not 
damage the starch granules. Thus, the shared 
morphological properties of GBR, BR and WR isolated 
starches indicated that the germination process did not 
affect the overall structure and size of rice starches.  

Furthermore, it has been reported that the size of 
starch granule may affect its physicochemical properties, 
such as gelatinization, pasting, enzyme susceptibility, 
crystallinity and solubility (Lindeboom et al., 2004); 
however, our results do not conform to this. We found the 
granules of BR and GBR to be similar in morphology; 
though, some of the physicochemical properties studied 
were significantly different between the 2, meaning that 
the morphology might have played a very little role in 
determining the properties studied. 
 
 
X-ray diffraction  
 
Starch is semi-crystalline in nature and the level of 
crystallinity  varies  among  plant  types.   Crystallinity   of  



 
 
 
 

 
 
Figure 2. Rice starch granules observed under scanning electron 
microscope (a) white rice starch, (b) brown rice starch and (c) 
germinated brown rice starch. 
 
 
 

starch granules is associated strongly with its 
amylopectin content, while the amylose is mainly 
represented in the amorphous region of the granules 
(Zobel,   1988a, b).   The   packaging   of   amylase    and  

Musa et al.         6285 
 
 
 
amylopectin within the granules has been reported to 
vary among starches from different species (Singh et al., 
2003). X-ray diffractometry has been widely used to 
detect and characterize the crystallinity pattern of starch 
granules (Hoover, 2001). The x-ray diffraction pattern of 
the three starches is shown in Figure 3. Native starch 
granules are known to exist in three crystalline structures 
which are A, B and C types based on x-ray 
diffractometry. All the three rice starches showed an A-
type diffraction pattern characteristic of cereal grains like 
rice. The A-type diffraction pattern corresponds to a close 
packing of amylopectin double helices (Khunae et al., 
2007). The major reflections or patterns of spots 
produced following exposure to a beam of x-rays, of WR 
starch were at 2Ө 11.26, 15.09, 16.93, 17.93 and 22.97°. 
Those of BR were at 15.05, 16.91, 17.98, 20.26, 22.74 
and 26.37°, while GBR had its major reflections at 14.98, 
16.91, 17.90, 20.21

 
and 22.81° (Table 4). Relative 

crystallinities (RC), expressed in percentages, for the 
different rice starches are shown in Table 1. The %RC for 
the 1

st
, 2

nd
, 3

rd
, 4

th
 and 5

th
 peaks of WR was 19.91, 2.37, 

20.85, 26.07 and 21.33% respectively. The 
corresponding values for BR were 18.56, 10.98, 23.86, 
23.11 and 17.80%, while GBR had 20.16, 7.91, 24.90, 
24.51 and 18.18% respectively. 

These values were showed little variability, mainly at 
the 2

nd
 to the 5

th
 peaks during our analysis and even at 

these peaks the variability was more marked between 
WR on one hand and BR and GBR on the other, 
signifying that germination played no role in changing the 
RC of the starch of our BR variety. It is still possible 
however that the RC of other BR varieties would be 
affected by germination, since other properties we 
studied which were found to be significantly affected by 
germination of other BR varieties were not affected in our 
case.  

 
 
Swelling power and solubility 
 
The swelling powers of WR, BR and GBR isolated 
starches are presented in Figure 4. The ability of WR 
isolated starch to swell in the presence of excess water 
differed significantly from BR and GBR isolated starches. 
WR showed the lowest swelling power (1.30 ± 0.11 g/g) 
compared to BR (1.76 ± 0.28 g/g) and GBR (1.70 ± 0.08 
g/g), with no difference between BR and GBR. Swelling is 
regulated by the degree of crystallinity of the starch 
granules and the swelling power is determined by the 
ability of starch granules to swell in the presence of 
excess water when heated. Generally speaking, swelling 
power of starches reflects the interactions between water 
molecules and starch chains in amorphous and 
crystalline domains, respectively (Ratnayake et al., 
2002). In line with this, Lee and Osman (1991) reported 
that the swelling power of starch depends on the water 
holding capacity of glucose molecules as  determined  by  
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Figure 3. X-ray diffraction pattern of rice starches: (a) germinated brown rice starch, (b) brown rice, (c).white rice starch. 
 
 
 

hydrogen bonding. Hydrogen bonds which stabilize the 
double helices in crystallites are lost during gelatinization 
and replaced with water. Thus, disruption of the 
crystalline structure weakens the bonding and allows an 
increase in granule swelling.  

Our results however show that germination did not 
affect the swelling power of our BR and therefore, no 
relationship between amylose content and the swelling 
power could be drawn. Sandhya Rani and Bhattacharaya 
(1989) reported that starch granules with low amylose 
content are less rigid and swell more when heated as 
opposed to granules with high amylose content which are 
more rigid and swell less. However, Tester and Morrison 
(1990) proposed that amylopectin and not amylose is 
mainly responsible for the swelling behavior of starches, 
while amylose acts only as a diluent. In agreement with 
the previous study by Wang et al. (2008), our results 
reveal that there is a negative correlation between 
swelling power and amylose content only between WR 
and GBR, proving the effect of amylose content on 
swelling power of starches, though this is not to say that 
germination affected the relationship since the same 
cannot be said of BR and GBR.  

Data from our solubility studies revealed no significant 
difference (p > 0.05) between WR, BR and GBR 
starches. Most previous researches have suggested a 
relationship between swelling power and solubility, but in 
contrast with the previous study by Wang et al. (2008), 
our results revealed no significant relationship between 
solubility and amylose content. Another study had related 
differences in solubility of starches with differences in 
amylose content, viscosity pattern and weakness of 
internal structure bonding due to negative charge of 
phosphate with the starch granules (Galliard and Bowler, 
1987). The lack of relationship between amylose content 
and solubility from our study, therefore only means that 
even though germination affected amylose content, the 
difference in the amylose content was not reflected in the 
solubility of the different rice starches. On the other hand, 
Lii et al. (1996) had suggested a positive relationship in 
which high amylose content conferred high solubility, 
which was also not reflected by our results. From their 
study, what would be expected is that high amylose 
content will confer higher solubility but this was not seen 
in our study since the amylose contents of the different 
rice starches showed variability but  the  solubilities  were  
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Figure 4. (a) Swelling power and (b) solubility of alkali-treated rice starch. Vertical bar represents ± SD from the mean. 
Bars with same letter are not significantly different (p > 0.05). 
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not different. 
 
 
Thermal properties 
 
The pasting properties of WR, BR and GBR isolated 
starches are presented in Table 2. The pasting curves 
determined using RVA, measured the viscosity of starch 
suspension during the heating cycle. The pasting curves 
reflect what happens in starch granules and also the 
behavior of starch during cooking (Mishra and Rai, 2006). 
From our study, GBR was the first to swell and gelatinize 
due to water uptake at 81.60°C, followed by BR at 
82.30°C and finally, WR at 83.10°C with a statistically 
significant difference between the 3 groups. WR starch 
had the lowest peak viscosity (283.79 RVU), while GBR 
starch showed the highest (328.04 RVU) with BR 
somewhere in the middle (324.09 RVU), which were all 
significantly different. Our study therefore suggests that 
germination increases peak viscosity, thereby confirming 
the negative relationship between amylose content and 
peak viscosity as reported by Noosuk et al. (2003); in 
their study, RVA peak viscosity was shown to have a 
negative correlation with amylose content, from which 
they suggested that high level of amylose restricts the 
swelling of granules, thereby reducing the peak viscosity. 
In contrast with our result and that of Noosuk et al. 
(2003), Charoenthaikij et al. (2009) as well as Mohan et 
al. (2010) reported that germination of BR resulted in a 
reduction of viscosity. Additionally, their results show a 
positive correlation between amylose content and 
viscosity, which contradict what Noosuk et al. (2003) and 
our results showed.  

Setback, defined as the degree of re-association 
between the starch molecules, is the secondary increase 
in viscosity during cooling which eventually determines 
retrogradation of a starch. WR had the highest setback, 
while BR the lowest, with GBR in between. Setback for 
GBR was significantly higher than that of BR but not WR. 
This phenomenon is thought to be related to amylose 
content, length of amylose chain and dispersion of the 
amylose chain in starch polymers. Mishra and Rai (2006) 
also suggested that setback may largely be determined 
by degree of amylose polymerization. From our study, 
germination affected setback, though this cannot be 
related to the amylose content since the amylose content 
of GBR and WR was significantly different but their 
setback was not different. Similarly, breakdown of the 
different starches revealed that they were significantly 
different with the same pattern as viscosity. GBR had a 
higher breakdown than BR signifying also in this case 
that germination affected it. Mohan et al. (2010) had 
reported that germination of BR reduced setback and 
breakdown significantly, in contrast with our findings. 
These and other differences between our findings and 
those of others (Charoenthaikij et al., 2009; Mohan et al., 
2010; Jiamyanyuen and Ooraikul, 2008)  perhaps  signify  

 
 
 
 
that different BR varieties will possess different properties 
after germination. Another possibility is that the different 
germination conditions used was responsible; after all it 
had been proven that even the same BR variety when 
subjected to different germination conditions will have 
different properties (Jongjareonrak et al., 2009; 
Charoenthaikij et al., 2009; Roohinejad et al., 2009). 

Transition temperature (To, Tp and Tc) and melting 
enthalpy (∆H) of isolated WR, BR and GBR starches are 
shown in Table 3. There was a statistically significant 
difference (p < 0.05) in To, Tp, Tc and ∆H between WR, 
BR and GBR isolated starches. In WR, BR and GBR 
isolated starches, To, Tp and Tc ranged from 72.08 to 
73.55°C, 75.46 to 76.85°C and 78.83 to 80.63°C, 
respectively. Gelatinization, which is a set of temperature 
dependent changes, is characterized by the irreversible 
disruption of molecular order depending on temperature 
and moisture. The granules resulting from such changes 
will have a larger size and an increased viscosity (Patel 
and Seetharaman, 2006). The gelatinization temperature 
and enthalpy of starches are dependent on the 
microstructure and degree of crystallinity within the 
granules, the granule size and ratio of amylose to 
amylopectin (Ahmad et al., 1999) and presence of 
phosphate esters (Yuan et al., 1993). A higher 
gelatinization temperature therefore, reflects a smaller 
size of the granules (Cowburn, 1989). The gelatinization 
temperature range of WR (6.75 ± 0.07°C) isolated starch 
from our study was significantly lower than those of BR 
and GBR. The temperature ranges for BR and GBR, 7.58 
± 0.35°C and 7.26 ± 0.07°C respectively were not 
different. Additionally, the absolute value for the ∆H of BR 
(53.17 ± 0.32 mJ) was higher than that of GBR (52.39 ± 
0.17 mJ) signifying that germination also affected it. The 
∆H of WR (50.68 ± 0.74 mJ) was significantly lower than 
BR and GBR. The endothermic enthalpies (∆HG) 
reflected the loss of double helical rather than the 
crystalline order (Cooke and Gidley, 1992). The 
endothermic transitions from WR and GBR isolated 
starches showed only a single transition; while BR 
isolated starch exhibited two relatively small separate 
endothermic transitions and a major endothermic 
transition. These transitions in BR isolated starch can be 
attributed to starch gelatinization and amylose-lipid 
complex disruption. As demonstrated by Liu et al. (2006), 
cereal starches such as rice starch showed a major first 
transition at a lower temperature attributable to starch 
gelatinization, followed by a second peak or shoulder at a 
higher temperature attributable to the disruption of an 
amylose-lipid complex. The occurrence of an amylose-
lipid complex in starch has been demonstrated by Ahmad 
et al. (1999), which is seen in starches with a melting 
temperature outside 90 to 110°C. They further proposed 
that the amylose-lipid complex hastens the gelatinization 
temperature. Finally, our findings regarding low To, Tp, 
Tc and ∆H of the isolated starches are consistent with 
what   Noda  et  al.  (1996)   postulated.   The   reason   is  
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Table 2. Pasting properties of 10% (w/v) rice starches suspension. 
 

Starch 
Pasting temperature 

(°C) 

*
Rapid visco unit (RVU) 

Peak viscosity Breakdown Setback 

WR 
a
83.10 ± 0 

a
283.79 ± 1.54 

a
193.50 ± 0.63 

a
90.29 ± 2.21 

BR 
b
82.30 ± 0 

b
324.09 ± 0.09 

b
199.75 ± 1.50 

b
86.67 ± 0.50 

GBR 
c
81.60 ± 0 

c
328.04 ± 1.46 

c
204.67 ± 3.0 

a
88.71 ± 0.62 

 

Means within a column with the same letter are not significantly different (p > 0.05). *Values are means ± SD (n = 3). 
 
 
 

Table 3. Gelatinization property of rice starches. 

 

Starch 

*Gelatinization(°C) 

Onset temperature 

(To) 

Peak temperature 

(Tp) 

Endset temperature 

(Tc) 

Enthalpy ∆HG 

(mJ) 

WR 
a
72.08 ± 0.21 

a
75.46 ± 0.19 

a
78.83 ± 0.14 

a
50.68 ± 0.74 

BR 
b
73.55 ± 0.28 

b
76.85 ± 0.12 

b
80.63 ± 0.43 

b
53.17 ± 0.32 

GBR 
c
72.50 ± 0.10 

c
76.07 ± 0.01 

c
79.76 ± 0.03 

c
52.39 ± 0.17 

 

Values with the same superscript letter in the same column are not significantly different (p > 0.05). *Values are means ± SD (n = 3). 
 
 
 

Table 4. Major reflections of starches based on x-ray diffraction 
patterns of germinated brown rice starch, brown rice and white rice 
starch. 
 

Starch Major reflection/diffraction angle (2 theta) 

GBR 14.98, 16.91, 17.90, 20.21 and 22.81° 

BR 15.05, 16.91, 17.98, 20.26, 22.74
 
and 26.37° 

WR 11.26, 15.09, 16.93, 17.93
 
and 22.97° 

 

 
 

believed to be due to the molecular arrangement of the 
crystalline region corresponding to the distribution of 
amylopectin short chain (DP 6-11) and not the proportion 
of crystalline region corresponding to the ratio of amylose 
to amylopectin.  

Finally, from the analysis thus far, we can assume that 
the changes in physicochemical properties of starch 
produced by germination of BR could contribute towards 
some yet-to-be discovered functional properties of GBR 
or the outcome of further studies will hopefully discover 
their role in bringing about some of its already 
documented functional properties.  
 
 
Conclusion 
 
This study has provided some insight into understanding 
the effects of germination on Malaysian rice starch 
(MR219 and MR220 varieties) with respect to amylose 
content, pasting, gelatinization, swelling, solubility and 
crystallinity properties. In this study, amylose content, 
gelatinization (To, Tp and Te) and pasting properties 
(temperature, viscosity, breakdown and setback) were 
affected by germination.  
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