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SUNEE JUNGTHEERAPANICH: PREDICTIVE MODEL FOR STORED RICE QUALITIES
USING NEAR-INFRARED SPECTROSCOPY. ADVISOR: ASSOC. PROF. JIRARAT
ANUNTAGOOL, Ph.D., 116 pp.

The objectives of this research are to study aging of high and low amylose rice during storage at
different temperatures and explain the changes by kinetic model and to develop the predictive models between rice
properties and NIR spectra in the diffuse-reflectance mode during storage at different temperatures. The samples
used in this research included three varieties of low amylose rice, i.e. Khao Dawk Mali 105, Pathumthani 1 and
Rice Department (RD) 45 and three varieties of high amylose rice, i.e. RD 47, Chai Nat 1 and Phitsanulok 2.
Paddy rice in plastic woven sacks was stored at ambient temperature (30 °C+2 °C) and chilled temperature (8 °C +2
°C) for 9 and 18 months, respectively. The qualities determined during storage were paddy property, milling
quality, cooking qualities, cooked rice properties and rice flour properties. Some qualities of all six rice varieties;
namely fat content, fiber content, ash content, carbohydrate content, enthalpy of gelatinization of rice flour,
whiteness index, springiness and cohesiveness of cooked rice, varied in a narrow range. However, low amylose
rice varieties had lower protein content, amylose content, pasting temperature, setback, melting enthalpy of
amylose/lipid complex of rice flour, head rice yield, solid loss, hardness, gumminess and chewiness of cooked rice
but higher water uptake, peak viscosity, breakdown, onset temperature, peak temperature, conclusion temperature
and gelatinization temperature range of rice flour as well as adhesiveness of cooked rice. Aging led to an increase
in head rice yield, minimum cooking time, water uptake, volume expansion ratio, hardness, cohesiveness,
springiness, gumminess and chewiness of cooked rice and pasting temperature of rice flour and a decrease in
whiteness index of rice grain, solid loss, peak viscosity and breakdown of rice flour and adhesiveness of cooked
rice. Thermal properties and MW distribution pattern of rice flour protein slightly changed during storage. The rate
of changes for all rice varieties stored at 8 °C was lower than that at 30 °C. Principal Component Analysis (PCA)
of all observed variables classified the samples into three groups; low amylose rice (Khao Dawk Mali 105,
Pathumthani 1 and RD 45, high amylose rice (RD 47 and Phitsanulok 2), and high amylose Chai Nat 1. The
predictive models between rice properties and NIR spectra in the diffuse-reflectance mode were produced using
partial least square (PLS) regression. Only 14 parameters, i.e. head rice yield, minimum cooking time, solid loss,
water uptake, volume expansion ratio, pasting temperature, peak viscosity, breakdown and setback of rice flour,
hardness and adhesiveness of cooked rice, onset temperature, peak temperature and conclusion temperature of rice
flour, could be used to develop good prediction models (R? > 0.7). The first-order fractional conversion kinetic
model reasonably explained the changes of nine variables, i.e. solid loss, water uptake and volume expansion ratio
of cooked rice, pasting temperature, peak viscosity, breakdown and setback of rice flour, hardness and
adhesiveness of cooked rice, during aging at 30 °C (R? > 0.7). Changes in rice qualities during aging at 8 °C were
marginal, thus could not be explained by kinetic models.
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Academic Year: 2016
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CHAPTER |
INTRODUCTION

Rice is a primary dietary source of carbohydrates. Low amylose rice is mostly
preferred for consumption as cooked rice as it yields soft and sticky texture while high
amylose rice is good for processing into products such as rice noodle, dessert and
others. Storage usually causes rice to become harder with reduced stickiness, thus
perceived as undesirable process in preserving rice that is preferred for consumption
as cooked grains. However, similar changes after aging result in desirable flour for
further processing as it reduces adhesiveness. A number of chemical and physical
changes occurring as a result of aging include changes in textural properties, pasting
properties, thermal properties and others which can be referred to as cooking quality
(Park et al., 2012; Soponronnarit et al., 2008; Zhou et al., 2007). Mechanisms of rice
aging involve starch, protein and lipids. Changes in protein results in reduced granule
swelling which affects the consistency of cooked rice (Ramesh et al., 2000; Zhou et
al., 2002a). Lipids can undergo changes in two possible paths; one involves lipids
hydrolysis resulting in the production of free fatty acids which can complex with
amylose resulting in increasing hardness; the other is the oxidation of lipids to
produce hydroperoxides that can accelerate oxidation of protein and condensation
with volatile carbonyl compounds causing off odor (Zhou et al., 2002a). External
factors, e.g. temperature, moisture content, storage time and packaging, play an
important role in either slowing down or accelerating aging of rice during storage. By
far, various studies have been carried out to assess the effect of some factors, e.g. time
and temperature, on aging of rice. None has proposed a tool to assess the extent of

rice aging.

Near Infrared (NIR) Spectroscopy is a powerful technique that has several
advantages such as rapid, non-destructive, environmentally safe, minimal sample
preparation and low cost. The method can be used to investigate several parameters
within one scan (Bao et al., 2007; Batten, 1998; Osborne, 2006; Posom and
Sirisomboon, 2014; Sirisomboon et al., 2013; Wu and Shi, 2004; Zhang et al., 2011).
NIR Spectroscopy can be used in both quantitative and qualitative analyses of food



products for instance determination of pH and soluble solids content of yogurt (Shao
and He, 2009), total amino acids in oilseed rape leaves (Liu et al., 2011), protein
content in Brassica oleracea species (Szigedi et al., 2012), spoilage of intact chicken
breast muscle (Alexandrakis et al., 2012), calcium content in powdered milk (Wu et
al., 2012), on-line screening of different dates varieties (Tavakolian et al., 2013) and
quantification of mildew damage in soft red winter wheat (Shahin et al., 2014). In rice
grain, flour and starch, NIR had been widely used to determine rice quality such as
milled rice grade (Chen and Huang, 2010), grain weight (Wu and Shi, 2004), gel
consistency and alkali spread value of brown rice and milled rice (Wu and Shi, 2007),
swelling properties and water solubility in whole grain barley (Cozzolino et al.,
2013), identification of native maize, native wheat starches, high amylose maize
starch, phosphorylated wheat starch, and their mixture (H6dsagi et al., 2012), thermal
and retrogradation properties of rice starch (Bao et al., 2007), amylose content
(Bagchi et al., 2016; Delwiche et al., 1996; Himmelsbach et al., 2001; Villareal et al.,
1994; Wu and Shi, 2004, 2007; Xie et al., 2014), protein content (Bagchi et al., 2016;
Delwiche et al., 1996; Himmelsbach et al., 2001; Shao et al., 2011; Xie et al., 2014),
amino acid in brown rice (Zhang et al., 2011), and aflatoxigenic fungal contamination
(Sirisomboon et al., 2013). A study has shown satisfactory result in using NIR to
detect rice adulteration (Osborne et al., 1993b). Sirisomboon et al. (2013) reported the
use of NIR in detection of aflatoxigenic fungal contaminated rice samples (jasmine
rice, white rice and brown rice). From the literature reviewed, determination of rice
aging using NIR spectroscopy is still scarce. Therefore, the first objective of this
research was to study aging of high and low amylose rice so that the data on quality
changes of rice could be collected systematically and aging kinetics could be
assessed. The second objective was to develop the predictive models between rice

properties and NIR spectra of rice during storage at different temperatures.



CHAPTER I
LITERATURE REVIEW

2.1 Rice

Rice can be classified into two species; Oryza sativa or Asian rice and Oryza
glaberrima or African rice, which are significant for human consumption globally
(Ricepedia, 2016). Oryza sativa, mostly cultivated and traded worldwide, can be
classified into 3 types, which are Japonica, Javanica and Indica (Agricultural
Research and Development Agency, 2016). Japonica rice, cultivated in the Northern,
Eastern and Central of China, Japan and Korea, has short and spherical grains, low
amylose content, moist and sticky texture after cook (Ricepedia, 2016; Rosell and
Gomez, 2014). Javanica rice, cultivated in Indonesia, Philippines, Taiwan and Japan,
has long, broad and large kernel, low amylose content and low productivity
(Agricultural Research and Development Agency, 2016; Lu and Collado, 2010;
Matsuzaki, 1995; Ricepedia, 2016). Indica rice, widely planted in Thailand, Vietnam,
India, Bangladesh and Pakistan, has long and slender grain, high amylose content,
drier and harder texture compared to japonica rice after cook (Juliano, 2005; Lu and
Collado, 2010; Ricepedia, 2016; Rosell and Gomez, 2014).

Rice can also be classified by its cultivation area into 3 groups, which are
upland rice, lowland rice and floating rice. Upland rice can be cultivated in both flat
and slope area, but is mostly grown on the slope area in the Northern, Southern,
Eastern and Northeastern regions of Thailand with cultivation area around 10% of
total rice cultivation area of Thailand. Lowland rice can be cultivated in lowland of all
regions in Thailand, thus it has the highest cultivation area around 80% of total rice
cultivation area of Thailand. Floating rice can be cultivated in uncontrolled water
level area, such as Ayutthaya, Suphanburi, Lopburi, Phichit, Angthong, Chainat and
Singhburi province of Thailand and that governs around 10% of total cultivation area

of Thailand (Thai Rice Foundation under Royal Patronage, 2006).

Besides, rice can be divided by cultivation season into 2 groups namely in-

season rice and off-season rice. In-season rice is cultivated from May to October and



harvested before February. Photo period-sensitive rice is suitable to grow in this
season. Off-season rice can be cultivated in January and harvested before April. Non
photo sensitive rice is mostly grown in this season in the Central region of Thailand
(Agricultural Research and Development Agency, 2016; Thai Rice Foundation under
Royal Patronage, 2006). In Thailand, in-season rice is popular and is accounted for
larger cultivation area around 62.83 Million Rai with the 2014/2015 average
production yield of 439 kg per rai, while off-season rice governs around 16.14 Million
Rai planting area with the 2014/2015 average production yield of 622 kg per rai
(Department of Foreign Trade, 2016).

In term of amylose content, rice can be divided into 5 groups that are glutinous
(0-2%), very low amylose (2-10%), low amylose (10-20%), intermediate amylose
(20-25%) and high amylose rice (>25%) (Lu and Collado, 2010; Yu et al., 2013).
Low and intermediate amylose rice is mostly consumed as cooked rice because of
their sticky, moist and soft texture (Cheaupun et al., 2005; Yu et al., 2013). However,
high amylose rice varieties, especially Indica rice, give a hard and crumbly texture
when cooked thus it is used as healthy, gluten-free, functional flour in the production
of rice noodles and bakery products (Kim et al., 2010; Lu and Collado, 2010).

2.1.1 Low amylose rice

Low amylose rice is preferred for consumption as cooked rice as it
gives sticky and soft texture (Cheaupun et al., 2005; Yu et al., 2013). In general, low
amylose rice has higher adhesiveness and lower hardness value when compared to
high amylose rice. The flour from low amylose rice also has high peak viscosity,
breakdown, swelling power, but low setback, final viscosity, and pasting temperature
(Varavinit et al., 2003; Woo et al., 2015). Vast varieties of low amylose rice have
been bred in Thailand, only few varieties are preferred for commercial production, i.e.
Khao Dawk Mali 105, Pathumthani 1, Rice Department 15 and Rice Department 45
(Rice Department, 2016).



2.1.1.1 Khao Dawk Mali 105

Khao Dawk Mali 105 (KDML105) is also known as “Jasmine
rice” as it yields shaded jasmine-like color whereas pandan-like odor. The
recommended planting area for KDML105 is the Northern and Northeastern region of
Thailand. KDML105 is wet season rain-fed crop (in-season rice). It is non-sticky rice
with long transparent grain and slender shape which contains a natural fragrant aroma.
KDML105 contains 12 to 17% amylose. Cooked KDML105 rice has soft texture and
is highly fragrant. After aging, the rice yields cooked rice with less adhesiveness and

reduced fragrant aroma (Rice Department, 2016).

2.1.1.2 Pathumthani 1

Pathumthani 1 (PTT1) is suitable for planting in the Central
region of Thailand and gives high production return of around 650-774 kg of paddy
rice per Rai. The plant is non-photo sensitive and tolerant to many diseases and pests.
This non-glutinous rice is a bred variety of BKNA6-18-3-2/PTT85061-86-3-2-1.
PTT1 contains 15 to 19% amylose, thus yields cooked rice with soft texture and
natural fragrant aroma (Rice Department, 2016).

2.1.1.3 Rice Department 45

The recommended planting area for Rice Department 45
(RDA45) are the Central and Eastern regions of Thailand. RD45 gives moderately high
production yield around 520 kg of paddy rice per Rai. The plant is photo period
sensitive. RD45 is non-glutinous rice with transparent kernel that was bred between
PPCRBR83012-267-5 and KDML105. RD45 contains 16.35% amylose and has good
milling quality. Cooked RD45 rice has soft texture and fragrant aroma (Rice
Department, 2016).

2.1.2 High amylose rice

High amylose rice yields fluffy, hard texture and non-sticky cooked
rice, hence suitable for processing into food products, especially noodle (Cheaupun et
al., 2005; Juliano, 2005). In general, high amylose rice flour has low peak viscosity,

break down, swelling power, but high setback, final viscosity, and pasting



temperature (Thanathornvarakul et al., 2016; Varavinit et al., 2003; Woo et al., 2015).
Similar to low amylose rice, many varieties of high amylose rice have been bred.
Only a number of varieties, e.g. Rice Department 29 (Chai nat 80), Rice Department
31 (Pathumthani 80), Rice Department 47, Chai nat 1, Phitsanulok 2, Suphan Buri 1
and Suphan Buri 3, have been widely cultivated in Thailand (Rice Department, 2016).

2.1.2.1 Rice Department 47

Rice Department 47 (RD47) has been recommended for
cultivation in the south of Northern region of Thailand. The variety has high and
stable production yield and is not sensitive to photo period but sensitive to cold
weather. RD47 is non-glutinous rice with transparent and slender shape kernel. It is a
hybrid variety of Suphan Buri 1/IR64 and CNT1 86074-25-9-1. RD47, containing
26.81% amylose, has good milling quality. Cooked RDA47 rice is crumble and has
hard texture (Rice Department, 2016).

2.1.2.2 Chai Nat 1

Chai Nat 1 (CNT1)can be grown in all irrigated area of
Thailand and is not sensitive to photo period. It is a hybrid variety of IR13146-158-
1/IR15314-43-2-3-3 and BKN6995-16-1-1-2. CNT1, a non-sticky rice with 26 to 27%

amylose, yields cooked rice with crumbly hard texture (Rice Department, 2016).

2.1.2.3 Phitsanulok 2

Phitsanulok 2 (PSL2) is also suitable for cultivation in all
irrigated area of Thailand and not sensitive to photo period. The variety is crossbred
between CNTLR81122-PSL-37-2-1/SPRLR81041-195-2-1 and IR56. It yields high
production around 807 kg paddy rice per Rai. The rice contains 28.6% amylose, thus
gives non-sticky, crumbly hard texture. It also possesses good milling quality (Rice
Department, 2016).



2.2 Structure of rice grain

Paddy rice (Figure 2.1) composes of the hull, the outer protective covering,
which is accounted for 16 to 28% (dry basis) and the rice caryopsis or kernel (Arendt
and Zannini, 2013). The rice caryopsis consists of pericarp (1-2%), aleurone with seed
coat and nucellus (4-6%), endosperm (89-94%) and embryo (2-3%) (Arendt and
Zannini, 2013; Delcour and Hoseney, 2010; Hinton and Shaw, 1954; Zhou et al.,
2002b). The rice hull comprises lemma and palea which give protection for the rice
kernel from fungal harm, insect agitation and environment, such as humidity
oscillation (Arendt and Zannini, 2013; Marshall and Wadsworth, 1994). The pericarp
is the layer inside the hull, which encompasses the endosperm. It is fibrous and has
many thickness levels (Arendt and Zannini, 2013; Champagne et al., 2004). The
aleurone layer ranges from 1 to 5 cell layers, which encloses the endosperm and
embryo. The cells encircle the endosperm are cuboidal that carry mostly protein
bodies and lipid bodies, whereas the regtangular aleurone cells - around the embryo -
contain fewer and smaller lipid bodies (Arendt and Zannini, 2013; Champagne et al.,
2004; Del Rosario et al., 1968; Zhou et al., 2002b). The embryo is set on one side of

the endosperm near the lowest part of the caryopsis (Arendt and Zannini, 2013).

Lemma
Palea

Pericarp

Seed coat — Starchy endosperm

Aleurone layer Embryo

Subaleurone layer

Sterile lemmas

Pedicel —

Figure 2.1 Structure of rice grain (Arendt and Zannini, 2013)



2.3 Chemical compositions of rice

The chemical components of rice and its fractions count on environment, soil,
variety and processing conditions (Arendt and Zannini, 2013; Champagne et al.,
2004; Zhou et al., 2002b). The three major compositions of the rice kernel are starch,
protein and lipids (Arendt and Zannini, 2013).

2.3.1 Starch

Starch is the most abundant component of milled rice, accounting for
around 90% of dry matters (Arendt and Zannini, 2013; Zhou et al., 2002b). Rice
starch granules, having 3-8 um size range, are the smallest of starch from plant. The
granules are irregular in shape but polygonal (Hayakawa et al., 1980; Zhou et al.,
2002b). The starch granules comprises many starch molecules, which consist of
amylose and amylopectin (Zhou et al., 2002b). Amylose is a combination of long
linear D - glucopyranosyl units linked by o - (1—>4) - linkages and a few of branched
a - (1—>6) - bonded molecules (Arendt and Zannini, 2013; Ball et al., 1996; Park et
al., 2013; Zhou et al., 2002b). Amylose content exerts an effect on cooking quality,
eating quality, water absorption, volume expansion and texture quality, such as
hardness and stickiness of rice (Arendt and Zannini, 2013; Juliano, 1985, 2003; Zhou
et al., 2002b). Amylopectin is a much larger molecule (Park et al., 2013; Rosell and
Gomez, 2014). Amylopectin comprises a - (1—4) - linkages D - glucosyl chains and
has branches with o - (1—6) - linkages (Arendt and Zannini, 2013; Buléon et al.,
1998). Higher amylose content in flour contributes to low peak viscosity, breakdown,
and swelling power but high setback, final viscosity, and pasting temperature (Rosell
and Gomez, 2014; Thanathornvarakul et al., 2016; Varavinit et al., 2003; Woo et al.,
2015; Zhu et al., 2011).

2.3.2 Protein

Rice grain has protein as the second most plentiful composition.
Normal rice contains 6.6% to 7.3% protein for brown rice and 6.2% to 6.9% for
milled rice (Arendt and Zannini, 2013; Gomez, 1979; Kennedy and Burlingame,
2003; Singh, 1998; Zhou et al., 2002b). The rice protein in milled rice composes of

albumin (water-soluble proteins), globulin (salt-soluble proteins), prolamin (alcohol-



soluble proteins) and glutelin (alkali-soluble proteins), which is approximately 9.7-
14.2%, 13.5-18.9%, 3.0-5.4% and 63.8-73.4%, respectively (Arendt and Zannini,
2013; Basak et al., 2002; Juliano, 2003; Zhou et al., 2002b). The peripheral layers of
the grain have a large amount of rice protein. The protein content usually diminished
after a rise in polishing level (Pal et al., 1999; Zhou et al., 2002b). Protein in rice has
a large effect in the properties of cooked rice and rice flour. Higher protein content
gives rise to harder cooked rice texture with lower stickiness and smoothness, higher
pasting temperature of rice flour, and more cooking time (Arendt and Zannini, 2013;
Mutters and Thompson, 2009; Shih, 2004).

2.3.3 Lipids

Most of rice lipids are placed in the bran and aleurone layer (Zhou et
al., 2002b). The lipids content in milled rice are low, accounting for about 2.2% of
grain weight (Arendt and Zannini, 2013; Childs, 2004). Lipids in rice can be sorted
into 2 groups which are starch lipids and non-starch lipids. Milled rice consists of
0.5% to 1.0% starch lipids, mainly monoacyl lipids such as fatty acids and
phospholipids, which complex with amylose in the starch granules to form amylose-
lipid complexes (Arendt and Zannini, 2013; Choudhury and Juliano, 1980; Ito et al.,
1979; Zhou et al., 2002b). Non-starch lipids are reserved as lipid droplets, or
spherosomes, and are dispensed to rice grain (Arendt and Zannini, 2013; Bechtel and
Pomeranz, 1978; Choudhury and Juliano, 1980). The amylose-lipid complexes have
an effect on rice properties, e.g. reducing the water-solubility in rice pastes and
increasing pasting temperature (Arendt and Zannini, 2013; Kaur and Singh, 2000).
The major fatty acids in rice are palmitic (C16:0) acids and linoleic (C18:2) (Arendt
and Zannini, 2013; Kitahara et al., 1997).

2.4 Rice aging

Aging of rice is a result of chemical changes of rice components, which, in
turn, causes changes in its physical and functional properties. The change in physical
and functional properties include textural properties, pasting properties, thermal
properties and others (Faruq et al., 2015; Park et al., 2012; Soponronnarit et al., 2008;
Zhou et al., 2007).
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The factors that affect rice aging during storage can be sorted to internal and
external factors. Internal factors are rice composition such as starch, protein and
lipids. During the aging process, although starch, protein and lipid content in the rice
grain remain unchanged, there are interactions among these components causing
subsequent changes in other properties (Figure 2.2). Protein could bind onto starch
granules, hence increasing the strength and inhibiting swelling of starch granule. As a
result, the texture of cooked rice is altered. Lipids can undergo changes in two
possible paths; one involves hydrolysis of lipid to produce free fatty acid which can
complex with amylose resulting in a reduction of starch granule swelling and thus
increasing hardness of cooked rice; the other is the oxidation of lipid to produce
hydroperoxides that can accelerate oxidation of protein and condensation with volatile
carbonyl compound causing off odor. Protein oxidation leads to formation of disulfide
linkages between sulfhydryl groups that result in cystine. These changes in protein
results in reduced swelling of starch granule which affects cooked rice texture
(Ramesh et al., 2000; Zhou et al., 2002a).

External factors, e.g. temperature, moisture content, and packaging, play an
important role in either slowing down or accelerating aging of rice during storage. At
higher storage temperatures, changes in starch, lipid, and protein components have
been shown to be more pronounced (Chrastil, 1990). Moisture content has secondary
cause on changes of rice properties for example physical and thermal properties
(Bhattacharya, 2011b; Cao et al., 2004). According to Cao et al. (2004), who studied
the effect of moisture on mechanical and thermal properties of brown rice, the glass
transition temperature, melting temperature, maximum compressive, and tensile
strengths of rice kernels increased with decreasing moisture content. In addition,
Gujral and Kumar (2003) reported that accelerated aging of paddy at higher level of
moisture resulted in increasing elongation, width expansion, water uptake, cooking
time, hardness, cohesiveness and springiness but a decrease in solid loss and
adhesiveness. Packaging is a significant element for rice preservation which offers
protection of rice from encompassing environment (Li et al., 2017). According to the
studied of Norkaew et al. (2017), packaging unpolished black rice (Luem Pua and

Kao Hom Nin) in nylon/LLDPE pouches flushed with nitrogen gas could preserve the
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aroma compound (2-acetyl-1pyrroline), total phenolic and anthocyanin contents and
reduce creation of off-flavor compounds. Besides, Li et al. (2017) found that
antimicrobial nano-silver packaging prevents the changes in pasting properties and
textural properties, hence shelf life extension of rice.

Starch granules Cell Wall o Protein body

e Free lipids
o Bonded lipids
Esterified SR Amylose heli
Phenclic acids
Ageing process @
Structure changes Functional property changes
OH Release of
phenolic Moisture absorption
Carbonyl compounds ,__ acids decreased Pasting [ thermal
formed ) Starch granule hydration behaviour altered
Hydrolysis and swelling reduced
Oxidation
of free lipids

Resistance to hydrothermal _Leaching of starch
Protein disulfide bonds formed and disruption increased components decreased

solvent extractability reduced

Hardness increased Correspond to
Adhesiveness gaduud i J cooking properties

Cakhast

Figure 2.2 Changes as a function of aging process during rice storage (Zhou et al.,
2015)

Zhou et al. (2007) studied aging of three rice varieties; Koshihikari, Kyeema
and Doongara, that were stored at 4 and 37 °C and for 16 months. They reported that
water uptake, hardness and cohesiveness of the rice increased while solid loss and
adhesiveness decreased to a greater extent when stored at 37 °C. At 15 °C, aging effect
was most significant during the first three to four months of storage (Perez and
Juliano, 1981). Park et al. (2012) followed changes in Japonica rice stored at 4, 20,
30, and 40 °C for 4 months. The result from their study was consistent with other
researches in that aged rice had reduced breakdown and adhesiveness and increased
hardness, cohesiveness, and setback. They also found that the 40 °C/1 month aged rice
had a similar texture with the 4 °C/4 month aged rice. Zhou et al. (2003) investigated
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the influence of storage temperature on pasting qualities of milled rice grains that
were stored at 4 and 37 °C for 16 months. The researchers measured pasting
properties by Rapid Visco Analyzer and found that storage at higher temperatures
decreased peak viscosity and break down to a greater extent. Zhou et al. (2003)
probed the effect of temperature on thermal properties of milled rice grains stored for
16 months at 4 and 37 °C. They measured thermal properties by Differential Scanning
Calorimetry (DSC) and found that storage at higher temperatures increased
gelatinization enthalpy, onset temperature, peak temperature and conclusion
temperature to a larger extent when compared to lower temperature storage. In
addition, Soponronnarit et al. (2008) studied natural aging at room temperature in
paddy rice for 6 months. The researchers found that head rice yield rapidly rised and
reached the highest level after storage at 3 months and slowly decreased after that.
Moreover, Jaisut et al. (2009) investigated the characteristics of natural aging of
paddy rice that was stored at room temperature for 7 months. They found that water
uptake, volume expansion, hardness, pasting temperature, final viscosity and setback

increased with storage time while solid loss and peak viscosity decreased.

2.5 Near Infrared Spectroscopy

Near infrared (NIR) spectroscopy is a powerful technique that has several
advantages such as rapid, non-destructive, environmentally safe, minimal sample
preparation, low cost and can be used to investigate several parameters with one scan
(Bao et al., 2007; Batten, 1998; Osborne, 2006; Posom and Sirisomboon, 2014;
Sirisomboon et al., 2013; Wu and Shi, 2004; Zhang et al., 2011). NIR spectroscopy
has been used in both quantitative and qualitative analysis of foods and food products
in recent year (Cen and He, 2007; Haughey et al., 2013; Osborne et al., 1993a).
Fourier-transform near infrared (FT-NIR) spectrometer is one type of NIR devices
used to obtain spectral data. FT-NIR has many advantages compared to conventional
grating NIR spectroscopy, such as more signal-to-noise ratios, greatly high
resolutions, rapid and precise frequency determinations (Armstrong et al., 2006;
Skoog et al., 1998).
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2.5.1 Principle of Near Infrared Measurement

NIR is a spectroscopic method which utilizes small region of spectral
range from 780 to 2500 nm (12,500-4,000 cm™) (Figure 2.3) (Cen and He, 2007; Jha,
2010; McClure, 2007; Workman and Weyer, 2008). The NIR radiation reacts to C-H,
O-H and N-H chemical bonds while these bonds relate to food compositions, i.e.
water, protein, fat and carbohydrate (Cen and He, 2007; McClure, 2007).
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Figure 2.3 Spectral range of NIR region (Osborne, 2000)

Chemical linkages between atoms of molecules respond to the energy
of the radiation in many ways and can be manifest by the resulting spectrum (a plot of
energy versus wavelength) (Osborne, 2000). Figure 2.4 shows 6 vibrational modes,

encompassing stretching and bending, in basic tri-atomic molecule (Jha, 2010).

NIR spectrometer composes of light source, wavelength selector,
sample chamber, detector and computer (Figure 2.5) (Cen and He, 2007; Jha, 2010).
In NIR determination, light comes from a source and interacts with the sample before
it travels straight to a detector that responds to NIR light. Electrical data is then
generated from the signal and later read by a computer (Ritthiruangdej, 2006). The
light from a sample can be by either transmittance or reflectance (Figure 2.6). The

transmittance procedure is appropriate for determination of internal data of sample
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with large volume while the data from reflectance spectra is limited to the subsurface

layer of samples (Tsuchikawa and McClure, 2007).
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Figure 2.4 Six vibrational modes of tri-atomic molecule (Jha, 2010)
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Figure 2.5 Principle of NIR instrument (Jha, 2010)
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Transmission Reflection

Transtlection

Figure 2.6 Type of NIR measuring modes (Tsuchikawa, 2007)
2.5.2 NIR calibration basic

It is very significant to generate a trustworthy and stable calibration
model for quantitative or qualitative analysis in food investigation which concerns the
prediction of separation and property for unknown samples (Cen and He, 2007). The
calibration process is a multistep procedure which composes of collecting the
samples, subjecting the samples to investigation by the reference method and by NIR
instrument, developing calibration model and validation of the model (Figure 2.7)
(Mark, 2001; Osborne et al., 1993a).
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Collect samples

v \’

Calibration set Validation set
\ 4 /
Measure NIR spectra Measure NIR spectra
\4 v
Measure in reference analysis Measure in reference analysis

v N4

Create calibration model Validation testing for

the calibration model
v v

Calibration model Validation differences

Figure 2.7 NIR calibration and validation process (Mark, 2001; Ritthiruangdej, 2006;
Workman, 2001)

2.5.3 Spectral data pre-processing

The NIR spectra obtained from NIR spectrometer quite often contain
background and noises. Therefore, it is very essential to pretreat spectral data before
modeling. The pre-processing methods include smoothing, derivatization and standard
normal variate (SNV). Smoothing can be done by moving average smoothing or
Savitzky-Golay smoothing. These are the methods frequently used to get rid of noises.
First- or second derivatization are used to delete background and enhance spectral
resolution. SNV removes the multiplicative hindrance of scatter, particle size and the
alteration of light length (Cen and He, 2007; Ozaki et al., 2007).

2.5.4 Multivariate data analysis

The multivariate data analysis often used in quantitative NIR analysis
are principal component analysis (PCA) and partial least square (PLS) regression
(Naes et al., 2002; Ritthiruangdej, 2006). PCA can be used to decrease the

dimensionality of the information. The association of NIR spectra and PCA can be
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used to classify the samples (Cen and He, 2007). PLS regression is the greatest
popular multivariate technique and has been broadly applied in NIR analysis. PLS
regression is a full-spectral calibration technique and based on compositions of the
independent data and dependent data (Chalmers and Griffiths, 2002; Ritthiruangdej,
2006).

2.5.5 Application of NIR spectroscopy in foods

NIR spectroscopy can be used in both quantitative and qualitative
analyses of foods and food products for instance measurement of soluble solids
content and pH of yogurt (Shao and He, 2009), determination of total amino acids in
oilseed rape leaves (Liu et al., 2011), determination of protein content in Brassica
oleracea species (Szigedi et al., 2012), detection of spoilage of intact chicken breast
muscle (Alexandrakis et al., 2012), determination of calcium content in powdered
milk (Wu et al., 2012), on-line screening of different dates varieties (Tavakolian et
al., 2013) and quantification of mildew damage in soft red winter wheat (Shahin et
al., 2014).

In rice grain, flour and starch, NIR has been widely used to determine
rice quality such as grain weight (Wu and Shi, 2004), gel consistency and alkali
spread value of brown rice and milled rice (Wu and Shi, 2007), swelling properties
and water solubility in whole grain barley (Cozzolino et al., 2013), determination of
native maize, native wheat starches, high amylose maize starch, phosphorylated wheat
starch, and their mixture (Hodsagi et al., 2012), amylose content (Bagchi et al., 2016;
Delwiche et al., 1996; Himmelsbach et al., 2001; Villareal et al., 1994; Wu and Shi,
2004, 2007; Xie et al., 2014), protein content (Bagchi et al., 2016; Delwiche et al.,
1996; Himmelsbach et al., 2001; Shao et al., 2011; Xie et al., 2014), amino acid in
brown rice (Zhang et al., 2011) and identification between Basmati and other long

grain rice samples (Osborne et al., 1993b).

Delwiche et al. (1996) determined whole grain milled rice quality
(amylose content in the range of 14-25%) from 196 U.S. rice samples by NIR
spectroscopy in the 400-2498 nm region. They found that PLS was the most suitable
technique for developing the best model. From their work, the relationship between
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pasting properties versus NIR spectra of breakdown and setback had the R? of 0.719
and 0.737, respectively.

Bao et al. (2007) determined the thermal and retrogradation properties
of rice grain and milled flour using NIR in the 1100-2498 nm region. They found that
both grain and flour spectra gave the same precision in investigating the peak
temperature and conclusion temperature of gelatinization. Nevertheless, the
correlation between flour spectra and onset temperature (R? = 0.80) was better than
the correlation between grain spectra and onset temperature (R? = 0.73).

Chen and Huang (2010) described a procedure to predict the grade of
milled rice using surface lipid content, which was investigated using NIR. Sixty-six
rice cultivars with different milling degrees were scan by NIR in the range of 11,000-
4,000 cm™. The calibration model was developed based on the PLS regression. The
best model gave the root mean square error of the prediction (RMSEP) of 0.0248%

and determination coefficient of 0.9905.

Sirisomboon et al. (2013) reported the use of NIR in detection of
aflatoxigenic fungal contaminated jasmine rice, white rice and brown rice samples.
One hundred and six (106) rice samples were scanned in the wavelength range
between 950 and 1650 nm in reflectance mode. The calibration model was developed
from the original and pre-processing spectra based on PLS regression. The original
spectra gave the best model with the greatest accuracy in prediction (r = 0.668, SEP =
28.874% and bias = -0.101%).



3.1 Materials

CHAPTER 11
MATERIALS AND METHODS

Paddy of rice from six varieties; three low amylose and three high amylose

varieties, which were harvested in the 2012 crop year was used in this study. Table 3.1

shows the name and cultivation area for each rice variety.

Table 3.1 Rice varieties and cultivation area

Type

Variety

Cultivation area

Contributor

Low amylose
(10.5-11.2%)

Khao Dawk Mali 105
(KDML105) or Jasmine rice

Prachinburi Province

Rice Department 45 (RD45)

Prachinburi Province

Agricultural Co-op

Prachantakam

Pathumthani 1 (PTT1)

Pathumthani Province

High amylose
(26.3-27.9%)

Rice Department 47 (RD47)

Pathumthani Province

Phitsanulok 2 (PSL2)

Pathumthani Province

Pathumthani Rice

Research Center

Chai Nat 1 (CNTI)

Ratchaburi Province

Ratchaburi Rice

Research Center

3.2 Methods

3.2.1 Sample preparation

Rice paddy (10.2-13.1% moisture content) was packed in 1.5 kg plastic

woven sacks. The packages were divided into two sets. The first set was stored at a

controlled temperature of 8#2 °C and 80% relative humidity (RH) for 18 months

while the second set was stored at 30+2 °C and 70% RH for 9 months. The rice

qualities were determined at an interval of 2 months for the sample stored at 8+2 °C

and 1 month for that stored at 30+2 °C. The experiment was conducted in two

replications. Each replication was a sample from 1 plastic woven sack.
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3.2.2 Determination of fresh rice paddy qualities
3.2.2.1 Determination of moisture content of paddy

The moisture content (MC) of rice paddy was determined using
a grains moisture meter (GMK-303, G-WON Hitech CO., Ltd., Seoul, Korea). Three

measurements were carried out per replication.

3.2.2.2 Determination of milling quality (head rice yield)

Head rice yield (HRY) was determined following the method
of Thai Agricultural Standard (TAS) 4004-2012 (National Bureau of Agricultural
Commodity and Food Standards, 2012). One hundred and twenty-five grams (125 @)
of paddy were dehusked twice by a three-roller dehusking machine (Sinthavee garage,
Lopburi, Thailand) to obtain brown rice which was then polished by a polishing
machine (Sinthavee garage, Lopburi, Thailand) for 20 seconds to obtain milled rice. A
roller sizing equipment (Sinthavee garage, Lopburi, Thailand) was used to separate
broken rice kernels from head rice kernels. Head rice yield percentage was calculated
from equation (1). Two measurements were carried out per replication.

Weight of head rice

Head rice yield (%) = Weight of paddy x 100 (1)

3.2.2.3 Determination of physicochemical properties of milled rice

The color of milled rice was measured using a Chroma meter
(model CR400 series, Konica Minolta, Tokyo, Japan). The whiteness index (WI) was
calculated from L, a and b using equation (2). Three measurements were carried out

per replication.
Whiteness index = 100-[(100-L)? + a>+ b?] " @)
The average breadth and the length of 100 whole rice kernels

were determined by a micrometer following the method modified from Singh et al.

(2005). Two measurements were carried out per replication.

The weight and volume per 1000 grains of whole rice kernels

was determined following the method modified from Singh et al. (2005). One



21

thousands whole rice kernels were added into a graduated cylinder. The bulk density
was calculated from the weight and the volume following the method modified from

Singh et al. (2005). Three measurements were carried out per replication.

Proximate composition of milled rice, including moisture
content, protein, fat, fiber, ash and carbohydrate was determined following the
method in AOAC (2012). The method is elaborated in Appendix A.1-A.6. Milled rice
was ground and sieved through a 100-mesh sifter prior to the analyses. The
measurements were carried out by Thailand Institute of Scientific and Technological

Research. Three measurements were carried out per replication.

Amylose content of milled rice was determined using the
amperometric titration with potassium iodate solution method following the method
of Takeda et al. (1987) and Gibson et al. (1997) with modification (Appendix A.7).
The measurements were determined by Cassava and Starch Technology Research
Unit, Kasetsart Agricultural and Agro-Industrial Product Improvement Institute

(KAPI). Three measurements were carried out per replication.

3.2.2.4 Determination of cooking quality

One gram (1 g) of milled rice kernels was boiled in 10 mL of
distilled water at 99+1 °C in a glass test tube. The sample was retrieved at an interval
of 1 minute and pressed between two microscope glass slides. The time required to
fully cook rice kernels; the point when chalky center disappeared, was recorded as the
minimum cooking time (modified method of Gujral and Kumar (2003). This
minimum cooking time was further used for preparation of cooked rice for subsequent

analyses.

For the determination of solid loss and water uptake, the sample
held at the minimum cooking time was decanted. The liquid was transferred into a
pre-weighed aluminum pan and dried at 105 °C for 24 hours in a hot air oven. The
drained cooked rice was weighed to the third digit. Solid loss and water uptake was
calculated from equation (3) and (4), respectively (Soponronnarit et al., 2008). Two

measurements were carried out per replication.
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Weight increase of aluminum pan

Solid loss (%) =

x 100 3)

Initial weight of rice sample

Wc' Wuc
Initial weight of rice sample - solid loss (%)/100

Water uptake (%) = x 100 4)

where, Wy and W¢ are the weight of uncooked and cooked rice kernels, respectively.

The elongation ratio; defined as the length of cooked rice
kernels divided by length of uncooked rice kernels (Soponronnarit et al., 2008), of 10
cooked rice grains was measured and the average value was reported as elongation of

rice from one measurement. Two measurements were carried out per replication.

The cooked length-breadth ratio; defined as the length of
cooked rice kernels divided by breadth of cooked rice kernels (Singh et al., 2005), of
10 cooked rice grains was measured and the average value was reported as cooked
length-breadth ratio of rice from one measurement. Two measurements were carried

out per replication.

The volume expansion ratio was the volume of cooked rice
kernels divided by volume of uncooked rice kernels (Soponronnarit et al., 2008). Two

measurements were carried out per replication.

3.2.2.5 Determination of textural properties

For texture analysis, cooked rice was prepared by steaming for
the minimum cooking time. After cooking, the rice was held in an aluminum bowl to
cool down for 30 minutes. Textural properties were determined by texture profile
analysis (TPA) using the Texture Analyzer (TA.XTplus Texture Analyzer, Stable
Micro Systems, Ltd., UK). One (1) g of cooked rice were weighed and arranged in a
single-grain layer on the platform of the Texture Analyzer. The sample was
compressed using P100 probe at a speed of 1mm/second (Champagne et al., 1998).
Ten analyses were carried out for one measurement and two measurements were

carried out for one replication.
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3.2.2.6 Determination of pasting properties of rice flour

Milled rice was ground and sieved through a 100-mesh sifter.
Pasting properties of rice flour were determined by a Rapid Visco Analyzer (RVA;
Model 4D, Newport Scientific, Australia). Three (3) g of rice flour (12% moisture) in
25 mL of distilled water was subjected to pasting test using RVA standard profile 1
(Appendix B.1). Pasting temperature, peak viscosity, trough viscosity, final viscosity,
breakdown and setback were reported. Two measurements were carried out for one

replication.

3.2.2.7 Determination of thermal properties of rice flour

Thermal properties of the flour from milled rice samples were
determined using Differential Scanning Calorimeter (DSC) (Model Diamond, Perkin-
Elmer, Norwalk, CT, USA). Rice flour (3.5 mg) was weighed into a large volume
stainless steel pan (Perkin-Elmer kit no. 03190218) and distilled water was added to
give a flour-to-water ratio of 1:3 (w/w). Sample pans were hermetically sealed and
equilibrated overnight at ambient temperature. The sealed pan and an empty reference
pan were heated from 30 to 135 °C at a heating rate of 10 °C/minute. The onset
temperature (T,), peak temperature (Tp), conclusion temperature (T¢), the range of
gelatinization temperature (ATy), enthalpy of gelatinization (AHg), enthalpy of
amylose/lipid complex (AHamylosestipid complex) Were recorded via PyrisT'\’I software

version 11 (Perkin-Elmer). One measurement was carried out for one replication.

3.2.2.8 Electrophoresis of rice protein

Molecular weight distribution of rice protein extracted from
rice flour was determined using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) using OmniPAGE electrophoresis (CVS10DSYS,
Cleaver Scientific Ltd., UK). SDS-PAGE was run according to the method modified
from Laemmli (1970) and lida et al. (1993). Rice flour (40 mg) was weighed into an
eppendorf and 700 pL SDS-urea solution (8M urea, 4% Sodium dodecyl sulfate
(SDS), 20% glycerol and 50 mM Tris-base, pH 6.8) was added. The samples were
mixed using a vortex for 1 minute and left to stand overnight at room temperature.

After that, the samples were centrifuged at 7000xg for 5 minutes to obtain rice protein
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extract solution. Sample solution (200 pL) and 200 pL buffer (8M urea, 4% SDS,
20% glycerol, 1% bromophenol blue and 50 mM Tris-base, pH 6.8) were added into
an eppendorf and mixed by a vortex. Sample (5uL) was loaded onto SDS-PAGE (4%
stacking gel and 10% separating gel, see appendix A.8) with Perfect Protein™
markers, 10-225 kDa (Novagen®, Merck Millipore, USA) as the SDS-PAGE
standard marker. After electrophoresis at 300 V and electric current 20 mA/gel, the
gel was stained by staining solution (1 g of Coomassie brilliant blue R-250, 100 mL
of glacial acetic acid, 500 mL of 95% ethanol and 400 mL of distilled water) for 1
hour and de-stained twice (30 minutes/time) in de-staining solution (100 mL of glacial
acetic acid, 250 mL of 95% ethanol and 650 mL of distilled water). Molecular weight
distribution of rice protein was analyzed using Gel documentation systems
(InGeniusL, Syngene, UK) including GeneSnap software for taking gel photographs
and GeneTools for protein molecular weight analysis. Finally, raw volume (%) of
protein molecular weight distribution was calculated from equation (5). Two
measurements were carried out per replication.
Raw volume of specific band

[ =
Raw volume (%) Sum of raw volume in similar lane * 100 ©)

3.2.2.9 FT-NIR analysis

The milled rice samples were analyzed using FT-NIR
spectrometer (FT-NIR Antaris Il, Thermo Scientific, USA) in the diffuse-reflectance
mode. All diffuse-reflectance spectra were collected in the wavenumber range of
10000 to 4000 cm™ (resolution: 8 cm™, number of sample scan: 32 scans). Twenty-
five (25) g sample was filled in a quartz sample holder and scanned at 25 °C. Ten (10)
spectra were collected on each sample. The spectra were then averaged to produce a

single spectrum for each sample.

3.2.3 Determination of stored rice qualities

The qualities of stored rice paddy, milled rice and rice flour were
determined following the detailed method in 3.2.2. It is noted that breadth and length

of grain, weight and volume per 1000 grains, bulk density, proximate analysis and
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amylose content were not determined on the assumption that the values were

unchanged during storage.

3.2.4 Chemometric analysis of FT-NIR data
3.2.4.1 Principal Component Analysis

Principal Component Analysis (PCA) of 36 chemical and
physical properties data from fresh and aged rice samples was carried out using the

Unscrambler-® X version 10.3 software package (CAMO, Norway).

3.2.4.2 Predictive model construction

The measurement data and spectra were separated into 2 groups
for calibration (n=153) and validation (n=75). The ratio of calibration samples to
validation samples was 2:1 which the minimum and maximum values were
calibration samples. It means that the range of values for the validation set fell within
the calibration set range for all parameters. Spectra were pre-treated with smoothing,
first derivative, second derivative using the Savitzky-Golay method and standard
normal variate (SNV). Partial least square regression (PLS)was used to develop
chemometric models using the Unscrambler-® X version 10.3 software package
(CAMO, Norway) with full-spectrum analysis methods. Model performance was
reported as the coefficient of determination (R? and Root Mean Square Error of
Calibration (RMSEC) with each term calculated on the calibration set, Root Mean
Square Error of Prediction (RMSEP), and bias (the average difference between
modeled and reference values). The optimal model with lower RMSEC and higher R?

was used to predict the sample properties in the validation set.

3.2.5 Aging kinetics modeling

The experimental data at each storage temperature were fitted using the
first order fractional conversion model (equation 6) that was elaborated in Rizvi and
Tong (1997). The model was reported by the researchers to have been used in
modeling starch gelatinization that always follows first order kinetics (Lund, 1986), in
which the reaction rate depends upon reactant concentration. In the first order

fractional conversion model, the measured parameter at any time is a function of its
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level at the beginning and the end multiplied by the exponential function of the

reaction rate constant and the storage time.
At = Aoo + (AO - Aoo) ’ e_kt (6)

where, t is storage time (week), Ao and A, is the measured parameter at the beginning
of storage and that at equilibrium, respectively, and k is the reaction rate constant
(week™). Rizvi and Tong (1997) noted that, to apply a first order fractional conversion
kinetics model, the observation time should have been long enough so that the chosen
property was no longer change with time. However, in many observed parameters
recorded in present study, the changes during aging appeared linearly increasing or
decreasing. A zero™ order reaction model (equation 7; Figure 3.1), where the progress
of the reaction does not depend on the reactant concentration, could probably then be
suitably applied.

A= Ay + kt (7)
Co @) | In Cy (b)
' -k O
@] £
Time (f) Time (1)

Figure 3.1 Pattern of (a) zero™ order kinetic model and (b) the first-order fractional

conversion kinetic model (Ahmed et al., 2012)

Therefore, all observed parameters were then fitted using both zero™ and first
order fractional conversion kinetic models, and the regression coefficient of the fitted

models was compared.
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3.2.6 Statistical analysis

The experiments were carried out in two replications and the average
value was reported. The data were analyzed by analysis of variance (ANOVA) with
significance at p < 0.05. Duncan's multiple range tests (DMRT) were carried out for
mean comparison. All statistical analyzes were performed using SPSS software
(version 17, SPSS Inc., Chicago, USA).



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Properties of freshly harvested rice

Properties of six freshly harvested rice varieties in terms of physical properties
of paddy rice, cooking quality, texture of cooked rice, and pasting properties of rice
flour are shown in table 4.1. It was found that whiteness index (44.42-46.22), breadth
of grain (1.98-2.22 mm), elongation ratio (1.38-1.52), cooked length-breadth ratio
(3.19-3.69), bulk density (0.73-0.78), springiness (0.32-0.35), cohesiveness (0.38-
0.41), enthalpy of gelatinization (7.48-11.55 J/g), fat (0.71-2.10% db), fiber (0.84-
1.07% db), ash (0.39-0.91% db) and carbohydrate content (86.53-89.57% db) of low
and high amylose rice varieties varied in a narrow range. High amylose rice showed
higher head rice yield, length of grain, weight and volume/1000 grains, solid loss,
pasting temperature, setback, hardness, gumminess, chewiness, enthalpy of
amylose/lipid complex, protein content, and amylose content but lower water uptake
(except CNT1), peak viscosity, breakdown, adhesiveness, onset temperature (except
CNT1), peak temperature (except CNT1), conclusion temperature (except CNT1),
gelatinization temperature range, than low amylose rice. In addition, no obvious
relationship could be found between rice varieties with different amylose content and
minimum cooking time, volume expansion ratio, final viscosity and trough viscosity.
For example, CNT1, which is high amylose rice, yielded the longest minimum
cooking time followed by RD45, which is low amylose rice. All other four varieties
showed comparable minimum cooking time. Despite its high amylose content, CNT1
gave the highest volume expansion ratio, final viscosity and trough viscosity followed
by low amylose rice varieties and the rest of high amylose rice varieties. This might
be due to significantly high protein and relatively low fat content along with
amylopectin fine structure and/or the interaction of these components thereof that

needs further investigation.
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4.2 Properties of aged rice under controlled temperature environment

Figure 4.1 shows the atmospheric temperature and relative humidity (RH)
during storage of paddy rice at 8 °C and 30 °C. The RH of the storage environment
was uncontrolled and, thus, reached the equilibrium RH according the psychrometric
property of air. Chilling or refrigeration naturally gives rise to an increase in RH at a
constant humidity ratio. Therefore, paddy rice stored at different temperatures
experienced different environmental RH and hence equilibrated at different moisture
contents. Figure 4.2 shows moisture content of paddy rice stored at 8 °C (10.2-14.6%
range, 13.3% average) and 30 °C (10.2-13.9% range, 12.3% average). According to

Soponronnarit et al. (2008), paddy rice can be well preserved when its moisture

content does not exceed 16%.
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Figure 4.1 (a) Atmospheric temperature and (b) relative humidity during storage
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Figure 4.2 Moisture content (%) of paddy during storage at (a) 8 °C and (b) 30 °C
4.2.1 Changes in head rice yield during storage

Head rice yield (HRY) increased during storage as shown in Figure
4.3. In comparison, high amylose rice varieties had higher head rice yield throughout
storage period. CNT1 had the highest HRY (45.91-54.21%) and PSL2 had the lowest
HRY (23.70-36.24%) among three high amylose rice varieties. For low amylose rice,
KDML105 had the highest HRY (34.70-39.08%) while PTT1 had the lowest HRY
(16.61-21.87%). High amylose content results in high packing density of the starch,
hence high density kernel (Juliano, 1972). This resulted in strengthened kernels that
withstand wreckage during milling. Higher storage temperature had a greater effect on
increasing HRY'. This result was consistent with that reported by Soponronnarit et al.
(2008) who determined head rice yield of KDML105 rice that was stored at ambient
temperature for six months. The researchers found that head rice yield of rice

increased within the first 3 months and decreased after that.
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Figure 4.3 Head rice yield (%) of milled rice during storage at (a) 8 °C and (b) 30 °C
4.2.2 Changes in whiteness index during storage

Whiteness index of samples decreased during aging for both storage
temperatures (Figure 4.4). High and low amylose rice varieties had comparable
whiteness index (WI)which changed from 46.2 to 43.5and 46.2 to 41.6 during
storage at 8 and 30 °C, respectively. The reduction in WI was due to lipid oxidation
(Kim and Cho, 1993; Park et al., 2012). Decreasing whiteness index during storage
has also been reported to arise from Maillard reaction (Kim et al., 2004; Park et al.,
2012). The result from this study agreed with the study of Smanalieva et al. (2015)
and Soponronnarit et al. (2008) who found that the whiteness of rice decreased with
storage time. Moreover, storage at 30 °C caused the WI to decrease more rapidly in
all rice varieties. This result is consistent with that reported by Park et al. (2012) who
found that higher storage temperatures yielded rice with lower whiteness value
compared to lower temperatures.
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Figure 4.4 Whiteness index of milled rice during storage at (a) 8 °C and (b) 30 °C

4.2.3 Changes in cooking qualities during storage

During storage, minimum cooking time (MCT) of KDML105, RDA45,
RD47, CNT1 and PSL2 increased while that of PTT1 was almost unchanged for both
storage temperatures (Figure 4.5). In comparative relation, high amylose rice varieties
had higher MCT throughout storage time. CNT1 had the highest MCT (24-26
minutes) while RD47 and PSL2 had the same MCT (18-20 minutes). For low amylose
rice, RD45 had the highest MCT (21-22 minutes) whereas KDML105 had the lowest
MCT (17-18 minutes). Higher storage temperature had more pronounced effect on
cooking time at the same storage period because aging proceeded faster at higher
temperatures. As a result, cooking was slowed down and the best cooking time was

extended (Sirisoontaralak and Noomhorm, 2007).

Consistently, solid loss of all samples decreased (Figure 4.6) and water
uptake increased (Figure 4.7) during storage at both storage temperatures. High and
low amylose rice varieties had comparable solid loss (SL) which changed from 4.54
to 3.11% and 4.54 to 2.60% during storage at 8 °C and 30 °C, respectively. For water
uptake, both high and low amylose rice varieties had comparable water uptake (WU)
which change from 204.4 to 310.7% and 204.4 to 303.9% during storage at 8 °C and
30 °C, respectively. In addition, storage at 30 °C caused the SL to decrease and WU
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to increase more rapidly in all rice varieties. The result is consistent with the study of
Soponronnarit et al. (2008) who reported that solid loss decreased whereas water
uptake increased after storage. This could be due to the complex formation between
amylose and free fatty acids that caused lower amount of water-soluble starch, hence
reduced leaching of rice components from the granules. The result also agreed well
with the study of Zhou et al. (2007) who reported that three rice cultivars
(Koshihikari, Kyeema and Doongara) stored at 37 °C in air-tight glass bottles for 16

months had lower solid loss compared to that stored at 4 °C.

It was noted that the volume expansion ratio (VER) of the rice
increased after storage (Figure 4.8). High amylose rice varieties had higher VER
throughout storage time. CNT1 had the highest VER (2.84-3.59) while PSL2 had the
lowest VER (2.42-2.83) among three high amylose rice varieties. For low amylose
rice, KDML105 had the highest VER (2.66-2.95). Higher storage temperature had
more pronounced effect on VER because aging proceeded faster at higher
temperatures. The VER of the rice increased after storage due to a decrease in grain
adhesion that, in turn, allows cooked rice to expand more freely (Bhattacharya,
2011a). The increase in grain strength due to amylose-lipid complex formation in
aged rice and protein oxidation bring about more resistance of the rice grain to
breakdown during cooking (Soponronnarit et al., 2008). According to the stated
reason, elongation ratio (Figure 4.9) and cooked length-breadth ratio (Figure 4.10)
increased with storage time for both storage temperatures. Kaminski et al. (2013) also
found that the elongation ratio of BR-IRGA 410 rice variety increased after storage at
different temperature (0.5, 20 and 35 °C) for 180 days.

It is noted that CNT1 showed distinctive MCT, WU, and VER than the
rice varieties in its own amylose class. As mentioned previously, this might be due to
distinctive high protein that allows strengthening of the starch granules as well as
reducing the adhesion between granules, hence higher level of MCT, WU, and VER.
Its low fat content nature and amylopectin fine structure could also be held
responsible for the notable properties of CNT1, hence further investigation is

necessary.
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4.2.4 Changes in textural properties of cooked rice during storage
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Changes in the textural properties of rice after aging at 8 °C and 30 °C

were investigated. Hardness (Figure 4.11), cohesiveness (Figure 4.12), springiness

(Figure 4.14), gumminess (Figure 4.15) and chewiness (Figure 4.16) of cooked rice

increased, whereas adhesiveness (Figure 4.13) decreased clearly during storage at 30
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°C. The changes observed at 8 °C were marginal. Among all textural properties of
cooked rice, only adhesiveness clearly differed between low and high amylose rice
varieties. Rice varieties with different amylose contents also showed differences in
hardness, gumminess, and chewiness, except for CNT1 that always showed a value
closer to that of low amylose rice varieties despite the fact that it contained amylose in
the range of high amylose category. Low amylose rice varieties had marginal lower
hardness, cohesiveness (except KDML105), springiness, gumminess, chewiness and
higher adhesiveness than high amylose rice varieties. The increase in hardness and the
decrease in adhesiveness of cooked rice during aging might be caused by the
reduction in hydration ability of starch granules. This could be due to the formation of
amylose-lipid complexes and the binding between rice protein in aged rice grains
(Sodhi et al., 2003; Tulyathan and Leeharatanaluk, 2007; Zhou et al., 2007). From the
results in Figures 4.11 to 4.16, it is also evidenced that higher storage temperature
caused a faster increase or decrease of the observed variables. The pronouncing effect
of temperature on aging of rice was previously reported by Zhou et al. (2007) who
investigated texture of cooked rice from milled rice grain stored at 4 and 37 °C for 16
months. They found that higher storage temperature caused the hardness of cooked
rice to increase and the adhesiveness to decrease more rapidly than lower storage
temperature. In a more recent research, Park et al. (2012) reported that hardness of
cooked rice increased while adhesiveness decreased with aging. Greater changes were
found at higher storage temperatures. The increase of cooked rice cohesiveness after
aging at higher storage temperature might be because starch granule has higher
resistance to hydrothermal breakdown, hence an increase in insoluble contents, during
cooking process which results in an ability to retain it form after compression (Gujral
and Kumar, 2003; Park et al., 2012).
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4.2.5 Changes in pasting properties of rice flour during storage

Changes in pasting properties of rice flour at 8 °C storage were barely
explicable (Figures a of 4.17-4.22). During aging at 30 °C, pasting temperature (PT)
increased (Figure 4.17b) while peak viscosity (PV) (Figure 4.18b) and breakdown
(BD) (Figure 4.20b) of all rice varieties decreased. In term of setback (SB) and final
viscosity (FV), high and low amylose rice varieties showed distinctive changes; that is
high amylose rice showed a decrease in SB and FV while low amylose rice showed
the opposite behavior during aging. Trough viscosity (TV) of all rice varieties stored
at 30 °C showed an increase values during the first 4 months of storage and decreased

thereafter.

In comparison, high amylose rice varieties had higher PT throughout
storage period. PSL2 had the highest PT (83.63-88.34 °C) and CNT1 had the lowest
PT (79.12-86.90 °C) among three high amylose rice varieties. For low amylose rice,
PTT1 had the highest PT (75.46-83.04 °C) and KDML105 had the lowest PT (74.20-
78.96 °C). An increase in PT of aged rice was due to retardation to water absorption
and reduced granule swelling of starch granules (Likitwattanasade and Hongsprabhas,
2010). This result agreed with the study of Tananuwong and Malila (2011) who
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determined pasting properties of the rice flours from organic red fragrant rice which
were stored at ambient temperature and 15 °C for 12 months. The researchers found
that PT of the samples increased after storage at ambient temperature for six months
while the changes in pasting properties of aged rice were retarded when stored at
lower storage temperature. The result of our study was in accord with that reported by
Paraginski et al. (2014) who found that PT of maize flour increased after 12 months
of storage times at 5, 15, 25 and 35 °C. The researcher suggested that an increase in
PT indicates the restriction of starch granule to swell and lower water uptake during
hydration, heating and shearing process. Moreover, increasing disulfide linkages in

protein that binds to starch granules may slow down the swelling of starch granule.

PV and BD of samples decreased during storage for both storage
temperatures. Both high and low amylose rice varieties had comparable PV, which
changed from 3.79 to 1.24 Pa.s and 3.79 to 0.98 Pa.s, and BD, which changed from
2.12 t0 0.28 Pa.s and 2.12 to 0.09 Pa.s, during storage at 8 °C and 30 °C, respectively.
The decrease in peak viscosity was due to the occurrence of disulphide bonds in
protein molecules that caused large and strong protein networks and might retard
water absorption of starch granules. Decreasing breakdown shows that the capacity of
the granules to break after heating decreased significantly after storage (Katekhong
and Charoenrein, 2014; Noomhorm et al., 1997; Tulyathan and Leeharatanaluk, 2007;
Zhou et al., 2003). The result from this study was consistent with the previous
research of Tulyathan and Leeharatanaluk (2007) who determined pasting properties
of Khao Dawk Mali 105 rice during storage at ambient temperature for 8 months. The
authors found that peak viscosity and breakdown of rice flour decreased with longer
storage period. Furthermore, the result also agreed with the study of Park et al. (2012)
who found that breakdown of samples decreased with storage time after storage at 4,
20, 30 and 40 °C.

For storage at 30 °C, low amylose rice showed an increase in SB, TV
and FV, while high amylose rice showed the opposite behavior. The increase in these
properties of low amylose rice was related to the more rapid and greater reduction of

BD compared to that of high amylose rice (Figure 4.20). This could be mainly
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attributed to the restricted leaching and swelling of amylopectin, which is the major
component of low amylose rice starch, caused by reduced protein solubility and
strengthened starch granules as mentioned earlier. On the other hand, high amylose
rice's SB decreased which could be related to the interaction between protein and
starch and increasing molecular weight of rice protein as previously stated. Those
large and strong protein networks might retard water absorption, limit swelling of
starch granules and lower amylose leaching (Likitwattanasade and Hongsprabhas,
2010) thus decrease paste SB.
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(a)

Setback (Pa.s)

1 1 1 1 1 1 1 1

==e=eep———= KDMLI105
-0~ PTTI
ety RD4S
——%—— RD47
———— CNT1

—%— PSL2

0 2 4 6 8 1012 14 16 18 20

Storage period (months)

Setback (Pa.s)

3.0

0.0

18 20

(b)

=e@--—= KDMLI0S
memefJemeeee PTTI
B RD45
—p—— RD47

—+—— CNT1

——— P5L2

47

0 2 4 ¢ 8 1012 14 16 18 20

Storage period (months)

Figure 4.21 Setback of rice flour during storage at (a) 8 °C and (b) 30 °C
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Figure 4.22 Trough viscosity of rice flour during storage at (a) 8 °C and (b) 30 °C

4.2.6 Changes in thermal properties of rice flour during storage

Thermal properties of rice after storage at 8 °C and 30 °C are shown in
Figures 4.23-4.26. Onset temperature (T,), peak temperature (T,), conclusion
temperature (T.), gelatinization temperature range (Figure C.1.1, Appendix C.1) and
enthalpy of amylose/lipid complexes (Figure C.1.2, Appendix C.1) of all varieties
fluctuated and did not correlate with storage time for both storage temperatures. In
comparison, low amylose rice varieties had higher T, (63.37-67.24 °C), T,(73.11-
75.50 °C) and T, (81.20-87.12 °C) than high amylose rice varieties (except CNT1).
CNT1 had the highest T, (71.27-73.65 °C), T, (78.83-80.55 °C) and T, (85.12-88.71
°C) among six rice varieties during storage. The reduction in enthalpy of
gelatinization (AHg) was more dramatic during the first 3 and 4 months of storage at
30 °C and 8 °C, respectively. The value tended to change slightly thereafter. The
result in gelatinization enthalpy reduction was consistent with the change in pasting
properties, which was a result of disulphide formation, as explained earlier. In a
previous research, Zhou et al. (2010) reported that T, and T, of rice flour from milled
rice grain of three varieties stored at 37 °C increased more than that stored at 4 °C for
12 months. Moreover, Teo et al. (2000) found that both temperature and time of
storage affected the thermal properties. T,, T, and T, shifted to higher temperature

with increasing storage period.
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Figure 4.26 Enthalpy of gelatinization (AHg) of rice flour during storage at (a) 8 °C
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4.2.7 Changes in molecular weight distribution of rice protein from rice
flour during storage

Protein molecular weight distribution pattern of low and high amylose

rice during storage at 8 and 30 °C are shown in Figure 4.27. Low and high amylose
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rice had similar rice protein pattern and the rice protein pattern did not change after
storage. This study utilized SDS-urea solution for sample preparation which could
effectively dissolve protein residue in the sample and resulted in a wide range of
protein molecular weight distribution as exemplified in Figure 4.27. However, rice
protein molecular weight (MW) distribution in six ranges; i.e. MW over 150 kDa,
MW between 100 and 120 kDa, MW between 75 and 100 kDa, MW between 40 and
55 kDa, MW between 25 and 30 kDa and MW lower than 20 kDa, slightly changed
(Figures 4.28-4.33). This result showed that protein in the lower MW range (< 20
kDa) decreased for both storage temperatures, while higher MW protein in the range
of 25-30, 40-55, 75-100 kDa for storage at 8 °C and 25-30, 40-55, 75-100, 100-120
kDa increased after storage at 30 °C. The result could be observed more clearly in
KDML105 and PSL2 but less clear, or hardly significant, for other varieties. It is
noted that rice protein contains a major proportion of 40-55 kDa polypeptides.
Disulfide bonds are known to be responsible for the cross-bonding of the protein
molecules resulting in a larger protein molecule and/or strengthened protein network.
The aging of rice grains resulting in a large increase of disulfide intermolecular bonds
and molecular weight of proteins (oryzenin) was reported earlier (Tulyathan and

Leeharatanaluk, 2007). Greater changes were found at higher storage temperature.
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(a) KDML105

(c) KDML105 (d) PSL2

Figure 4.27 Rice protein pattern of low and high amylose rice during storage at (a, b)
8°Cand (c,d)30°C
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4.3 Principal Component Analysis

Principal Component Analysis (PCA) was performed on 36 chemical and
physical properties data of fresh and aged six rice varieties. Figure 4.34 shows the
score plot of all parameters of rice during aging at 8 °C and 30 °C. The score plot

revealed a separation between low amylose KDML105, PTT1 and RDA45, high
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amylose RD47 and PSL2, and high amylose CNT1 rice samples. The exclusion of
CNT1 from other high amylose rice varieties could be a result of its distinctive
properties, such as head rice yield, minimum cooking time, solid loss, water uptake,
volume expansion ratio, hardness, pasting temperature, peak viscosity, final viscosity,
breakdown, setback, trough viscosity, onset temperature, peak temperature and
conclusion temperature, as shown previously. PCA could not classify aged rice from
fresh rice and unable to separate rice from different storage temperatures for all rice
varieties. This could be due to the fact that properties had been recorded along aging

period, where gradual changes occurred.
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Figure 4.34 Score plot of all parameter of rice during storage at 8 °C and 30 °C

4.4 Chemometric analysis

Rice samples from the same storage conditions were analyzed using FT-NIR
spectrometer in the diffuse-reflectance mode. Milling quality, color (whiteness index),
cooking quality, textural properties, pasting properties, thermal properties and
electrophoresis (SDS-PAGE) were used to develop the predictive model. Only 14
parameters could be used to develop good prediction models with R? greater than 0.7.
In the stage of model development, the samples were specified to the calibration set

and the validation set. Table 4.2 shows the sample data range for the calibration set



62

and the validation set. It is noted that the range of values for the validation set was
within the range of the calibration set for all parameters. Small differences in
minimum, maximum, mean and standard deviation between the calibration set and
validation set indicated that both sets could represent the variations of rice.
Calibration models were produced using partial least square (PLS) regression. The
calibration and validation statistics are shown in Table 4.3. It was found that the
treated FT-NIR spectra gave better models; higher R*and lower RMSEP, when
compared to raw spectra. First derivatization of NIR spectra using the Savitzky-Golay
method was optimal for relationship development with MCT, VER, BD, hardness,
adhesiveness and T,. Second derivatization of NIR spectra using the Savitzky-Golay
method was optimal for relationship development with SB, T, and T.. Moving
average smoothing method of NIR spectra was optimal for relationship development
with only SL, while Savitzky-Golay smoothing method was optimal for relationship
development with WU. In addition, standard normal variate (SNV) method was
optimal for that with HRY, PT and PV. PLS regression was employed to develop a
model relating treated FT-NIR data with various properties. Scatter plots for
comparison of measured and predicted values for each parameter are shown in Figure
4.35. Good linearity and high R? indicated that the calibration equation could provide
good prediction for HRY, MCT, SL, WU, VER, PT, PV, BD, SB, hardness,
adhesiveness, T,, T, and Tc. In a recent research, Delwiche et al. (1996) determined
milled rice quality by NIR spectroscopy in the 400-2498 nm region. They found that
PLS was the most suitable technique for developing the best model. From their work,
the relationship between pasting properties versus NIR spectra of breakdown and
setback had the R? of 0.719 and 0.737, respectively. Adhesiveness gave the model
with the highest R? of 0.9466.
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Table 4.2 Range of composition variation in the samples used to develop PLS models

Calibration set (n = 153)

Validation set (n =75)

Parameters
Min Max  Mean SD Min Max  Mean SD
Head rice yield (%) 16.12 5451 34.63 9.94 16.88 53.64 34.52 9.68
Minimum cooking time (min) 17.00 26.00 19.84 271 17.00 26.00 19.81 2.66
Solid loss (%) 2.55 4.55 3.47 0.53 2.58 4.48 3.47 0.52
Water uptake (%) 163.08 3114 257.7 26.07 2085 309.1 2577 2441
VVolume expansion ratio 2.35 3.63 2.85 0.23 251 3.44 2.85 021
Pasting temperature (°C) 73.80 88.52 80.75 421 7425 88.15 80.70 4.14
Peak viscosity (Pa.s) 0.97 3.79 2.59 1.04 1.00 3.78 2.56 0.96
Breakdown (Pa.s) 0.08 2.19 0.93 0.67 0.09 2.17 0.92 0.65
Setback (Pa.s) 0.49 212 1.18 0.38 0.52 2.09 1.17 0.37
Hardness (kg) 10.36 1786 13.54 1.94 1043 17.34 1350 1.88
Adhesiveness (kg.s) 0.07 0.93 0.42 0.29 0.07 0.84 0.42 0.29
T,(°C) 5742 7406 6480 459 5797 7342 6464 434
T, (°C) 69.00 8146 7386 328 69.28 79.72 7372  3.06
T.(°C) 76.18 89.45 8219 3.19 76.66 87.40 82.06 2.96

Note: T, = onset temperature; T, = peak temperature; T, = conclusion temperature

To, Tpand T, : calibration set (n = 82), validation set (n = 26)
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4.5 Aging Kinetics modeling

To obtain aging kinetics model parameters, all observed data were fitted and
the regression coefficients were compared. Both the zero™ order and the fractional
conversion first order kinetics models were applied to explain changes of rice
properties. The models parameters are shown in Appendix C.4 (Table C.4). For the
first-order fractional conversion kinetic model, the progress of process directly
proportioned to the reactant concentration and the changes start from an initial value
(Ap) that tends to increase or decrease to an equilibrium value (A.). In the process of
model fitting, the first-order fractional conversion kinetic model was applied to fit the
experimental data at 30 °C to obtain Ag and A, that is the projected parameter at the
beginning of storage and that projected at equilibrium, respectively. Ao and A, were
then applied in the fitting of the observation data at 8 °C to obtain the rate constant
(k). The same set of observation data was also fitted using the zero™ order kinetics
model. As zero™ order kinetics model is basically a linear model, in which the process
takes place at a constant rate independent of concentration involve in process and the
value tends to decrease or increase to an unlimited value, no A,, was necessary for the

model fitting.
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It was found that only nine attributes could be fitted using both the Zero™
order kinetics model and the first-order fractional conversion kinetic model which
gave a reasonably high R-squared (R®>0.7). However, better model fitting was
resulted from the first-order fractional conversion kinetic model for the majority of
rice data and, thus shown in Table 4.4. The first-order fractional conversion kinetic
model could explain the changes in all rice varieties (KDML105, PTT1, RD45, RD47,
CNT1, PSL2) after rice storage at 30 °C for 9 parameters (R? > 0.7); SL, WU, VER
(except RD47), PT, PV, BD, SB, hardness and adhesiveness. It was observed that low
amylose rice had higher Ay and k for changes in PV and BD for storage at 30 °C than
high amylose rice, but gave lower Ag and k than high amylose rice for SL, PT and SB.
It could be seen that the rate constant for changes in adhesiveness of rice stored at 8
°C was about one-third for PSL2 and about a quarter for CNT1 of that stored at 30 °C.
Figure 4.36 shows the observed rice properties compared to the predictive values
using the first-order fractional conversion kinetic model prediction using equation

below and the kinetics parameters in Table 4.4.

At = Aoo + (AO _Aoo) ’ e_kt

For the properties obtained from rice stored at 8 °C, the first-order fractional
conversion kinetic model could only be used to explain some changes in 7 rice
properties (R2 >0.7); SL (PTT1 and RD45), WU (except RD45), VER (RD45, CNT1
and PSL2), PV (KDML105 and RD45), BD (KDML105), hardness (PTT1, RD45 and
PSL2) and adhesiveness (CNT1 and PSL2). Most changes in rice stored at 8 °C could
not be explained very well by any of the proposed model because the increase or

decrease of each attributes was marginal, if not constant.

Finally, proposed steps to be carried out for age prediction of any of the six
rice varieties studied are presented in Figure 4.37. An NIR spectrum for milled rice
can be collected and the modeled parameters can be obtained for subsequent input in
the kinetic model for prediction of temperature and time of storage. However, future
work needs to be carried out so that more data on rice quality can be collected at

different temperatures and the accuracy of the model can be improved.



73

Table 4.4 Kinetics model parameters (First order) for changes in rice and flour

properties during storage at 8 °C and 30 °C.

First order fractional conversion kinetics model parameters

30°C 8°C
Rice varieties
Ay A,
k (week®) R? k (week®) R?
Solid loss (%)
KDML105 3.3150 2.2200 0.0238 0.90 0.0034 0.26
PTT1 3.5059 1.3806 0.0072 0.88 0.0032 0.72
RD45 3.6532 2.8364 0.0297 0.90 0.0114 0.83
RD47 4.1790 3.8795 0.2049 0.81 -0.0018 0.05
CNT1 3.3211 2.6380 0.3318 0.93 0.0093 0.27
PSL2 45392 4.0698 0.5396 0.94 0.0231 0.18
Water uptake (%)
KDML105 243.0512 275.1864 0.0384 0.78 0.0150 0.92
PTT1 240.4357 260.1205 0.1708 0.82 0.0278 0.72
RDA45 242.2802 278.777 0.4822 0.93 0.0660 0.69
RDA47 207.1828 2443575 0.1416 0.88 0.0444 0.81
CNT1 270.4389 303.0424 0.4774 0.91 0.0624 0.92
PSL2 219.1664 247.3296 0.0384 0.79 0.0106 0.91
Volume expansion ratio
KDML105 2.6335 3.0633 0.0331 0.95 0.0092 0.55
PTTL 2.6268 2.8711 0.2016 0.78 0.0094 0.24
RDA45 2.5748 2.9207 0.1711 0.98 0.0163 0.74
RDA47 2.6019 2.9201 0.0846 0.61 0.0258 0.55
CNT1 2.8464 3.3554 0.2616 0.97 0.0374 0.82
PSL2 2.4245 2.7803 0.1965 0.88 0.0334 0.91
Pasting temp (°C)
KDML105 74.3 84.4 0.017 0.98 0.0022 0.66
PTT1 75.6 85.4 0.031 0.95 0.0034 0.60
RD45 74.9 85.2 0.033 0.96 0.0039 0.65
RD47 81.97 91.43 0.03 0.96 0.0061 0.33
CNT1 79.27 90.02 0.029 0.97 0.0029 0.47
PSL2 83.83 91.39 0.023 0.96 0.0043 0.38
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Table 4.4 Kinetics model parameters (First order) for changes in rice and flour

properties during storage at 8 °C and 30 °C (cont...)

First order fractional conversion kinetics model parameters

30°C 8°C
Rice varieties
Ay A,
k (week™) R? k (week™) R?
Peak viscosity (Pa.s)
KDML105 3721 2.563 0.028 0.84 0.0070 0.75
PTT1 3.672 2.681 0.032 0.87 0.0080 0.54
RD45 3.835 2.896 0.040 0.77 0.0087 0.74
RDA47 1.745 0.928 0.047 0.97 0.0088 0.61
CNT1 2.923 1.450 0.031 0.93 0.0023 0.45
PSL2 1.397 0.698 0.019 0.80 0.0027 0.34
Breakdown (Pa.s)
KDML105 2.227 0.053 0.0275 0.92 0.0047 0.78
PTT1 1.964 0.378 0.0397 0.86 0.0099 0.57
RD45 2.231 0.623 0.0455 0.90 0.0097 0.57
RD47 0.4920 0.0357 0.0670 0.93 0.0130 0.32
CNT1 1.028 0 0.0620 0.93 0.0079 0.31
PSL2 0.346 0 0.0370 0.92 0.0064 0.18
Setback (Pa.s)
KDML105 0.9179 1.3916 0.0375 0.95 0.0046 0.03
PTT1 1.1147 1.7646 0.0241 0.92 0.0037 0.01
RD45 1.0722 1.6113 0.0256 0.94 0.0028 0.00
RD47 1.4942 0.5014 0.0814 0.93 0.0192 0.59
CNT1 2.1439 0.8043 0.0140 0.90 0.0068 0.39
PSL2 1.2340 0.3188 0.0431 0.93 0.0124 0.50
Hardness (kg)
KDML105 11.43 13.20 0.038 0.90 0.0128 0.43
PTT1 11.38 13.50 0.039 0.87 0.0193 0.90
RD45 10.54 13.00 0.032 0.95 0.0110 0.82
RD47 14.869 19.394 0.011 0.83 0.0051 0.62
CNT1 11.673 20.576 0.013 0.93 0.0054 0.60
PSL2 13.900 18.150 0.047 0.94 0.0188 0.83
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Table 4.4 Kinetics model parameters (First order) for changes in rice and flour

properties during storage at 8 °C and 30 °C (cont...)

First order fractional conversion kinetics model parameters

30°C 8°C
Rice varieties
Ao A,
k (week®) R? k (week®) R?

Adhesiveness (kg.s)

KDML105 0.723 0.413 0.0261 0.81 0.0005 0.16
PTT1 0.759 0.000 0.0088 0.80 0.0006 0.16
RD45 0.784 0.504 0.0296 0.87 0.0006 0.35
RD47 0.152 0.056 0.0291 0.75 0.0047 0.40
CNT1 0.224 0.082 0.0521 0.94 0.0124 0.80
PSL2 0.182 0.045 0.0385 0.97 0.0109 0.87
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Figure 4.36 Comparison of measured (¢ = KDMLI105, o = PTT1, A = RD45, x =
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CHAPTER V
CONCLUSIONS

In summary, low and high amylose rice varieties differed greatly in milling
quality (head rice yield), cooking quality (solid loss and water uptake), cooked rice
texture (hardness, adhesiveness, gumminess and chewiness) and pasting property of
rice flour (pasting temperature, peak viscosity and breakdown). During storage, these
properties changed continuously and more extensively at 30 °C. The properties that
showed an obvious increasing trend include head rice yield, minimum cooking time,
water uptake, volume expansion ratio, cooked length/breadth ratio, pasting
temperature, hardness, cohesiveness, springiness, gumminess and chewiness. The
properties that reduced with aging include whiteness index, solid loss, peak viscosity,
breakdown and adhesiveness. Low amylose rice varieties showed distinctive lower
pasting temperature, hardness, gumminess and chewiness and higher peak viscosity,
breakdown and adhesiveness than high amylose rice varieties. It was observed that
CNTL1, which is high amylose rice, had solid loss, water uptake and hardness that
were in the same range of low amylose rice. The reduction in enthalpy of
gelatinization was more dramatic during the first part of storage; 3 and 4 months of

storage at 30 °C and 8 °C, respectively. The value tended to change slightly thereafter.

From Principal Component Analysis (PCA) of all observed parameters, rice
varieties in this study could be classified into 3 groups; (1) low amylose rice including
KDML105, PTT1 and RD45, (2) high amylose RD47 and PSL2 and (3) high amylose
CNT1. Differences in aged versus fresh rice stored at different temperatures were not
detected using PCA, except for high amylose PSL2.

From partial least square (PLS) regression between FT-NIR spectra and rice
properties, predictive models for 14 parameters were developed (R*> 0.7). These
include head rice yield, minimum cooking time, solid loss, water uptake, volume
expansion ratio, pasting temperature, peak viscosity, breakdown, setback, hardness,
adhesiveness, To, T, and T.. It was found that the treated NIR spectra gave better

models when compared to raw spectra (high R? and low RMSEP).
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Changes in solid loss, water uptake, volume expansion ratio, pasting
temperature, peak viscosity, breakdown, setback, hardness and adhesiveness during
storage at 30 °C were reasonably explained (R?> 0.7) using the first-order fractional
conversion kinetic model. The same kinetic model could be used to explain only a

few properties of some rice varieties that were stored at 8 °C.

Suggestion
1. Since the samples in this study came from one crop year and specific
cultivation area, the application of the model can possibly be limited. More
samples from other cultivation area and crop year can be collected and
studied to improve the applicability of the proposed models.

2. To be able to utilize the Arrhenius relationship for temperature and time
prediction, data needs to be collected from samples stored at different

temperatures and the activation energy needs to be re-calculated.
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APPENDIX A
CHEMICAL ANALYSIS PROCEDURES

A.1 Moisture content (AOAC, 2012)
Apparatus

1.
2.
3.
4.

Aluminum pan

Hot air oven (Binder, model ED/FD, Germany)

Weighing machine (4 digits) (Sartorius, BSA224S, Germany)
Desiccator

Procedures

1.

The empty aluminum pans was heated at 105 °C until weight constant and
cooled down in desiccator.
Three gram of the sample was weighed into pre-weighed aluminum pan and

dried at 105 °C for 8 hours in a hot air oven.

3. The heated aluminum pan and sample was removed to desiccator for cooling.
4. The aluminum pan and sample was weighed after cooling.

5. Drying is repeated until constant weight is achieved.

6. Moisture content could calculate from equation A.1.

Moisture content (% wet basis) = LERTAL x 100 (A.1)

2" 1

W;: Constant weight (g) of aluminum pan

W,: Weight (g) of sample with aluminum pan before drying

W3: Weight (g) of sample with aluminum pan after drying

A.2 Protein content using Kjeldahl method (AOAC, 2012)
Apparatus

1.

2
3
4.
5
6

Filter paper (Whatman No.41)

. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Kjeldahl tube (Buchi, Switzerland)

Buchi digestion unit (Buchi, model K-424, Switzerland)
Buchi scrubber (Buchi, model B-414, Switzerland)
Distillation apparatus (Buchi, model B-324, Switzerland)
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Reagent

1.

6.

Selenium mixture (Merck, Germany)

2. Sulphuric acid 98% (QREC®, New Zealand)
3. Sodium hydroxide (QREC®, New Zealand)

4,
5

Boric acid (Univar, Ajax Finechem, Australia)
Hydrochloric acid 37% (QREC®, New Zealand)

Mixed indicator solution: methyl red- methylene blue

Procedures

1.

Total nitrogen (% wet basis) =

One gram of the sample was weighed into filter paper (Whatman No.41) and
moved to Kjeldahl tube.

Add 5 gram of selenium mixture and 20 mL of sulphuric acid

Manage a blank test following the method but used 1 mL of distilled water
substitute for the sample

Place the tube on the Buchi digestion unit with Buchi scrubber and heat until
to obtain clear red-brown solution

Cooled the sample to room temperature

Add 50 mL of 4% (w/v) boric acid solution into 250 mL flask, add 2 drops of
the indicator solution, mix and place flask under the condenser of the
distillation apparatus with the distillation mode such as

- Distilled water: 50 mL

- 50% NaOH: 60 mL

- Distillation time: 5 min

- Steam: 100%

Titrate the solution in the flask with 0.1 N HCI until obtained claret solution
Record the volume of 0.1 N HCI

Protein content could calculate from equation A.2.1 and A.2.2, respectively

(V-B) XN x14
W

(A2.1)

V: Volume (mL) of 0.1 N HCI required for the sample titration
B: Volume (mL) of 0.1 N HCI required for the blank test
N: Normality factor of HCI solution
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W: weight of sample (g)

Protein content (% wet basis) = Total nitrogen (%) X 5.95 (A.2.2)

5.95: Multiply factor for used to obtain rice protein (%)

A.3 Lipid content (AOAC, 2012)

Apparatus
1. Filter paper (Whatman No.1)
2. Weighing machine (4 digits)
3. Extraction thimbles
4. Soxhlet
5. Rotary evaporator
6. Hotair oven
7. Desiccator
Reagent
1. Petroleum ether (QREC®, New Zealand)
Procedures
1. Dried flat bottom flask at 105 °C in hot air oven for 1 hour or until constant
weight and cooled down in desiccator
2. Weigh 4 gram of sample (without moisture) on filter paper and wrap
3. Move the filter paper (Whatman No.1) with sample into extraction thimble
4. Place the extraction thimble in the Soxhlet extraction and connected a weighed
flat bottom flask containing 250 mL petroleum ether
5. Connect the extractor to a reflux condenser
6. Extract fat for 4 hours at condensation rate of 5-6 drops/second
7. Evaporated the petroleum ether by rotary evaporator
8. Dried flat bottom flask at 100 °C in hot air oven until constant weight, cooled
down in desiccator and weigh
9. Lipid content could calculate from equation A.3

Lipid content (% dry basis) =

W, - W;

1

x 100 (A.3)

W1: Weight (g) of sample
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W,: Weight (g) of flat bottom flask with lipid
W3: Weight (g) of flat bottom flask without lipid

A.4 Crude fiber content (AOAC, 2012)
Apparatus

1.

2
3
4.
5
6
7

Bichner funnel

. Crucible

Desiccator
Hot air oven

Muffle furnace

. Weighing machine (4 digits)

Filter paper (Whatman No. 1 and 42)

Reagent

1.
2.
3.

98% Sulphuric acid
Sodium hydroxide
95% Ethanol

Procedures

1.

Weigh 3 gram of sample (without lipid) obtained from the determination of
lipid content (W) into 600 mL beaker

Add 200 mL of 1.25% sulphuric acid in the beaker

Heat at Boiling point for 30 minute (control volume of solution with boiling
water)

Filter the content from 3. Through a Biichner funnel with a filter paper
(Whatman No. 1)

Wash with boiling water until acid-free

Remove the content from 5. into the original beaker and add 200 mL of 1.25%
Sodium hydroxide

Heat at Boiling point for 30 minute (control volume of solution with boiling
water)

Filter the content from 3. Through a Buichner funnel with a filter paper
(Whatman No. 42)

Wash with boiling water until base-free
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10. Wash twice with 25 mL of 95% ethanol

11. Dried the filter paper with content (from 10.) at 105 °C until constant weigh
(W)

12. Transfer the dried sample into crucible (pre-weigh)

13. Ashing in muffle furnace at 550 °C until obtain the white ash

14. Cool down the crucible in a desiccator and weight (W3)

15. Crude fiber content could calculate from equation A.4

W, - W3

1

Crude fiber content (% dry basis) = x 100 (A4)

Wi: Weight (g) of sample
W,: Weight (g) of unsoluble matter
W3: Weight (g) of ash

A.5 Ash content (AOAC, 2012)
Apparatus
1. Crucible
2. Muffle furnace (Fisher Scientific, Isotemp, USA)

3. Hot plate
4. Desiccator
5. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Procedures

1. Ashing the crucible by muffle furnace at 550 °C for 1 hour or until constant
weight and cooled down in desiccator (W)

2. Two gram of the sample (W2) was weighed into pre-weighed crucible

3. Ashing the crucible with sample from 2. by hot plate in fume-hood until the
sample become thoroughly charred and without smoke

4. Ashing the crucible with sample from 3. By muffle furnace at 550 °C until
obtain the white ash with constant weight and cooled down in desiccator (W3)

5. Ash content could calculate from equation A.5



Ash content (% wet basis) =

- W,
W, - W,

x 100 (A.5)

W3: Weight (g) of crucible
W,: Weight (g) of sample with crucible before ashing

W3: Weight (g) of sample with crucible after ashing

A.6 Carbohydrate content (AOAC, 2012)

Calculation

Carbohydrate content (% dry basis) = 100 - %(Protein + Lipid + Crude fiber + Ash) (A.6)

A.7 Amylose content

Defatted sample preparation (Gibson et al., 1997)

1.

© o~ w DN

8.
9.

10.
11.
12.
13.
14.

20-25 mg rice flour were weighed into a 10 mL screw capped Kimax tube
The sample was dispersed in 1 mL DMSO

Mix at low speed on a vortex mixer

Place the tube in a boiling water bath for 1 minute

Remove the tube and vortex at high speed

Return the tube to the boiling water bath for 15 minute with intermittent
stirring

Remove the tube from the boiling water bath and mix at high speed on a
vortex mixer

Add 4 mL of 95%(v/v) ethanol to precipitate the sample

Add 2 mL of 95%(v/v) ethanol and mix by inversion

Stand at room temperature for 15 minute

Centrifuge at 2000g for 5 minute

Discard the supernatant

Drain on tissue paper for 10 min

Collect the precipitate (defatted sample)

Amylose content by amperometric titration (Takeda et al., 1987)

1.

2
3.
4

Dissolve 100-120 mg of defatted sample in 5 mL of M KOH

. Add 80 mL of water, 10 mL of M HCl and 5 mL of 0.4M KI

Stir at 25 °C

. Titrate continuously (~0.1 mL/min) with 1.67 mM of K103 by a micro-tube

pump and monitor by measurement of the electric current with Pt electrodes

95
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6.
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Determine the blue value

Calculate amylose content from equation A.7

Iodine affinity of starch

Amylose content (%) = x 20 x 100 (A.7)

Iodine affinity of amylose

A.8 Electrophoresis of rice protein (modified from Laemmli (1970) and lida et al.

(1993)

Apparatus

1.

2.

OmniPAGE Electrophoresis equipment (Cleaver Scientific Ltd, CVS10DSYS,
UK)

Power supply (Major Science, MS300V, USA)

3. Centrifuge (Eppendrof, MiniSpin plus, Germany)

4. Gel documentation (Syngene, InGeniusL, UK)

5. Weighing machine (4 digits) (Sartorius, BSA224S, Germany)

Reagent

1. Perfect Protein™ Markers, 10-225 kDa (Navogen®, Merck Millipore, USA)

2. Acrylamide (Fluka, Sigma-Aldrich Co. LLC., Switzerland)

3. N,N'-Metylenebisacrylamide (Fluka, Sigma-Aldrich Co. LLC., Switzerland)

4. Tris (Hydroxylmethyl) aminomethane (Tris-base) (CARLO ERBA Reagents,
France)

5. Sodium dodecyl sulfate (SDS) (APS, Ajax Finechem, Australia)

6. Ammonium persulfate (APS) (OmniPur®, Merck Millipore, USA)

7. N,N,N',N'-Tetramethyl ethylenediamine (TEMED) (OmniPur®, Merck
Millipore, USA)

8. Hydrochloric acid 37%(QREC®, New Zealand)

9. Urea(Unilab, Ajax Finechem, Australia)

10. Glycerol (Univar, Ajax Finechem, Australia)

11. Glycine (Research Organics, USA)



12.

13.
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Glacial Acetic acid (QREC®, New Zealand)

95% Ethanol

14. 1-Butanol (AnalR®, VWR International Ltd., UK)

15.

16.

Coomassie brilliant blue R-250 (Imperial Chemical Industries PLC, Merck

Millipore, Germany)

Bromophenol Blue sodium salt (OmniPur®, Merck Millipore, USA)

Gel preparation

1.
2.

N o g b~ w

10.

11.
12.
13.
14.

Set the gel preparation equipment

Prepare separating gel solution (Table A.8.1) by mix all reagent except APS
and TEMED

Add APS and TEMED and mix together

Add the solution into empty space between 2 glasses (5.6 mL solution/gel)
Add 1-butanol to cover the surface of gel

Set to gel polymerization for 40 minute

Remove 1-butanol from the gel surface and rinse the gel surface with distilled
water

Prepare stacking gel solution (Table A.8.1) by mix all reagent except APS and
TEMED

Add APS and TEMED and mix together

Add the solution into empty space between 2 glasses over the separating gel (1
mL solution/gel)

Set the comb

Set to gel polymerization for 2 hour and 20 minute

Move the gel preparation equipment into the tank

Add electrode running gel buffer (Table A.8.2) to submerge the gel
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Table A.8.1 Composition of separating gel and stacking gel

Composition Separating gel Stacking gel

Distilled water 8.02 mL 6.10 mL
1.5 M Tris-base, pH 8.8 5.00 mL -

0.5 M Tris-base, pH 6.8 - 2.50 mL
10% Sodium dodecyl sulfate 200 pL 100 pL
Acrylamide solution (30% T, 2.67% C) 6.67 mL 1.33 mL
10% Ammonium persulfate 100 pL 50 pL
Tetramethyl ethylenediamine (TEMED) 10 pL SuL
Total volume 20 mL 10 mL

Note: % T means that the total solids content, % C means that the cross-linker

acrylamide monomer.

Table A.8.2 Composition of electrode running gel buffer

Composition Quantity
Distilled water 1L
Tris-base 3.02¢g
SDS 1.00g

Glycine 14409




PHYSICAL ANALYSIS PROCEDURES

B.1 Pasting properties

APPENDIX B

Table B.1 Temperature profile (standard profile 1)

99

Procedures Temperature (°C) Speed (rpm) Time (min:sec)
1 50 960 0:00
2 50 160 0:10
3 50 160 1:00
4 95 160 4:42
5 95 160 7:12
6 50 160 11:00

End of measurement

13:00
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APPENDIX C
SUPPLEMENTARY DATA

C.1 Gelatinization temperature range and enthalpy of amylose/lipid complexes

of rice flour during storage at 8 °C and 30 °C.
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Figure C.1.1 Gelatinization temperature range (T¢-T,) of rice flour during storage at
(@) 8°Cand (b) 30 °C
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Figure C.1.2 Enthalpy of amylose/lipid complexes (AHg) of rice flour during storage
at (a) 8 °C and (b) 30 °C
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C.2 NIR spectra
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Figure C.2.1 NIR spectra of rice grains during storage at 8 °C and 30 °C (a) Raw spectra (b) SNV preprocessing spectra
for HRY (c) 1% derivative preprocessing spectra for MCT (d) Moving average smoothing preprocessing spectra for SL (e)
Savitzky-Golay smoothing preprocessing spectra for WU (f) 1% derivative preprocessing spectra for VER (g) SNV
preprocessing spectra for PT (h) SNV preprocessing spectra for PV (i) 1% derivative preprocessing spectra for BD (j) 2™
derivative preprocessing spectra for SB (k) 1% derivative preprocessing spectra for H (I) 1% derivative preprocessing
spectra for Ad (m) 1% derivative preprocessing spectra for T, (n) 2™ derivative preprocessing spectra for Tp (0) 2n

derivative preprocessing spectra for T,
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Figure C.2.1 NIR spectra of rice grains during storage at 8 °C and 30 °C (a) Raw spectra (b) SNV preprocessing spectra
for HRY (c) 1% derivative preprocessing spectra for MCT (d) Moving average smoothing preprocessing spectra for SL (e)
Savitzky-Golay smoothing preprocessing spectra for WU (f) 1% derivative preprocessing spectra for VER (g) SNV
preprocessing spectra for PT (h) SNV preprocessing spectra for PV (i) 1% derivative preprocessing spectra for BD (j) 2™
derivative preprocessing spectra for SB (k) 1 derivative preprocessing spectra for H (I) 1% derivative preprocessing
spectra for Ad (m) 1% derivative preprocessing spectra for T, (n) 2™ derivative preprocessing spectra for Tp (0) 2n

derivative preprocessing spectra for T (cont...)
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Figure C.2.1 NIR spectra of rice grains during storage at 8 °C and 30 °C (a) Raw spectra (b) SNV preprocessing spectra
for HRY (c) 1* derivative preprocessing spectra for MCT (d) Moving average smoothing preprocessing spectra for SL (e)
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derivative preprocessing spectra for T (cont...)
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Figure C.2.1 NIR spectra of rice grains during storage at 8 °C and 30 °C (a) Raw spectra (b) SNV preprocessing spectra
for HRY (c) 1™ derivative preprocessing spectra for MCT (d) Moving average smoothing preprocessing spectra for SL (e)
Savitzky-Golay smoothing preprocessing spectra for WU (f) 1% derivative preprocessing spectra for VER (g) SNV
preprocessing spectra for PT (h) SNV preprocessing spectra for PV (i) 1* derivative preprocessing spectra for BD (j) 2™
derivative preprocessing spectra for SB (k) 1 derivative preprocessing spectra for H (I) 1% derivative preprocessing
spectra for Ad (m) 1% derivative preprocessing spectra for T, (n) 2™ derivative preprocessing spectra for T, (0) 2™

derivative preprocessing spectra for T¢ (cont...)
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Figure C.2.1 NIR spectra of rice grains during storage at 8 °C and 30 °C (a) Raw spectra (b) SNV preprocessing spectra
for HRY (c) 1™ derivative preprocessing spectra for MCT (d) Moving average smoothing preprocessing spectra for SL (e)
Savitzky-Golay smoothing preprocessing spectra for WU (f) 1% derivative preprocessing spectra for VER (g) SNV
preprocessing spectra for PT (h) SNV preprocessing spectra for PV (i) 1* derivative preprocessing spectra for BD (j) 2™
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derivative preprocessing spectra for T¢ (cont...)
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C.3 NIR model pattern

4000

Value = a+ X b X;
Note: a means constant at X intercept
b, means loading factor from spectra region of 10000 — 4000 cm™

X;j means new factor function from initial factor
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C.5 Conference proceeding

Chemical and Physical Changes of High and Low
Amylose Rice during Storage

Sunee Jungtheerapanich and Jirarat Anuntagool ’
Department of Food Technology, Faculty of Science, Chulalongkorn University,
254 Phyathai, Bangkok, 10330, Tel: +66 2218 5515-6, Fax: +66 2254 4314,
E-mail address: Jirarat.t@chula.ac.th

Written for presentation at the
2013 CIGR Section VIl International Technical Symposium on

“Advanced food processing and quality management”

Guangzhou, China, 3-7 November, 2013

Abstract. During rice storage, a number of chemical and physical changes occur. These changes
include textural properties, pasting properties, thermal properties and others. Rice aging
mechanisms involve starch, protein and lipids. External factors, e.q. temperature, moisture content,
storage time and packaging, play an important role in either slowing down or accelerating aging of
rice during storage. The aim of this research was to study aging of high and low amylose rice. Effects
of storage temperatures and times on chemical and physical properties of high (CNT1) and low
(PTT1) amylose rice were investigated. The samples were vacuum-packed in laminated aluminum
bags and stored at 30°C for 6 months and 8 °C for 12 months. Higher storage temperature and longer
Storage time led to a decrease in solid loss and breakdown, and an increase in water uptake,
elongation ratio, cooked length-breadth ratio, volume expansion, pasting temperature and through
viscosity at a greater extent when compared to lower storage temperature and shorter storage time.
However, minimum cooking time, rice grain moisture content and protein content did not change.

Keywords: High and low amylose rice, aging of rice, chemical and physical properties, storage
temperature
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Introduction

It has been known that aging causes various changes to rice. These changes include textural
properties, pasting properties, thermal properties and others, e.g. increase in water uptake,
volume expansion, hardness of cooked rice, cohesiveness of cooked rice, pasting temperature
and setback, while solid loss, adhesiveness of cooked rice, peak viscosity and breakdown
decreased (Jirathumkitkul, 1998; Zhou, Robards, Helliwell, & Blanchard, 2007; Soponronnarit,
Chiawwet, Prachayawarakorn, Tungtrakul, & Taechapairoj, 2008; Likitwattanasade, 2009; Park,
Kim, Park, & Kim, 2012). External factors, e.g. temperature, moisture content, storage time and
packaging, play an important role in either slowing down or accelerating aging of rice during
storage. Internal factors, such as protein, lipids and amylose are also responsible for the extent
of rice aging. The aim of this research is to study aging of high and low amylose rice.

Materials and methods

1. Sample preparation

The paddy of Pathum Thani 1 (PTT1) from Khlong Luang Rice Research Center and Chai Nat 1
(CNT1) from Ratchaburi Rice Research Center) were vacuum-packed in laminated aluminum
bags and stored at 8 °C for 12 months and 30 °C for 6 months.

2. Determination of chemical and physical properties

2 cultivars of rice were analyzed for chemical and physical properties. Moisture content and
protein content were analyzed according to AOAC method section 32 (AOAC, 2005). Physical
properties including cooking quality (minimum cooking time, solid loss, water uptake, elongation
ratio, cooked length-breadth ratio and volume expansion) were determined following the method
of Gujral & Kumar (2003) and Zhou et al. (2007) and pasting properties were determined using
an RVA (standard profile 1; New Port Scientific Instrument and Engineer, Warriewater,
Australia). Minimum cooking time that was needed to fully cook rice was determined by cooking
1 g of head rice grain in 10 ml of distilled water in test tube. Solid loss (%) and water uptake (%)
were analyzed following the method that was modified from Gujral & Kumar (2003). Elongation
ratio was calculated from length of 10 cooked rice grains divided by length of 10 uncooked rice
grains. Cooked length-breadth ratio was calculated from length of 10 cooked rice grains divided
by breadth of 10 cooked rice grains. Volume expansion ratio was calculated as the ratio of the
volume of the cooked rice to the initial volume of the raw rice.

Results and discussion

Moisture content and protein content of rice during storage were slightly changed. It was found
that minimum cooking time of PTT1 did not change during storage but minimum cooking time of
CNT1 increased after storage for 3 months and 8 months at 30°C and 8°C, respectively. Solid
loss of PTT1 and CNT1 decreased during storage. High amylose rice (CNT1) showed lower
solid loss at the beginning and it continued to decrease over 4 months. High storage
temperature had a greater influence on solid loss. Water uptake, elongation ratio, cooked
length-breadth ratio and volume expansion of CNT1 were higher than those of PTT1 and the
values continued to increase during storage. It was observed that pasting temperature and
through viscosity of PTT1 and CNT1 increased during storage whereas breakdown decreased.
Storage at higher temperature caused pasting temperature and through viscosity to increase
and breakdown viscosity to decrease and it imposed more effect on high amylose rice than low
amylose rice.
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Figure 1. Moisture content and protein content of rice during storage at 8°C and 30°C
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Figure 2. Cooking quality of rice during storage at 8°C and 30°C
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Figure 3. Pasting properties of rice during storage at 8°C and 30°C

Conclusions

Amylose content, storage time and storage temperature had an effect on rice quality. During
storage, higher amylose content, longer storage time and higher storage temperature led to a
greater decrease in solid loss and breakdown, and an increase in water uptake, elongation ratio,
cooked length-breadth ratio, volume expansion, pasting temperature and through viscosity at a
greater extent when compared to lower amylose content, shorter storage time and lower
storage temperature. However, minimum cooking time, rice grain moisture content and protein
content did not change.
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