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ABSTRACT

In this study, sago and rice starches were subjected to gamma irradiation
treatment at 5, 10, 25 and 50 kGy. Effects of irradiation on physicochemical
properties of starches were investigated. Cleavage of starch molecules by
irradiation induced the formation of carboxylic acid which in turn increased the
carboxyl content and reduced pH value of both starches (p<0.05). Sago starch
showed greater alteration in carboxyl content and pH than rice starch. Severe
degradation of amylose fractions by irradiation significantly decreased amylose
content at high dosage (p<0.05), where greater reduction was showed by rice
starch irradiated at 50 kGy. Rice starch (A-type polymorphic) had greater decrease
in the degree of ordered structure than sago starch (C-type polymorphic). The
reduction of the molecular size due to irradiation also resulting in declination of
swelling power and turbidity while increased solubility of starch as irradiation dose
increased (p<0.05). Sago starch showed greater reduction in swelling power than
rice starch at 50 kGy (p<0.05). Syneresis was found at high irradiation doses
where rice starch irradiated at 50 kGy showed highest percentage of syneresis
(p<0.05). The major pasting profile parameters decreased drastically with
increasing irradiation doses in both starches (p<0.05), particularly for rice starch
irradiated at 50 kGy. Gelatinization temperature for sago starch increased as
irradiation dose increased, while opposite trend was observed in rice starch
(p<0.05). Irradiation did not affect retrogradation of sago starch (p>0.05),
whereas it induced retrogradation in rice starch with increasing doses (p<0.05).
The rheological study showed reduction of viscosity as irradiation doses increased
for both starches. Higher irradiation dosage (25 and 50 kGy) was found to damage
the gel-forming ability of starch. Microscopic observation under Scanning Electron
Microscope (SEM) showed granular size reduction at higher irradiation dosage.




ABSTRAK

PENCIRIAN SIFAT FIZIKOKIMIA KANJI SAGU DAN KANJI BERAS
TERIRADIASI GAMA

Dalam kajian ini, kanji sagu dan kanji beras dirawat dengan sinaran gama pada 5,
10, 25 dan 50 kGy. Kesan rawatan iradiasi ke atas ciri-ciri fizikokimia kanji telah
dikaji. Pemecahan molekul kanji oleh iradiasi mendorong pembentukan asid
karboksilik seterusnya meningkatkan kandungan karboksil dan menurunkan nilai pH
kedua-dua jenis kanji (p<0.05). Kanji sagu menunjukkan perubahan yang lebih
besar dari segi kandungan karboksil dan pH berbanding dengan kanji beras.
Kemusnahan pecahan amilosa disebabkan oleh iradiasi mengakibatkan penurunan
kandungan amilosa pada dos yang tinggi (p<0.05), di mana penurunan yang lebih
tinggi telah ditunjukkan pada kanji beras yang teriradiasi pada 50 kGy. Kanji beras
(polimofik jenis-A) menunjukkan penurunan keteraturan struktur yang lebih tinggi
berbanding dengan kanji sagu (polimofik jenis-C). Pengurangan saiz molekul oleh
iradiasi turut mengakibatkan kemerosotan kuasa pembengkakan dan kekeruhan
tetapi meningkatkan keterlarutan seiring dengan peningkatan dos iradiasi (p<0.05).
Kanji sagu menunjukkan penurunan kuasa pembengkakan yang lebih tinggi
berbanding dengan kanji beras pada dos 50 kGy (p<0.05). Sineresis pada dos
sinaran gama yang tinggi diperhatikan di mana kanji beras teriradiasi pada 50 kGy
menunjukkan peratusan sineresis yang paling tinggi. Parameter utama profil
pempesan bagi kedua-dua jenis kanji menurun secara mendadak dengan
peningkatan dos iradiasi (p<0.05), terutamanya bagi kanji beras teriradiasi pada 50
kGy. Suhu penggelatinan bagi kanji sagu meningkat seiring dengan peningkatan
dos iradiasi, manakala tren yang bertentangan diperhatikan pada kanji beras
(p<0.05). Iradiasi tidesk mempengaruhi retrogradasi kanji sagu (p>0.05), namun
peningkatan dos iradiasi mendorong retrogradasi kanji beras (p<0.05). Kajian
reologi bagi kedua-dua jenis kanji menunjukkan pengurangan kelikatan apabila dos
iradiasi meningkat. Dos iradiasi yang tinggi (25 dan 50 kGy) didapati
mengurangkan kemampuan pembentukan gel kanji. Pemerhatian mikroskopik
dengan Mikroskop Imbasan Elektron (SEM) menunjukkan pengurangan saiz kanji
pada dos iradiasi yang tinggi.
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CHAPTER 1

INTRODUCTION

1.1 Background

Starch is the main storage reserve cérbohydrate and source of energy in plants. It
is found in seeds, fruits, tubers and roots (Jobling, 2004; Wilson et a/, 2010).
Nunez-Santiago et al (2004) reported that starch represents an essential
component of a lot of agricultural products such as cereals (corn, wheat and rice),
legumes (bean, pea and faba) and tubers (potato, tapioca). Starch can be classified
into three types based on the x-ray diffraction patterns, namely type-A which
consists of cereal starches, type-B such as tuber starches as well as type-C
including pea and bean starch (Pang et al, 2007). In nature, starch exists as
granules with various sizes ranging between 1 to 100pm in diameter, various
shapes including spherical, lenticular, polyhedral and irregular shape, with uni-
modal and bimodal distributions size, as well as in simple or compound forms which
characterise their botanical source (Tester et a/,, 2004; Dhital et a/., 2010).

Starch has found widespread application in the food industry due to its
usefulness, versatility, cheap, natural resources as well as its ease to be chemically
or physically modified to induce physicochemical properties changes (Jobling, 2004).
The most important properties to determine the suitability of starches in food
application are physicochemical properties such as gelatinization and retrogradation
as well as its functional properties (solubility, swelling, water absorption, syneresis,
gel formation) (Gani et al., 2012a).

Native starch does not always have the physical and chemical properties
which are suitable for certain processing category (Gani et a/, 2012a) as it is
limited by their instability against thermal processing, shear, pH and cold storage,
generally to processed foods application (Srichuwong et al., 2012). Singh et al.
(2011) also reported the limitation of native starch such as low shear, low thermal
resistance and high affinity for retrogradation which limits their wide application



and industrial use. Modification maybe required for their adaptability to wide
application by improving the physicochemical and functional characteristics of
starches.

According to Tester et al. (2004), starches may be physically, chemically or
enzymatically modified to induce novel characteristics although native starch has a
wide variation of granule dimensions and size distributions. Starch modification,
which involves the alteration of the physical and chemical characteristics of the
native starch to improve its functional characteristics, can be used to alter starch to
suit specific food applications. Starch modification is generally achieved through
acid or enzymatic hydrolysis, chemically modified by derivatization or conversion as
well as physically modified through ionizing radiations, pre-gelatinization and heat-
moisture treatment (Singh et g/, 2007).

Ionizing radiations such as UV, gamma or accelerated electrons that
developed since many years on a large number of polymers are now frequently
used on starches (Henry et al, 2010). Irradiation treatment is one of the physical
modifications of starch (Gani et a/, 2012a) and it can be a convenient tool for
modification of polymer materials through cross-linking, grafting, and degradation
techniques (Singh et a/, 2011). It has also been suggested as a rapid modification
technique which breaks large molecules into smaller fragments and is capable of
cleaving glycosidic linkages. Chemical bonds of starch can be hydrolysed by gamma
irradiation leading to degradation of polymeric chain (Singh et a/, 2011). These
free radical-generating radiations are able to lower the molecular weight of
starches, altering their structure, and creating additional chemical functionalities on
the ionized chains. The development of these properties may lead to increased
water solubility as well as a decrease in swelling capacity and viscosity depending
on botanical origin (Henry et a/, 2010). The changes in molecular structure and
physicochemical properties of starch during gamma irradiation could help in design
of new foods with high resistant starch (RS) content and high nutrient density
(Chung et al., 2010a).




Since chemical modification involves the presence of chemicals, there is
concern for the safety issues by utilising chemical modification. According to Gani et
al. (2012b), physical modification can be safely used as a modification process in
food products as it does not involve any chemical. Chung et a/ (2010a) also
reported that gamma irradiated foods in the markets have been confirmed to be
nutritious and safe for human consumption. Gamma irradiation treatment is
essential due to its rapidness, independence on type of catalysts, require minimal
sample preparation and do not induce a significant temperature increment (Gani et
al., 2012a). This shows the potential and benefits of utilising gamma irradiation in
modifying starch properties over chemical modification.

Modified food starches generally show better paste darity and stability,
higher resistance to retrogradation, and freeze-thaw stability compared to its
native form. Modified starches have almost unlimited food and nonfood applications
which gaining more attention by food producers (Kang et a/, 1999). Besides,
current market trends also motivating food producers towards natural source of
food ingredients and minimising chemical treatments on starch. There is growing
interest in discovering improvement of native starches properties without utilising
chemical modification (Puncha-arnon et a/, 2008). For the time being, there is a
great interest in utilising physical modification techniques such as gamma
irradiation which are able to modify the physicochemical properties of starch
(Jayakody and Hoover, 2008).

1.2 Objective

The objective of this study is to investigate the effect of gamma irradiation on
physicochemical properties of rice and sago starch including thermal, pasting,
rheological as well as morphological properties under various gamma irradiation
doses (0, 5, 10, 25, and 50 kGy).

1.3 Importance of Study

Commercial starches including rice and sago starch have been chosen in this study
to investigate the effect of gamma irradiation on physicochemical properties of
starches. This is due to their wide application in food industry and from different




botanical origins with distinct granular size. Physicochemical properties of starch
have found to be affected by granular size, type of crystalline polymorphic and
botanical origin (Chung and Liu, 2009). Therefore, a thorough comparison between
effect of gamma irradiation on physicochemical properties against granular size and
botanical sources can be determined. This study may provide helpful information in
understanding the suitability of gamma irradiated starch in different food
applications.

There are extensive researches being conducted to study the structural and
physicochemical properties of gamma irradiated starches (Chung and Liu, 2009)
such as corn (Chung and Liu, 2009; Chung et &/, 2010a), rice (Wu et a/.,, 2002),
sago (Singhal et al, 2008) and potato starch (singh et al, 2011) respectively.
Chung et al. (2010) reported that at higher dosage during irradiation could cause
more resistant starch content in normal com starch. Rombo et a/. (2004) reported
that higher irradiation doses will lead to a reduction in the molecular size of
amylopectin in both bean and corn starches. In addition, more short and straight
chain molecules (amylose-like molecules) are produced when irradiation doses
increased. According to Bao et a/ (2005), crystallinity of irradiated wheat and rice
starches increases but decreases in potato starch with increasing irradiation dose.
In addition, elevation of irradiation dosage increases water solubility and acidity of
starches but decreases starches viscosity.

However, there are limited studies conducted to compare the
physicochemical properties between rice starch and sago starch under same
irradiation condition. This study provides an insight into the physicochemical
properties of these two types of starches in a more systematic manner under the
influence of similar conditions. This study will be able to determine the changes of
physicochemical properties of different gamma irradiated food starches which in
turn may be useful to investigate the potential and suitability of gamma irradiated
starch in food applications.

Malaysia is one of the world’s leading sago producers where Sarawak is the
world’s biggest exporter of sago to peninsular Malaysia and other countries. Sago




starch is also the main carbohydrate source in Malaysia which has a low production
cost and high yields as compared to other starches such as maize and cassava.
Since sago is an excellent resource of starch with possible applications in food,
polymer, pharmaceutical and textile industries, modification is needed to overcome
the unstable properties of native sago starch as well as improving its quality and
physical properties during processing (Singhal et a/, 2008). Therefore, the research
findings on the effect of gamma irradiation on physicochemical properties of sago
starch may be able to overcome the instability of its properties and possibly aid in
widespread the application of sago starch in food industry and expand both

domestic and global market.
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CHAPTER 2

LITERATURE REVIEW

2.1 Starch

Starch is the most common storage carbohydrate in plants and also the largest
source of carbohydrates in human food (Singh et a/., 2010). Starches from different
botanical origin, growing conditions, mutations or maturity may be differed in
chemical structures and physicochemical properties. Starch is deposited as insoluble,
semi-crystalline granules in storage tissues such as grains, tubers and roots. Size of
starch granules can vary from 1 to 100mm diameter and with various shapes such
as polygonal, spherical and lenticular. Starch granule can be greatly different in
relation to content, structure and organization of the amylose and amylopectin
molecules, branching architecture of amylopectin as well as degree of crystallinity.
In addition, granules can occur in uni-modal or bi-modal size distributions and in
the form of individual or compound granules (Tester et a/, 2004; Copeland et a/,
2009). Form and functionality of starch varies greatly between botanical sources as
well as same plant cultivar under different growing conditions. This variability
provides starches with different functionality and diverse properties (Copeland et al.,
2009). Besides, starch is made up of two polymers of D-glucose, namely amylose,
and amylopectin. Amylose and amylopectin make up 98-99% of the dry weight of
native granules, with the remainder consisting of minor components such as lipids,
minerals, and phosphorus (Copeland et a/., 2009).

Amylose is a relatively long, linear a—glucan containing around 99% of a-1,4
and a-1,6 linkages. Amylose varies in term of size and structure depending on the
botanical source (Tester et al, 2004). The molecular weight range of amylose is
approximately 10° to 10%, corresponding to a degree of polymerization (DP) of
1000-10,000 glucose units. In amylose, there are less than 0.5% of glucoses in a-
1,6 linkages, causing in low degree of branching and a structure with 3-11 chains
of around 200-700 glucose residues per molecule. Dissolved amylose has a
tendency to form insoluble semi-crystalline aggregates due to low degree of




branching, where it is very much depending on the position of branches in the
structure (Tester et al., 2004; Copeland et a/., 2009).

Amylose molecules tend to arrange themselves in a parallel form and come
close to each other to allow hydrogen bonding between adjacent chains. This is
due to their linear structure, mobility as well as many hydroxyl groups present
along the polymer chains. Consequently, the water affinity for polymer is lowered
and the solution turns into opaque. The interaction between amylose and iodine
causes the formation of amylose-iodine complex with characteristic colour which
varies according to amylose chain length. Besides, physicochemical properties of
starch are greatly influenced by the botanical origins, its fractionation and
purification conditions, molecular weight and molecular weight distribution of
amylose. More stable complexes can be formed by long and saturated monoacyl
chains whereas unsaturated monoglycerides have a poor complex-forming ability
(Liu, 2005).

The iodine reaction is most commonly used for amylose content
determination due to its specificity, sensitivity and easy to analyze qualitatively and
quantitatively. Blue value method, potentiometric and amperometric titration
method have been used for over 50 years. These procedures are based on the
complex-forming ability of amylose with iodine, which exhibit a blue value colour
determined by a maximum absorption wavelength above 620nm. All of the
procedures based on iodine complex formation for amylose content determination
might be measured as apparent amylose content. However, if the sample is
defatted before potentiometric titration, the amylose content determined can be
considered as absolute amylose content (Liu, 2005).

The amylose content determination may be influenced by many factors such
as botanical origin, sample preparation and molecular structure of starch. The
presence of intermediate materials, lipid, and long linear chains in amylopectin
could affect the measurement of amylose content. The presence of monoacyl lipids
in starch will form complexes with amylose during gelatinization which competes




with iodine binding and hence lower the apparent amylose content (Liu, 2005).
Figure 2.1 below shows the structure of amylose.

Figure 2.1: Structure of amylose.
Source: Tester et al., 2004

Amylopectin is a much larger polymer compare to amylose with molecular
weight of approximately 10® and a degree of polymerization (DP) that may exceed
one million. The molecular size, shape, structure of the molecule varies with
botanical origin (Tester et a/,, 2004). Most starches contain about 60% to 90% of
amylopectin, except for high-amylose starches with as little as 30% amylopectin
and waxy starches with almost 100% amylopectin. Amylopectin has about 5% of its
glucoses in a-1,6 linkages and about 95% in a-1,4 linkages, giving it a highly
branched and tree-like structure. A complex molecular architecture can vary
significantly between different starches depending on the placement and length of
branches in the structure (Copeland et a/, 2009).

Amylopectin which is larger in size and with branched characteristic
decrease its mobility in solution and eliminate the possibility of significant levels of
inter-chain hydrogen bonding. Typically, amylopectin has one branch point every
20 to 25 residues where the branch points are not located at random (Liu, 2005).
The amylopectin chains can be classified into three types according to their length
and branching points or pattern of substitution. A-chains are defined as un-
substituted or not carry any branch points while B-chains are substituted by other
chains and a single C-chain carries the reducing glucose (Copeland et al,, 2009).

The presence of covalently linked phosphate monoesters is one of the
unique features of amylopectin. They can be linked to the C3 or C6 position of the




glucose monomers and it take place to a greater extent in tuber starch, particularly
in potato starch. As the degree of phosphorylation at the C6 position increases, the
gelatinization enthalpy decreases. Electrostatic repulsion between molecules
increases as a result of the charged nature of phosphate monoesters, which causes
changes in gelatinization and pasting properties of starch (Liu, 2005). The
structure of amylopectin is showed in Figure 2.2.

Figure 2.2: Structure of amylopectin.
Source: Tester et al,, 2004

2.1.1 Starch Structure

Starch granules are composed of two types of alphaglucan, amylose and
amylopectin, which represent approximately 98-99% of the dry weight. The ratio
of the two polysaccharides varies according to the botanical origin of the starch.
The waxy starches contain less than 15% of amylose and normal starches contain
about 20-35% amylose while the amylose content in high amylose starches are
greater than 40% (Tester et al, 2004).

Natural starches occur in different polymorphic forms as classified by X-ray
diffraction pattern such as A-, B- and C-types. X-ray diffraction studies showed that
most cereal starches, normal maize, rice, wheat and oats exhibited A-type
diffraction pattern. Potato, lily, canna, and tulip starches show the B-type while
several rhizome and legume starches belong to the C-type, which is a mixture of A-
and B-types in different proportions (Chung and Liu, 2010). However, different
classification of sago starch has been found in different studies. According to
Srichuwong et a/ (2005), sago starches were classified into A-type starches even
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