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ABSTRACT

The primary purpose of this study was to determine the addition of lipids, amino
acids, and B-cyclodextrin effects on commercial rice starch gelatinization, pasting, and
retrogradation properties by using differential scanning calorimetry (DSC), rapid visco
analysis (RVA), and x-ray diffractometry (XRD).

Analyses from commercial rice starch showed that the presence of 0.6%
monopalmitin (MP) increased the peak viscosity (PV), minimum viscosity (MV), and
final viscosity (FV) by 38, 27, and 72 RVU respectively. The pasting temperature was
also increased by 6 °C, whereas the total setback (TSB) was increased by 45 RVU.
Incorporation of lysophosphatidylcholine (LC) and lysophosphatidylethanolamine (LE)
also showed strong influence on pasting properties of commercial rice starch. Charged
amino acids showed a more significant influence on starch pasting properties than the
neutral amino acids. Addition of 6% aspartic acid decreased the MV, FV, and TSB by
39, 63, and 25 RVU respectively, whereas the breakdown (BKD) was increased by 33
RVU. The presence of 6% glutamic acid showed a similar pattern to the aspartic acid.
However, the presence of 6% arginine and lysine reduced the pasting temperature up to
15°C. Lipid removal from white rice flour reduced the FV and TSB by 48 and 53 RVU
respectively. Protein removal by alkaline protease digestion further reduced the PV,
MYV, and FV by 62, 19, and 78 RVU respectively. Brown flour showed a different
pattern from the white flour.

The presence of amino acids and B-cyclodextrin inhibited the amylose-lipid
complex formation, resulting in the reduction of the 2*® endothermic transition enthalpy.

Beta-cyclodextrin reduced both the 1* and 2™ endothermic transition enthalpies.
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Addition of lipids increased the relative crystallinity and enhanced the V-type
crystalline structure. The presence of B-cyclodextrin enhanced the V-pattern of x-ray

diffraction, whereas the addition of amino acids increased the 4.4 peak.
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CHAPTER1
INTRODUCTION

Rice is one of the leading food crops in the world. The world rice production
reached a record of 400 million metric tons (milled basis) i 1999/2000 (Bryant et al
2001), with the United States producing 6.6 million metric tons. Although the cost of
rice is greater per pound compared to corn and wheat, its application in value-added
products could give the industry new avenues of use, thus increasing its demand.

Due to lack of gluten, rice flour differs from wheat flour in baking properties,
and cannot retain gases generated during baking. However, there is a steady demand for
rice flours for use in baby foods, breakfast cereals, baked biscuits, dusting powders, and
breading mixes. Some unique functional properties of rice, such as flavor carrying
capability, hypoallergenicity, and bland flavor make it more attractive to food
manufacturers for value-added products. Those applications include gluten-free rice
bread (Deis 1997), tortillas, beverages, processed meats, and low-fat sauces, puddings,
or salad dressings (McCue 1997). Modification of rice flour can change its functional
properties, which might be used as a fat substitute in other value-added products.

Starch is the major food source of carbohydrates, making up 70 to 80% of the
calories consumed by humans. It is an important ingredient in the food industry. The
properties of starch can be improved by modification, resulting in a wider food
application.

In the US market, the annual sales volumes for food starch are 1 to 1.5 billion
pounds with a 60:40 ratio of modified versus native starch (Krause 2001). Modified
starches can be used to thicken, stabilize, texturize, reduce fat, or manage moisture in

food ingredients. Among the wide food applications, the top uses for food starch are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



soups, sauces, gravies, bakery, processed meats, dairy and coatings. There are several
trends in the modified starch market for value-added products. One trend is the instant
starch, which develops viscosity under lower temperatures than traditional cook-up
starches. Those instant starches can be used in convenience foods for microwave
applications. Another trend is the modified starch gels and clear coatings to meet
consumers’ healthy and flavorful foods requirement. Modified starch gels provide low-
fat alternatives for processed meat applications. Clear starches are used in meat
coatings, which create invisible moisture barriers, keeping fried foods hot, improving
crispiness, and extending heat lamp hold times (Krause 2001). According to preliminary
estimates by Menlo-Park, California-based SRI Consulting, the US food starch market
of the year 2000 was growing by 2 to 3 percent, especially for the value-added modified
food starches.

The functional properties of starch are generally regarded as the primary factors
that influence the texture and quality of starch-based food products. The
physicochemical properties of starch can be expressed in the processes of temperature
dependent starch-water interaction, which are known as gelatinization, pasting, and
retrogradation (Dengate 1984, Atwell et al 1988). Cereal starch granules usually contain
residual levels of lipids and proteins, which significantly influence the starch
physicochemical properties. In starchy food manufacturing, emulsifiers, fats, and other
protein containing ingredients (such as skimmed milk and egg white) are commonly
used. Knowledge of the starch, lipid, and protein interactions allows us to predict the
influences of those food ingredients on the quality of final products and to apply it in

value-added product development through starch modifications.
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The research was divided into three phases. The main objectives of phase I of
the research were (1) to determine the lipid removal and protein removal effects on
pasting properties of rice flour; (2) to determine the lipids, amino acids, and -
cyclodextrin effects on pasting properties of rice starch; (3) to compare those additive
effects on commercial rice starch versus rice starch isolate. Those studies were carried
out using a Rapid Visco Analyzer (RVA) to record the paste viscosity changes over
time during heating, holding, and cooling periods. In addition, those lipids and amino
acids that substantially influenced starch pasting properties were selected for the phase
[I study.

In phase II of the project, the main research objectives were (1) to determine the
heating rates and moisture contents influences on thermal characteristics of rice starch
using a Differential Scanning Calorimetry (DSC); (2) to examine the selected lipids and
amino acids effects on thermal characteristics of rice starch; (3) to test $-cyclodextrin
inclusion effect on thermal characteristics of rice starch.

In phase III of this study, the main objectives were (1) to study the XRD pattern
of rice starch and rice flours; (2) to determine the lipid removal and protein removal
effects on rice flour XRD patterns; (3) to examine the influence of lipids, amino acids,
and B-cyclodextrin on starch granule XRD pattern.

The research is presented in three chapters. Chapter 3 describes the materials,
amylose content measurement, lipids extraction and starch isolation methods, and RVA
testing procedures. Chapter 4 describes the sample preparation and DSC thermal

profiles. In chapter S, the XRD pattern specifications are introduced, followed by the
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testing results and comparison. In chapter 6, general conclusions and recommendations

for future research are presented.
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CHAPTER 2
LITERATURE REVIEW

This section presents a review of related literature pertinent to understanding the
composition and structure of starch granules, the health value of starch-based food
products, the functional attributes related to starch-water interactions, as well as the
influences of starch granule associated lipids and proteins. In addition, common food
additives influences on the physicochemical properties of starches during the
manufacturing process were presented.

2.1. STARCH
2.1.1. General Background Information

Cereal grains store energy in the form of starch. The amount of starch contained
in a cereal grain is generally between 60 and 75% of the weight of the grain (Hoseney
1986). Starch provides us an excellent source of energy in our diet, and often at low
cost. In addition to its nutritive values, starch is important because of its unique
chemical and physical characteristics, which significantly influence the physical
properties of many food products.

Granular starch has been commonly used as dusting agents for candy, carrying
agents for baking powder, and starch molds for gum drop manufacture (Jane 1997).
Small granular or small particle starch and microcrystalline starch are proposed for fat
substitutes or fat mimetics (Jane et al 1992, Chiou et al 1991). Starch pastes have a wide
application in food products for thickening, fillings, oil mimetics, and providing body
texture to beer and soft drinks (Jane et al 1997). In addition, starch is used as ingredients

in the food industry to provide structure to bread, cakes, and pudding, and to give
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desirable textures to final products, such as crispy coatings to fried chicken and fish
(Hegenbart 1996, Jane 1997).

Compared with lipid or fat, starch has a relatively low caloric value and contains
no cholesterol. Thus, starch meets consumers’ expectations for health benefits, which
may lead to the gradual dietary pattern change of consumers from fat and protein to
starch and complex carbohydrates (Jane 1997). In recent decades, dietary carbohydrates
have drawn the attention of many scientists and legislators for public health concern.
Evidence showed that resistant starches and certain high-amylose cereal starches could
significantly reduce the level of serum glucose and insulin, and thus may reduce the
risks for some diseases such as colon cancer, coronary heart disease, and glycemia
(Goddard et al 1984, Juliano and Goddard 1986, Bjorck and Asp 1994, Englyst and
Hudson 1997, Unlu and Faller 1998).

2.1.2. Chemical Compeosition of Starch

Starch is composed of two fractions: a linear fraction, amylose, and a branched
fraction, amylopectin. In both molecules, glucose is the basic building block.
Commercial starches usually contain residual levels of lipids, proteins, phosphorus, and
other minerals. The physical properties of starch are mainly determined by the ratio and
structure of amylose and amylopectin. However, those non-starch constituents can also
impact the characteristics and functionality of starch-based products. The molecular
composition and physical properties of starch granules had been largely reviewed by

Zobel (1988a).
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Amylose

Amylose is an essentially linear polymer, which is built up by a-(1—4) linked -
D-glucose units (Fig. 2.1). Very few branches (accounting for 0.3% of the total
linkages) are reported to be randomly present in amylose (Takeda et al. 1992;
Shibanuma et al. 1994). Amylose contains 1,500 to 6,000 glucose units. The extended
form of amylose is composed of 6 glucosyl residues that repeat in 21 Angstroms
(Fig.2.2a). This is the typical structure of one strand in the double helix model found in
retrograded amylose crystallites (Zobel 1988a). When complexing with other
molecules, amylose changes to the collapsed helix form, which also has 6 residues but
repeats in about 8 Angstroms (Fig. 2.2b). Only hydrogen atoms exist in the interior
surface of the helix, while the hydroxyl groups are on the exterior of the helix.
Therefore, the interior surface of the helix is hydrophobic while the exterior surface is
hydrophilic. Guest molecules can occupy the cavity when their structures are matched.
Kuge and Takeo (1968) reported that the average amylose complexing temperature was
63 °C after investigating 38 agents. Under high temperature extrusion and
heat/moisture treatments conditions, starches may form these collapsed helices with
granule-associated lipids (Zobel 1988a, Charbonniere et al 1973).

The amylose content of milled rice or rice starch can be determined by the
iodine colorimetry method proposed by Juliano et al (1981). Based on the amylose
content, milled rice can be classified as waxy (1-2%), low (7-20%), intermediate (20-
25%), and high (>25%) rice (Juliano, 1979). Thus, waxy rice starch usually contains 0.8
to 1.3% amylose, whereas the nonwaxy rice starch contains 7 to 33% amylose (Juliano

198S5). Cooking and eating qualities of rice have long been associated with amylose
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OH CH,OH CH,OH CH,OH
0
OH H k %p{ * H
H H H H

Fig. 2.1. Schematic diagram of amylose.
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Fig. 2.2. Space-filling model of amylose (Zobel 1988a): (a) in an extended helical
configuration; (b) in a collapsed helical configuration.
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content. Low-amylose rices are generally known to be sticky and moist, whereas those
with high amylose are non-sticky, flaky, and dry (Juliano et al 1965). Exceptions also
exist as some rices with the same amylose content may differ substantially in hardness,
stickiness, and gel consistency (Perez and Juliano 1982; Juliano et al 1987), which
indicates that the structure of amylopectin molecules and other components (protein and
lipids) of rice play a role in governing the physicochemical properties of rice.
Rheological studies of aqueous amylose gels (Clark et al 1989) indicated that increasing
amylose concentration or decreasing amylose chain length could result in more rapid
gelation.
Amylopectin

Amylopectin is a very large, highly branched molecule. It consists of short,
linear a-(1-—4) glucan chains which are connected at the a-(1-»6) branch points (Fig.
2.3). The branch points constitute 4-5% of the total linkages. Amylopectin can produce
a double helix through intertwining a branch chain with another (Fig. 2.4). Zobel
(1988a) described the shape of amylopectin molecules as the “cluster’” model, which
inhibits the formation of intermolecular interactions (hydrogen bonds) and thus results
in a softer gel compared with the amylose gel. Temperatures required to reverse
association and solubilize amylopectin gels usually vary from room temperature to
95°C. On the other hand, amylose gels generally require autoclave temperatures (110-
160°C) for reverse. Amylopectin can also form a complex with limited agents such as
iodine. However, those complexes are usually unstable due to the shorter length and

disposition of the linear segments of amylopectin.

10
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amyiopectin

H,0H H,0H M,
N

Fig. 2.3. Schematic diagram of amylopectin

Fig. 2.4. Space-filling model of amylopectin with molecular segments packed in a
double helix arrangement (Zobel 1988a). Large (white) arrow shows location of an a-
1,6 bond.

11
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More long-chain linear portions in amylopectin molecules were observed to
produce a harder gel and increase the iodine binding capacity of the rice starch (Juliano
et al 1987). Like the amylose content, amylopectin structure also changes with the
varieties of rice (Takeda et al 1987, Juliano et al 1987). The swelling behavior of cereal
starch is generally considered as the property of its amylopectin content, and amylose
acts as both a diluent and an inhibitor of swelling, especially in the presence of lipid
(Tester and Morrison 1990).

2.1.3. Starch Granule Structure

A model of the starch granule structure (Fig. 2.5) was proposed by Jenkins et
al (1994) and reviewed by Jacobs and Delcour (1998). The granules are composed of
concentric layers (dense layers and less dense layers), the growth rings, which exhibit
the alternating high and low refractive indices, densities, crystallinities, and resistance
to acid and enzymic hydrolysis (French 1984). The dense layer consists of 16
alternative crystalline and amorphous lamellae, while the less dense layer is largely
amorphous (French 1984, Jenkins et al 1994). Thus, starch granules are partially
crystalline with a degree of crystallinity of 20-40% (Hizukuri 1996, Jacobs and Delcour
1998). The crystalline lamellae are made up of amylopectin double helices, which are
packed in a parallel fashion. Thus, the crystallinity of the granule is mainly attributed to
double helices formed by amylopectin branches rather than to amylose (Jenkins et al
1993).

The structures and transformations of the starch crystal forms (A, B, C, and V)
were reviewed by Zobel (1988b). P. Scherrer was the first person that proved the

crystalline structure of the starch granules (Zobel 1988b). Since the 1920’s, several

12
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Table 4.3, Effect of Li

ids on Thermal Properties of Commercial Starc

h 12,3

Transition Temperatures and Transition Enthalpies

Additives First Transition Second Transition
(0.6%, starch base) (Gelatinization) (Amylose-Lipid Complex)

T, T, T, AH T, T, T, AH
Control 57.0° 66.1° 75.6' 10.2° 88.5° 994" 107.9° 2.1°
MP 57.3 67.2% 76.5" 11.0° 88.0° 976'| 1016 2.2°
Lc 57.5* 67.0% 76.3* 9.5 %0.9* 100.4* 109.8* 2.3*
LE 58.0° 61.0° 75.7* 9.3* 88.4° 99.2'| 1076 2.2*

! To, Tp, Tc, = onset, peak, and completion temperatures, respectively; AH=enthalpy;
MP=monopalmitin, LC=lysophosphatidylcholine, LE=lysophosphatidylethanolamine.

2 Different letters within each column indicate values are significantly different at the level of p < 0.05.

3Units: Temperature (°C), Enthalpy (J/g, dry matter); Heating Rate=5 °C/min, Moisture Content=70%.
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Table 4.4. Effect of Amino Acids on Thermal Properties of Commercial Starch '%*

Transition Temperatures and Transition Enthalpies

Additives First Transition Second Transition
(6%, starch base) (Gelatinization) (Amylose-Lipid Complex)

T, T, T, AH T, T, T. AH
Control 57.0° 66.1° 75.6° 10.2* 88.5° 994 107.9° 2.1?
Aspartic 579b°| 675°| 78.2° 9.7°| 94.1®| 101.3°| 1100°| 07°
Glutamic 58.5b° 67.4° 77.4%® 8.9° 98.0°| 101.4*| 108.7° 0.3°
Arginine 58.3b° | 67.7°| 79.1° 9.7° ND ND ND ND
Lysine 58.9° 68.2° 79.1° 10.0? ND ND ND ND

"o, Tp. Tc, = onset, peak, and completion temperatures, respectively; AH=enthalpy; ND=none detected.
2 Different letters within each column indicate values are significantly different at the level of p < 0.05.

3Units: Temperature (°C), Enthalpy (J/g, dry matter); Heating Rate=S °C/min, Moisture Content=70%.
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Fig. 4.4. Influence of amino acids on thermal properties of commercial starcn



