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Abstract 







Chapter 1 Introduction - 

Carbohydrates in society 

1.1 The need to study carbohydrates 





1.2 Research in carbohydrate foods 

1.2.1 Obesity 
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1.2.2 Nutrient intake, weight management 

and obesity 



1.3 The biopolymer: Starch and its 

structure 

1.3.1 Nutritional definitions of starch 



1.3.2 Glycaemic control and satiety 



1.3.3  (Supra)molecular structure of starch 







1.3.4 Functional properties of starch 



1.4 Australian rice 

1.4.1 Grain structure 





1.4.2 Australian rice varieties 







1.4.3 Glycaemic properties  



1.5 Australian breakfast cereals 

1.5.1 Processing 





1.5.2 Effect of processing on digestibility 



1.6 Conclusion 



Chapter 2 Characterisation of the 

molecular structure of amylose 

and amylopectin using iodine-

affinity capillary electrophoresis 

2.1 Background 



2.1.1 Determination of amylose content  

2.1.2 Industry standard analysis: Liquid 

chromatography 





2.1.3 Capillary electrophoresis: An 

emerging technology 

2.1.3.1 Principle of free solution capillary 

electrophoresis (CE) 

 



2.1.3.2 Application of CE to sugar 

quantification 



2.1.3.3 Application of CE to starch 

characterisation 





2.2 Materials and methods 

2.2.1 Materials 

2.2.2 Methods 





2.3 Results and discussion 

2.3.1 Dissolution 

2.3.1.1 Effect of sample concentration 





 







2.3.1.2 Effect of dissolution solvent  



2.3.1.2.1 Comparison of solvents (magnetic 

stirring, room temperature) 













2.3.1.2.2 Comparing dissolution conditions of 

Hererro-Martinez et al. 105 and Schmitz et al. 

108 (shaking, high temperature) 





2.3.1.3 Effect of temperature 











 



2.3.1.4 Effect of filtration 















2.3.2 Separation 

2.3.2.1 Conversion of raw data 

𝑙d𝑙t

𝑉
(

1

𝑡m
 −  

1

𝑡eof
)



UV Signal=
Absorbance

tm
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dµ

dtm

dµ

dtm

dµ

dtm
=-

ldlt
V

 × 
1

tm
2

dµ

dtm
∝

1

tm
2
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2.3.2.2 CE in the critical conditions 







2.3.2.3 Pressure mobilisation to assess 

adsorption 







2.3.2.4 Starch-iodine incubation 









2.3.3 Characterisation 

2.3.3.1 Dispersity of electrophoretic mobility 

distributions 



𝐷(1,0) = 𝐷(𝑊(µ), 1,0) =
[∑ 𝑊(µz)µz(µz+1−µz)][z ∑ 𝑊(µz)µz

−1(µz+1−µz)]z

[∑ 𝑊(µz)(µz+1−µz)]z
2

𝐷(2,0)  𝐷(𝑊(µ), 2,0) =
[∑ 𝑊(µz)µz

2(µz+1−µz)][z ∑ 𝑊(µz)(µz+1−µz)]z

[∑ 𝑊(µz)µz(µz+1−µz)]z
2

𝐷(3,0) =  𝐷(𝑊(µ), 3,0) =
[∑ 𝑊(µz)µz

3(µz+1−µz)][𝑧 ∑ 𝑊(µz)µz(µz+1−µz)]z

[∑ 𝑊(µz)µz
2(µz+1−µz)]z

2

𝑆𝐷𝑒𝑣 =  𝐷𝜎 = [
∑ 𝑊(µz)(µz−µw)2

z (µz+1−µz)

∑ 𝑊(µz)(µz+1−µz)z
]

0.5

µw =
[∑ 𝑊(µz)z µz(µz+1−µz)]

[∑ 𝑊(µz)(µz+1−µz)z ]

µm =
[∑ 𝑊(µz)z (µz+1−µz)]

[∑ 𝑊(µz)µz
−1(µz+1−µz)z ]



2.3.3.2 Investigating heterogeneity of 

branching in starch 



 













2.3.3.3 Impact of sample temperature on 

dispersity values and repeatability 









2.4 Conclusion  







Chapter 3 Characterisation of the 

supramolecular structure of 

starch: Investigating short- and 

long-range crystalline structure 

3.1 Introduction 





3.2 Materials 



3.3 Results and discussion 

3.3.1 FTIR spectroscopy in the 

determination of short-range order 

3.3.1.1 Introduction 



𝐶𝐼 =
𝐼c

𝐼a
 





 

Peak 

maximum 

(cm-1) 

Peak 

Assignment 
References Comments 

1022 
Amorphous 

Regions 

152, 161-163, 165 

Widely accepted as representative of the 

amorphous region of starch when used in 

the determination of crystallinity by FTIR 

spectroscopy. 

995 
Crystalline 

Regions 

162 
More sensitive to change in 

amorphous/crystalline ratio. 

1000 

Water 

Dependent 

Crystalline Peak 

161 

Responds to changes in helices 

organisation in crystalline and semi-

crystalline samples. 

1047 
Crystalline 

Regions 

152, 161-163, 165 

A combination of overlapping peaks 1053 

cm-1 and 1040 cm-1 167. Peak splitting 

shown during gelatinisation of starch 162. 



3.3.1.2 Materials and methods 





3.3.1.3 Investigating the viability of ATR-FTIR 

spectroscopy in the determination of 

crystallinity 

3.3.1.3.1 Investigating ATR-FTIR spectroscopy 

viability in standard conditions 





3.3.1.3.2 Investigating the sensitivity of ATR-

FTIR spectroscopy to hydration based 

structural changes  





3.3.1.3.3 Intermediate conclusion 





3.3.1.4 Exploring alternative FTIR approaches 

in the determination of crystallinity 

3.3.1.4.1 Employing transmission mode FTIR 

spectroscopy in the determination of 

crystallinity 



3.3.1.4.2 Exploring cryogenic temperatures in 

enhancing resolution  





3.3.1.4.2.1 Monitoring the effect of cooling 



   

 



3.3.1.4.2.2 Monitoring the temperature equilibrium 



3.3.1.4.2.3 Monitoring effect of cooling on structure and the 

role of humidity 



3.3.1.4.3 Intermediate conclusions 



3.3.1.5 Exploring the determination of CI as a 

measure of crystallinity 



3.3.1.5.1 Investigating the relationship between 

CI and crystallinity measured by XRD 



 





3.3.1.5.2 Investigating the relationship of CI with 

amylose content 





 

3.3.1.5.3 Intermediate conclusions 



3.3.1.6 Investigating CI as a measure of 

crystallinity in rice flours  





 



 

3.3.1.7 Investigating CI as a measure of 

crystallinity in more complex samples  





3.3.1.8 Conclusions 



3.3.2 X-ray diffraction – Investigating 

long-range order 

3.3.2.1 Introduction 







3.3.2.2 Materials and methods 



3.3.2.3 Determination of crystallinity by X-ray 

diffraction 

3.3.2.3.1 Choices of peak fitting and data 

manipulation software packages 



3.3.2.3.2 TOPAS software 



3.3.2.3.3 Igor Pro software 
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3.3.2.3.4 Choice of the data processing software 

package 





3.3.2.4 Application to more complex samples 



3.3.2.5 Conclusions 



3.3.3 Investigating lamellar structure by 

small-angle X-ray scattering  

3.3.3.1 Introduction 







3.3.3.2 Materials and methods 



3.3.3.3 Small angle X-ray scattering of maize 

starch standards 
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3.3.3.4 Conclusions 



3.4 Concluding remarks 





Chapter 4 Investigation of starch 

structure in rice and discussion 

on its role in digestibility 

4.1 Relationship between starch structure 

and digestibility in rice 





4.2 Characterising starch structure in rice 

and investigating how it relates to 

digestibility 

4.2.1 Comparing structural properties 

with literature GI values 



4.2.2  How lamellar structure relates to 

amylose content 













4.2.3  How the lamellar structure relates to 

the average degree of branching 











4.2.4  The heterogeneity of branching and 

its impact on digestibility 





Chapter 5 Conclusions and Future 

Research 

5.1 Predicting the digestibility of starch 

through structural characterisation 



5.1.1 CE-CC for the molecular 

characterisation of starch 

5.1.1.1 Conclusions 

Capillary Electrophoresis FTIR Spectroscopy

XRDSAXS





5.1.1.2 Future Research 



5.1.2 Approaches to characterising the 

supramolecular structure in starch 

5.1.2.1 Conclusions 







5.1.2.2 Future Research 



5.2 The larger context 





Appendices 

Starch sample information 



Additional information from capillary 

electrophoresis 



Additional information from FTIR 

spectroscopy  

FSD of FTIR spectra 



  Gaussian Lorentzian 

Sample Technique Bandwidth Noise reduction Bandwidth Noise reduction 

Doongara HH1 

 

ATR 93.903 0.29 7.66555 1 

KBr - - 37.9737 0.1 

Gelose 80 

 

 

ATR 93.903 0.3 7.66555 1 

KBr - - 34.2713 0.14 

Cold stage - - 50.2202 0.07 

Regular Maize 

 

 

ATR 702.19 0.11 24.3051 0.19 

KBr - - 21.3602 0.22 

Cold stage - - 45.9482 0.08 

Waxy Maize 

 

 

ATR 93.903 0.29 17.2475 0.32 

KBr - - 16.0439 0.2 

Cold stage - - 27.436 0.1 



I-Geo-Tze HH1 KBr - - 24.3032 0.18 

Quest 19 HH1 KBr - - 27.436 0.15 

Crystalline index values  

 Raw Gaussian Lorentzian 

Samples ATR KBr 
KBr cold 

stage 
ATR ATR KBr 

KBr cold 
stage 

Doongara 
HH1 0.9920 0.9160  - 0.9894 1.0054 0.9237 -  

Gelose80 1.0143 0.8294 0.9175 1.0498 1.0692 0.9208 0.9484 

Waxy 
Maize 1.0285 0.9901 0.9992 1.0150 1.0415 1.0054 1.0253 

Regular 
Maize 1.0180 0.9828 0.9941 1.0036 1.0178 0.9954 1.0526 

I-Geo-Tze 

HH1  - 0.9110  - -   - 0.9118  - 

Quest 19 

HH1 -  0.9409  -  -  - 0.9404  - 

 Raw Gaussian Lorentzian 

Samples ATR KBr 
KBr cold 

stage 
ATR ATR KBr 

KBr cold 
stage 

Doongara 
HH1 0.6695 0.8797 -  0.6919 0.6660 0.8644 -  

Gelose80 0.6800 0.8191 0.8392 0.6718 0.6913 0.8271 0.8293 

Waxy 
Maize 0.6478 0.8726 0.8805 0.6813 0.6551 0.8597 0.8813 

Regular 
Maize 0.6554 0.8596 0.8649 0.6849 0.6599 0.8586 0.8675 

I-Geo-Tze 
HH1  - 0.8714  - -   - 0.8560 -  

Quest 19 
HH1  - 0.8689 -   -  - 0.8557 -  



Linear fits of CI data 

 
CI995 CI1047 

Name Figure Treatment Slope Intercept R2 Figure Treatment Slope Intercept R2 

Rice flours 
by 

transmission 
mode FTIR 

spectroscopy 

Figure 59 Raw 1.0128 -0.0037 0.9854 Figure 60 Raw 0.8591 0.0006 0.2017 

Figure 59 Lorentzian 1.0056 -0.0033 0.9777 Figure 60 Lorentzian 0.8512 0.0003 0.0726 

Maize 
starches by 

transmission 
mode FTIR 

spectroscopy 

Figure 57A Raw 1.0135 -0.0022 0.9536 Figure 57B Raw 0.8754 -0.0007 0.9995 

Figure 57A Lorentzian 1.0148 -0.0011 0.9777 Figure 57B Lorentzian 0.8647 -0.0004 0.9494 

 
 

CI995 CI1047 

Name Figure Treatment Slope Intercept R2 Figure Treatment Slope Intercept R2 

Maize 
starches by 

ATR-FTIR 
spectroscopy 

Figure 49A Raw 0.9980 0.0010 0.9651 Figure 49B Raw 0.7093 -0.0022 0.8618 

Figure 49A Gaussian 1.0721 -0.0023 0.4403 Figure 49B Gaussian 0.6659 0.0006 0.4123 

Figure 49A Lorentzian 1.0798 -0.0017 0.2169 Figure 49B Lorentzian 0.7225 -0.0025 0.7845 

Maize 
starches by 

transmission 
mode FTIR 

spectroscopy 

Figure 55A Raw 0.6978 0.0109 0.7131 Figure 55B Raw 0.7703 0.0037 0.8690 

Figure 55A Lorentzian 0.8485 0.0058 0.7718 Figure 55B Lorentzian 0.8005 0.0022 0.7041 

Maize 
starches by 

transmission 
mode FTIR 

spectroscopy 
at cryogenic 

temperatures 

Figure 56A Raw 0.8500 0.0056 0.7268 Figure 56B Raw 0.7988 0.0029 0.9516 

Figure 56A Lorentzian 0.9002 0.0050 0.4242 Figure 56B Lorentzian 0.7812 0.0036 0.8839 



Additional information from XRD 

experiments 

XRD diffractogram of sample holder used for 

background subtraction  

XRD diffractograms fitted using TOPAS 

software 

5000

4500

4000

3500

3000

2500

2000

C
o

u
n

ts

3530252015105

2Th Degrees



2Theta (Degrees)
3634323028262422201816141210864

C
o

u
n

ts

8,000

6,000

4,000

2,000

0

2Theta (Degrees)
3634323028262422201816141210864

C
o

u
n

ts

10,000

8,000

6,000

4,000

2,000

0

2Theta (Degrees)
3634323028262422201816141210864

C
o

u
n

ts

5,000

4,000

3,000

2,000

1,000

0



XRD diffractograms fitted using Igor Pro 

software 
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Additional information from SAXS 

experiments 

SAXS curve of Gelose 80 fitted using Igor Pro 

software 

SAXS curves of rice flours samples  
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