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Research 

Results

Starch structure in milled rice flours was assessed 
and related to in vitro digestibility using several 
sample sets relevant to the objectives of the 
Australian Rice Partnership. These included 
commercial varieties, breeding lines, and varieties 
grown in temperature-controlled conditions.  The 
apparent amylose content was complemented by 
assessing the range of branching structures of starch 
within rice flour  (Level 2, Figure 1). The technique that 
we used (iodine affinity capillary electrophoresis) 
separates different branching structures in starch. 
This is a novel approach that gives information not 
currently available by any other method. 

The short-range molecular order of starch was 
evaluated through the starch helix content as well 
as the interactions and dynamics of the starch 
molecules (Level 3, and levels 3-5, Figure 1). These 

were measured using solid-state NMR spectroscopy, 
which operates on similar principles to medical 
MRI, though it has more capabilities. The long-range 
molecular order, or crystallinity of the  starch, was 
measured by X-Ray diffraction (Level 4, Figure 1). With 
this technique, X-rays determine atomic spacing, 
which provides information on larger scale repeating 
crystalline arrangements of starch helices.

We assessed several features of the semi-crystalline 
lamellar structure of starch, ranging in size from 
tens to hundreds of nanometres. It accounts for the 
highest level of organised starch structure within the 
starch granule (Level 5, Figure 1). The technique we 
used, small angle X-ray scattering, works on similar 
principles to X-ray diffraction. It differs mainly in the 
X-ray transmission and detection angles that enable 
analysis of even larger ordered structures. 

There is a wide gap in knowledge about the broader role of 
starch structure in digestibility. Only one published tool is 
available to predict rice digestibility from starch structure 
highlights. In response to this, the objective of this project 
was to measure multiple levels of starch structure in rice 
(Figure 1) and relate those structures to how quickly we digest 
rice. To do this, a range of analytical techniques were used to 
characterise commercial and breeding lines. One objective was 
to apply analytical techniques from the pharmaceutical industry 
(electrophoresis) or biomedical research (magnetic resonance) 
to research and development (R&D) in agriculture and food. The 
long-term objective is to provide more tools for rice researchers 
to develop new varieties, open doors to new markets, and satisfy 
consumer demands for slowly digestible rice.

Objectives

The healthy food sector has expanded as consumers 
become more aware of options to prevent the 
onset/progress of modifiable health conditions. 
Recommendations encourage consumers to swap to 
low GI foods, i.e., foods that are more slowly digested. 
Doongara is currently the only low GI certified 
Australian-grown rice. As such, there is a great 
opportunity for the Australian rice industry to expand 
the range of healthy rice and value-added options in 
this emerging market. One barrier to breeding new 
varieties is the availability of accepted, accessible 
methods to screen and select for low GI. Digestibility 
is measured in a person (in vivo) or in a test tube 
(in vitro). In vivo methods are expensive and often 
limited to certification and clinical purposes. While 

in vitro methods are cheaper, no widely accepted 
standards are available. Starch within the rice grain 
is a major driver of key eating and cooking quality 
traits of rice, including slower digestion (low GI). 
The apparent amylose content is currently the only 
published tool available to rice researchers to predict 
digestibility1; however, the correlation indicates that 
other drivers are at play. They are likely to be features 
of starch structure that can be assessed at each of 
the six hierarchical levels of starch (Figure 1). The 
challenge is to confidently attribute starch structure 
characteristics to digestion for a range of rice types1,2. 
Incorporating more knowledge into the breeding 
process has the potential to improve the capacity to 
select for digestibility.

Background

Figure 1 The six structural levels of starch (adapted from [2]). 



Outcomes

Different varieties and breeding lines, and in some 
cases temperature treatments, were able to be 
distinguished by each starch structure evaluated.  
Of these features, two show some promise of 
improving the ability to predict rice digestibility.   
The first feature was the characterisation of 
branching structures of starch molecules (Level 
2, Figure 1) by capillary electrophoresis. This 
method gives information on branching structures, 
complementing current AAC measurements by 
identifying different types of amylopectins and 
amyloses across rice breeding lines. This method 
could provide a more accurate prediction of 
digestibility. However, more work is needed to identify 
how these parameters relate to digestibility.

The second structural feature linked to digestibility 
was the measurement of relaxation times of starch 
molecules by solid-state NMR spectroscopy (Levels 
3-5, Figure 1). These relaxation times provide a 
measure of the local interactions of starch molecules, 
which offers insight into the short-range molecular 
structures that influence them. Initial results 
are promising, though confirmation is needed on 
larger sample set, as well as the suitability of the 
assessment method to benchtop instruments.

The remaining starch structures evaluated (helix 
content, crystallinity and lamellar structure) were not 
found to be direct drivers of digestibility, though did 
appear to play a role. While more work is needed to 
understand the impacts on digestibility, there is scope 
to investigate other physical and cooking properties, 
such as texture or chalkiness.  
 

Implications 

The two most promising features of starch structure 
are measured by capillary electrophoresis (CE) and 
NMR. Apart from learning how to use new equipment, 
the costs to adopt CE methodology are $20,000–
$70,000 for the instrument, with running costs of 
about $1 per sample, and labour costs based on a 
throughput of 10 samples per day. The NMR used in 
this study is expensive (about $1,000,000), but the 
measurement can be transferred to benchtop NMRs, 
which are developing fast in industry and are cheaper 
($100,000), with throughput of about 14 per day. 

Some other features of starch structure measured by 
NMR, XRD and SAXS were less promising and much 
more expensive for industry to adopt. Nevertheless, 
the new knowledge contributes new knowledge to the 
understanding of rice starch structure. Future works 
could include exploring correlations between CE data 
and digestibility, as well as the molecular basis of the 
promising NMR relaxation times. 

Adopting knowledge from this project could 
contribute to the rice industry’s goal of expanding the 
choice, in our local and global markets, of rice quality 
types that digest slowly. Because rice is a staple food, 
consumers can act on public health messages to 
choose low GI rice. 
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