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1. Materials and Methods

1.1 Materials

Commercially available starches: waxy maize, raw maize, gelose 80 and Mazaca were
purchased from National Starch Pty Ltd. (Lane Cove NSW 2066, Australia) and used without
further treatment. All other starches were gifts from collaborators and were from a range of
botanical sources including native barley and barley mutants!-? and wild rice and rice
mutants.® Other starches were subjected to different drying conditions,* or extruded (Zhang et
al, submitted). Starches were also subjected to in vitro enzymic digestion for different lengths
of time’ or extruded and then digested.® Wheat starch (Cerestar, cv. GL04) and pea starches
(WT, r and lam’) were gifts from Prof. T. Bogracheva and Prof. C. Hedley (formerly of the
John Innes Centre, Norwich, UK), waxy rice starch (cv. Remyrise) was a gift from Dr. P.
Rayment (Unilever, UK); these starches are described in detail elsewhere.? Native starch
powders from tapioca (Penford, AU), maize (Penford, NZ), waxy maize (Tate and Lyle,
Decatur, IL), high amylose maize (HylonVII, Penford,AU), potato, and wheat (both
commercial material, supermarket, Sydney, AU) were gifts from Dr. E.P. Gilbert (ANSTO,
Australia).” Amorphous starches were prepared following the method of Gidley and Bociek,'°
with minor adjustments. Starches were boiled in water (1% w/v) for 30 minutes and

precipitated with ethanol or rapidly frozen in liquid nitrogen and lyophilised.

1.2 13 C CP/MAS NMR spectroscopy

The solid-state 13C CP/MAS NMR experiments were performed at a 13C frequency of 75.46
MHz on a Bruker MSL-300 spectrometer. Approximately 200-300 mg of starch was packed
in a 4-mm diameter, cylindrical, PSZ (partially-stabilized zirconium oxide) rotor with a
perfluorinated polymer (KelF) end cap. The rotor was spun at 5-6 kHz at the magic angle

(54.7°). The 90° pulse width was 5 pus and a contact time of 1 ms was used for all starches



with a recycle delay of 3 s. The spectral width was 38 kHz, acquisition time 50 ms, time
domain points 2000, transform size 4000 and line broadening 50 Hz. At least 1200 scans

were accumulated for each spectrum. Spectra were referenced to external adamantane.

The NMR spectra were analysed by separating the spectrum of the native starch into its

respective amorphous and ordered sub-spectra as detailed by Tan et al. 3

1.3 Wide Angle X-Ray Diffractometry

X-ray diffraction (XRD) measurements were performed with an X’Pert Pro X-ray
diffractometer (PANalytical, Almelo, the Netherlands) operating at 40 kV and 40 mA with
Cu Ka radiation (1) at 0.15405 nm. The scanning region was set from 3 to 40° of the
diffraction angle 26 with a step interval of 0.02° and a scan rate of 0.5°/min. The crystalline
peak area and amorphous area were separated by PeakFit software (Version 4.12, Systat
Software Inc., San Jose, CA, USA) following the method of Lopez-Rubio, et al. !! Relative
crystallinity was calculated as the ratio of the crystalline peak area to the total diffraction

arca.

1.4 DSC

All DSC data were obtained using a TA Instruments Q2000 instrument, using Tzero
hermetically sealed aluminium pans. The sample chamber was purged with nitrogen gas at a
rate of 40 mL/min. The instrument was calibrated for temperature using indium and tin
standards. Samples were prepared in triplicate by accurately weighing approximately Smg of
starch with 40mg of deionised water into a pan, mixing, sealing and leaving overnight to
equilibrate. Samples were heated from 10 to 95°C at a rate of 5°C/min. Subsequent
thermograms were analysed using TA instruments Universal Analysis software to obtain

gelatinisation enthalpies as described elsewhere.!?



1.5 Data analysis

Preparation of figures, statistical analyses and linear regression fitting was carried out using

Sigma Plot 12.5. Principle component analysis (PCA) and PLS model building was carried

out using Unscrambler X 10.3.

Table S1. Reference data for the complete set of samples. NMR values are calculated using

the deconvolution method of Tan et al.'* Crystalline polymorph and XRD crystallinity was

calculated according to the method of Lopez-Rubio ef al.'4

Sample NMR NMR Crystalline XRD (% DSC Botanical = Sample pre-
No. A/B (%) V(%) polymorph crystallinity) (J/g) origin treatement
1 17 5 B+V N.D. N.D. maize extruded

2 16 6 B+V N.D. N.D. maize extruded

3 28 1 A N.D. N.D. rice native

4% 37 2 A N.D. N.D. rice native

5% 15 1 B 10 6.5 rice native

6 23 2 B 22 7.4  rice native

7 27 1 B N.D. N.D. rice native

8 23 1 B N.D. N.D. rice native

9 26 5 B 17 8.8  rice native

10* 32 5 B 19 94  rice native

11 31 3 A 27 11.3  wheat native

12 24 6 B 28 maize native

13* 43 4 A 45 15.7 maize native

14 38 7 A 42 12.9 maize native

15 40 3 A 39 15.9 tapioca native
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calibration dataset.



Supplementary Figure S1. PLS models constructed using the C2,3,5, C4 and C6 regions of
the 13C CP/MAS NMR spectra f or starch. Reference vs. predicted ordered helical structure
for calibration samples (closed circles) and validation samples (open circles). a. C2,3,5; b.
C4; c. C6. Model correlation loadings for PC1 (black line) and PC2 (broken line). d. C2,3,5;
e. C4; f. Cé6.
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Supplementary Figure S2. Relationship between NMR ordered structure determined from
the reference deconvolution method, or using the prediction macro, and two alternative
measures of ordered starch (XRD and DSC). a. Predicted NMR vs. XRD. b. Reference NMR
vs. XRD. c. Predicted NMR vs. DSC. d. Reference NMR vs. DSC. e. XRD vs. DSC.
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