Quantifying the effects of pre-roasting on structural and functional properties of yellow pea proteins
Methods
1. Pea protein aqueous extraction

120 g of yellow pea flours obtained in section 2.2.1 were dispersed in a tenfold amount of Milli-Q water. After adjusting the pH to 8 using 1 M NaOH, the pea flour suspensions were stirred with moderate magnetic agitation for 2 h, and then centrifuged at 10,000 ×g, 20 oC for 30 min. One portion of the supernatant was pre-frozen at −18 oC and lyophilized to obtain PPC samples. The rest of the supernatant was adjusted to pH 4.5 using 1 M HCl, stirred for 2 h, and centrifuged at 10,000 ×g, 20 oC for 30 min to obtain the precipitate. The protein-rich pellets collected were re-dispersed into a tenfold amount of Milli-Q water followed by adjusting the protein suspensions to pH 7 with 1 M NaOH and stirring for 1 h. The resulting protein dispersions were pre-frozen at −18 oC and freeze-dried to obtain the PPI powders. 

Table. S1 The extraction conditions for pea protein concentrates (PPC) and pea protein isolates (PPI)

	Protein samples
	Roasting conditions of pea flour 
	Alkaline extraction
	Isoelectric precipitation

	UFD-PPC
	/
	(
	/

	R10FD-PPC
	150 oC, 10 min
	(
	/

	R20FD-PPC
	150 oC, 20 min
	(
	/

	R30FD-PPC
	150 oC, 30 min
	(
	/

	UFD-PPI
	/
	(
	(

	R10FD-PPI
	150 oC, 10 min
	(
	(

	R20FD-PPI
	150 oC, 20 min
	(
	(

	R30FD-PPI
	150 oC, 30 min
	(
	(


“(” and “/”present that the specific extraction step was included or not included, respectively.

2. Soluble protein content 
Bradford assay was used to measure soluble protein content. Specifically, 250 mL Bradford Dye Reagent was added to 5 mL samples, and incubated at room temperature for 5 min. The absorbance at 595 nm was recorded with a microplate reader (Infinite 200 PRO; Tecan Trading AG, Switzerland). The standard curve was plotted with bovine serum albumin (Bio-Rad Laboratories, Inc., USA).
3. Total carbohydrates, starch, and ash content 

For total carbohydrates measurement, 15 mg of pea proteins were hydrolysed by 4M HCl at 100 oC for 2 h to convert poly- or oligosaccharides to monosaccharides. The hydrolysed samples were centrifuged at 13,000 rpm for 5 min to remove the insoluble substances. After adding 600 mL sulfuric acid into 120 mL obtained hydrolysed supernatant of samples, the mixtures were incubated at 90 oC for 15 min and protected from light during incubation. Then, 120 mL 5% phenol (w/v) was added to each sample and mixed well with a vortex. The absorbance at 490 nm of 200 mL final mixture was measured with the Infinite 200 PRO microplate reader (Tecan Trading AG, Switzerland). The standard curve was plotted with D-(+)-Glucose (UNILAB, Sydney)
For starch content measurement, starch was first hydrolysed to glucose by amyloglucosidase and glucose was phosphorylated by adenosine triphosphate (ATP) in the incubation with hexokinase to obtain Glucose-6-Phosphate (G6P). Then, the G6P was oxidated to 6-phosphogluconate after incubation with glucose-6-phosphate dehydrogenase (G6PDH) in the presence of nicotinamide adenine dinucleotide (NAD), while the equimolar NAD was reduced to NADH. The increase in absorbance at 340 nm of samples that is proportional to the glucose concentration was measured and used to calculate the starch concentration. 

4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

For non-reducing conditions, 50 mL samples were mixed with 50 mL 2× Laemmli sample buffer. 50 mL 2-mercaptoethanol was added to the 950 mL 2× Laemmli buffer for reducing conditions, while the mixing ratio of sample to buffer was still 1:1. All sample mixtures were heated at 95 oC for 5 min. 10 mL marker (Precision Plus Protein Dual Xtra Standards) and 15 μL of samples were loaded in each well of the 4-15% Mini-PROTEAN TGX Precast protein gels. Electrophoresis was performed in the Mini PROTEIN Tetra Cell (Bio-Rad Laboratories, Inc., USA) for 30 − 35 min at a constant voltage (200 V) and 1× Tris/Glycine/SDS buffer was used as the running buffer. The gels were subsequently stained with Coomassie R-250 for at least 3 h and de-stained with a solution of 40% ethanol and 10% acetic acid for more than 4 h. Two gels were scanned with a Bio-Rad Chemidoc MP system (Bio-Rad Laboratories, Inc., USA) and analysed with Image Lab 6.0. 

5. Fourier transform infrared (FT-IR) spectroscopy

Background (air) measurement was done before each sample measurement. The freeze-dried protein powders of different treatments were first finely ground with a mortar for sample determination. The samples were then placed in the centre of the measuring platform to ensure that they covered the whole measuring window, followed by lowering the measuring arm and locking in the position to start the measurement. The spectra were recorded with 32 scans and a resolution of 4 cm-1 for the background and each sample from 4000 to 400 cm-1.
6. Surface hydrophobicity

25 µL ANS stock was added to 3 mL of protein solutions and carefully mixed by rotation for 30 s, followed by transferring 250 mL mixtures to 96 well microplate and incubating at room temperature in the dark for 1 h. The fluorescence intensity was measured by a microplate reader (Infinite 200 PRO; Tecan Trading AG, Switzerland) at 370 nm (excitation) and 490 nm (emission). The corrected fluorescence intensity was obtained by subtracting ANS blank (ANS with PBS buffer) and protein blank (protein solution without adding ANS). The line slope of corrected fluorescence intensity versus protein concentration (mg/mL) was used to represent the protein surface hydrophobicity.
7. Sulfhydryl group (SH) and disulfide bond (SS) contents

Protein solutions were prepared by adding 10 mg Tris-Gly buffer solution (25 mM Tris, 192 mM glycine, and 0.1% SDS, pH 8.3) containing 8 mol/L urea into 75 mg protein powders and shaking overnight (200 rpm) at room temperature with Bioline shaker (Bioline Global Pty Ltd., UK). Free SH content was measured by subsequently adding 4 mL of Tris-Gly buffer and 0.05 mL of Ellman’s reagent (2 mM DTNB and 50 mM sodium acetate dissolved in water) into 1 mL of the prepared protein solution. The absorbance of mixture solutions was measured at 412 nm after incubating at room temperature for 20 min. For the measurement of total SH content, 1 mL of different protein solutions was mixed with 0.05 mL of 2-mercaptoethanol and 4 mL of Tris-Gly buffer and incubated for 1 h at room temperature. Then 10 mL of 12% trichloroacetic acid (TCA) solution was added into the mixture solutions and incubated at room temperature for an hour for protein precipitation. After centrifugation at 5,000 ×g for 10 min, the precipitates were collected and washed twice with 5 mL of 12% TCA solution. The washed precipitates were dissolved in 10 mL of Tris-Gly buffer to form solutions. The absorbance at 412 nm was measured after solution mixtures (4 mL of the acquired solutions mixed with 0.04 mL of Ellman’s reagent) standing at room temperature for 20 min. The contents of free SH, total SH, and SS in different proteins were calculated by the following Equations (S1) − (S5): 

[image: image1.emf]Free SH (  mol/g protein)  =  73.53 ×  A FSH   ×  D FSH C  

                                                                      (S1)

[image: image2.emf]Total SH (  mol/g protein)  =  73.53 ×  A TSH   ×  D TSH C  

                                                                    (S2)

[image: image3.emf]SS (  mol/g protein)   =  Total SH - Free SH 2  

                                                                                   (S3)

[image: image4.emf]Free SH ( % )   =  Free SH Total SH ×100%  

                                                                                               (S4)

[image: image5.emf]SS ( % )   =  Free SS Total SH ×100%  

                                                                                                        (S5)

Where, AFSH and ATSH are the absorbances of free SS and total SH at 412 nm, respectively; D is the dilution factor (DFSH and DTSH are 5 and 10 for free SH and total SH, respectively), C is the protein concentration (7.5 mg/mL × total protein content of protein powders).
8. Thermal property

Samples were prepared by dissolving 10% (wt%) proteins in deionized water and adjusting to pH 7. After being left at room temperature for 2 h, the samples were transferred to aluminium pans with weights of 15.0 ± 2.0 mg. The pans were closed with a lid and measured by a TA Q20 Differential Scanning Calorimeter (Waters Corporation, Massachusetts, USA) with an empty pan served as a reference. The endothermic heat flow (W/g) was recorded over a temperature range of 20 - 120 oC, with a heating rate of 5 oC/min. 

Supplementary result
1. Normalised FT-IR spectra
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Fig. S1 (A) The normalised FT-IR spectra based on the amide Ⅰ band (1700 - 1600 cm-1) of PPC (green lines) and PPI (red lines) with different roasting times. (B) The magnification image in the band ranges from 1800 cm-1 to 800 cm-1.
2. Hierarchical clustering analysis of different pea proteins
The colour blocks of protein samples in Fig. S2 (A) show the changing pattern of different physicochemical parameters according to the colour scale. For example, the pea proteins extracted from roasted peas show various degrees of increase in solubility, Ho, EAI, etc compared to the UFD-PPC/PPI. In addition, it can be seen from clusters at the top of Fig. S2 (A) that PPC and PPI can be classified into two different hierarchical groups, which means the physicochemical properties of PPC and PPI can be easily distinguished. Fig. S2 (B) more specifically shows the clustering analysis of different pea proteins, where the linkage distance presents the similarity between samples. Among PPC samples, R10FD-PPC and R20FD-PPC with the lowest linkage distance present the highest similarity, and the new cluster formed by them has a closer relationship with R30FD-PPC compared with UFD-PPC. PPI samples show the same cluster pattern as PPC samples, while the linkage distance between R10FD-PPI and R20FD-PPI is lower than PPC counterparts (R10/R20FD-PPC). Overall, it could be concluded that pre-roasting had a significant impact on the physicochemical properties of PPC/PPI, and protein samples with shorter roasting times (10 min and 20 min) had similar properties, while they can be distinguished from PPC or PPI samples roasted for 30 min. 
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Fig. S2 (A) Heat map of hierarchical clustering analysis based on physicochemical properties of PPC and PPI samples (The clustering in the red frame shows the similarity of the physicochemical properties of pea proteins). (B) Dendrogram of different pea proteins. Abbreviations: Td, Denaturation temperature; βt%, β-turn; αh%, α-helix; Rc%, Random coil; S, Solubility; ESI, Emulsifying stability index; Y, Yield; FSH%, Free sulfhydryl ratio; L*, Lightness; b*, yellowness; ΔH, Denaturation enthalpy; PS, the particle size of protein; Ho, Surface hydrophobicity; SS%, Disulfide bond ratio; EAI, Emulsifying ability index; a*, Redness; To, Onset temperature; |ζ|, the absolute value of zeta potential; Aβs%, aggregated β-sheet; Nβs%, native β-sheet; PC, protein content. S, ESI, EAI, |ζ|, PS, To, Td and ΔH are all determined at pH 7. 
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