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Figure S1. Granulometric distributions of neat powders: MS (a), DF (b) and SF (c), compared to the waste flours: DWF 

(d) and SWF (e). 

 

Table S1. Particles diameter of neat (MS, DF, SF) and waste (DWF, SWF) flours at different cumulative values (CV).  

 PARTICLES DIAMETER (µm) 

CV (%) NEAT FLOURS WASTE FLOURS 

 MS DF SF DWF SWF 

10% 8.38 8.23 7.82 5.30 8.76 

50% 14.32 23.6 25.44 21.23 37.61 

90% 24.45 184.82 188.83 60.10 99.83 

 

 By observing the histograms (black curves) reported in Figure S1-b and Figure S1-c, both, durum and soft 

neat flours, respectively, show a similar double distribution, unlike the MS (Figure S1-a) that shows a 

homogeneous distribution centred around 10 µm. The granulometric analysis of the waste flours reported in 

Figure S1-d and Figure S1-e evidenced two peaks, but centred at different diameter values with respect to the 

as produced flours.  In fact, on one side, the particles’ sizes of DF and SF are very comparable to each other by 

recording cumulative values around 8µm (for CV equal to 10%), 23 µm (for CV equal to 50%) and 185 µm (for 

CV equal to 90%), as reported in Table S2. On the other hand, for both the waste flours, the first peak is centred 

around 0.2 µm, corresponding to the 2.5% of the total distribution, and the second one is centred at 21.23 µm 

for DWF and 37.61 µm for SWF, corresponding to the 50% of the distribution. 



 
Figure S2. XRD spectra of MS, DWF and SWF powders and the comparison of characteristic peaks of the powders with 

those reported in the literature [1] in the inset. 

 
Table S2. Crystallinity data derived from the XRD analysis 

SAMPLE XRD Relative Cristallinity (%) 

MS 54.05 

DF 4.77 

SF 10.51 

DWF 26.27 

SWF 11.59 

 

 For each spectrum, it is possible to note the presence of the peaks at around 15°, 18°, and 23°, that 

correspond to those expected from the A-type crystalline structures, the typical crystalline structure of cereal 

starches, as widely studied by [2]. The B-type crystalline structure, instead, is proper for the tuber, fruit and 

stem starches, such as potato and banana starches. Wheat starch contains two kinds of starch granules, the 

large disk-shaped A-type ones and the small spherical and irregular B-type ones [3–5]. Both, the A- and B-type 

granules are predominantly present in the A-type crystalline structure of wheat starch, by conferring to the 

latter several properties as function of the ratio of A/B-type granules. Kim and Huber [6] studied as the A/B-

type granules ratio influenced the swelling, gelatinization, and pasting properties of wheat starch, due to the 

different distribution of the amylopectin chain lengths between the two types of granules. By analysing the 

spectra reported in Figure S, the main diffraction peaks positioned at 15°, 17°, 18° and 23° correspond to the 

typical A-type crystalline structure of both A- and B-type granules; the peak at around 20° of the B-type 

granules is characterized by a V-type crystalline structure, that describes the amylose single helices co-

crystallized with some compounds, as reported by [7]. 



 

Figure S2. Type 0, Type 1 and Type 2 examples of realized bio-films 

 Figure S4 shows DSC thermograms of (a) MS, (b) DWF and (c) SWF samples. The glass transition values, 

calculated as the inflection point of the curves, are comparable to those obtained with DMA analysis. In 

particular, for all samples, a lowering of Tg was found with the addition of PLA, which is characterized by a 

glass transition of about 60 °C. The further addition of cardanol involved a higher decrease of the Tg, due to 

its plasticizing effect. Nevertheless, a progressive increase in glass transition was detected moving from Type 

0 to Type 2 system. 

 

Figure S4. DSC curves of (a) MS, (b) DWF and (c) SWF samples. 
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