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Color of composite films 

The results of the color test as shown in supplementary Tables S1, S2, S3, and S4 shows that the addition of 

both flax and hemp filler had a significant effect on the total color difference (ΔE), yellowness index (YI), 

and whiteness index (WI) values of the PLA film. Increasing the filler content caused an increase in the ΔE 

resulting in a clear contrast from the original color of the PLA film. As the YI value increases, the yellowness 

of the film also increases. The observed results are in good agreement with previously reported results in 

PLA-based films using natural fillers (Łopusiewicz et al., 2018; Olewnik-Kruszkowska et al., 2021, 2022; 

Roy & Rhim, 2021; Subbuvel & Kavan, 2022b, 2022a). The natural color of flax and hemp fillers could give 

a yellowish color to the final product. In contrast, the WI value decreases with the addition of flax and hemp 

filler, possibly due to the brown color of the fillers, which could darken the PLA film and reduce its overall 

whiteness. These findings suggest that the addition of fillers may not be desirable if the goal is to maintain 

the original color and whiteness of the PLA film. However, there may be certain applications where the use 

of flax filler could be beneficial, such as in packaging materials or in products where a natural, earthy look 

is desired.  

 

Table S1: Color analysis of PLA/Flax films (particle size <75 µm) 

Blends Untreated Alkali Treated 

  ΔE WI YI ΔE WI YI 

Neat PLA 9.85±1.42e 90.75±1.47a −1.65±0.45d 9.85±1.42f 90.75±1.47a −1.65±0.45f 

PLA/Flax2.5 15.7±0.98d 83.81±1.06b 10.49±2.05c 13.45±0.47e 86.14±0.61b 7.62±2.28e 

PLA/Flax5 19.71±4.28d 79.61±4.29b 17.34±4.07c 23.51±0.29d 75.48±0.3c 26.23±0.82d 

mailto:bishnu.acharya@usask.ca


PLA/Flax10 31.49±1.55c 67.65±1.52c 34.99±1.42b 31.26±0.94c 67.61±0.87d 40.83±1.54c 

PLA/Flax20 44.16±3.04b 55.18±2.3d 48.92±7.11a 43.29±4.3b 55.82±4.29e 55.52±8.86b 

PLA/Flax30 51.15±2.96a 48.38±2.93e 48.79±6.05a 49.93±0.97a 49.28±0.96f 65.45±1.73a 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 

 

Table S2: Colour analysis of PLA/Flax films (particle size 149-210 µm) 

Blends Untreated Alkali Treated 

  ΔE WI YI ΔE WI YI 

Neat PLA 9.85±1.42f 90.75±1.47a −1.65±0.45f 9.85±1.42f 90.75±1.47a −1.65±0.45f 

PLA/Flax2.5 18.36±0.51e 81.2±0.5b 10.81±0.28e 16.75±0.81e 82.93±0.82b 7.34±1.37e 

PLA/Flax5 25.32±1.73d 73.98±1.7c 21.94±1.21d 24.1±1.96d 75.24±1.92c 18.83±0.79d 

PLA/Flax10 33.31±3.4c 66.04±3.44d 30.42±6.14c 30.81±1.4c 68.3±1.33d 32.97±0.4c 

PLA/Flax20 38.94±0.49b 60.43±0.46e 37.88±2.97b 40.93±1.24b 58.19±1.24e 49.88±2.56b 

PLA/Flax30 47.8±0.32a 51.62±0.3f 49.12±0.57a 47.94±1.55a 51.23±1.51f 62.53±1.59a 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 

 

Table S3: Color analysis of PLA/Hemp films (particle size < 75 µm) 

Blends Untreated Alkali Treated 

  ΔE WI YI ΔE WI YI 

Neat PLA 9.85±1.42f 90.75±1.47a −1.65±0.45e 9.85±1.42e 90.75±1.47a −1.65±0.45e 

PLA/Hemp2.5 22.68±1.39e 76.74±1.46b 16.64±2.78d 19.28±0.64d 80.21±0.62b 12.27±0.33d 

PLA/Hemp5 31.77±1.04d 67.67±1.14c 25.12±4.71c 27.22±2.78c 72.1±2.82c 23.32±4.33c 

PLA/Hemp10 39.4±0.4c 59.97±0.39d 37.7±0.7b 34.9±0.41b 64.34±0.38d 35.32±2.94b 

PLA/Hemp20 46.01±1.47b 53.52±1.52e 40.12±5.94b 46.75±1.97a 52.55±1.96e 53.51±3.79a 

PLA/Hemp30 60.32±0.55a 39.33±0.57f 57.77±5.33a 45.66±0.92a 53.83±1.05e 41.37±8.41b 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 



 

Table S4: Color analysis of PLA/Hemp films (particle size 149-210 µm) 

Blends Untreated Alkali Treated 

  ΔE WI YI ΔE WI YI 

Neat PLA 9.85±1.42f 90.75±1.47a −1.65±0.45f 9.85±1.42f 90.75±1.47a −1.65±0.45f 

PLA/Hemp2.5 19.94±0.14e 79.75±0.21b 8.87±1.44e 16.42±0.74e 83.22±0.75b 8.15±0.51e 

PLA/Hemp5 25.33±1.94d 74.11±1.92c 18.35±0.98d 24.37±1.22d 75.02±1.28c 18.33±2.84d 

PLA/Hemp10 38.35±2.2c 61.03±2.24d 35.2±4.89c 31.01±2.46c 68.19±2.44d 31.14±2.87c 

PLA/Hemp20 43.17±1.64b 56.25±1.68e 41.51±4.48b 36.83±2.43b 62.43±2.49e 38.2±7.37b 

PLA/Hemp30 49.39±0.07a 50.09±0.07f 48.12±1.14a 44.47±1.5a 54.86±1.46f 47.6±1.22a 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 

Water contact angle 

The WCA of untreated, alkali-treated, and acetylation-treated PLA/Flax varied between 79ᵒ-58ᵒ, 82ᵒ-61ᵒ, 

80ᵒ-62ᵒ, respectively as the filler content increases from 2.5 wt.% to 30 wt.%. Similarly, the WCA of 

untreated, alkali-treated, and acetylation-treated PLA/Hemp varied between 78ᵒ-61ᵒ, 81ᵒ-64ᵒ, 81ᵒ-65ᵒ, 

respectively as the filler content increases from 2.5 wt.% to 30 wt.%. In other words, the WCA decreases 

with increasing filler loadings. This suggests that increasing the filler particles tends to provide more sites 

for water molecules to interact with the polymer matrix thereby reducing the contact angle 

Table S5: Water contact angle of PLA/Flax films 

Blends 75 µm 149-210 µm 

  Untreated Alkali Treated Untreated Alkali Treated 

Neat PLA 85.31±0.95a 85.31±0.95a 85.31±0.95a 85.31±0.95a 

PLA/Flax2.5 79.5±0.24b 82±1.09b 73.31±1.17b 75.58±2.09b 

PLA/Flax5 76.8±0.46c 77.8±0.5c 69.36±0.88c 70.99±0.14c 

PLA/Flax10 73.19±1.28d 75.88±0.3d 65.71±0.68d 67.77±0.69c 

PLA/Flax20 65.12±1.22e 69.15±0.94e 61.31±2.06e 63.4±0.84d 

PLA/Flax30 58.15±0.59f 61.1±0.94f 50.86±0.2f 58.13±4.56e 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 



 

Table S6: Water contact angle of PLA/Hemp films 

Blends 75 µm 149-210 µm 

  Untreated Alkali Treated Untreated Alkali Treated 

Neat PLA 85.31±0.95a 85.31±0.95a 85.31±0.95a 85.31±0.95a 

PLA/Hemp2.5 78.6±0.71b 81.15±1.12b 75.43±0.76b 77.22±0.72b 

PLA/Hemp5 74.28±1.1c 76.97±0.96c 73.43±0.41c 75.55±0.98c 

PLA/Hemp10 71.87±1.20d 75.2±0.62c 71.38±0.43d 72.62±0.61d 

PLA/Hemp20 66.42±1.22e 70.85±0.81d 69.05±0.18e 70.01±0.79e 

PLA/Hemp30 61.06±1.75f 64.98±2.07e 55.71±1.52f 62.23±0.83f 

‡ Means within each column with the same letters are not significantly different (P<0.05) 

*Data are means ± SD 

 

Table S7: Biochemical Composition Analysis (wt.%) 

Blends Flax Hemp 

Cellulose 49.4 43.2 

Hemicellulose 19.7 25.0 

Lignin 20.5 23.0 

Extractives and others 8.5 2.9 
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