
 

 

Supplementary material 

Table S1. Cellulose pulpn (CP)/polyurethane (PU)/Curcumin composite composition. 

Sample 
Cellulose 

Pulp (grams) 
 

Polyurethane 
(grams)  

Curcumin 
(grams) 

N-methylmorpholine 
N-oxide (NMMO) 

(grams) 
 

CP 
 

8 
 
0 

 
0 

 
92 

1:0.5 CP/PU 5 2.5 0 92 
1:1 CP/PU 4 4 0 92 

1:1 CP/PU with 10 wt% 
of curcumin 

 
4 4 0.8 92 

Characterization methods 
The FT-IR spectra of the prepared composites were obtained using a PerkinElmer 

spectrometer (Spectrum 100, USA). The XRD patterns of the composite films were ob-
tained using an X-ray diffractometer (D/Max, Rigaku, Japan). The XRD spectra were rec-
orded at room temperature using Cu Kα radiation as the incident X-ray source (40 kV, 200 
mA) with a scanning speed of 2°/min for 2θ in the range 10–80°. Differential scanning 
calorimetry (DSC) was performed on the composite films using a DSC instrument (TA 
Instruments, USA) at a heating rate of 10 °C/min (25–300 °C) in an N2 atmosphere. Ther-
mogravimetric analysis (TGA) was carried out at 10 °C/min up to a temperature of 600 °C in an 
N2 atmosphere using an SDT Q600 (TA Instruments, USA). The optical properties of the prepared 
composite films were characterized using a Shimadzu spectrophotometer (UV-1601, Japan) in the 
wavelength range 200–800 nm. The color properties of the composite films were measured 
using a tristimulus color analyzer (DP-400, Konica Minolta Inc., Japan), which was cali-
brated using a white porcelain reference plate. The contact angle (CA) of water on the film 
surface was measured using a CA analyzer (OCA 20, GmbH, Germany) having a movable 
stage. A drop of water (~10 μL) was placed on the film surface using a microsyringe. The 
water vapor permeability (WVP) of the prepared films was then determined using the 
ASTM E-96-95 standard method. The water vapor mass flux (WVTR) in g m–2 s–1 was de-
termined using the slope of the steady-state (i.e., linear) portion of the weight change ver-
sus time curve. The WVP (g m–1 s–1 Pa–1) of the film was determined using the following 
equation: 

    WVP = (WVTR × L/Δp) × 100,  (1) 

where L is the mean film thickness (m) and Δp is the gradient of partial water vapor 
pressure across the film. For measuring the swelling ratio (SR), the composite films were 
cut into smaller films of dimension 4.5 cm × 2.54 cm, following which they were immersed 
in distilled water at 25 °C for 24 h. Subsequently, the films were taken out of water, the 
excess water was removed using a blotting paper, and the films were weighed. The SR 
was then computed using the following equation: 

SR (%) = 
 WS−WD 

× 100, 
   WS 

where WS and WD are the masses of the hydrogel composites in the swollen and dry states, 
respectively (39). After coating with platinum, the morphology of the films was studied 
using an SEM (Hitachi S-4100) operated at an accelerating voltage of 10 kV. The mechan-
ical properties of the composite films were measured using a universal testing machine 
(Model 3345, Instron, USA) with a crosshead speed of 300 mm/min and gauge length of 
200 mm. The thickness of the composite films was determined using a digital micrometer 
(Mituto, Japan). The thickness of each film was measured at five different locations on the 



 

 

specimen and then the average value was reported. All experiments were repeated four 
times. The DPPH radical scavenging potential of the composites was determined using 
the method discussed in (40, 41) with some modifications. Approximately 1 cm of CP and 
CP/PU/Curcumin composite films were added to 2 mL of methanolic DPPH (6×10–5 mol 
L–1). This mixture was shaken vigorously and then kept undisturbed in a dark place for 
60 min. After incubation, 200 μL of the reaction mixture (i.e., DPPH solution) was trans-
ferred to a 96-well plate, and the color intensity was measured at 517 nm using a micro-
plate reader (Infinite M200, Tecan Group Ltd., Männedorf, Switzerland). The percentage 
DPPH radical scavenging activity was calculated using the following equation: 

DPPH radical scavenging activity (%) 
= 

Absorbance of control – Absorbance of 
× 100. 

   Absorbance of control 

The cytotoxicity potential of the synthesized composites was determined using the 
WST-1 assay method on HaCaT cell lines, as reported by Ravichandiran et al. (2020). Ha-
CaT cells (1×105 cells) were seeded in 24-well plates containing 500 μL of MEM and vari-
ous synthesized composites (1 × 1 cm), following which the cells were incubated at 37 °C 
for 24 h. Subsequently, the WST-1 assay solution (50 μL/well) was added to the wells and 
the cells were again incubated at 37 °C for 2 h. Finally, the absorbance was measured at 
450 nm using a microplate reader (Bio-Rad iMark microplate absorbance reader). All exper-
iments were performed in triplicate. The absorbance values were expressed as a percent-
age of the control, which corresponds to 100% cell viability. Note that the wells without 
any composite films served as the control (i.e., untreated wells). Thus, the effect of 
CP/PU/Curcumin composites on the proliferation of HaCaT cells was expressed as the 
percentage of cell viability. 
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