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1. EXPERIMENTAL SECTION
1.1. Investigation of HDP stability using 'H-NMR and HPLC

Prior to the investigation, the sample was pre-treated using the following procedures.
The HDP sample was dissolved in distilled water with a final concentration of 0.4 mg/mL and
stirred for 7 days at 200 rpm. Each sample was treated at different treatment conditions such
as room temperature (RT) without and with Oz, N2, and 0.1 N HCIL The solution was

lyophilized before analysis.

"H-NMR was analyzed using Bruker Avance 400 MHz spectrometer using deuterated-
dimethyl sulfoxide (DMSO-de) as the solvents and the concentration of 10 mg/mL. The HPLC
was recorded at F&F Tech Co., Ltd. using methanol (MeOH) and 0.1% KH2POs4 in water for
HPLC as the mobile phase. OptimapakC-18 (4.6 x 250mm) was used as the stationary phase
and the analysis was performed at a measurement temperature of 35 °C, flowrate at 0.8 mL/min,

and detection wavelength of 290 nm.
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Figure S1. '"H-NMR spectra of HDP treated in RT, O2, N2, and HC1 0.1 N.
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Figure S2. HPLC graph of HDP treated in RT, Oz, N2, and HC1 0.1 N.
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Figure S3. DLS spectra of HDP and DPC.
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Figure S4. Confocal image of cross-section hair and S-DPC(dye)-treated hair.
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Figure S5. Confocal image of S-DPC(dye)-treated hair after subjected to the frequent washing

process (10 times).
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Figure S6. a) DPPH, b) superoxide (O2¢") and ¢) hydroxyl radical (*OH) scavenging assays of

HDP and DPC nanoparticles.
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Figure S7. Visual of DPPH assay using DPC nanoparticle and DPC shampoo.
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No. | HDP (mg) | GA (mg) | PVA (mg) | DDW (mL)
1 30 3.5 14 2
2 70 3.5 14 2
3 140 3.5 14 2

Table S1. Optimization of DPC synthesis based on weight ratio of HDP, GA and PVA.
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Table S2. Proton ('H) peak area of HDP treated with various parameters.

H peak area of HDP
H No.
RT N2 )] 0.1 N HC1
1 1.0 1.0 1.0 1.0
2 1.0 1.0 1.0 1.0
3 1.0 1.0 1.0 1.0
4 1.1 1.1 1.2 1.0
5 1.1 1.1 1.2 1.0
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Table S3. a* and b* values of shampoo only (S control), shampoo with hair dye (S-dye group:

S-red, S-blue, S-black, S-brown) and dark polyphenol complex (DPC) shampoo (S-DPC(red),

S-DPC(blue), S-DPC(black), S-DPC(brown)).

a* value average

b* value average

S (control) 4.2 154
S-red 12.8 10.7
S-blue -7.5 7.9
S-black 2.7 9.3
S-brown 8.4 12.8
S-DPC(red) 14.1 11.6
S-DPC(blue) -0.8 9.4
S-DPC(black) 3.1 10.2
S-DPC(brown) 5.2 8.7
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