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 Supporting Figures

Figure S1. Fluorescence emission spectra of CDs derived from urea and black tea.

Figure S2. Fluorescence emission spectra of CDs prepared from melamine and black tea.
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Figure S3. Fluorescence emission spectra of CDs prepared from arginine and black tea.

Figure S4. Fluorescence emission spectra (λₑₓ = 340 nm) of CDs derived from black tea waste 

alone and with various additives (arginine, urea, melamine, and citric acid). Both the 

fluorescence intensity and the emission peak position exhibit a strong dependence on the 

additive used, with citric acid yielding the highest intensity.



SUPPORTING INFORMATION 

4

Figure S5 Fluorescence emission spectra of two CDs under 340 nm excitation, obtained from 

three independent synthetic replicates. The spectra exhibit excellent reproducibility, with both 

peak shape and peak position remaining consistent across all replicates.

Figure S6. The zeta potential of BT-CDs and BT-CA-CDs varied with pH in the range of 4 to 10. 

Both CDs exhibit negative surface charges across all tested pH values. BT-CDs show a sharp 

negative shift at pH 10, while BT-CA-CDs display a milder pH response with a less negative 

value, indicating the formation of a dense passivation layer on the surface of BT-CA-CDs (n=3).
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Figure S7. Fluorescence emission spectra of the crude sample prepared using citric acid alone 

as the raw material under excitation at different wavelengths. The spectra show negligible 

fluorescence emission, indicating that citric acid alone does not produce strongly fluorescent 

carbon dots under the same hydrothermal conditions.

Figure S8. Digital image of stamp impressions fabricated from mixtures of BT-CA-CDs with 

different concentrations of PVA (0, 1, 2 and 4 wt%), captured under 365 nm UV illumination. The 

uniformity of the stamp impressions varies with PVA concentration, with optimal performance 

observed at 4 wt% PVA.
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Figure S9. Fluorescence spectra of pure PVA, BT-CA-CDs alone, and the BT-CA-CDs/PVA 

composite. The spectra demonstrate that PVA itself exhibits negligible fluorescence, while the 

composite preserves the characteristic emission of the CDs, indicating no significant 

fluorescence change upon incorporation into the PVA matrix.
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Figure S10. Viscosity of BT-CA-CDs solutions containing different concentrations of PVA (0, 1, 

2 and 4 wt%). Higher PVA content leads to increased system viscosity.
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Figure S11. UV–vis absorption spectra of pure PVA and PVA + BT-CA-CDs composite (200–800 

nm). The PVA + BT-CA-CDs composite exhibits significantly stronger UV absorption than pure 

PVA across the 200–400 nm range, demonstrating enhanced ultraviolet shielding capability. 

Figure S12. Digital images of strawberries on day 8 under different treatments (Control, PVA 

alone, and PVA+CDs). The PVA+CDs group shows the best preservation effect, characterized 

by fresh calyxes, vibrant fruit color, and no visible decay.
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Table S1 Comparison of the preservation performance of the proposed method with recently 

reported active packaging and coating systems for strawberries.

Packaging 
system

Application 
method

Storage 
period (d)

Decay 
rate (%)

Weight loss 
(%)

Firmness 
retention (%)

References

CDs/PVA Dip coating 6 0% NA NA [1]

CDs/PVA/CMC Packaging film 10 0% NA NA [2]

SSPS-CQDs Dip coating 5 0% NA NA [3]

CDs/Gel Dip coating 10 NA ~30% ~40% [4]

MCQDs/PVA/C
NC 

Packaging film 8 <30% 38.0-40.2% NA [5]

Trp-CDs/CS/TA Coating ≥5 NA NA NA [6]

R-CDs/Gelatin Dip coating 8 4.17% ~29.63% ~70% [7]

CG-CDs Packaging film >8 0% NA NA [8]

CDs/pectin Packaging film 5 0% ~10% NA [9]

PVA+BT-CA-
CDs 

Dip coating 6 0% <20% >70% This work
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