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Figure S1. Schematic demonstration of proton beam irradiation geometry. Panel A & C are CAD
models of the sample, the holder and the irradiation geometry; Panel B is an image of an irradiated
sample, still fixed in place using adhesive tapes; Panel D shows the milli-beam irradiation setup with
3 samples loaded.
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Figure S2. NIR and MID spectra of (a) pristine parchment (b) pristine silk
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Figure S3. Parchment degradation patterns identified in selected PCA score maps (a, b) with
corresponding visible images (c) captured via stereomicroscopy. Black rectangles indicate the
detection threshold within the MIR (a) and NIR regions (b).
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Figure S4. PCA brushing results of P20 on PC1 score map with a focus on selected MIR region
(1800-1500 cm™). (a) FTIR mapping area indication on visible image and PC1 score map brushing
areas of P20; (b) highlighted scores in PCA score plot of three clusters: unirradiated area (A);
irradiated area (B); potential grouping (C); (c) corresponding average spectra with (d) normalized
region enlargement based on amide I; (e) PC1 loading profile from the first derivative PCA model.
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Figure SS. Silk degradation patterns identified in selected PCA score maps (a, b) with corresponding

visible images (c) captured via stereomicroscopy. Black rectangles indicate the detection threshold
within the MIR (a) and NIR regions (b).
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Figure S6. PCA brushing results of S20 on PC2 score map with a focus on selected MIR region
(1800-1500 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
normalized region enlargement based on amide I; (¢) PC2 loading profile from the second derivative
PCA model.
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Figure S7. PCA brushing results of P10 on PC1 score map with a focus on selected MIR region
(1800-1500 cm™). (a) PC1 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)

normalized region enlargement based on amide I; (¢) PC1 loading profile from the first derivative
PCA model.
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Figure S8. PCA brushing results of P4 on PC3 score map with a focus on selected MIR region (1800—
1500 cm™). (a) PC3 score map brushing areas; (b) highlighted scores in PCA score plot of two
clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
normalized region enlargement based on amide I; (¢) PC3 loading profile from the first derivative

PCA model.
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Figure S9. PCA brushing results of P2 on PC3 score map with a focus on selected MIR region (1800—
1500 cm™). (a) PC3 score map brushing areas; (b) highlighted scores in PCA score plot of two
clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)

normalized region enlargement based on amide I; (¢) PC3 loading profile from the first derivative
PCA model.
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Figure S10. PCA brushing results of P10 on PC2 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC2 loading profile from the first derivative PCA model.
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Figure S11. PCA brushing results of P4 on PC2 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of

two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC2 loading profile from the first derivative PCA model.
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Figure S12. PCA brushing results of P2 on PC2 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of

two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC2 loading profile from the first derivative PCA model.
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Figure S13. PCA brushing results of P1 on PC2 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC2 loading profile from the first derivative PCA model.
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Figure S14. PCA brushing results of P0.5 on PC3 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC3 score map brushing areas; (b) highlighted scores in PCA score plot of

two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC3 loading profile from the first derivative PCA model.
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Figure S15. PCA brushing results of S10 on PC2 score map with a focus on selected MIR region
(1800-1500 cm™). (a) PC2 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)

normalized region enlargement based on amide I; (¢) PC2 loading profile from the second derivative
PCA model.
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Figure S16. PCA brushing results of S4 on PC3 score map with a focus on selected MIR region
(1800-1500 cm™). (a) PC3 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
normalized region enlargement based on amide I; (¢) PC3 loading profile from the second derivative
PCA model.
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Figure S17. PCA brushing results of S10 on PC1 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC1 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC1 loading profile from the second derivative PCA model.
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Figure S18. PCA brushing results of S4 on PC1 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC1 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC1 loading profile from the second derivative PCA model.
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Figure S19. PCA brushing results of S2 on PC1 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC1 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC1 loading profile from the second derivative PCA model.
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Figure S20. PCA brushing results of S1 on PC1 score map with a focus on selected NIR region
(5200-4000 cm™). (a) PC1 score map brushing areas; (b) highlighted scores in PCA score plot of
two clusters: unirradiated area (A); irradiated area (B); (c) corresponding average spectra with (d)
PC1 loading profile from the second derivative PCA model.
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Figure S21. The intensity ratios for the silk samples (S0, S4, S10, and S20), corresponding to doses
of 0, 4, 10, and 20 pC/cm?, were analyzed using a one-way ANOVA followed by Tukey’s post-hoc

test. The analysis was conducted with five replicates (n=5) per sample group (p-values reported as
follows: * p <0.05, ** p <0.01, *** p <0.001).



Table S1 Band assignments of the main IR absorption bands observed in reflection spectra acquired on

parchment (P) and silk (S)

Wavenumber (cm ')

Assignment

5170 (S), 5128 (P)
5000 (P)
4897 (P)
4860 (S)

4620, 4534 (S)
4598 (P)

4464-4049 (P&S)
3450 (P&S)

3300/3320 (P&S)
3080/3070 (P&S)
1750-1700 (P&S)
17001600 (P&S)

1580-1510 (P&S)

1300-1180 (P&S)

overtone and combination bands of water [1,2]

NHj; stretching of the CONH, group of collagen [2]

combination band of the stretching and bending modes of NH [3]
Amide A v(NH) + amide I/ amide II [1]

Amide A v(NH) + amide Ill/amide B + amide II [1]

combination band of amide II and first overtone of carbonyl stretching

[3]

combinations of CH stretching and bending modes [4]

stretching of both OH and NH groups variously hydrogen bonded [2]
amide A: NH stretching [1,5]

amide B: NH bending overtone [1,5]

carbonyl compounds formation (oxidation of the polypeptide chains) [5]
amide [: C=0 stretching [5]

amide II: NH bending and CN stretching [5]

amide III: a complex mix of NH bending and CN stretching along with
deformation vibrations of CH and NH [6]




Table S2. Data pre-treatment methods

Sample g;‘;lc;lﬁfi““ (7000- | \IR (5200-4000 cm™) MIR (4000675 cm™)

P20 SG 2-217% 1% derivative (2-21)° 1** derivative (2-15)

P10 SG 2-21; 1* derivative (2-21) ?g’) 2-15; 1% derivative (2-
P4 SG 2-21; 1% derivative (2-21) 1** derivative (2-15)

P2 SNV: Quadratic DT SG 2-21; 1% derivative (2-21) 1** derivative (2-7)

P1 SG 2-21; 1% derivative (2-21) 1** derivative (2-15)

P0.5 SG 2-25; 1% derivative (2-15) 1** derivative (2-15)

P0.25 SG 2-21; 1% derivative (2-21) 1** derivative (2-15)

P0.125 SG 2-21; 1% derivative (2-21) 1** derivative (2-15)

S20

S10

S4

S2 ~ SG 2-21; 2™ derivative (2-21); | SG 2-15; 2™ derivative (2-
ST SNV 15); SNV

S0.5

S0.25

S0.125

* Savitzky—Golay 21-point quadratic smoothing.

b Savitzky—Golay derivative: window size: 21; polynomial degree: 2
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