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Figure S1- *H spectral characterization of POM"™" and POM""".
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Figure S2- 2D-'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) from POM"",
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Figure S3- 2D-'H-3C HSQC-NMR spectrum (Heteronuclear Single Quantum
Coherence) from POM'".
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Figure S4- 2D-'H-*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence)

from POM"".
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Figure S6- 2D-'H-*C HSQC-NMR spectrum (Heteronuclear Single Quantum Coherence) from
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Figure S7- 2D-'H-*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) from
POM”HV.
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Figure S8- 2D-'H-3C HSQC (Heteronuclear Single Quantum Coherence) -NMR spectra of
French pomace and its minor constituents: Peels (A3.3), Seeds (A4.3) and Fibers (A5.3) in the
aromatics’ region. Some assignments (unlabeled) are uncertain or unidentified.
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Figure S9- (A) Principal Component Analysis (PC1;PC2) and the PCA loadings of the

monomeric compounds of cutin POM"™!" and cutin from POM"" and (B) the ANOVA pair wise

statistical analysis between the monomeric composition of each cutin (p > 0.05).
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Figure S10- 2D-'H-*C HSQC (Heteronuclear Single Quantum Coherence) spectral

characterization of POM"" and POM""" and each cutin-rich material overlap.

Table S1- Quantitative Analyses of Total Carbohydrate Content in cutin-rich materials.

Cutin-rich material from: ng (carbohydrate)/mg (sample) carbohydrate content /%
POM-I 1.41 +£0.29 1.41E4 + 2 93E*
POM'-Y 1.59 £ 0.14 1.59E + 1.36E°

Quantitative Analyses of Total Carbohydrate Content. Samples were subjected to acid hydrolysis
(1 M H,SO4 in methanol) for 4h at 90 °C. The hydrolysable sugars were recovered in the
supernatant through centrifugation (18514 g, 4 °C, 20 min), and the pH was neutralized using 5
M NaOH in water. All samples were dried under a flux of nitrogen at room temperature.
Quantification of carbohydrates in the dried hydrolysates was performed using the total
carbohydrate assay kit from Sigma-Aldrich according to the manufacturer’s instructions. The
samples were analyzed in triplicate in two independent experiments.
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Figure S11- *H NMR spectra of the alkaline hydrolysis fractions of cutin from POM""', After 1
hour of hydrolysis using 1M NaOH the soluble fraction (COM15) and the precipitated fractions
(COM1P) were analyzed by *H NMR.
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Figure S12- 2D -'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM1" after 1
hour of hydrolysis using 1M NaOH upon Cutin from POM"!",
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Figure S13- 2D -'H-**C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of

COM1" after 1 hour of hydrolysis using 1M NaOH upon Cutin from POM""",
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Figure S14- 2D-'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM1° after 1

hour of hydrolysis using 1M NaOH upon Cutin from POM'!",
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Figure S15- 2D-H-*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COM1® after 1 hour of hydrolysis using 1M NaOH upon Cutin from POM"",
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Figure S16- 'H NMR spectra of the methanolysis fractions of cutin from POM"". After 2 hours
of hydrolysis using 0.1M NaOCHjs the soluble fraction (COM2®) and the precipitated fractions
(COM2®) were analyzed by *H NMR.
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Figure S17- 2D -*H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM2® after 2
hours of hydrolysis using 0.1M NaOCHs upon Cutin from POM'"".
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Figure S18- 2D -'H-"*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COM2" after 2 hours of hydrolysis using 0.1M NaOCHj; upon Cutin from POM"".
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Figure S19- 2D -'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM2° after 2
hours of hydrolysis using 0.1M NaOCHs upon Cutin from POM"".
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Figure S20- 2D -'H-C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COMZ2S after 2 hours of hydrolysis using 0.1IM NaOCHj; upon Cutin from POM""",
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Figure S21- 'H NMR spectra of the alkaline hydrolysis fractions of cutin from French pomace.
After 1 hour of hydrolysis using 1M NaOH the soluble fraction (COM3®) and the precipitated
fractions (COM3®) were analyzed by *H NMR.
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Figure S22- 2D -*H-'H COSY-NMR spectrum (COrrelated SpectroscopY) and 2D -*H-*C
HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of COM3P after 1 hour of
hydrolysis using 1M NaOH upon Cutin from POM""",
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Figure S23- 2D -'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM3? after 1

hour of hydrolysis using 1M NaOH upon Cutin from POM""",
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Figure S24- 2D-'H-*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COMS3S after 1 hour of hydrolysis using 1M NaOH upon Cutin from POM""",
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Figure S25- 'H NMR spectra of the methanolysis fractions of cutin from French pomace. After 2
hours of hydrolysis using 0.IM NaOCH; the soluble fraction (COM4%) and the precipitated
fractions (COM4®) were analyzed by *H NMR.
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Figure S26- 2D -'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COMA4P after 2
hours of hydrolysis using 0.1M NaOCH; upon Cutin from POM""",
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Figure S27- 2D - *H-**C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COM4" after 2 hours of hydrolysis using 0.1M NaOCHs upon Cutin from POM",
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Figure S28- 2D -'H-'H COSY-NMR spectrum (COrrelated SpectroscopY) of COM4S after 2
hours of hydrolysis using 0.1M NaOCHs upon Cutin from POM""",
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Figure S29- 2D -'H-*C HMBC-NMR spectrum (Heteronuclear Multiple Bond Coherence) of
COMA4S after 2 hours of hydrolysis using 0.1IM NaOCHj3 upon Cutin from POM"™.
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Figure S30- *'P NMR spectra of COMs. The regions highlighted were used to quantify the OH-
aliphatics, OH-aromatics and OH-free acids.
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Figure S31- 2D- 'H *C - HSQC spectral characterization peels (A,B,C) and seed’s (D,E,F)
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Figure S33- Antimicrobial activity comparing an oligomeric fraction with ethyl esters (COM2p)
and one without ethyl esters (COM2p@) in both S. aureus (A) and E. coli (B). Pairwise t-tests
comparisons were used to identify significant differences between COM samples (p <0.05) and

the results showed no statistical difference between the samples (n.s P > 0.05). (C) GC-MS
quantitative analysis of monomeric constituents of COM2” and COM2°@.
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Table S2 - Quantitative analysis of the constituents of COM’s by GC-MS. Results are given as mg of compound per g of starting material. The identification
yields are indicated below and represent the ratio between the identified peak area and the total area of peaks in the chromatogram. Monomers that were not

detected in a specific sample are labelled as n.d.

Alka(e)noic acids

Hexadecanoic acid
9,12-octadecadienoic acid
9-octadecenoic acid

Octadecanoic acid

w-Hydroxyalkanoic acids

16-hydroxyhexadecanoic acid
10,16-Dihydroxyhexadecanoic acid
9,10-epoxy-18-hydroxyoctadecanoic acid
a, w-Alkanedioic acids

Octanedioic acid

Nonanedioic acid

Hexadecanedioic acid

Aromatics

4-hydroxybenzaldehyde

p-coumaric acid

Naringenin

identification yield (%) . area

identification yield (%) . initial mass

com1° com1$ Ccom2P com2s
Non-hydrolysed Hydrolysed Non-hydrolysed Hydrolysed Non-hydrolysed Hydrolysed Non-hydrolysed Hydrolysed
141.87+2.94 48.17%+7.49 ©5754+149 26.1+3.31 284.19+27.5 339.63+40.61 244.36%7.17 203.23 +11.79
32434057  8.4+0.85 14.44+037  6.94+0.81  49.13+567 5294+26  53.33+1.61 37.73+1.8
4236+1.62 21.18+599 1505%0.16 689137 135096+12.1 170.7+39.13 81.11+2.41  86.01+4.96
37.18+0.81  12.8+1.02  14.07+0.37 5.4+0.7 7891+7.58  84.87+7.7 61.7 £ 1.67 53.09 + 3.6
29.91+0.6 5.79 £ 0.57 13.98+0.7 6.86+0.84  30.19+247 31.12+324 48.23+156  26.4+2.04
211.42+9.3 288.36+21.94 196,52 +45.02 257.14+34.99 6.32+3.76 110.21+15.63 111.15+3.99 182.86 + 10.33
1576 +0.29  10.6+1.13  13.73+0.46  532+0.6 3354019  1435+0.56 21.71+0.72 18.16+1.39
178.2+8.73 263.24+20.64 163.52+42.1 23411£3261 553+08 82.03+14.78 89.44%3.36 156.75+7.66
17.47+0.55  14.52+1.35  19.27+2.67  17.7+2.49 n.d. 13.83 +0.48 00 23.86 + 0.52
1021 5541211  27.06+0.83  18.3514.48 n.d. 827431  10.66£0.63  51.85+1.97
n.d. n.d. 2.88£0.17 1.58 £ 0.36 n.d. n.d. n.d. n.d.
n.d. 1.06 + 0.04 19.194#09  16.77 +4.12 n.d. 3.68+0.13  10.66+0.63  39.49+0.9
10.2+1 4.83 +2.07 n.d. n.d. n.d. 6.98 +0.61 n.d. 12.36 +1.33
3.61+04 1.65+0.5 6.07 * 0.56 2.86 + 1.04 n.d. 5.33+0.46  15.02 + 2.87 13 £0.59
n.d. 0.19 +0.07 0.4+0.02 0.23 +0.06 n.d. n.d. 4.31£0.2 3.77£0.44
0.93 +0.07 1.03+0.13 3.66£0.33 1.87£0.92 n.d. 5.33+0.46 9.33+2.58 9.23+0.19
2.68+0.34  0.52+0.41 2.01+0.42 0.76 +0.12 n.d. n.d. 4.23+0.3 nd.
86.16+4.38  84.04+2.90 71.02+3.66 80.98+4.53 92.26+1.23 87.16+9.33  53.19+223  67.90+2.22
36.71+1.23 34374275 28.22+4.66 30.44+358 29.82+1.54 46.34+548 3825+1.12  45.09 +2.05
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Table S3 - Quantitative analysis of the constituents of COM’s by GC-MS. Results are given as mg of compound per g of starting material. The identification
yields are indicated below and represent the ratio between the identified peak area and the total area of peaks in the chromatogram. Monomers that were not
detected in a specific sample are labelled as n.d.

Alka(e)noic acids

Hexadecanoic acid
9,12-octadecadienoic acid
9-octadecenoic acid

Octadecanoic acid
w-Hydroxyalkanoic acids
16-hydroxyhexadecanoic acid. tms
10,16-Dihydroxyhexadecanoic acid
9,10-epoxy-18-hydroxyoctadecanoic acid
a, w-Alkanedioic acids
Octanedioic acid

Nonanedioic acid
Hexadecanedioic acid

Aromatics
4-hydroxybenzaldehyde
p-coumaric acid

Naringenin

identification yield (%) . area

identification yield (%) . initial mass

comse CoMm3s coma4e CoM4s

Non.hydrolysed  Hydrolysed  Non.hydrolysed  Hydrolysed  Non.hydrolysed  Hydrolysed  Non.hydrolysed  Hydrolysed
157.8+25.34 144.15+12.77 11.26 +5.77 10.29+3.08 330.37 £+ 16.48 330.82 +43.12 98.39+13.82  70.04 + 3.51
31.15+15.56  35.84 +0.96 6.19+0.33 3.47 +0.64 115.15+9.6 14517 +21.54 34.08+1.23 20.5+2.47
36.67+18.36  42.09 +1.09 6.28 +0.54 2.52+0.24 56.99 + 2.52 33.72+£3.31 29.02+6.32 15.33£0.8
46.56 £ 27.88  49.33 +13.22 n.d. 2.67+0.23 9453 +4.31 106.22+13.75 35.29 £6.69 24.15+1.74
17.12 £ 8.77 16.88 £ 0.38 6.41+0.11 2.92+0.49 63.7£3.5 457 +5.17 n.d. 12.07 £ 0.6
96.34 £ 6.71 309.65 +4.19 534.57 +66.16 552.52 +61.77 36.67 +4.17 187.18 + 22.6 23.32 £ 0.51 136.08 + 19

9.78 +0.41 21.82 +0.48 6.3+0.17 3.25+0.34 15.55 +0.72 16.94+1.1 n.d. n.d.
65.72+32.67 265.2+4.39 432.75+48.03 512.91+53.19 21.12+4.27 150.32+19.98 23.32%0.51 136.08 + 19

7.69+2.39 22.63+1.23 99.3+21.25 37.44 £7.37 n.d. 19.91+1.71 n.d. n.d.

9+2.85 16.11+1.2 22.6+4.8 153.6 +44.21 9.63 +3.83 27.81+5.41 100.85 +4.69 219.38 +28.92
n.d. n.d. n.d. 8.36+3.1 n.d. n.d. 13.34+0.28 22.73+£2.85
3.4 +0.55 4.86 +0.5 22.6+4.8 145.24 £ 41.13 6.15+0.12 16.52 £ 3.91 87.51+4.53 189.93 +24.96

7.64 +£1.48 11.26 £ 0.72 n.d. n.d. 6.96 £ 0.25 11.29+1.54 n.d. 6.72 +1.43
3.25+0.15 21+1.93 8.63 £2.15 20.13 +4.32 5.92 +0.27 6.55 + 0.97 8.58 +5.95 8.04 +1.52
n.d. 4.15+0.14 0.19 +0.04 2.64+0.5 n.d. n.d. 45%0.2 3.19+0.04
1.14 +0.13 14.81+1.34 2.34+0.52 13.38 £ 2.55 5.92 £0.27 6.55 +0.97 7.08 £4.21 6.45 +0.53

1.76 £+ 0.87 6.12 £0.54 6.1+1.64 412 +1.51 n.d. n.d. n.d. n.d.
75.47 £7.29 72.57 £6.72 79.36 £1.71 83.91+1.22 52.02+2.95 71.98 +0.81 42.45 +£1.23 46.85 +5.27
26.70+3.43 49.09 £1.58 57.80+7.78  73.65+11.26  38.16 +1.77 55.23 +7.08 2348 +1.71 43.35+4.75
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Figure S34- Principal Component Analysis (PC1;PC3) and the PCA loadings of the GC-MS
data of the hydrolysable monomers identified in the COMs.

Table S4- Reported minimal inhibitory concentration (MIC) *° of cutin monomers for S. aureus
and E. coli and the concentration (mM) of monomers in each COM sample at 1000ug/mL, as

determined by GC-MS.

Hexadecanoic acid
9-12-octadecadienoic acid
9-octadecenoic acid

Octadecanoic acid
16-hydroxyhexadecanoic acid
10-16-Dihydroxyhexadecanoic acid
9-10-epoxy-1-hydroxyoctadecanoic acid
Octanedioic acid

Nonanedioic acid

Hexadecanedioic acid
4-hydroxybenzaldehyde
p-coumaric acid

Naringenin

S.aureus E.coli | COM1? COM1S COM2° COM2s COM3P COM3S COMA4P  COMS4S
mM mM mM mM mM mM mM mM mM mM
>2 0.13 0.03 0.19 0.21 0.12 0.02 0.45 0.13
0.2 0.15 0.02 0.45 0.29 0.13 0.02 0.20 0.10
0.4 0.13 0.02 0.28 0.22 0.16 0.00 0.33 0.12
>2 0.11 0.02 0.11 0.17 0.06 0.02 0.22 0.00
0.06 0.02 0.01 0.08 0.04 0.02 0.06 0.00
0.62 0.81 0.02 0.31 0.23 1.50 0.07 0.08
0.06 0.06 0.00 0.00 0.02 0.32 0.00 0.00
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.50
10.6 —42.5 0.00 0.09 0.00 0.06 0.02 0.12 0.03 0.00
0.04 0.00 0.00 0.00 0.03 0.00 0.02 0.05
8.2 8.2 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.04
0.1-0.8 2.7-6.1 0.01 0.01 0.00 0.06 0.01 0.01 0.04 0.04
0.7 1.5 0.01 0.00 0.00 0.02 0.01 0.02 0.00 0.00

S25



>
ri-m
31-70
1a-30
os-08

<04

18 Ap oy s adet sn s A

10 18-Dirytvony hanssioc o g

co® cons” com’ cow” coms® com"” come®

COM1? COM1S COM2P COM25 COM3P COM3s COM4P COM4s

Octanedioic acid - 0,5 - - - - - 1,7
Octadecanoic acid 0,2 0,5 1,0 0,5 1,0 0,5 0,7 -
Nonanedioic acid - 0,9 - 3,7 1,4 6,4 2,7 2,2
Naringenin 0,2 0,4 - - 3,5 0,7 - -
Hexadecanoicacid 0,3 0,5 1,1 0,7 1,2 0,6 1,3 0,6
Hexadecanedioic acid 0,5 - - - 1,5 - 1,6 -
9,12-octadecadienoicacid 0,5 0,5 1,4 1,1 1,1 - 0,6 0,5
9,10-epoxy-18-hydroxyoctadecanoic acid 0,8 0,9 - - 2,9 0,4 - -
9-octadecenoicacid 0,3 0,4 1,1 0,9 1,1 - 1,1 0,7
4-hydroxybenzaldehyde - 0,6 - 0,9 - 14,2 - 0,7
p-coumaricacid 1,1 0,5 - 1,0 13,0 5,7 1,1 0,9

16-hydroxyhexadecanoic acid 0,7 0,4 4,3 0,8 2,2 0,5 1,1 -
10,16-Dihydroxyhexadecanoic acid 1,5 1,4 14,7 1,8 4,0 1,2 7,1 5,8

Figure S35- Heatmap of the ratios of monomers (hydrolyzed /non-hydrolyzed) present in each COM.
Scaled from 0 to 5; values higher than 1 means that the monomer was linked in an oligomeric structure.
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Table S5- Recovery yields (%) of cutin-rich materials from pomace and production yields (%) of
each COM fraction. Mean values obtained from 3 replicates and the respective standard
deviation (SD) are shown.

Combined
Yield % yield
(P) +(S)

Cutin 55.1+6.73

Sodium (S}  6.98+0.00 .
Hydroxyde  (p) 5027 +0.40
i () 7.32£3.82

Sodium 726

Methoxide (P) 7.21+4.26

Sodium (s)  5.06+0.75
Hydroxyde 14.9
(2 Round) (P)  9.8+3.84

Sodium  (s) 9.86
Methoxide 26.2
(2" Round)  (P) 16.36
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