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Section 1: Results

Table S1 - Molecular weight and evaluation of the polydispersity of the different lignin fractions.
LET - lignin sample pre-treated with ethanol/toluene; LETD — lignin sample pre-treated with
ethanol/toluene and dialyzed; LWE - lignin sample pre-treated with water/ethanol and LWED —

lignin sample pre-treated with water/ethanol and dialyzed.

Lignin Molecular weight (g.mol) Polydispersity
LET 45,243 1.43
LETD 48,249 1.42
LWE 43,340 1.44
LWED 47,254 1.40
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Figure S1 - Quantitative '*C NMR spectra of lignin extracts from vine shoots: LETD —
lignin pre-treated with ethanol/toluene and dialyzed and LWED - lignin pre-treated with

water/ethanol and dialyzed.



Table S2 - 3-O-4 structures content (number per 100 aromatic rings), degree condensation (DC),
S:G:H and S/G ratio determined for the lignin samples.

B-0O-4 structures DC, % S:G:H SIG

LET 60 9 54:36:10 1.48
LETD 57 13 54:38:08 1.45
LWE 63 19 55:35:10 1.55
LWED 65 21 54:37:09 1.47
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Figure S2 - Quantitative 3'P NMR spectra (d 130-150 ppm) for phosphitylated lignins LETD and
LWED.



Table S3 - Quantification of phenolic and aliphatic hydroxyl groups, and carboxylic acids in lignins
LETD and LWED by 3'P NMR.

Amounts (mmol/g iignin)
Assignments

LETD LWED
Aliphatic OH 3.20 2.80
Carboxylic acids 0.05 0.07
Total phenolic units 1.01 0.84
Non-condensed phenolic units
S phenolic units 0.30 0.37
G phenolic units 0.48 0.41
H phenolic units 0.23 0.06
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Figure S3 - Evaluation of physical properties (size, polydisperse index, and zeta-potential) of

LNPs prepared by nanoprecipitation or dialysis method.
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Figure S4 - Comparison of physical properties of lignin nanoparticles obtained by
nanoprecipitation for different isolated lignins. Statistical analysis was made by ANOVA, followed
by a Turkey’s test. Different asterisks indicate a statistical difference: p < 0.005 (**), p < 0.001

(***) and p < 0.0001 (****). Errors bars represent the mean  s.d (n=9).



Section 2: Materials and methods

Lignin isolation and purification

The pre-treated dried vine shoots were placed in contact with the dioxane/water (9:1,
v/v) mixture containing HCI 0.2 M, under nitrogen and reflux for 40 minutes. This
procedure was performed two more times but in the last extraction, the HCI was not
added to the dioxane/water mixture. Lignin was precipitated in cold water after
concentration of the previous fractions by evaporation under vacuum. The precipitated
lignin was removed by centrifugation, washed with water until neutral pH, and freeze-
dried. Lignin samples were submitted to dialysis (membrane dialysis cutoff 12-14 kDa,
Spectrum Labs) at a concentration of 2 mg/mL for 24 h, replacing the water several
times. Samples were coded as: LET — lignin sample pre-treated with ethanol/toluene;
LETD - lignin sample pre-treated with ethanol/toluene and dialyzed; LWE — lignin sample
pre-treated with water/ethanol and LWED - lignin sample pre-treated with water/ethanol

and dialyzed.

Determination of low molecular weight phenolic compounds and proanthocyanidins
Mass Spectrometry analysis was performed using a Finnigan Surveyor series liquid
chromatograph, equipped with a reversed-phase C18 column (Llchrospher® 100) with
250 % 4.6 mm i.d., 5 ym thermostatted at 25 °C. The mass detection was carried out in
the negative ion mode in a Finnigan LCQ DECA XP MAX (Finnigan Corp., San José,
CA, USA) mass detector with an APl (Atmospheric Pressure lonization) source of
ionization and an ESI (ElectroSpray lonization) interface. Spectra were recorded in the
negative ion mode between m/z 300 and 1500. The elution procedure was presented in
Table S4.

Table S4 - Elution conditions for the identification of low molecular weight phenolic compounds

and proanthocyanidins by LC-MS analysis.

Time Solvent A: 1% acetic Solvent B: 1% acetic acid
Flow mL/min
(minutes) acid in water and 20% acetonitrile in water

0 0.3 80 20
55 0.3 20 80
70 0.3 10 90
90 0.3 0 100

100 0.3 0 100

105 0.3 80 20

115 0.3 80 20




Sugar content — GC-MS/MS conditions

GC-MS/MS was carried out with a Trace 1300 gas chromatograph equipped with a split—
splitless injector, an autosampler 1310 Thermo Scientific, and an ISQ Single quadrupole
MS (Thermo Fisher, Austin, TX, USA). A total of 1 yL of the sample was injected into the
injector operating in splitless mode. The temperatures of the injector and the MS-transfer
line were 250°C and 300°C, respectively. Compounds were separated on a 30 m x 0.25
mm (i.d.) x 0.25 ym DB-17 capillary column (Agilent Technologies, CA, USA) operating
at a constant helium flow of 1.5 mL.min~'. The column temperature was initially set to
110 °C, held for 5 min, increasing then at a rate of 6°C.min~" to 300°C and held for 5 min.
Measurements were performed in SCAN mode with the m/z range set to 40-1100. The
MS conditions were as follows: ion source temperature 280°C and electron energy 70
eV, using glucose as standard for the calibration curve. Selected ion monitoring (SIM)

conditions were used for the glucose, selecting the m/z 204.

Lignin content — Klason lignin

A solution of 72 % (w/w) H2SO4 was added to 1.0 g of residue and after 2.5 h the mixture
was diluted with water and hydrolyzed for 2 h under reflux. Then, the final material was
filtrated, washed with water until neutral pH, dried, and weighed. For the quantification
of acid-soluble lignin, 20 mL of the filtrate was adjusted to pH 9 and mixed with 50 mg of
NaBH, and left stirring for 20 min. Following this, the solution was acidified, diluted, and
the absorbance at 280 nm was measured using a solution of 1.8% H>SO, as a reference.

This estimate was adjusted for moisture content.

Carbohydrates and proanthocyanidins content in lignin samples

For the carbohydrates content determination, 15 mg of material was dissolved in 2 mL
of a methanol solution containing 2 M HCI and submitted to acid methanolysis at 100 °C
for 4 h. After cooling, pyridine and sorbitol (internal standard solution) was added, and
the mixture was evaporated under reduced pressure. The dried methanol derivatives
were converted into trimethylsilylated. For quantification, the products were analyzed by
gas chromatography with a flame ionization detector (GC-FID), as already described in
the literature (1).

Regarding the proanthocyanidins content, into pressure and temperature-resistant
tubes, 500 pL of butanol reagent (butanol with 5% (v/v) of concentrated hydrochloric
acid) were mixed with 18 pL of ammonium iron (lll) sulfate dodecahydrate solution (20
mg.mL-" prepared in aqueous hydrochloric acid (2 M)) and 82.5 pL of a methanolic
solution of each lignin fraction (3.0 mg/mL: LET, LETD, LWE, and LWED). The mixture

was incubated at 100°C for 50 min, and after cooling, the absorbance was determined



at 520 nm was determined. The quantification was made using as standard a purified
PACs fraction containing trimers and based on the calibration curve (y = 1.7091x +
0.0519, r2 = 0.9992).

Gel permeation chromatography (GPC)

The molecular weight of lignin samples was determined on a Shimadzu UFLC with a
diode array (running at 280 nm wavelength) and refraction index detectors. Two Agilent
gel columns (OligoPore column 300%x7.5 mm and a MesoPore column 300x7.5 mm)
placed in series with a guard column Oligopore 50%7.5 mm were used. GPC analysis
was performed at a flow rate of 0.8 mL-min™' using an isocratic gradient and
dimethylformamide with 0.5% w/v of lithium chloride as the mobile phase. The
temperature of the columns was maintained at 70°C during the acquisition. Polystyrene
standards with molecular weights ranging from 162 to 55,000 g-mol~" and measured at
268 nm were used to calibrate the equipment prior to sample analysis. Solutions (5
mg-mL~") of each polystyrene standard and each lignin sample were dissolved in
dimethylformamide with 0.5% w/v of lithium chloride, stirred, and filtered (0.2 um) before

injection.

FTIR

FTIR spectra of lignin samples were recorded on a Spectrum Two FT-IR Spectrometer
(PerkinElmer). Potassium bromide (KBr) discs of each sample were prepared by
pressing a mixture of 100 mg of KBr and 1 mg of sample under vacuum. The spectra

were recorded in the range of 4000-400 cm-! with 4 scans in the medium-infrared area.

DPPH assay

For the DPPH assay, in 96-well plates, 270 uL of DPPH solution (prepared in methanol
at a concentration of 24.2 ug.mL™") was mixed with 30 pL of antioxidant samples. For
each sample concentration, the radical scavenging reaction was monitored as a function
of time by measuring the DPPH absorbance band at 517 nm (Amax) on a plate reader
(Biotek Powerwave XS), in the beginning, and after 30 min of reaction. ICsy values of
test/reference compounds are represented as half of the maximum inhibitory
concentration of DPPH radical scavenging activity. The antioxidant activity was
expressed as the radical scavenging activity (RSA) by calculating the fitting peak area at
517 nm, using the following equation:

(Abs control — Abs sample)
(RSA%) = x 100
Abs control




where Abs control and Abs sample are the absorbance of the control at t = 0 min and

the tested sample at different incubation times, respectively.
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