
Food Chemistry Advances 2 (2023) 100218 

Contents lists available at ScienceDirect 

Food Chemistry Advances 

journal homepage: www.elsevier.com/locate/focha 

Insight into the characterization of commercial oenological tannins 

Daniela Fracassetti ∗ , Alberto Saligari , Natalia Messina , Rebecca Bodon , Stefania Mazzini , 
Gigliola Borgonovo, Antonio Tirelli 
Department of Food, Environmental and Nutritional Sciences (DeFENS), Università degli Studi di Milano, Milan, Italy 

a r t i c l e i n f o 

Keywords: 

Oenological tannins 
Phenols 
Antioxidant capacity 
Oxygen consumption rate 

a b s t r a c t 

The characterization in terms of phenolics, antioxidant capacity and oxygen consumption rate (OCR) was carried 
out for 15 commercial oenological tannins of different origin. A NMR approach was used to evaluate their average 
molecular weight, and their glycosidic and aromatic moieties. The investigated oenological tannins showed wide 
differences in their chemical properties. Total phenol index (TPI) ranged from 461 ± 28 and 1018 ± 57 mg gallic 
acid/g for cherry tannin and nut gall tannin, respectively. The antioxidant capacity, positively correlated with 
TPI, was higher for hydrolysable tannins ranging 3.05 ± 0.06 and 12.06 ± 0.71 mM Trolox/g for ABTS assay, and 
from 3.70 ± 0.23 and 10.94 ± 1.28 mM Trolox/g for DPPH assay. Relevant differences in OCRs were found and 
chestnut tannin showed the highest OCR. Wide range of molecular weights were found with nut gall 1 tannin 
showing the highest one, ranging from 790 to 1900 Da. This study improves and expands the actual knowledge 
of tannins supporting the suitability of NMR for the characterization of oenological tannins. 
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. Introduction 

Oenological tannins are a group of phenolics capable of both astrin-
ent and protein-binding behavior. Their use in winemaking is permit-
ed by the International Organization of Vine and Wine (OIV) with the
urpose of promoting the clarification of musts and wines ( OIV, 2019a ,
019b ). They are employed in winemaking to protect the wine against
xidation, improve wine body and mouthfeel, as well as to stabilize
he color of red wines ( Neves et al., 2010 ). Nonetheless, the addition
f tannins must not be responsible for bringing further aroma or color
o wine ( OIV 2019b ). The oenological tannins are also capable to re-
ct with thiols when they are in an oxidized state. Previous study on
odel wine solution have demonstrated that both ellagitannins and
roanthocyanidins have significant effect in decreasing ethanethiol con-
entration ( Vivas et al., 2003 ). Recently, the tannins showed the abil-
ty to prevent the appearance of light-struck taste in both model wine
 Fracassetti et al., 2019 ) and white wine ( Fracassetti et al., 2021 ). 

Diverse commercial tannins are available for the oenological pur-
oses above mentioned. They differ to each other for chemical structure,
otanical origin, and extraction process (e.g. with water or organic sol-
ent). From the chemical point of view, tannins include polymers of
avan-3-ol units, the condensed tannins derived from grape (both seeds
Abbreviations: TPI, Total phenol index; OCR, Oxygen consumption rate; mDP, Me
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nd skin), quebracho, acacia and tea. The hydrolysable tannins are glu-
osides of gallic acid (gallo tannins) or ellagic acid (ellagitannins); tan-
ins extracted from nut gall, tara, chestnut, cherry, and oak belong to
his group. Other tannins include also those extracted from lemon being
 mixture of both condensed and hydrolysable tannins ( Ezeabara et al.,
014 ). These tannins are available either as dry material or liquid so-
ution; information about the origins and recommended additions are
sually indicated by the producers. However, concentration of phenols
s not generally indicated and the applied extraction method (i.e. sol-
ent, water) is unknown in most of the cases. Oenological tannins de-
ived from different sources and have been classified from high to low
rices, in the following order: skins > seeds > stems ≥ quebracho tan-
ins ≥ other vegetal sources ( Vivas et al., 2004 ). Commercial oeno-
ogical tannins showed relevant differences in terms of concentration
f total phenols, total tannins, and gelatin index ( Obreque-Slíer et al.,
009 ; Vignault et al., 2018 ). Based on the origin, as expected, differ-
nces are also due to their composition (e.g. proanthocyanidins, ellagi-
annins). Such aspects should be considered when they are added during
he winemaking, because they may lead to different effects on evolution
f the wine ( Chen et al., 2016 ; García-Estevez, Perez, Soares, & Mateus,
017 ; Panero et al., 2015 ). The hydrolysable tannins are naturally ex-
racted from the wood barrel during the wine aging as well as added
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uring winemaking. Among the source of wood tannins, those origi-
ating from oak show higher antioxidant activity ( Bautista-Ortin et al.,
005 ). Despite that, many winemakers prefer to use condensed tannins;
his might be due to their ability to improve some sensory properties
f the wine, such as aroma complexity, as well as to stabilize the color
f red wine. The ellagitannins have the properties above mentioned,
ut they are more expansive in comparison to condensed tannins. The
ensory and antioxidant properties of oenological tannins were assayed
y Li et al. (2020) and results showed that the mixture at ratio 1:1 hy-
rolysable: condensed tannins performed the best in young red wines.
oreover, the limited impact on intensity of astringency was found in

ed wine added with tannins after one year of aging ( Rinaldi et al.,
017 ). The use of tannin can limit oxidation phenomena in white wine-
aking. This is because certain condensed and gallo tannins can dena-

ure polyphenol-oxidase enzymes, like tyrosinase and laccase, protect-
ng must against the enzymatic oxidation ( Vignault et al., 2019 ). El-
agic and gallo tannins have also the ability to chelate metal ions, such
s iron and copper, counteracting the chemical oxidation in must and
ine ( Canuti et al., 2020 ; Vignault et al., 2018) . Tannins have a major

ole in the stabilization of the color of rosé wine taking part into the
ormation of copolymers. The latter are more stable, and the precipita-
ion of pigments is constrained ( Versari et al., 2013 ). The addition of
annins in must from red grape can protect anthocyanins towards oxi-
ation from the begin of the winemaking process when the content of
thanol is low and the extraction of tannins from grape skins is still
imited ( Versari et al., 2013 ). Last but not least, tannins can react with
he dissolved oxygen producing acetaldehyde which can favor the for-
ation of anthocyanin-tannin or tannin-tannin adducts via ethyl bond.
his polymerization reaction increases the phenol stability prior the bot-
ling ( Versari et al., 2013 ). Due to the importance of oenological tannins
ecause of their several abilities, the further knowledge of oenological
annins represents a pivotal aspect for the major comprehension of the
omposition of the commercial products available. This is because of the
ide variability of the oenological tannins based of their origin as well
s on the extraction procedures. 

On these bases, the aim of this study was to chemically character-
ze fifteen different commercial oenological tannins in terms of phenolic
omposition and antioxidant capacity. Their ability of oxygen consump-
ion was also investigated with and without sulfur dioxide (SO 2 ). A NMR
pproach was used to obtain further information regarding their struc-
ure. This study is expected to expand the understanding of the com-
osition of commercial tannins, considering also those from the same
otanical origin. Opportunities regarding their use in specific winemak-
ng processes will be also considered. 

. Materials and methods 

.1. Chemicals and reagents 

Methanol (99.9%), ethanol (96%), acetonitrile (99.9%), Folin-
iocalteu reagent (99.9%), gallic acid (97.5–102.5%), sodium car-
onate (99.5%), tartaric acid (99.5%), hydrochloric acid (37%),
ethyl cellulose (1500 cP), phloroglucinol ( > 99%), catechin

98%), epicatechin ( > 98%), ascorbic acid (99%), sodium ac-
tate ( > 99%), pentagalloyl glucose ( > 96%), tannic acid, dextran,
imethylaminocinnamaldehyde,2,2-diphenyl-1-picrylhydrazyl (DPPH),
,2 ′ -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), Trolox
97%), potassium metabisulfite ( > 98%), copper sulfate pentahydrate
98%), iron sulfate heptahydrate (98%), sodium hydroxide (98%), tri-
uoroacetic acid (99%) and hydrochloric acid (37%) were purchased

rom Merck (Darmstadt, Germany). Procyanidin A ( > 97%) was pur-
hased from Extrasynthese, (Genay Cedex, France) All the chemicals
ere of analytical reagent grade, at a minimum. HPLC grade water was
btained from a Milli-Q system (Millipore Filter Corp., Bedford, MA,
SA). 
2 
.2. Description of commercial tannins 

Fifteen commercial oenological tannins listed in Table S1 were ana-
yzed. Tannins, in a powder form, were provided by Dal Cin Gildo Spa
Concorezzo, MB, Italy). 

.3. Chemical characterization of phenolics 

For the phenolic characterization of the commercial tannins, total
henol index, tannin content, determination of proanthocyanidins, re-
ctivity to SO 2 were determined. 

.3.1. Total phenol index 

.3.1.1. Folin-Ciocalteu assay. The phenol content in tannin samples
as assessed as reducing ability by the Folin-Ciocalteau method
 Scalbert et al., 1989 ). 

Sample solutions at 1 g/L of each tannin were prepared in
ethanol/water 50/50 (v/v) and then serially diluted up to 20 times

n the same solvent. 
The reaction solutions were prepared as follows: 2.5 mL of diluted

olin-Ciocalteu reagent diluted (10 times with water), were added to
.5 mL of sample solution properly diluted and 2 mL of sodium carbon-
te (75 g/L). The absorbance at 765 nm was measured after incubation
f the reaction solution for 1 hour at 20 ± 2 °C in the dark. 

The calibration curves were obtained with gallic acid. A five-points
alibration curve was obtained in methanol/water 50/50 (v/v) at con-
entrations in the range 10–100 mg/L. Results were expressed as mg
allic acid/g of tannin ( Scalbert et al., 1989 ; Fracassetti et al., 2020 ).
riplicate determination was carried out. 

.2.1.2. Absorbance at 280 nm. The total phenol index (TPI)
as determined by the spectrophotometric method reported by
racassetti et al. (2016) . 

Tannin samples were dissolved in model wine solution (tartaric acid
 g/L, ethanol 12% (v/v), pH 3.2 adjusted with sodium hydroxide) at
 g/L and then properly diluted in water up to 10 times in order to read
n absorbance lower than 1 AU. 

A five-points calibration curve was obtained with tannic acid and
 + )-catechin stocks prepared in model wine solution (1 g/L) and diluted
ith water (5–100 mg/L). The calibration curve obtained with tannic
cid was used for the quantification of hydrolysable tannins, while cali-
ration curve obtained with ( + )-catechin was used for the quantification
f the condensed tannins. Results were expressed as mg of gallic acid/g
f tannin or as mg of ( + )-catechin/g of tannin for hydrolysable tannins
nd condensed tannins, respectively ( Vignault et al., 2018 ). Triplicate
etermination was carried out. 

.2.2. Determination of free gallic acid 

For the determination of gallic acid, the oenological tannins (5 g/L)
ere dissolved in water/methanol 50/50 acidified with formic acid 1%

v/v) ( Watrelot et al., 2020 ). An Acquity HClass UPLC (Waters, Mil-
ord, MA, USA) system equipped with a photo diode array detector
996 (Waters) was used. The separation column was a Kinetex RP18
150 × 2.1 mm, 2.6 𝜇m, 100 Å) (Phenomenex, Torrance, CA, USA)
ept at 30 °C. The chromatographic separation was carried out using
rifluoroacetic acid 0.2% (v/v) in MilliQ-treated water (solvent A) and
cetonitrile (solvent B) as eluting solvents. The UPLC separation was
chieved by an elution gradient (1% to 10% of solvent B in 10 min) at
 flow rate of 0.8 mL/min. The sample preparation was carried out in
riplicate and the solutions were filtered prior the injection. Six-points
alibration curve was obtained with gallic acid (1–100 mg/L) dissolved
n the same solvent (water/methanol 50/50 acidified with formic acid
%). Chromatographic data acquisition and processing were performed
y Empower 3 software (Waters). 
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.2.3. Tannin content 

Tannin content (richness) was determined by exploiting the ability
f methyl cellulose (MC) to precipitate tannins. The absorbance reading
t 280 nm before and after tannin precipitation enables the selective
easurement of tannin only (subtractive approach) ( Sarneckis et al.,
006 ; Vignault et al., 2018 ). 

Tannin sample solutions were prepared in model wine solution at
 g/L. For the reaction mix, two reaction tubes (Tube A and Tube B) were
repared as following reported. For Tube A, 125 𝜇L of tannin solution for
ondensed tannins or 75 𝜇L for the hydrolysable tannins was added with
 mL of MC solution, 1 mL of saturated ammonium sulfate solution and
p to 5 mL water. For Tube B, MC solution was substituted with water.
he reaction solutions were kept at 20 ± 2 °C for 10 min and centrifuged
10 min at 2863 x g) (Hettich Mikro 220R, Tuttlingen, Germany). The
upernatants were recovered and their absorbance was read at 280 nm.

The difference among the absorbance values read for tube A and tube
 was calculated and adjusted for the dilution factor. 

The calibration curves (five-points) were obtained with catechin and
annic acid (5–100 mg/L). The tannin richness for condensed tannins
as expressed as catechin equivalents and for hydrolysable tannins as

annic equivalents per g of tannins. Triplicate determination was carried
ut. 

.2.4. Determination of proanthocyanidins 

The proanthocyanidin content and profile were determined for the
ondensed tannins (Grape skin, Grape seeds, Tea 1, Tea 2, Quebracho,
cacia, Lemon). 

.2.4.1. Determination of condensed tannins with dimethylaminocin-

amaldehyde. Condensed tannins were determined by reaction with
imethylaminocinnamaldehyde (DMCA) following the procedure re-
orted by Prior et al. (2010) . 

The samples (1 g/L) were dissolved in ethanol:water 80:20 (v/v) and
erially diluted up to 16 times in ethanol:water 80:20 (v/v), then 130 𝜇L
ere added to 1.2 mL of DMCA to and incubated for 20 min at 20 ± 2 °C

n the dark. Finally, the absorbance at 640 nm was read. 
A five-points calibration curve (2.5–80 mg/L) was obtained with pro-

yanidin A stock solution (80 mg/L) prepared in ethanol:water 80:20
v/v). Results are expressed as mg of procyanidins A/g of tannin. Trip-
icate determination was carried out for each commercial tannin. 

.2.4.2. Determination of proanthocyanidins by phloroglucinolysis. This
etermination is based on the analysis of proanthocyanidin cleavage
roducts after acid-catalysis in the presence of excess of phloroglucinol
 Kennedy & Jones, 2001 ). 

Oenological tannin solutions 1 g/L in model wine solution were sub-
itted to Solid Phase Extraction (SPE) with C 18 cartridge (Phenomenex,
orrance, CA, USA) as it follows. After SPE activation with methanol
nd water, 5 mL of the sample solution was loaded followed by 5 mL
f sulfuric acid 0.01 N and 20 mL of diethyl ‑ether. Proanthocyanidins
ere eluted with 15 mL of methanol and recovered by solvent evapora-

ion under vacuum. The phloroglucinolysis reaction was carried out as
ollows: 2 mL of phloroglucinol solution (50 g/L prepared in acidified
ethanol containing hydrochloric acid 0.2 N) containing ascorbic acid

10 g/L). The reaction tubes were incubated at 50 °C for 25 min imme-
iately soaked in ice bath and then added with 4 mL of sodium acetate
olution 0.1 M. The samples were filtered with 0.22 𝜇m PVDF mem-
rane filter and analyzed by UPLC-UV. The chromatographic separation
as carried out by a Acquity HClass UPLC (Waters, Milford, MA, USA)

oupled with diode array detector 2996 (Waters). The column was a
inetex RP18 (150 ×2.1 mm, 2.6 𝜇m, 100 Å) (Phenomenex) thermostat-

ed at 30 °C. The solvents were acetic acid 2.5% (v/v) in Milli-Q water
Solvent A) and acetonitrile (Solvent B). UPLC separation has been com-
leted with an elution gradient (from 3% to 9% of Solvent B in 1.5 min,
rom 9% to 16% in 4.5 min, from 16% to 50% in 13.5 min) with a flow
f 0.85 mL/min ( Fracassetti et al., 2017 ). Six-points calibration curves
3 
ere obtained with catechin and epicatechin (5–50 mg/L). Chromato-
raphic data acquisition and processing were performed by Empower 3
oftware (Waters). The results are expressed as mg catechin/g of tannin.
riplicate determination was carried out. The average degree of poly-
erization (mDP) was calculated as molar ratio between the moles of

he terminal units and the total moles of proanthocyanidins. Percentage
f galloylation was calculated as molar ratio between the moles of gallic
cid flavan-3-ol esters and the total moles of proanthocyanidins. 

.1.5. Reactivity to sulfur dioxide 

Oxidized tannins were indirectly estimated after reaction with sulfur
ioxide as, reported in Fracassetti et al. (2016) . Briefly, the samples
1 g/L) were dissolved in model wine solution and added with sulfur
ioxide (0.3% w/v). The absorbance at 280 nm was read before and
fter the addition of sulfur dioxide. The results are expressed as the
 of oxidized tannins considering the sample without and with sulfur

ioxide. Triplicate determination was carried out. 

.1.6. Nuclear Magnetic resonance 

17 mg of tannin extracts were dissolved in 550 microliters of
MSO ‑d 6 . 1 H NMR spectra were acquired at 25 °C with a Bruker
V600 spectrometer, operating at 600.13 MHz for the 1 H nucleus and
quipped with a TXI probe with z-gradient. The spectra were processed
ith TOPSPIN 1.3 software. Pseudo two-dimensional DOSY experiments
 Morris, 1992 ) were acquired using the pulse-program ‘stebpgp1s’. The
trength of the linear pulse gradient was incremented in 64 steps (8
cans for each linear gradient step) from 5% up to 95% of the maximum
radient amplitude. Diffusion delay of 400 ms. 

Raw data were processed using the standard DOSY software present
n the Bruker library. 

The calibration curves were generated by measuring four model
ompounds in independent DOSY NMR experiments ( Morris, 1992 ).
iffusion-order NMR spectroscopy (DOSY) experiments for calibration
urve have been carried out on DMSO ‑d 6 solution of gallic acid (M w 

70), pentagalloyl glucose (M w 

940), tannic acid (M w 

1701) and dex-
ran (M w 

10,000). Plotting logD versus log Mw of all model molecules
n one diagram gives a linear correlation. A least-squared fitting of data
eads to the relationship Log M w 

= 2.1834 D(m 

2 /s) + 23.152. 

.2. Antioxidant capacity 

The antioxidant capacity was determined by the 2,2-diphenyl-1-
icrylhydrazyl (DPPH) and 2,2 ′ -azino-bis(3-ethylbenzothiazoline-
-sulphonic acid) (ABTS) assays the procedure reported by
racassetti et al. (2016) . Briefly, tannin samples (25 g/L) were
issolved in methanol 70% (v/v) and serially diluted up to final
oncentrations of 0.125 g/L. For the ABTS assay, the reaction occurred
y adding 1 mL of ABTS and 10 𝜇L of diluted sample; for the blank add
0 𝜇L of methanol 70% (v/v). The reaction mix was vortexed for 30 s,
he absorbance at 734 nm was read and a second reading was carried
ut after 20 s. For the DPPH assay, the reaction was carried out with
.45 mL of DPPH and 50 𝜇L of diluted sample; for the blank add 50
L of methanol 70% (v/v). The reaction solutions were incubated for
0 min at 20 °C in the dark and the absorbance at 515 nm was read. 

The calibration curve was obtained with Trolox (0.16–5 mM). Re-
ults are expressed as mM Trolox/g of tannin. For each commercial tan-
in, the determination was carried out in triplicate. 

.3. Oxygen consumption rate 

The oxygen consumption rate (OCR) was measured by chemilumi-
escence using an oxygen sensor spot (a ruthenium-based luminophore
lued inside each bottle) and an optical system (OxySenseTM 101, De-
isionLink, Inc., Las Vegas, NV). 

Tannin samples were dissolved in model wine solution 500 mg/L
f TPI determined by Folin-Ciocalteu method. The model solution was
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dded with iron (10 mg/L as FeSO 4 ·7H 2 O) and copper (0.5 mg/L using
uSO 4 ·5H 2 O) in accordance with Danilewicz (2013) . Triplicate samples
issolved in model wine solution were transferred in 100 mL bottles
ithout headspace and hermetically closed. The samples were stored at
0 ± 2 °C in the dark. Oxygen was monitored twice a day for the first
hree days and then once a day for about two weeks and after shaking
he bottle ( Vidal et al., 2006 ; Fracassetti et al., 2013 ). The monitoring
f oxygen consumption was carried out in the presence of sulfur dioxide
40 mg/L). As control, catechin (500 mg/L) and gallic acid (500 mg/L)
ere used, with and without sulfur dioxide. 

The oxygen consumption rate (OCR, mg oxygen/L/day) was calcu-
ated as a ratio between the oxygen consumed and the days of monitor-
ng. 

.4. Statistical analysis 

Statistical analysis of the results was carried out with R software
R Core Team (2021). R Foundation for Statistical Computing, Vienna,
ustria. URL https://www.R-project.org/ ) implemented with R-Studio

RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL
ttp://www.rstudio.com/ ). 

Shapiro test was performed to evaluate the normality of the distri-
ution of the population; Levene test were performed to evaluate the
omoschedasticity of the variances. When these two tests were satis-
ed, ANOVA was performed, in the other cases the Kruskal-Willlis non-
arametric test were carried out. Significant differences were considered
or p < 0.05. 

Correlation indexes were determined among the TPI (Folin-
iocalteau assay), antioxidant capacity, ratio Antiox/TPI, richness (ABS
80 nm and methyl cellulose assay), through the Pearson Correlation
onsidering the critical value of 0.351 (df = 13, 𝛼 = 0.2); 0.441 (df = 13,
= 0.1) and 0.514 (df = 13, 𝛼 = 0.05). 

The equations of the calibration curves were calculated by linear
egression analysis. 

. Results & discussion 

The chemical characterization of the investigated tannins allows to
larify the composition of the commercial products implementing the
ctual knowledge related to the composition of the oenological tannins.

The highest values of total phenol index (TPI) were obtained for
he two nut gall tannins (respectively 1019 ± 57 and 983 ± 36 mg
allic acid/g of tannin), being significantly higher than those found
or tara (1 and 2), tea (1 and 2), quebracho and grape seeds tannins
 Table 1 ). The two nut gall tannins showed also the highest content
f gallic acid (235 ± 12 and 348 ± 17 mg/g of tannin; Table S2) being
round 30% of TPI. As expected, gallic acid was negligible or lower
han 10% in condensed tannins, while it was around 20% as average in
ydrolysable tannins (Table S2). The lowest TPI was observed in cherry
annin (461 ± 28 mg gallic acid/g of tannin). The proper oxidative state
f the investigated oenological tannins can be asserted as no detectable
henols reactive to SO 2 was found, except for tara 2 tannin which
howed only negligible reactivity to SO 2 (4 ± 3%). This value is com-
arable with those previously reported by Fracassetti et al. (2016) re-
ated to polyphenol-based formula containing a mixture of plant gallic
nd ellagic acids extracted from grape, and plant ellagic acid and Arabic
um. Our TPI results differed to those obtained by Vignault et al. (2018) ,
ince these authors did not find significant differences between the aver-
ge values calculated for each class of oenological tannins under study.
onetheless, the individual characterization of diverse oenological tan-
ins showed a high variability among them (20–78%), even when tan-
ins have the same origin ( Vignault et al., 2018 ). Our results agree
ith those reported by Canuti et al. (2020) with concern to TPI for oak

annins (611 mg gallic acid/g of tannin as an average for the five tan-
ins tested vs . 558 mg/g in our study as average of two tannins tested)
nd slightly differed for grape seeds (601 mg gallic acid/g of tannin vs .
4 

https://www.R-project.org/
http://www.rstudio.com/
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Table 2 

Pearson Correlation, critical value: 0.351 for df = 13, 𝛼 = 0.2 ( ∗ ); 0.441 for df = 13, 𝛼 = 0.1 ( ∗ ∗ ); 0.514 for df = 13, 𝛼 = 0.05 ( ∗ ∗ ∗ ). Legend: TPI, total phenol 
index; ABS, absorbance. 

TPI (Folin- 

Ciocalteau 

assay) 

Antioxidant 

capacity 

(ABTS) 

Antioxidant 

capacity 

(DPPH) 

Ratio 

Antiox/TPI 

TPI (ABS 

280 nm) 

Tannin content 

(methyl 

cellulose assay) 

TPI (Folin-Ciocalteau assay) 1 
Antioxidant capacity (ABTS) 0,877 ∗ ∗ ∗ 1 
Antioxidant capacity (DPPH) 0,818 ∗ ∗ ∗ 0.912 ∗ ∗ ∗ 1 
Ratio Antiox/TPI 0,096 0,425 ∗ 0,643 ∗ ∗ ∗ 1 
TPI (ABS 280 nm) 0,702 ∗ ∗ ∗ 0,390 0,321 − 0,369 1 
Tannin content (methyl cellulose assay) 0,814 ∗ ∗ ∗ 0,520 ∗ ∗ ∗ 0,436 ∗ − 0,307 0,957 ∗ ∗ ∗ 1 
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13 mg/g in our study) and nut gall tannins (820 mg gallic acid/g of
annin 1001 mg/g in our study as average of two tannins tested). Other
uthors recently showed TPI for grape seeds (715 mg gallic acid/g of
annin as average of two tannins) and nut gall tannins (1014 mg gallic
cid/g of tannin) that are in accordance to our findings ( Paissoni et al.,
022 ). The TPI values assessed by the absorbance reading at 280 nm
ere lower for condensed tannins than those obtained with the Folin-
iocalteu assay, while the opposite was observed for hydrolysable tan-
ins. This could be dependent to the maximum of absorbance (i.e. at
80 nm for ellagitannins and at 370 nm for ellagic acid) as well as
o different calibration curves used according to tannin structure being
ore discriminating and accurate than the Folin-Ciocalteu method even

hough it is not specific for tannins but the Folin-Ciocalteau reagent de-
ects all types of phenolic compounds ( Vignault et al., 2018 ). Nonethe-
ess, the phenol abundance of the oenological tannins tested here was
onfirmed. An overestimation was found in case of quebracho and tea
annins; this could be attributed to the presence of galloylated derivates
Wang and Helliwell, 2001; Obreque-Slíer et al., 2009 ) leading to higher
bsorbance values due to the reading of both flavanols and gallic acid.
he tannins content ranged from 1333 ± 93 mg tannic acid/g of tannin
or tea 1 to 110 ± 65 mg tannic acid/g of tannin for cherry ( Table 1 ).
he highest values were obtained for condensed tannins; nonetheless, a
eterogeneous richness was observed mainly depending on the origin of
he tannin. This variation is in agreement with previous observations,
ndicating that ellagitannins from oak are generally characterized by
ower content in phenolics ( Pascual et al., 2017 ; Vignault et al., 2018 :
gliano et al., 2020 ). 

Besides the content of phenolics, the antioxidant capacity is an im-
ortant parameter to take under consideration as it is a marker of scav-
nging ability ( Wang and Helliwell, 2001 ) being also highly correlated
o phenols ( Table 2 ). 

The antioxidant capacity was determined by means of ABTS and
PPH assays. With regards to the ABTS assay, the antioxidant capac-

ty ranged from 3.05 ± 0.06 mM Trolox/g for grape seed tannin up
o 12.06 ± 0.71 mM Trolox/g for nut gall tannin. These data were
lightly higher in comparison to those reported by Paissoni et al. (2022) ,
hile they were comparable or slightly lower to the findings reported
y Vignault et al. (2018) . DPPH assay is considered a reliable method
or the assessment of free radical scavenging activity of antioxidants
ompounds or extracts from plant and is also considered as one of the
deal and easy-to-apply colorimetric methods for evaluating the antioxi-
ant properties ( Mishra et al., 2011 ). Even considering the DPPH assay,
he antioxidant capacity found for the tannins investigated in this study
as higher in comparison to the data reported by Paissoni et al. (2022) .
s expected, with both ABTS and DPPH assays, hydrolysable tannins
howed higher value of antioxidant capacity than the condensed ones
 Table 1 ) in accordance to Vignault et al. (2018) . Nut gall and tara
annins showed comparable and the highest antioxidant ability values
7.32–12.06 mM Trolox/g of tannin for ABTS assay; 9.21–10.94 mM
rolox/g of tannin for DPPH assay) ( Table 1 ). For these oenological
annins, the highest values of antioxidant capacity/TPI ratio were also
bserved suggesting a great potential of these oenological tannins in
5 
reventing oxidative mechanisms. Grape skin tannin showed the low-
st value of antioxidant capacity (3.70 ± 0.23 mM Trolox/g of tannin).
verall, the lower ratio determined for condensed tannins suggests pro-

ective abilities against oxidations lower than the hydrolysable ones. 
Considering the proanthocyanidins, the grape seeds tannin was the

ost abundant by means of both DMCA assay and phloroglucinolysis
 Table 3 ). The mDP values for grape skin and seeds tannins were in
ccordance with previous observations ( Vignault et al., 2018 ). Grape
eeds tannin showed also the highest polymerization degree, even than
hat of grape skin tannin. This unexpected finding could be attributable
o the extraction procedure that might be more efficient for the grape
eed tannin. Nonetheless, the highest galloylation levels were found in
emon, quebracho and tea tannins. In particular, for the latter two tan-
in samples, the high galloylation degree can explain the overestima-
ion of tannin richness ( Table 1 ) for these formulas, as later described
 Harbertson et al., 2014 ). The low values of mDP suggest the limited
mpact of the tannins investigated here in terms of astringency as pre-
iously reported ( Richaud & Noble, 1990 ). 

Our results highlight the high heterogeneity of the oenological tan-
ins even those having the same botanical origin confirming the findings
howed in previous studies ( Vignault et al., 2018 ; Watrelot et al., 2020 ).

Nuclear Magnetic Resonance (NMR) spectroscopy is a very efficient
ool used for structural identification of organic compounds. All 1 H NMR
pectra showed a complex profile with many overlapped resonances.
evertheless, signals assigned to the aromatic moiety of polyphenolic
ompounds were observed in the region between 8.0 and 6.0 ppm for
oth type of tannins. Moreover, the region between 6.0 and 3.0 ppm
ncluded mainly signals attributable to polyhydroxylated systems (car-
ohydrates or polyols) ( Table 4 ). In particular, the gallate moieties lie
etween 6.4 and 7.6 ppm and the anomeric protons of glycosides were
bserved between 4.30 and 5.00 ppm. (Figure S3 and Figure S4). In
ome samples a sharp signal at 6.92 ppm was evident that was assigned
o the H2/H6 aromatic protons of gallic acid; this attribution was also
onfirmed by comparison with a sample of gallic acid standard. A NMR
pproach was used to evaluate the average molecular weight of the con-
idered tannins. For the molecular weight dispersions of the components
n different tannin samples, DOSY experiments were performed. The dif-
usion coefficient values (D) evidenced some differences in the molecu-
ar weights of the tannins in the considered extracts. In particular, the
ut gall 1 tannin showed the higher molecular weights, ranging from
90 to 1900 Da consisting with the presence of tetra, esa, epta and
ndeca galloylglucose. Also nut gall 2 and tara tannins showed high
olecular weights (esa and epta galloylglucose). On the contrary, all the

ther samples displayed a D values corresponding to molecular weights
f small gallotannin molecules (gallic acid and digalloylglucose). Tea 1
annin contained one, two and three units ( Table 5 ). These results agree
ith those previous described ( Watrelot et al., 2020 ). 

Concerning the oxygen consumption rate, oxygen was consumed
ith according to a second-order kinetic ( Pascual et al., 2017 ). A dif-

erent behavior related to the composition of tannins was found as well
s depending to the presence of sulfur dioxide. In the absence of sul-
ur dioxide, the tannins were clearly clustered in three groups (Fig-
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Table 4 

Signals area in the ranges 6.0–4.0 ppm and 8.0–6.0 ppm. 

Tannin 8.0–6.0 ppm 6.0–4.0 ppm 

Condensed 

tannins 

Acacia 49.02 50.99 
Grape skins 46.12 53.88 
Grape seeds 35.36 64.64 
Quebracho 62.95 37.05 
Tea 1 51.37 48.63 
Tea 2 48.46 51.54 

Hydrolysable 

tannins 

Cherry 26.04 73.96 
Chestnut 23.45 76.55 
Nut gall 1 79.44 20.56 
Nut gall 2 69.51 30.49 
Oak 1 26.32 73.69 
Oak 2 29.30 70.70 
Tara 1 60.19 39.81 
Tara 2 59.95 40.05 
Lemon 29.35 70.65 
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6 
re S5), while two clusters were identified with sulfur dioxide (Fig-
re S6). In both trials, chestnut tannin showed a faster oxygen con-
umption, suggesting it could have a relevant role in preventing the
ine oxidation. This result was in accordance with the finding reported
y Jeremic et al. (2020) who found the oxygen consumption was the
ighest in the presence of ellagitannins. In general, hydrolysable tan-
ins did show a faster oxygen consumption than condensed tannins
 Pascual et al., 2017 ). Other authors found ellagitannin increased the
CR ( Jeremic et al., 2020 ). For the tannins investigated here, we could
ot cluster condensed and hydrolysable tannins in terms of OCRs as it
as higher without sulfur dioxide for chestnut, lemon, tea 2 and acacia

annins being hydrolysable, hydrolysable/condensed ( Ezeabara et al.,
014 ) and condensed tannins, respectively (Figure S4). Similarly, the
igher OCRs were found either for hydrolysable or condensed tannins
n the presence of sulfur dioxide ( Table 6 ). 

The impact of sulfur dioxide was evident as OCRs increased for
ll the tannins investigated ( Table 6 ) accordingly to previous study
 Pascual et al., 2017 ; Ugliano et al., 2020 ). In the trials with sulfur
ioxide, the residual dissolved oxygen was 20% in about two weeks
Figure S5). The only not significant difference between the two condi-
ions was revealed for tara 1 tannins (0.28 ± 0.10 vs. 0.40 ± 0.04 mg
xygen/L/day without and with sulfur dioxide, respectively). The low-
st difference, even if significant, was found for chestnut tannins
0.44 ± 0.00 vs. 0.48 ± 0.01 mg oxygen/L/day without and with sul-
ur dioxide, respectively). This could be attributed to the high oxygen
onsumption that this tannin showed even in the absence of sulfur diox-
de making the contribution of sulfite negligible. For the other tannins,
he OCRs significantly rose with sulfur dioxide. Both nut gall tannins
howed low OCRs in the absence of sulfur dioxide, maybe due to their
ighest molecular weights, as following reported, leading to a strong
mpact of this antioxidant in consuming the dissolved oxygen. More-
ver, oxidative loss of sulfur dioxide can be favored by gallic acid with a
onsequent increase of OCR. Our findings partly disagree with those re-
orted by Ugliano et al. (2020) as we found a significant effect of oxygen
onsumption sulfur dioxide-mediated for oak tannins being comparable
o that of tea 1 tannin, but twice in comparison to the increase found for
ea 2 tannin. This further indicates the high variability of tannins of the
ame botanical origin that can be dependent to the raw materials as well
s the extraction procedure and the overall preparation ( Versari et al.,
013 ). 

. Conclusions 

The oenological effects of tannins can allow the promotion of musts
nd wines clarification, the protection against oxidation, the improve-
ent of certain sensory characteristics, such as body, mouthfeel and

olor ( Neves et al., 2010 ). Moreover, they can prevent the appearance of
ight-struck taste in both model wine ( Fracassetti et al., 2019 ) and white
ine ( Fracassetti et al., 2021 ). This study demonstrates the high hetero-
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Table 5 

Molecular weight (M) dispersions in tannin samples. 

Tannin M = 170–190 M = 300–490 M = 630–660 M = 790–850 M = 1000–1098 M = 1200–1400 M = 1800–1900 

Condensed 

tannins 

Acacia X 
Grape skins X 
Grape seeds X 
Quebracho X X 
Tea 1 X X X 
Tea 2 X X 

Hydrolysable 

tannins 

Cherry X 
Chestnut X 
Nut gall 1 X X X X 
Nut gall 2 X X X 
Oak 1 X X 
Oak 2 X 
Tara 1 X X 
Tara 2 X 
Lemon X 

Table 6 

Oxygen consumption rates (mg oxygen/L/day) with and without sulfur diox- 
ide for the investigated tannins. Different letters mean significant differences 
( p < 0.05). Upper case letters refer to same tannin with/without sulfur diox- 
ide; lower case letters refer to different tannins without sulfur dioxide and 
with SO 2 . 

Tannin Without sulfur dioxide With sulfur dioxide 

Condensed 

tannins 

Acacia 0.32 ± 0.03 bc A 0.55 ± 0.03 a B 

Grape skin 0.17 ± 0.02 ef A 0.38 ± 0.03 bcd B 

Grape seeds 0.14 ± 0.02 f A 0.33 ± 0.06 cd B 

Quebracho 0.14 ± 0.00 f A 0.46 ± 0.08 ab B 

Tea 1 0.20 ± 0.01 ef A 0.40 ± 0.01 bcd B 

Tea 2 0.30 ± 0.02 bcde A 0.41 ± 0.00 bcd B 

Hydrolysable 

tannins 

Cherry 0.22 ± 0.04 cdef A 0.44 ± 0.02 abc B 

Chestnut 0.44 ± 0.00 a A 0.48 ± 0.01 ab B 

Nut gall 1 0.13 ± 0.03 f A 0.54 ± 0.05 a B 

Nut gall 2 0.12 ± 0.01 f A 0.46 ± 0.06 ab B 

Oak 1 0.22 ± 0.01 cdef A 0.44 ± 0.03 abc B 

Oak 2 0.20 ± 0.04 def A 0.41 ± 0.01 bcd B 

Tara 1 0.28 ± 0.10 bcde A 0.40 ± 0.04 bcd A 

Tara 2 0.19 ± 0.01 ef A 0.31 ± 0.08 d B 

Lemon 0.34 ± 0.01 ab A 0.41 ± 0.03 bcd B 
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eneity of the commercial oenological tannins. Our findings improve
nd expand the actual knowledge of tannins. Besides the methods com-
only used for the characterization of tannins, the application of NMR

an give useful information regarding the average molecular weight.
he diverse composition and chemical behavior detected in commer-
ial tannins highlights that their enological effectiveness can widely
hange regardless of the nominal biological source, as many other fac-
ors, maybe even the production batch, can affect tannin composition.
his likely forces the user to test the tannin behavior of a new batch
efore its use. 

Further studies will be carried to investigate the use of oenological
annins in preventing the light-struck taste with particular attention on
imiting the formation of volatile sulfur compounds having a detrimental
mpact on sensory characteristics. The results obtained in this study will
erve to clarify what are the main parameters as well as the possible
ynergic effect with relevant protection against the light-struck taste. 

eclaration of Competing Interests 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper 

RediT authorship contribution statement 

Daniela Fracassetti: Conceptualization, Methodology, Formal anal-
sis, Resources, Data curation, Writing – original draft, Writing – re-
7 
iew & editing. Alberto Saligari: Formal analysis, Investigation, Data
uration, Writing – original draft, Writing – review & editing. Natalia

essina: Formal analysis, Investigation, Data curation, Writing – re-
iew & editing. Rebecca Bodon: Formal analysis, Investigation, Data
uration, Writing – review & editing. Stefania Mazzini: Methodology,
ormal analysis, Data curation, Writing – review & editing. Gigliola

orgonovo: Methodology, Formal analysis, Data curation, Writing –
eview & editing. Antonio Tirelli: Resources, Data curation, Writing
review & editing. 

ata availability 

Data will be made available on request. 

cknowledgments 

The work was supported by European Agricultural Fund for Rural
evelopment [Enofotoshield project; D.d.s. 1 luglio 2019 - n. 9551 , B.U.
.L. Serie Ordinaria n. 27 - 04 luglio 2019]. 

We are grateful with Mr. Alessio Altomare for his technical support.

upplementary materials 

Supplementary material associated with this article can be found, in
he online version, at doi: 10.1016/j.focha.2023.100218 . 

eferences 

autista-Ortin, A. B., Martinez-Cutillas, A., Ros-Garcia, J. M., Lopez-Roca, J. M., & Gomez-
Plaza, E. (2005). Improving color extraction and stability in red wines: The use of
maceration enzymes and enological tannins. International Journal of Food Science and

Technology, 40 , 867–878. 10.1111/j.1365-2621.2005.01014.x . 
anuti, V., Cecchi, L., Khatib, M., Guerrini, L., Mulinacci, N., & Zanoni, B. (2020). A new

extract from pomegranate ( Punica granatum L.) by-products as a potential oenolog-
ical tannin: Preliminary characterization and comparison with existing commercial
products. Molecules, 25 , 4460. 10.3390/molecules25194460 . 

hen, K., Escott, C., Loira, I., Del Fresno, J. M., Morata, A., Tesfaye, W., et al., (2016). The
effects of pre-fermentative addition of oenological tannins on wine components and
sensorial qualities of red wine. Molecules, 21 , 1445. 10.3390/molecules21111445 . 

anilewicz, J. C. (2013). Reactions involving iron in mediating catechol oxida-
tion in model wine. American Journal of Enology and Viticulture, 64 , 316–324.
10.5344/ajev.2015.15088 . 

zeabara, C., Okeke, C. U., Ilodibia, C., & Aziagba, B. (2014). Determination of tannin
content in various parts of six citrus species. Journal of Scientific Research and Reports ,
1384–1392. 10.9734/JSRR/2014/5832 . 

racassetti, D., Coetzee, C., Vanzo, A., Ballabio, D., & du Toit, W. J. (2013). Oxygen con-
sumption in South African Sauvignon blanc wines: Role of glutathione, sulphur diox-
ide and certain phenolics. South African Journal of Enology and Viticulture, 34 , 156–169.
10.21548/34-2-1091 . 

racassetti, D., Gabrielli, M., Costa, C., Tomás-Barberán, F. A., & Tirelli, A. (2016).
Characterization and suitability of polyphenols-based formulas to replace sul-
fur dioxide for storage of sparkling white wine. Food Control, 60 , 606–614.
10.1016/j.foodcont.2015.09.005 . 

https://doi.org/10.13039/501100014141
https://doi.org/10.1016/j.focha.2023.100218
https://doi.org/10.1111/j.1365-2621.2005.01014.x
https://doi.org/10.3390/molecules25194460
https://doi.org/10.3390/molecules21111445
https://doi.org/10.5344/ajev.2015.15088
https://doi.org/10.9734/JSRR/2014/5832
https://doi.org/10.21548/34-2-1091
https://doi.org/10.1016/j.foodcont.2015.09.005


D. Fracassetti, A. Saligari, N. Messina et al. Food Chemistry Advances 2 (2023) 100218 

F  

 

F  

 

F  

 

 

F  

 

 

G  

 

H  

 

J  

 

K  

 

L  

 

M  

 

M  

 

N  

 

 

O  

 

O  

 

O  

 

P  

 

 

P  

 

P  

 

P  

 

 

R  

 

R  

 

S  

 

 

 

S  

 

U  

 

 

V  

V  

 

V  

 

 

V  

 

V  

 

V  

 

 

 

 

W  

 

W  

 

 

racassetti, D., Gabrielli, M., Encinas, J., Manara, M., Pellegrino, L., & Tirelli, A. (2017).
Approaches to prevent the light-struck taste in white wine. Australian Journal of Grape

and Wine Research, 23 , 329–333. 10.1111/ajgw.12295 . 
racassetti, D., Limbo, S., Messina, N., Pellegrino, L., & Tirelli A. (2021). Light-struck taste

in white wine: Protective role of glutathione, sulfur dioxide and hydrolysable tannins.
Molecules. 26 , 5297. https://doi.org/10.3390/molecules26175297 

racassetti, D., Limbo, S., Pellegrino, L., & Tirelli, A. (2019). Light-induced re-
actions of methionine and riboflavin in model wine: Effects of hydrolysable
tannins and sulphur dioxide. Food Chemistry, 298 , Article 124952. 10.1016/j.
foodchem.2019.124952 . 

racassetti, D., Tirelli, A., Limbo, S., Mastro, M., Pellegrino, L., & Ragg, E. M. (2020). In-
vestigating the role of antioxidant compounds in riboflavin-mediated photo-oxidation
of methionine: A 1 H NMR approach. ACS Omega, 5 , 26220–26229. 10.1021/ac-
somega.0c03845 . 

arcía-Estevez, I., Perez, R. G., Soares, S., & Mateus, N. (2017). Oeno-
logical perspective of red wine astringency. OENO One, 51 , 237–249.
https://doi.org/10.20870/oeno-one.2017.51.2.1816 . 

arbertson, J. F., Kilmister, R. L., Kelm, M. A., & Downey, M. O. (2014). Impact of con-
densed tannin size as individual and mixed polymers on bovine serum albumin pre-
cipitation. Food Chemistry, 160 , 16–21. 10.1016/j.foodchem.2014.03.026 . 

eremic, J., Vongluanngam, I., Ricci, A., Parpinello, G. P., & Versari, A. (2020). The oxygen
consumption kinetics of commercial oenological tannins in model wine solution and
Chianti red wine. Molecules, 25 , 1215. 10.3390/molecules25051215 . 

ennedy, J., & Jones, G. (2001). Analysis of proanthocyanidin cleavage products following
acid-catalysis in the presence of excess phloroglucinol. Journal of Agriculture and Food

Chemistry, 49 , 1740–1746. 10.1021/jf001030o . 
i, L., Li, Z., Wei, Z., Yu, W., & Cui, Y. (2020). Effect of tannin addition on chromatic

characteristics, sensory qualities, and antioxidant activities of red wines. The Royal

Society of Chemistry, 10 , 7108–7117. 10.1039/C9RA09846A . 
ishra, K., Ojha, H., & Chaudhury, N. K. (2011). Estimation of antiradical properties of

antioxidants using DPPH assay: A critical review and results. Food Chemistry, 130 ,
1036–1043. 10.1016/j.foodchem.2011.07.127 . 

orris, K. F., Charles, S., & Jr, Johnson (1992). Diffusion-ordered two-dimensional nuclear
magnetic resonance spectroscopy. Journal of the American Chemical Society, 114 (8),
3139–3141. 10.1021/ja00034a071 . 

eves, A. C., Spranger, M. I., Zhao, Y. Q., Leandro, M. C., & Sun, B. S. (2010). Effect
of addition of commercial grape seed tannins on phenolic composition, chromatic
characteristics, and antioxidant activity of red wine. Journal of Agriculture and Food

Chemistry, 58 , 11775–11782. 10.1021/jf1038037 . 
breque-Sli ́er, E., Peña-Neira, A., López-Soli ́s, R., Rami ́rez-Escudero, C., & Zamora-

Mari ́n, F. (2009). Phenolic characterization of commercial enological tannins. Euro-

pean Food Research and Technology, 229 , 859–866. 10.1007/s00217-009-1121-1 . 
IV (2019a). Resolution oiv-oeno 612-2019. update to the oenological prac-

tice on tannin addition in musts. https://www.oiv.int/public/medias/6880/oiv-
oeno-612-2019-en.pdf Last accessed 06.04.2022. 

IV (2019b). Resolution oiv-oeno 613-2019. update to the oenological prac-
tice on tannin addition in wines. https://www.oiv.int/public/medias/6881/oiv-
oeno-613-2019-en.pdf Last accessed 06.04.2022. 

aissoni, M. A., Bitelli, G., Vilanova, M., Montanini, C., Río Segade, S., Rolle, L., et al.,
(2022). Relative impact of oenological tannins in model solutions and red wine ac-
cording to phenolic, antioxidant, and sensory traits. Food Research International, 157 ,
Article 111203. 10.1016/j.foodchem.2020.126633 . 

anero, L., Motta, S., Petrozziello, M., Guaita, M., & Bosso, A. (2015). Effect of SO 2 , re-
duced glutathione and ellagitannins on the shelf life of bottled white wines. European

Food Research and Technology, 240 , 345–356. 10.1007/s00217-014-2334-5 . 
8 
ascual, O., Vignault, A., Gombau, J., Navarro, M., Gómez-Alonso, S., Garcia-Romero, E.,
et al., (2017). Oxygen consumption rates by different oenological tannins in a model
wine solution. Food Chemistry, 234 , 26–32. 10.1016/j.foodchem.2017.04.148 . 

rior, R. L., Fan, E., Ji, H., Howell, A., Nio, C., Payne, M. J., et al., (2010). Multi-laboratory
validation of a standard method for quantifying proanthocyanidins in cranberry pow-
ders. Journal of the Science of Food and Agriculture, 90 , 1473–1478. 10.1002/jsfa.3966 .

inaldi, A., & Moio, L. (2017). Effect of enological tannin addition on astringency sub-
qualities and phenolic content of red wines. Journal of Sensory Study, 33 , e12325.
10.1111/joss.12325 . 

obichaud, J. L., & Noble, A. C. (1990). Astringency and bitterness of selected
phenolics in wine. Journal of the Science of Food and Agriculture, 53 , 343–353.
10.1002/jsfa.2740530307 . 

arneckis, C. J., Dambergs, R. G., Jones, P., Mercurio, M., Herderich, M. J., &
Smith, P. A. (2006). Quantification of condensed tannins by precipitation with
methyl cellulose: Development and validation of an optimised tool for grape
and wine analysis. Australian Journal of Grape and Wine Research, 12 , 39–49.
10.1111/j.1755-0238.2006.tb00042.x . 

calbert, A., Monties, B., & Janin, G. (1989). Tannins in wood: Comparison of differ-
ent estimation methods. Journal of Agricultural and Food Chemistry, 37 , 1324–1329.
10.1021/jf00089a026 . 

gliano, M., Slaghenaufi, D., Picariello, L., & Olivieri, G. (2020). Oxygen and SO 2 con-
sumption of different enological tannins in relationship to their chemical and elec-
trochemical characteristics. Journal of Agricultural Food Chemistry, 68 , 13418–13425.
10.1021/acs.jafc.0c00044 . 

ersari, A., Du Toit, W. J., & Parpinello, G. P. (2013). Oenological tannins: A review.
Australian Journal of Grape and Wine Research, 19 , 1–10. 10.1111/ajgw.12002 . 

idal, J. C., & Moutounet, M. (2006). Monitoring of oxygen in the gas and liquid phases
of bottles of wine at bottling and during storage. Journal International des Sciences de

la Vigne et du Vin, 40 , 35–45. 10.20870/oeno-one.2006.40.1.884 . 
ignault, A., González-Centeno, M. R., Pascual, O., Gombau, J., Jourdes, M., Moine, V.,

et al., (2018). Chemical characterization, antioxidant properties and oxygen consump-
tion rate of 36 commercial oenological tannins in a model wine solution. Food Chem-

istry, 268 , 210–219. 10.1016/j.foodchem.2018.06.031 . 
ignault, A., Pascual, O., Jourdes, M., Moine, V., Fermaud, M., Roudet, J., et al.,

(2019). Impact of enological tannins on laccase activity. OENO One, 53 , 27–38.
https://doi.org/10.20870/oeno-one.2019.53.1.2361 . 

ivas, N., Bertrand, A., Canal-Llaubères, R.-. M., Feuillat, M., Hardy, G., Lamadon, F.,
et al., (2003). Produits de traitement et auxiliaires d’élaboration des moûts et des vins .
Bordeaux: Féret . 

ivas, N., Nonier, M. F., de Gaulejac, N. V., Absalon, C., Bertrand, A., & Mirabe, M. (2004).
Differentiation of proanthocyanidin tannins from seeds, skins and stems of grapes
(Vitis vinifera) and heartwood of Quebracho ( Schinopsis balansae ) by matrix assisted
laser desorption/ionization time-of-flight mass spectrometry and thioacidolysis/liquid
chromatography/electrospray ionization mass spectrometry. Analytica Chimica Acta,

513 , 247–256. 10.1016/j.aca.2003.11.085 . 
ang, H., & Helliwell, K. (2001). Determination of flavonols in green and black tea leaves

and green tea infusions by high-performance liquid chromatography. Food Research

International, 34 , 223–227. 10.1016/S0963-9969(00)00156-3 . 
atrelot, A. A., Le Guernevé, C., Meudec, E., Véran, F., Williams, P., Robillard, B.,

et al., (2020). Multimethod approach for extensive characterization of gallnut
tannin extracts. Journal of Agricultural and Food Chemistry, 68 , 13426–13438.
10.1021/acs.jafc.9b08221 . 

https://doi.org/10.1111/ajgw.12295
https://doi.org/10.1016/j.\penalty -\@M foodchem.2019.124952
https://doi.org/10.1021/acsomega.0c03845
https://doi.org/10.20870/oeno-one.2017.51.2.1816
https://doi.org/10.1016/j.foodchem.2014.03.026
https://doi.org/10.3390/molecules25051215
https://doi.org/10.1021/jf001030o
https://doi.org/10.1039/C9RA09846A
https://doi.org/10.1016/j.foodchem.2011.07.127
https://doi.org/10.1021/ja00034a071
https://doi.org/10.1021/jf1038037
https://doi.org/10.1007/s00217-009-1121-1
https://www.oiv.int/public/medias/6880/oiv-oeno-612-2019-en.pdf
https://www.oiv.int/public/medias/6881/oiv-oeno-613-2019-en.pdf
https://doi.org/10.1016/j.foodchem.2020.126633
https://doi.org/10.1007/s00217-014-2334-5
https://doi.org/10.1016/j.foodchem.2017.04.148
https://doi.org/10.1002/jsfa.3966
https://doi.org/10.1111/joss.12325
https://doi.org/10.1002/jsfa.2740530307
https://doi.org/10.1111/j.1755-0238.2006.tb00042.x
https://doi.org/10.1021/jf00089a026
https://doi.org/10.1021/acs.jafc.0c00044
https://doi.org/10.1111/ajgw.12002
https://doi.org/10.20870/oeno-one.2006.40.1.884
https://doi.org/10.1016/j.foodchem.2018.06.031
https://doi.org/10.20870/oeno-one.2019.53.1.2361
http://refhub.elsevier.com/S2772-753X(23)00038-2/sbref0037
https://doi.org/10.1016/j.aca.2003.11.085
https://doi.org/10.1016/S0963-9969(00)00156-3
https://doi.org/10.1021/acs.jafc.9b08221

	Insight into the characterization of commercial oenological tannins
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Description of commercial tannins
	2.3 Chemical characterization of phenolics
	2.3.1 Total phenol index
	2.2.2 Determination of free gallic acid
	2.2.3 Tannin content
	2.2.4 Determination of proanthocyanidins
	2.1.5 Reactivity to sulfur dioxide
	2.1.6 Nuclear Magnetic resonance

	2.2 Antioxidant capacity
	2.3 Oxygen consumption rate
	2.4 Statistical analysis

	3 Results & discussion
	4 Conclusions
	Declaration of Competing Interests
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


