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Abstract

In this research, the chemical characterization of fixed and volatile compounds of two different tannins in aqueous solution
(Pratiko® L-Harvest and L-Fruit) extracted from oak wood, has been studied. The influence of the above tannins, at different
concentrations, on the alcoholic fermentation kinetics and on the composition and sensorial characteristics of a white wine
were then evaluated. The wines added tannins in aqueous solution compared to control wines showed significant differences
in fixed compounds (colloids, polyphenols and ellagitannins) and volatile compounds (phenolic aldehydes, volatile phenols,
furanic and piranic compounds). The differences of aqueous solution tannins extracted from oak wood were partly due to the
drying/maturing and roasting methods used in barrel production. Alcoholic fermentation was partially facilitated by the addi-
tion of tannins in aqueous solution. The wines obtained showed a higher content of ethyl esters of medium-chain fatty acids
(from 22 to 31%) and, in some cases, higher acetate alcohols (from 15 to 28%), relevant to the olfactory sensations provided
to the wines. The tannins added to the must before fermentation also made it possible to obtain an additional supply of poly-
phenols (from 25 to 85%) able to induce more complex sensory profiles in the wines, with increased persistent taste notes.

Keywords White wine - Aqueous solution tannins of oak wood - Phenolic compounds - Aroma compounds - Sensory

analyses

Introduction

Oenological tannins are complex polyphenolic compounds
synthesised from a wide range of plant species organs [1],
including chestnut, oak and exotic wood, grape skin and
seeds and pathogen-induced galls. The Codex Alimenta-
rius Commission [2] classified commercial tannins as food
additive No. 181, which may act as processing aids [3], as
tannins are also used to facilitate the fining of both must
and wine and their use is regulated and authorized by the
International Oenological Code (OIV) [4]. Commercial
oenological tannins are extracted from a single botanical
species or mixtures of several species and can range in
colour from pale-yellow to reddish brown. Based on their
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structure, tannins are conventionally divided into condensed
and hydrolysable tannins [5-10].

Condensed tannins, also called proanthocyanidins (with
reference to the red colour that develops after treatment with
diluted acid), are a group of important secondary metabolites
[11], deriving from the oligomerization and polymerization
of monomeric units of polyhydroxyl flavan-3-ol, bound by
C4-C8 and C4-C6 acid-labels (type B proanthocyanidins)
[12, 13], or by an additional C2-O-C7 or C2-O-C5 (type A
proanthocyanidins) bond [14, 15].

Grape skin tannins are composed of procyanidins and
prodelphinidins (since their acidic cleavage gives cyanidin
and delphinidin) with high degree of polymerization (DP)
and low level of galloylation, whereas grape-seed tannins
are composed only of procyanidins, with a lower DP and a
higher level of galloylation [10].

Hydrolysable tannins are heterosidic phenolic com-
pounds, deriving from esterification between P-D-
glucopyranose hydroxyl groups with either gallic acid or
hexahydroxydiphenic acid [8, 16, 17]. Based on their acid
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hydrolysis products, hydrolysable tannins are classified in
gallotannins and ellagitannins [8].

The chemical composition of tannin extracts is influenced
by several factors, including botanical origin [18], extraction
protocol [19], and the presence of interfering compounds
[20]. A wide range of commercial oenological tannins is
available on the market, mainly hydrolysable, condensates
or mixtures of the two types, both in solid state (wood chips)
and in aqueous solution. Tannins in aqueous solution repre-
sent a valid alternative to wood chips, due to the ease of use
and solubilization in musts and wines, as well as the possi-
bility to provide, depending on the techniques of preparation
of the liquid extract, other constituents in addition to tannin
molecules, such as volatile compounds and polysaccharides
[21-24].

Since commercial tannins have different formulations and
chemical compositions, they are also used for purposes other
than ageing must and wine. These properties can be classi-
fied into different groups, including "impact on oxygen/met-
als", "impact on color/pigments", "protein interaction”, "sen-
sory/sensory properties” and "bacteriostatic effects" [25].
Several studies have reported that hydroalcoholic extracts
from oak wood contain aromatic acids, such as ferulic acid,
vanillic acid, or synapinic acid, coumarins, such as scopole-
tin and umbelliferone, lignols, such as lioniresinol, gallic
acid as well as hydrolysable tannins, such as castalagina and
vescalagina [26].

Given the wide range of commercial tannins on the mar-
ket and their great chemical diversity, the main objective of
this research was to characterize the fixed and volatile com-
pounds of two types of tannins in aqueous solution extracted
from oak wood. Furthermore, their influence on the kinetics
of alcoholic fermentation and on the composition and senso-
rial characteristics of a white wine, was evaluated.

Materials and methods
Analysis of aqueous solution tannins
Physicochemical analysis

The tannins were extracted from oak woods (Quercus pet-
raea) with two different toasting degrees. Pratiko® L-Har-
vest (I-Oak S.r.l., Brescia, Italy) (H trials), derived from
not toasted oak wood, whereas Pratiko® L-Fruit (I-Oak
S.r.l., Brescia, Italy) (F trials), derived from slightly
toasted oak wood. The chemical composition of the two
preparations of aqueous solution tannins was assessed
according to OIV [27], including density, pH, total and
volatile acidity determinations. Total colloids were inves-
tigated by alcohol-precipitable using 80% of ethanol solu-
tion acidified with HC1:H,O 1:1 [28].
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Determination of phenolic compounds

The phenolic compounds present in aqueous solution tan-
nins, H and F trials, (5 mL) were extracted in triplicate
with methanol/water (4:1, 3 X 10 mL) according to Scal-
bert et al. [29]. The methanol was removed under reduced
pressure; the aqueous solution was acidified by 6 N hydro-
chloric acid (pH 2 +0.5) and extracted by freshly distilled
diethyl ether (3 X5 mL). Low-molecular-weight phenols
like (+)-catechin (which would interfere with proantho-
cyanidins in their determination by reaction with vanillin)
and ellagic acid (nearly insoluble in aqueous solutions)
were thus separated from tannins. After the mixtures were
dried with sodium sulfate, diethyl ether was removed and
the ether-soluble material was dissolved in 1 mL of meth-
anol. The volume of the residual aqueous solution was
made to 10 mL.

Total phenols were determined by the reduction of
phosphotungstic-phosphomolybdic acid (Folin—Ciocalteu’s
reagent) to blue pigments, in alkaline solution according to
Singleton et al. [30]. The extract was diluted 5-10 times
by methanol (ether extracts) or water (aqueous extracts) to
obtain a final absorbance below 1.

Proanthocyanidins were quantified as described by
Bate-Smith [31]. In two separate test tubes (reaction tube
and blank tube), 2 mL of wine sample, 10.5 mL of etha-
nol and 12.5 mL of hydrochloric acid 37% (v/v) containing
300 mg/L of FeSO,.7 H,O were added. The reaction tube
was heated in a water bath at 100 °C for 50 min, while the
blank tube was left to stand in the dark in ice. After the reac-
tion, the reaction tubes were cooled down in ice for 10 min
and the absorbance was recorded at 550 nm. The concentra-
tion of proanthocyanidins was calculated by multiplying the
difference in absorbance between the reaction tube and the
blank tube by the factor 1162.5 to express the result as mg
cyanidin/L [32]. Flavan-3-ols were determined according to
Di Stefano et al. [32] by UV—Vis spectrophotometry (Beck-
man DU 640 spectrophotometer, Milan, Italy) using vanillin
assays in ether extracts or aqueous extracts. Ellagitannins
were determined by oxidation with nitrous acid according to
Bate-Smith [33]. In a tube sealed with a Teflon-lined screw
cap, 0.2 mL of aqueous extract was added to 1.8 mL of 1:1
methanol/water and 0.16 mL of aqueous 6% acetic acid.
Nitrogen was bubbled for 5—10 min and 0.16 mL of an aque-
ous solution of 6% sodium nitrite was added. Nitrogen was
bubbled during a few more seconds, and the tube was sealed
and kept 100 min in a water bath at 25 °C. The absorbance
was read at the maximum at 590 nm. Results are expressed
as 4,6-hexahydroxydiphenoyl-glucose (Fluka) per liter.

The phenolic compounds were determined by UV-Vis
spectrophotometry (Beckman DU 640 spectrophotometer,
Milan, Italy).
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Volatile profiles

Oak volatile compounds were obtained by direct dichlo-
romethane extraction, according to Cutzach et al. [22]. In
brief, the samples of aqueous solution tannins (25 mL) were
directly extracted by dichloromethane (25 mL) for 24 h at
20 °C with 700 rpm magnetic agitation. The organic phase
thus obtained was concentrate through a 1 g C18 cartridge
(Isolute, SPE Columns, Uppsala, Sweden, part n® 221-0100-
C), according to the method reported by Corona [34] there-
fore, dried on anhydrous sodium sulfate, cold-concentrated
with nitrogen gas to 2 mL. The extract (1 pL) was analysed
by gas chromatography-FID and gas chromatography—-MS
in the same way as volatile organic compounds of wines
(more detailed information about the analysis is described
in Volatile profiles of wines).

Wine-making process

Vitis vinifera L. cv Grillo grapes were hand-harvested and
transported to the cellar. Grillo is a white indigenous variety
of the western Sicily, mainly used in the past to produce
Marsala wines and now used for quality white wine pro-
duction [35]. The grapes were then pressed with a pneu-
matic press using a low-pressure gradient (from 0 to max
1 bar), after destemming and crushing. When the must was
obtained, SO, (50 mg/L) and pectolytic enzymes (3 mL/100
L of Hzym® Clarification Ultra L, HTS enologia, Marsala,
Italy) were added. Then, the juice was clarified using a
rotary drum vacuum filter. The clear must was stored into
seven 500 L stainless steel tanks.

Diammonium phosphate (DAP) containing thiamine
(0.25%) (Hnutrix® Dhizote F, HTS enologia, Marsala,
Italy) and SO, were added to obtain 200 mg/L assimilable
nitrogen and 50 mg/L total SO,, respectively. The must was
fermented by inoculation of 20 g/100 L Saccharomyces cer-
evisiae (Safoeno BC S103, Fermentis, Marcq-en-Barceul,
France) pie de cuve, in full fermentative activity, with a con-
centration corresponding to 10% of the total mass.

Seven experiments, one control wine and six trials were
carried out, during which the two different preparations of
water solution tannins, were used at three concentration (30,
45 e 60 mL/100 L), for each preparation, obtaining the fol-
lowing samples: H30, H45, H60 e F30, F45 e F60.

During fermentation process, conducted at low tempera-
ture (15 °C), organic nitrogen, by means of total autolyzed
yeast extract (B-energia®, HTS enologia, Marsala, Italy)
and inorganic nitrogen (Hnutrix® Dhizote F, HTS enologia,
Marsala, Italy) were added.

First, nitrogen addition (10 g/100 L Hnutrix® Dhizote F
and 5 g/100 L B-energia®) was performed on the second day
of fermentation, when the amount of alcohol reached 1-2%
vol, after two-third of the must volume was pumped over

in air. Second, nitrogen addition (5 g/100 L of Hnutrix®
Dhizote F and 10 g/100 L of B-energia®) was performed
in the middle of the fermentation process, after one-third
of the must volume was pumped over in air. Further nitro-
gen (3-5 g/100 L B-energia®) and oxygen (one-third of the
volume of the fermenting must) additions were carried out,
when the amount of alcohol reached 8-9% vol and when
fermentation activity was slowed down [36].

The wine obtained was added of 45 g/100 L bentonite
Hclar® Bent Gold (HTS enologia, Marsala, Italy) to achieve
protein stabilization, and of 30 g/100 L PVPP (Hclar®
PVPP, HTS enologia, Marsala, Italy) to lowering the flavans
content. Tartrate stabilization of wine was obtained by cold
stabilization (0 °C for 20 days). Lastly, a polishing paper-
board filtration (1 pm diameter) was conducted and SO, was
added, to obtain 35-40 mg/L free SO, before bottling.

Analysis of wines
Physicochemical analysis and phenolic compounds

The analytical determinations of both musts and wines
physicochemical parameters, including pH, total and vola-
tile acidity, free and total SO, and alcohol content, were
performed according to the OIV [27]. The reactivity of
total polyphenols and flavan-3-ols to p-dimethylamin-
ocinnamaldehyde (p-DAC assay) [32] and acetaldehyde
content [37] were determined by UV—Vis spectrophotom-
etry (Beckman DU 640 spectrophotometer, Milan, Italy).
Hydroxycinnamoyl tartaric acids (HCTA) were investigated
through HPLC (Agilent series 1200 instrument, Milan,
Italy), equipped with a C18 column (EconosphereTM C18,
5 pm, 250X 4.6 mm i.d., Lokeren, Belgium, part n° 70,066),
injected volume 20 pL, flow rate 0.6 mL/min., detection at
210 nm, as reported by Corona [35]. Phenolic compounds
were identified and quantified by comparing the retention
times of the unknown compound and pure standard, when
available, using a diode array detector with the same chro-
matographic conditions. Caffeoyl tartaric acid and cou-
maroyl tartaric acid were isolated according to the method
described by Singleton et al. [38].

Volatile profiles of wines

Volatile organic compounds of wine were determined
according to the method reported by Corona [34]. In brief,
25 mL of wine, charged with 1-heptanol as internal standard
(0.25 mL of 40 mg/L hydroalcoholic solution), diluted to
75 mL with distilled H,O, was passed through a 1 g C18
cartridge (Isolute, SPE Columns, Uppsala, Sweden, part
n° 221-0100-C) previously activated with 3 mL of metha-
nol followed by 4 mL of distilled H,O. After washing with
30 mL of distilled H,O, volatiles were recovered by elution
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with 12 mL dichloromethane, dehydrated and evaporated
to 0.5 mL prior to injection into the gas chromatography-
FID (PerkinElmer Autosystem XL, Milan, Italy) and gas
chromatography—MS (Agilent 6890 Series GC system, Agi-
lent 5973 Net Work Mass Selective Detector, Milan, Italy),
both equipped with a DB-WAX column (Agilent Technolo-
gies, 30 m, 0.250 mm i.d., film thickness 0.25 pm, part n°
122-7032). Oven temperatures were: 40 °C for 2 min (dur-
ing splitless injection), from 40 to 60 °C, 40 °C/min, 60 °C
for 2 min, from 60 to 190 °C, 2 °C/min, from 190 to 230,
5 °C/min, 230 °C for 15 min; injector 250 °C, Fid 250 °C,
transfer line 230 °C, carrier helium 1 mL/min.; EM. 70 eV.
Volatile organic compounds were identified by comparison
of the mass spectra and GC retention times with those of
the pure commercial standard compounds and by compar-
ing their mass spectra with those within the NIST/EPA/NIH
Mass Spectral Library database (Version 2.0d, build 2005).
For volatile organic compounds without the commercially
available standard, their identification was conducted by
matching their mass spectrum with those of the NIST library
or reported in literature. The concentration (ug/L) of volatile
compounds was determined as 1-heptanol equivalents.

Methanol, ethyl acetate and higher alcohols (propan-1-ol,
2-methyl-butan-1-o0l and isoamyl alcohols) were determined
on the alcoholic distillate of the wine by gas chromatography
with flame ionization detector (FID) detector (PerkinElmer
Autosystem XL), as described by Corona et al. [34]. Sam-
ples were tested in triplicate for all chemical and physical
parameters determinations.

Sensory analyses

The wines were subjected to sensory analysis, through a
trained panel of 24 judges (14 men and 10 women, aged
25-48). For the evaluation of wines sensory profiles, dis-
crimination tests were performed, including two qualitative
tests, namely duo-trio test and preference test, and a quali-
tative—quantitative test, namely sorting test. First two tests
were performed comparing the control wine with each trial
with different dosages of water solution tannins (trials H30,
H45, H60 o F30, F45, F60).

Amber-colored glasses were used to evaluate samples
mainly from the olfactory and gustatory point of view, with-
out the influence of wine colour differences.

Finally, in the sorting test, panellists have been asked
to sort the samples (control wine and each trials with dif-
ferent dosages of water solution tannins) based on similar
perceived sensory characteristics, using visual (colour inten-
sity), olfactory (fruity intensity) and gustatory (complexity
and gustatory persistence) descriptors and the preference
(both olfactory and gustatory).
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Statistical analyses

Statistical analyses were performed using the statistical
software package SPSS (version 13.0; SPSS Inc., Chicago,
IL, USA). To compare the mean values of aqueous solu-
tion tannins analysed compounds, the Student’s Independent
Samples ¢ test was performed. Wines data analyses were pro-
cessed through multivariate analysis of variance (ANOVA).
To establish statistical differences by one-way analysis of
variance (ANOVA), the Tukey b test for p <0.05, 0.01 e
0.001 was used.

Sensory analysis data of duo-trio tests and preference test
were evaluated according to Roessler et al. [39] and Quade
test and multiple comparisons, respectively. Significant dif-
ferences were evaluated with p <0.05, 0.01 and 0.001.

Results and discussion

Composition of water solution tannins: L-Harvest e
L-Fruit

L-Harvest and L-Fruit preparations showed similar pH
values (3.0), some differences were found in density val-
ues (1.0788 and 1.0522), in volatile acidity (11.0 and
13.0 meq/L), respectively. Significant differences (p <0.001)
in total acidity (199 e 125 meq/L) and colloids content (7.3 e
5.7 g/L, respectively) (Table 1) were also found. L-Harvest
was richer in water extractable polyphenols than L-Fruit
(83 and 61 g/L, respectively), particularly in ellagitannins
(53 and 30 g/L) (p<0.01 e p<0.001, respectively). Simi-
lar values in ether extractable polyphenols were also found
(2.1 and 2.0 g/L). Proanthocyanidins and vanillin reactive
flavanols were not detected in either L-Harvest or L-Fruit.
Colloids, determined by precipitation with acidified alcohol,
were attributed to polysaccharides extracted from wood, in
particular hemicellulose and cellulose.

Heat treatment of wood reduces the absolute content of
hemicellulosic saccharides (xylose, galactose, arabinose,
mannose) [40]. The deterioration of hemicellulose already
starts below 180° C and galactose, arabinose and mannose
are almost completely degraded at 200 °C [40]. This results
from wood degradation that starts with deacetylation of
hemicellulose and is followed by de-polymerization of poly-
saccharides [41]. Because of heat treatment, acetic acid is
released from the hemicelluloses of the wood [40].

L-Harvest and L-Fruit, contained several volatile com-
pounds (Table 2), partly already present as free form in
oak wood [42], partly resulting from the drying/maturing
and toasting methods used in barrel production [42—44].
Among the volatile compounds detected are mainly lac-
tones, acids, phenolic, furanic and piranic aldehydes [45,
46]. Phenolic aldehydes and ring vanillic compounds were
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Table 1 Chemical-physical parameters and phenolic compounds of
tannins in aqueous solution

L-Harvest L-Fruit Sign

Density 20 °C 1.0788 +£0.00 1.0522+0.00 -

pH 3.04+0.01 3.02+0.01 -

Total acidity (meq/L) 199.10+5.11 124.80+4.82 ***

Volatile acidity (meq/L) 11.00£0.92 13.00£096 —

Colloids g/LL 7.33+022  5.71+0.13 ok

Phenolic compounds

Extraction with water

Total phenol (g/L (+)-catechin) 82.7+11.2 61.0+8.23 Hk

Proanthocyanidins (g/L cya- n.d. n.d. -
nidin)

Flavan-3-ol by vanillin assays n.d. n.d. -
(g/L (+)-catechin)

Ellagitannin (g/L) 52.64+4.01 29.93+£2.54 ¥

Extraction with ether

Total phenol (g/L (+)-catechin) 2.11+0.82 2.01+0.74 -

n.d. not detected

Data are expressed as average + standard deviation (n=3); Significant
differences are indicated by ** and *** at p <0.01 and 0.001, respec-
tively (Student’s Independent Samples ¢ test)

in high concentrations: ethyl vanillate and syringaldehyde
were found mainly in L-Harvest (p <0.001), while conifer-
ilic and vanillic aldehydes and acetovanillone, responsible
for the vanilla olfactory note, were found mainly in L-Fruit
(»<0.001). Volatile phenols, i.e. dihydroeugenol, eugenol,
isoeugenol and guaiacol, produced by lignin degradation
[23], were found in slightly higher amounts in L-Harvest.

Furanic and piranic volatile compounds are produced
by the pyrolysis of polysaccharides (furanic aldehydes) or
by carbohydrate transformation in the presence of amino
acids through the Maillard reaction (furanones and pyra-
nones) [23], giving rise to several molecules, including fur-
fural acetyl, 3,4-dimetil-2(5H)-furanone, furil-idrossimetil-
ketone, furaneol, furfural 5-methyl, maltol, furfuryl alcohol,
which provide woody and smoke notes [47]. These com-
pounds were significantly higher in L-Fruit than L-Harvest.
Both cis- and trans-isomers of f-metil-y-octalattone (the
so-called oak lactones), responsible for “coconut” olfac-
tory notes [48] were mainly present in L-Fruit (p <0.05
e p<0.01, respectively). The occurrence of I, II e III 3,4
dihydro 3-oxo-a-ionolo isomers, responsible for “tobacco”
aroma of oak wood and characterized by high perception
threshold [49] confirms that oak wood contains even nori-
soprenoids, deriving from carotenoids oxidative degrada-
tion catalysed by light [50]. Their content was higher in
L-Harvest (p <0.01).

Alcoholic fermentation of musts
and physicochemical composition of wines

The clear must, obtained by Grillo grapes, showed 21.7 Brix
degrees, pH=3.10 and total acidity=7.0 g/L. As can be
deduced from Fig. 1, the fermentation kinetics was regular in
all trials. Brix degrees and alcohol content evolution (Fig. 1)
were subjected to an acceleration after every nitrogen addi-
tion and partial open racking of must. Fermentation kinetics
was slightly facilitated in control sample and in trials with 30
and 45 g/100 L of L-Harvest aqueous solution tannins. The
addition of tannins after the inoculation of the yeasts had
slightly increased the delay phase of the yeasts, particularly
in the tests added with 60 g/100 L of tannins, but without
interrupting their activity. In fact, the alcoholic fermentation
was completed in 10 days in all trials. The trials showed
not significant differences in alcohol content if compared
to control wine and quite similar pH values (nearly 3.05).
Total acidity, volatile acidity, acetaldehyde, total polyphe-
nols and p- DAC reactive flavanols, were higher in all trials
with water solution tannins, with significant (p <0.05) dif-
ferences (Table 3). Physico-chemical parameters and poly-
phenolic content showed that yeast activity was favoured
by the addition of tannins in aqueous solution, as was the
content of un-salified acids (total acidity). The higher total
acidity found in tests with both tannins (p <0.05) can be
partly explained by the inhibitory action on tartaric precipi-
tation by fixed compounds extracted from oak wood (mainly
polysaccharides and polyphenols). These compounds can
help to increase the amount of protective colloids in wines,
resulting in a decrease in the temperature of spontaneous
crystallization and a reduction in tartaric precipitation dur-
ing cold stabilization of wines [51, 52].

The higher volatile acidity found in tests with tannins
may depend on the acetic acid formed after degradation of
wood hemicellulose [40]. The high acetaldehyde content,
on the other hand, is related to the length of the growth and
fermentation phases [53]. In particular, early production of
acetaldehyde occurs when there is an increase in the duration
of the yeast delay phase. The changes that occur during the
delay phase are characterized by a global change in protein
synthesis caused by the regulation of gene expression. The
exposure of yeast cells to a new enriched environment leads
to an immediate response through the change of a number of
biochemical pathways [54]. The determination of polyphe-
nols in both tannin preparations showed different concentra-
tions of the same (Table 1). The higher content of p-DAC
reactive flavanols in trials suggested that the oak tannins
supplementation enhances the polymerization of flavanol
units [55]. Hydroxycinnamyl tartaric acid esters were found
in small amounts (but with large differences) in all tests
(Fig. 2). GRP (Grape Reaction Product or 2-S-glutathionyl-
caffeiltartaric acid) was the most representative compound
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Table 2 Volatile organic
compounds determined in the
tannins in aqueous solution
(ng/L)
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Standard L-Harvest L-Fruit Sign
Acetic acid A 17.99+0.36 26.05+0.52 ok
Furfural A 0.88+0.04 0.74+0.03 ok
Furfural acetyl B 1.17+0.05 1.90+0.08 HE
Propionic acid A 0.27+0.01 0.75+0.04 HE
5-methyl-furfural B 0.38+0.02 1.50+0.07 Hokk
y-Butyrolactone A 3.34+0.20 2.92+0.18 -
Butyric acid A n.d. 0.26 +£0.02 Hokk
Furfuryl alcohol A 1.76 +0.04 2.11+0.04 wEE
3-methyl butyric acid A n.d. 0.36+0.02 Hokok
3,4-dimethyl-2(5H)-furanone B 0.36+0.01 0.47+0.02 Hek
2(3H)-furanone B 3.90+0.20 4.25+0.21 -
Pentanoic acid A 0.11+0.01 0.14+0.01 -
Anethole A 1.06 +0.06 1.11+0.07 -
Cyclotene A 0.40+0.03 0.97+0.08 Hkk
Hexanoic acid + Dihydromaltol B 0.56+0.04 0.85+0.06 o
Guaiacol A 0.54+0.04 0.51+0.04 -
2-Phenylethanol A 3.32+0.30 2.08+0.19 wE
trans-p-methyl-y-octalactone A 0.74+0.06 1.05+0.08 *k
cis-B-methyl-y-octalactone A 1.94+0.14 2.37+0.17 *
Methyl guaiacol B n.d. 0.35+0.01 otk
Maltol A 2.70+0.22 4.82+0.39 Hkk
Furyl-hydroxymethyl ketone B 0.52+0.03 1.45+0.07 HHE
Furaneol A 0.59+0.01 0.66+0.01 ok
Octanoic acid A 0.60+0.04 0.94+0.06 kE
Eugenol A 0.72+0.05 0.66+0.05 -
4-Vinyl-guaiacol B 0.37+0.03 0.44+0.03 -
Syringol A 13.17+1.19 12.01+1.08 -
Isoeugenol A 0.60+0.04 0.42+0.03 *k
3,4-dihydro-3-oxo-a-ionol I B 2.65+0.19 1.87+0.13 o
Benzoic acid A 3.02+0.18 3.76+0.23 *
3,4-dihydro-3-oxo-a-ionol II B 1.67+0.08 1.35+0.07 o
3,4-dihydro-3-oxo-a-ionol III B 5.21+0.21 4.23+0.17 o
5-hydroxymethyl-furfural A 41.14+2.06 62.81+3.14 ok
Vanillin B 57.79+2.31 80.28 +3.21 Hokok
Dihydroeugenol A 2.32+0.14 2.07+0.12 -
Ethyl vanillate A 24.15+0091 18.86+0.71 okok
Acetovanillone A 3.57+0.14 2.46+0.10 ok
Homovanillic alcohol B 18.55+0.93 18.84+0.94 -
Hexadecanoic acid A 7.05+0.28 5.31+0.21 Hokk
Syringic aldehyde A 281.67+11.27 202.66+8.11 ok
Dihydroconiferyl alcohol B 98.32+3.93 82.09+3.28 ok
Coniferyl aldehyde A 11.26+0.68 48.90+2.93 Hkk

n.d. not detected

“A” in standard column indicate that compound is identified by reference standard and “B” by library data-

base or literature

Data are expressed as average + standard deviation (n=3)

Significant differences are indicated by ** and *** at p < 0.01 and 0.00 1 respectively (Student’s Indip-

endent-Samples T-test)
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Fig. 1 °Brix and % alcohol 14
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Table 3 Chemical-physical parameters and phenolic compounds of wines obtained with and without added tannins in aqueous solution
(H=L-Harvest; F=L-Fruit) at different concentrations

Control H30 H45 H60 F30 F45 F60

Ethanol (% w/v) 12544021  13.03+024  13.52+0.32  13.52+0.31 13.51+0.33  13.46+0.38  13.22+0.39

pH 3.07+0.03 3.05+0.02 3.04+0.02 3.03+0.03 3.03+0.02 3.03+0.03 3.03+0.02

Volatile acidity (g/L acetic 0.18+0.01*  020+0.01*° 024+0.019 023+0.01% 021+0.02> 0.22+0.02>%¢ 0.22+0.01>°¢
acid)

Total acidity (g/L tartaric 6.93+021*  7.09+0.22*" 73140259 736+027¢ 7.38+032¢ 7.28+0.29%9 7.18+0.28"°
acid)

Total SO, (mg/L) 97.9242.79° 86.60+1.97° 88.05+2.95*" 9588+2.89%° 90.95+2.88"¢ 93.85+2.99%¢ 96.76+2.93%¢

Free SO, (mg/L) 3490+1.09 3445+1.14* 3487+122° 3432+131* 3445+1.11° 3545+127° 34.90+1.35°

Acetaldehyde (mg/L) 51.98+1.69* 54.00+1.55*" 59.19+1.46%¢ 57.47+1.39>° 56.90+1.22°¢ 56.92+1.31%° 59.75+1.28°

Flavan-3-ol by p-DAC assays 11.08+0.24*  13.55+0.35° 14.30+0.38% 15.06+0.42° 12.32+0.28" 13.24+0.36° 13.44+0.34°
(mg/L (+) catechin)

Total Phenol (g/L (+)-cat- 83.72+2.65% 105.23+3.23% 109.87+3.35° 106.79+3.75° 152.50+4.22° 161.86+4.14% 112.99+3.85°
echin)

H30 L-Harvest at 30 mL/100 L, H45 L-Harvest at 45 mL/100 L, H60 L-Harvest at 60 mL/100 L, F30 L-Fruit at 30 mL/100 L, F45 L-Fruit at
45 mL/100 L, F60 L-Fruit at 60 mL/100 L

Different Latin letters within the same row indicate significant differences (p <0.05)

of this class, and its presence showed that the must was sub- the GRP content is not related to the addition of the tannins.
jected to enzymatic oxidation (due to polyphenol oxidase),  In fact, when caftaric acid is oxidized to its corresponding
probably in a destemmer-crusher and/or in a pneumatic press  quinone by tyrosinase, glutathione (GSH) reacts rapidly with
[35, 56], before adding the tannins in solution and, therefore, quinone to form a GRP, which is no longer a substrate for
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74 mControl WH30 ®WH45 wWH60 WF30 MWF45 mF60
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¢-CTA t-CTA GRP (*0.3)

Fig.2 Hydroxycinnamoyl tartaric acids, GRP and free caffeic acid
in wines control and with the addition of tannins in aqueous solution
(H=L-Harvest; F=L-Fruit) at different concentrations. H30 L-Har-
vest at 30 mL/100 L, H45 L-Harvest at 45 mL/100 L, H60 L-Har-
vest at 60 mL/100 L, F30 L-Fruit at 30 mL/100 L, F45 L-Fruit at

further oxidation by grape polyphenol oxidase [57, 58]. The
GRP content is different between the tests with and without
tannins in solution since the formation of this compound
occurred before their addition in the mashing phases due to
the presence of oxygen and lipoxygenase enzymes.

Aromatic volatile compounds of wines

The concentrations of the higher alcohols are shown in
Fig. 3. Isoamyl alcohol and, above all, ethyl acetate were in
higher quantities in the control wine (p < 0.05), where the
fermentation process was faster. These results are in line
with those of Chen et al. [59], which showed that oak tannins
inhibit the development of higher alcohols. The content of
1-propanol, which is mostly influenced by the initial nitro-
gen concentration in the must [60], showed slight differences
between the control wines and the trials, even though they
received the same amount of nitrogen (p <0.05).

The quantities of volatile fermentation compounds
(Table 4 and Table S1), responsible for the fresh fruit

c-pCuTA

t-pCuTA t-FeTA CafA

45 mL/100 L, F60 L-Fruit at 60 mL/100 L. ¢,t-CTA cis,trans-caffeoyl
tartaric acid, c,t-pCuTA cis,trans-p-coumaroyl tartaric acid, GRP
grape reaction product, t-FeTA trans-ferulil tartaric acid, CafA free
Caffeic acid. *GRP concentration was multiplied by 0.3. Different let-
ters indicate significant differences (p <0.05)

taste (banana, apple, pear and fruity in general) and flo-
ral aromas (rose) suggest that the tests with tannins in
aqueous solution tend to be richer in fermentation esters
(2-ethyl hexanoate, ethyl octanoate, ethyl decanoate, ethyl
9-decenoate, ethyl 3-phenyl-2-OH-propionate) (p < 0.05).
The content of medium-chain fatty acids (hexanoic, octa-
noic and decanoic) is slightly higher (p <0.05) in some
of the tests with tannins in aqueous solution, although it
is not possible to detect a particular trend. The content of
9-decenoic and dodecanoic acids was significantly higher
(p <0.05) in tests with the addition of L-Harvest and
L-Fruit. Higher acetate alcohols (isoamyl acetate, hexyl
acetate), except 2-phenylethyl acetate, and pre-fermenta-
tive alcohols (hexanol, trans-3-hexenol, cis-3-hexenol),
were found in higher amounts in the tests (p <0.05) than
in the control. Volatile compounds directly deriving by
water solution tannins were found to be negligible in all
trials where the additions of both L-Harvest and L-Fruit
were performed (Table 4). Among these, only vanillin,
eugenol, and omovanillic and dihydroconiferyl alcohols

80 | Control W H30 m H45

W H60 mF30 W F45 W F60

cd  cdcc®
18

a

d . cdcde€cd
E]

I dybbcbc

Methanol

Ethyl Acetate

Fig.3 Ethyl acetate, methanol and higher alcohols in wines control
and with the addition of tannins in aqueous solution (H=L-Harvest;
F=L-Fruit) at different concentrations. H30 L-Harvest at 30 mL/100
L, H45 L-Harvest at 45 mL/100 L, H60 L-Harvest at 60 mL/100

@ Springer

1-Propanol

Iso Butyl alcohol Isoamyl alcohol (* 0.4)

L, F30 L-Fruit at 30 mL/100 L, F45 L-Fruit at 45 mL/100 L, F60
L-Fruit at 60 mL/100 L. Different Latin letters indicate significant
differences (p <0.05)



European Food Research and Technology (2021) 247:1595-1608

1603

Table 4 Volatile organic compounds in wines (pg/L) control and with the addition of tannins in aqueous solution (H=L-Harvest; F=L-Fruit) at

different concentrations

Standard  Control H30 H45 H60 F30 F45 F60
Esters
Isoamyl acetate A 3679.22°  4359.14°  4440.64°  4879.01°  4310.86°  4209.63° = 3413.392
Ethyl hexanoate A 722.25 746.27 717.09 786.16 751.96 769.12 709.39
Hexyl acetate A 267.82° 302.93° 271.15° 332.19¢ 253.11*°  266.74° 229.942
Ethyl lactate A 128.41b¢ 122.68%° 121.90%° 110.312 190.89° 153.45¢ 138.27¢
Ethyl octanoate A 1097.31*%  1117.44%°  1077.95% 1401.51°  1280.05%¢  1372.69%  1195.125¢
Ethyl 3-OH-butyrate B 32.612 36.24%0 43.71° 51.95° 48.40%¢ 46.20%4 37.79°
Ethyl decanoate A 291.30% 300.05*°  276.93% 570.35¢ 362.41° 430.03° 363.75°
Diethyl succinate A 660.51° 689.15° 911.41° 954.21° 1254.13°  1306.46°  1324.92°
Ethyl 9-decenoate B 40.67° 32.89° 42.46° 63.06° 30.66% 34.51° 77.474
2-Phenylethyl acetate A 635.07¢ 613.07%%  570.48>¢  674.94¢ 534.14° 540.06° 421.75%
Anethole A n.d.? 20.96° 21.76° 30.25° 14.49° 20.22¢ 24344
2-Ethyl-hexanoic acid B 202.34¢ 176.67%9  150.40° 189.02%¢ 15476  162.58*Pc  168.29P¢
Diethyl malate A 177.45° 153.54 140.79* 221.36¢ 230944 255.09° 24543 d
Isoamyl-4-OH-butyrate B 14.17° 11.99° 16.60° 15.25b¢ 15.20¢ 15.77¢ 16.20°
Ethyl-3-phenyl-2-OH-propanoato B 55.92° 49.93 57.18° 63.54° 56.10° 56.81° 64.50¢
Monoethylsuccinic acid B 1669.84° 142829  1225.58*  1147.42°  1387.70°  1500.31°  1825.34¢
Total esters 9675 10,161° 10,086° 11,491¢ 10,876 11,1404 10,256"¢
Alcohols
3-Methyl-pentan-1-ol 37.19° 49.36>4 40,9120 55.854 50.64°¢ 43,4130 45 600¢
Hexan-1-ol A 609.92° 619.89*®  699.97*¢  765.17° 734.21%¢  729.22%¢  670.69*°
trans-3-Hexen-1-ol A 41.61* 45.69*° 52.40%¢ 46.98%° 58.37° 52.32b¢ 52.73%¢
cis-3-Hexen-1-ol A 64.43° 64.37° 80.66° 48.48* 90.66° 82.69° 80.75°
2-Phenylethanol A 13,208.51  13,589.42  11,681.53  13,032.84 13,866.89  14,264.43  13,754.43
Eugenol A n.d? 0.91° 2.39¢ 6.16" 5.82¢ 2.78¢ 5.17¢
4-Vinylguaiacol B 153.28" 171.66 174.49* 259.10° 171.87° 172.53 170.76 2
Homovanillic alcohol B n.d? 9.36° 12.06° 18.36° 19.95f 14.28¢ 9.94°
Dihydroconiferyl alcohol B nd? 15.34° 17.849 37.48¢ 11.31° 24.71F 20.83°
Total alcohols 14,115° 14,566° 12,7622 14,270 15,010° 15,386° 14,811¢
Acids
Isovalerianic acid A 84.07° 69.78° 65.07*° 79.27° 66.08*° 67.74° 60.81°
Hexanoic acid A 2066.36*  2959.95*  3160.36°  3922.08°  3196.78*  3465.12°  3124.59*
Octanoic acid A 6368.61*° 605828  6330.08*  7820.26°  6567.68*  7170.36°  6209.08"
Decanoic acid A 2076.02°  2221.18*  2255.85*"  3989.69¢  2104.36  2465.45°  2308.31*°
9-decenoic acid A 244.18¢ 195.49° 240.37¢ 322.47¢ 170.84° 167.97 330.73¢
Dodecanoic acid A 38.82° 76.92° 28.22% 58.17° 57.78° 65.87¢ 29.23
Total acids 11,778* 11,5822 12,080° 16,1924 12,164° 13,403¢ 12,063
Lactones
trans-f-methyl-y-octalactone A n.d* n.d.? n.d.? 21.85¢ n.d? n.d.? 16.57°
Aldehydes
Vanillin A n.d? n.d.? 14.14¢ 15.59¢ n.d? 9.05° 10.35¢

H30 L-Harvest at 30 mL/100 L, H45 L-Harvest at 45 mL/100 L, H60 L-Harvest at 60 mL/100 L, F30 L-Fruit at 30 mL/100 L, F45 L-Fruit at

45 mL/100 L, F60 L-Fruit at 60 mL/100 L

“A” in standard column indicate that compound is identified by reference standard and “B” by library database or literature

Different Latin letters within the same row indicate significant differences (p <0.05)
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Table 5 Duo-trio test and preference test of wines control and with the addition of tannins in aqueous solution (H=L-Harvest; F=L-Fruit) at

different concentrations

Control vs H30 Control vs H45 Control vs H60 Control vs F30 Control vs F45 Control vs F60
Duo-trio test
Numbers of cor- 15 17* 17* 15 13 19%+*
rect judgements
Preference test
Number of 9 15 9 15 6 18* 8 14 9 13 5 19%*

preferences for
each trials

number of panelists 24

H30 L-Harvest at 30 mL/100 L, H45 L-Harvest at 45 mL/100 L, H60 L-Harvest at 60 mL/100 L, F30 L-Fruit at 30 mL/100 L, F45 L-Fruit at

45 mL/100 L, F60 L-Fruit at 60 mL/100 L

Significant differences between treatments are indicated by * and ** at p <0.05 and 0.01 respectively

were identified and their concentration resulted propor-
tional to the dosage of water solution tannins added to
musts (p <0.05).

Sensory profile of wines

The results of the duo-trio test (Table 5) showed that,
out of six sessions, three showed significant differences
(p<0.01 and p <0.05) between the control wine and each
test with tannins in aqueous solution. Great differences
emerged in the comparison between the control wine and
the trials with 45 and 60 g/100 L of L-Harvest (H45 and
H60) and the trial with 60 g/100 L of L-Fruit (F60). Dur-
ing the duo-trial, the preference test was also carried out.
This last test showed that samples with the two tannins in
aqueous solution were always preferred to control wine
(Table 5). Significant differences, at the level of 1 and
5%, emerged in the comparison between the control wine
and the tests with 60 g/100 L of both L-Harvest (H60) and
L-Fruit (F60). The statistical processing of the comparison
data of the control wine selection tests and of each group
of three tests (H30, H45, H60 and F30, F45, F60) showed
significant differences between the tests, for each sensory
descriptor considered (Figs. 4a, b). As regards the visual
descriptor, the intensity of colour was perceived with less
intensity in the control wine, and with increasing intensity
in the tests with L-Harvest and L-Fruit, depending on the
added dose. These results highlighted the action of the
integration of oak tannins on the increase in colour inten-
sity and the formation of polymerized pigments [54]. As
regards the olfactory and taste descriptors, fruit intensity,
complexity and taste persistence were always perceived
with greater intensity in the L-Harvest and L-Fruit trials.
Olfactory and taste preference were also higher in the tests
than in the control wine. It can therefore be concluded that

@ Springer

the olfactory and taste components benefit from the use of
tannins in aqueous solution, as they contribute to enhance
the fermentation activity of the yeasts and as they bring
greater sensory complexity to the wine.

Conclusion

The analytical determination of aqueous solution tannins
extracted from oak wood revealed significant differences
in the total colloids, resulting from the de-polymerization
of wood polysaccharides, in the polyphenols content and
in ellagitannins. These compounds were found in higher
amounts in L-Harvest tests than in L-Fruit. Several vola-
tile compounds were also detected and identified, partly
already present in free form in oak wood and partly result-
ing from drying/maturing and roasting methods used in
barrel production. L-Harvest had a higher concentration
of phenolic aldehydes and volatile phenols, while furfural
and piranic derivatives were found mainly in L-Fruit.

Alcoholic fermentation was partially facilitated by
the occurring of water solution tannins. Wines obtained
showed higher content of medium-chain fatty acid
ethyl esters (ethyl hexanoate, ethyl octanoate and ethyl
decanoate) and, in some instances, higher alcohols ace-
tates, relevant for olfactory sensations provided to wines
[59].

The higher alcohols (mainly isoamyl alcohol) and ethyl
acetate were higher in the control wine, while the 2-phenyl
ethanol, which provides an appreciable floral rose aroma
[61] was higher in trials with tannins in aqueous solution.
The total acidity was higher in wines treated with tannins,
which showed a protective effect against the precipitation
of potassium bitartrate crystals, probably due to
polysaccharides present in tannin preparations. The sensory
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evaluation of the wines showed significant differences with
the increase in the dosages of tannins in aqueous solution.
In particular, they gave rise to more complex wines with
greater volume, greater fruit intensity, elegance and aromatic
persistence. In addition, samples with the addition of tannins
were preferred to control wine, both in terms of olfactory
and taste profile.

Based on the above data, it was found that the use of
tannins in aqueous solution in must before alcoholic fer-
mentation was beneficial both for the kinetics of alcoholic
fermentation and for the sensory complexity and persistence
of the wines obtained.

In conclusion, the addition of liquid tannins to Grillo
white wines has guaranteed a greater olfactory complexity
and fullness of taste. Moreover such added compounds could
ensure a longer duration of the above mentioned qualitative
characteristics of white wines over time.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00217-020-03668-9.
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