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1. INTRODUCTION
Oenologicol tonnins ore widely used os
odjuvonts in winemoking. Their contribution
to colour stobility, mouthfeel ond qromo
profìle [ , 2] hos been studied in the post,
while the possibility thot grope tonnins could
olso provide vorietol oromo precursors, such
os the S-g lutothionyloted o nd S-cysteinyloted
precursors of thiols, wos only recently
demonstroted [3]. In q second experiment,
the effect of the pre-fermentqtive
introduction of thiol precursors, vio tonnins
qddition, on the 3-mercoptohexono-l-ol
ond 3-mercoptohexyl ocetote levels in the
fìnished wine wos verified [Lorcher 2014,
submittedl.  Al l  the wines supplemented
with grope tonnins showed higher level of
free thiols thon the one without tqnnins.
This evidence supports the hypothesis thqt
oenologicol tqnnins could be used to odjust
the fìnol level of tropicol thiols.

2. MATERIALS AND METHODS

2.1 Chemicqls ond mqteriols

Formic ocid (FA) ond ocetonitri le (ACN) of
HPLC grode were provided by Sigmo-Aldrich
(Milon, ltoly). (R/S)-3-S-cysteinylhexon-' l-ol
(Cys-3MH), (R/S)-3-S-glutothionylhexon-l-
ol (GSH-3MH) ond their lobelled forms d3-
(R/S)-3-S-cysteinylhexon-l -ol (d.-Cys-3MH),
ond d3-(R/S)-3-glutothionylhexon-l-ol  (d.-
GSH-3MH) were supplied by Buchem B.V.
(Apeldoorn, The Netherlonds). 4-S-Cysteinyl-
4-methylpenton -2-one (Cys-4MMP),
4-S-g lutothionyl-4-methyl pe nto n-2-one ( GS H-
4MMP) were synthesised following olreody
published protocols 14, 51. Ultropure woter
wos in lob-produced using on Ultropure
Woter System (Arium Pro UV Dl; Sortorius,
Gótt ingen, Germony). Fif ty-eight tqnnin
somples from on the ltolion morket were

collected of locol distributors ond wineries.
They were clossif ied occording to the lobel
specif icotions declored by producers or
distributors. Tonnin somple (50 mg) wos fìrst
moistened with some drops of methonol,
dissolved in 45 mL methonol/woter (20:30)
solut ion, ond odded of the internol  stondords
d.-Cys-3MH ond d3-GSH-3MH. The solution,
fì l tered through a 0.22-1tm PVDF syringe fì l ter

{Mil lex-GV; Mil l ipore, Tullogreen, lrelond), wos
tronsferred into a2mL gloss viol for the LC-MS
o no lysis.

2.2 LC-MS

The precursors were onolysed using on UPLC
Acquity (Woters Corporofion, Milford, US),
coupled to o Xevo TQ MS mqss spectrometer
{Woters) for oll the experiments. The
chromqtogrophic module consisted of on
Acqui ty  UPLC HSS T3 CIB co lumn { l .B  Um,
2.1 mm x 100 mm; Woters),  set of  40 "C. The
eluents,  woter (A) ond ACN (B) both odded
of 0.1% f ormic ocid, were used of o f low rote
of 0.45 ml/min. The solvent B grodient wos:
5% (2  min) , lo  I  O0% ( in  5  min) ,  o t  I  O0% ( l  min) ,
then to  5% ( in  0 .01 min)  ond a t  5% (2  min) .
The somple injection volume wos of 5 pl. MS
experiments were performed in positive ion
mode setting the copil lory voltoge aI 2.5
kV. Desolvqtion ond coll ision gosses were
respect ively ni t rogen {1000 L h- l  )  ond orgon
(0.20 mL min- ' ) .  Desolvqt ion ond source
temperoture were set of 500 oC ond 

.|50 
"C,

respectively. The experimentol conditions
used for Product ion (Pl) experiment in the
identifìcotion of thiol precursors were: cone
voltoge potentiol ond coll ision energy were
set respectively of I ó V ond I O eV for Cys-
3MH; 26 V ond 12 eY for GSH-3MH; I  ó V ond
I O eV for Cys-4M/tAP; ond I ó V ond l4 eV
for GSH-4MMP. For the method volidotion,
l ineority wos studied of f ive colibrotion levels,
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between 0.1 ond 30 pg/I, ond the correlotion
coeffìcients (R2) for the deuteroted thiol
precursors were olwoys higher thon 0'98'

3. RESUTTS AND DISCUSSION

3.1 . ldentifìcotion of 3-S-cysfenylhexqn-1 -ol

ond 3-S-glutothionylhexqn-1'ol in fonnin

The LC-MS/MS experiments were orgonised
in twophoses : the f i r s t ,w i th thed i rec t
infusion of the reference Cys-3MH, GSH-3MH'
Cys-4MMP ond GSH-4MMP, to optimise the

frogmentotion of the thiol precursors for the

MRN^ experiments. The second, to record the

Product lon (Pl) moss spectro (figure I ) ond

optimise of the chromotogrophic seporotion
of the lobelled ond unlobelled precursors.

GSH-3MH wos present in oll of the onolysed
somples, whilst Cys-3MH in most of them' No

4MMP precursors were obove the detection
limit of the method (0.01 mg kg-' for both
precursors).

Figure 1.  Product lon Mass Spectra of  GSH-3MH

and CYs-3MH in graPe tannin '

3.2. Thiol precursors in commerciql lqnnins

As reported in toble 1 , grope skin tonnins

showed to be very rich of thiol precursors
(min = 0.232,  medion = lO- l  ond mox = l3B

mg kg I for GSH-3MH; O'33, 9'1'  ond 200 mg

tgi fór cys_3MH). Also the contents found

in some grope seed tonnins (min = 0'0.| '

medion =-0.ó1, ond mox = 33'ó mg kg-'  for

GSH-3MH; 0.01,0.40,  ond 6.2m9 kg- ' for  Cys-

3MH)wereo f techno log ico l in te res t .The
precursor contents found in the two grope

produc tsweres to t i s t i co | l yd i f fe ren t (Monn-
Whitney U-test, p < 0.05) ond consistent with

the distribution of these molecules inside

the grope berry 16,71. Ook tonnins (lobelled

os àtogic tonnins) were olso rich of thiot
pt..rtórs with contents of 1.24 mg kg-' of

GSH-3MH ond 0.246 mg kg-' of Cys-3MH'
conversely, the other botonicol sources were
generolly poor or obsent of these precursors,
ond troces, when present, were reosonobly
due to cross-contqminotions hoppened
olong the production process. on the bosis

of th;rs evidence we suggest on innovotive
use of tonnin for supplementing thiol
precursors ond in this woy possibly chonging
ihe fr"" 3MH ond 3MHA content in wine ofter
fermentotion. Moreover, other reseorches
indicote o possible direct contribute of the
precursor Cys-3MH in the retronosol sensory
perception of 3MH [8]. This could prefìgure

new scenorios for the oddition of precursors-

rich tqnnins os tropicol-note flovouring
ogents in unfermented food ond olcohol-
free beveroges. Regording the obundonce
of Cys-3MH ond GSH-3MH in grope products'

their content rotio wos sig nifìco ntly depending
on the specifìc origin. The volues ronged from

0.lB to 2.0 for grope seed tonnin ond from

0.23 to 
' l .5 for grope skin tonnins' Finolly' if we

hypothesise oltondord oddit ion (200 mg L')

of o precursors rich tonnin (e.g' GSH-3MH =

l38 mg kg-'; Cys-3MH = 200 mg kg-'), ond we

estimot e a 3% molor conversion of precursors

to the free forms during fermentotion this
would theoreliccrlly increose 3MH of up to

1 pg L-r, polentiolly impocting the sensory
chorocteristics of wine.
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Tannin {l'I}
tntn mean max mrn

Table 1 '  GSH-3MH and Cys-3MH content in 58 commercial  grouped by botanical  or ig in.

Grape skin (9)
Grape seeds (7}
Oak {ellagic} (1)

4.232
0*008

0.s91

34"3
5 .19
1.24

0"61S
0.170
0.053
0.048
CI.CI33
0"CI26
0.0f 5
4.a12
4.411
0"009
0.009
0.007
0.CI05
0"005
0.005
0.004
0"004
0.402

<0.00f

138
33.6

0"939

a32g
0.006

o.204

32.8
1.1A3
ú.248
0.31S
<0,00't
a"aa7
4.ff is
0.035

<4.0a1
<0.00'l
ú.aa4
0.006
4.027
0.0CI8

<0.001
0,003

<0,CICI1
ú.0a2

<0.CI01
<0.001
0.CI03
0.0020.002 <0.001

200
6 .17

o.426

0"135

8.4A2
CI"O't0
a_a17

CI.o19
0.0CI2
0.009
0.003
0.003

0.003

J. Agric. Food

Grape skin (enociantn) (Z)
Tara (1|
Acacia (tsrazittan) (1)
Cherry tree/rnimosa 80:20 {1}
Tree fruits (4)
Tea (green) {1}
Oak (Ameriean| {2)
Chestnut {3}
Quebrachl t4]
Acacia (Gambier) {1)
Oak {toasted} {5)
Oak {French} {Z}
oak {a)
Gall (3)
Oak {French, toasted} (Z}
Officinal plants (1)
Galf (Turky$h, Qfferc{rs infecioria! {1}
Tea ('l)
Gall (ChineseRhus temialata

0.006

<0.001
ú"ú04
0.002

{0,001
0.003
0,002

<0.001
0.004

<0.001

0.105

0"029
0"023
4.0'tg

ú.42
o"ú1
0,009
ú.ofi
0.005

<0.001

<0.001
<0.001
<a.oú1

<0.001
{0,001
<0.001
<ú.0a1
<0.001
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