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Unravelling the mystery of 3SH:
Quantifying glut-3SH-al and its bisulfite adduct 

in juice and wine samples Why Measure Glut-3SH-al?
3-Sulfanylhexan-1-ol (3SH) is a key impact odorant of many white wine 
varieties but is not present in the grape berries or juice.[1] Instead, 3SH is 
released from non-volatile precursors present in the berry during 
fermentation. [1]

These precursors are formed by the addition of sulphur-containing molecules 
to 6 carbon molecules produced by the LOX-HPL pathway when the berry is 
damaged.[2] One key detoxification strategy involves addition of glutathione to 
these C6 molecules, such as 2-hexenal, which forms 3-S-glutathionylhexanal 
(glut-3SH-al).[2] Glut-3SH-al is likely to be one of the early precursors to 3SH 
but has not been intensively studied thus far.

In grape juice and wine, Glut-3SH-al has been detected in conjunction with its 
bisulfite adduct, glut-3SH-SO3,[2,3] confirming that the reactivity of the 
aldehyde functional group has been retained. This observation also suggests 
that there could be pathways to 3SH other than by reduction to glut-3SH. 

500 μL  sample + 50 μL of NH2OHCl solution
Incubated for 35 minutes at 60 °C
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Isolation Optimisation
The tendency of the bisulfite adduct to dissociate on the column, and 
potential for the disruption of the equilibrium during sample prep and 
analysis meant that separation of the compounds prior to analysis was 
needed to achieve reliable quantification. 

Derivatisation 
Optimisation
Derivatising the samples means that 
there is only one species to analyse and 
quantify.
The derivatisation conditions reported 
by Thibon et. al.[3] were optimised, 
testing a range of temperatures and 
times for the incubation. These results 
were used to predict the optimum 
incubation conditions as 37 minutes at 
59 °C (shown in Fig 2).

LC-QqQ Analysis Conditions:
Agilent 1290 Infinity Liquid Chromatograph coupled to Agilent 
6460 triple Quadrupole AJS ESI
Column: Phenomenex Kinetex C-18 2.6 μm, 3.0 mm i.d., 30 mm 
length
Solvent A: 0.1% formic acid (aq.)
Solvent B: 0.1% formic acid in MeCN 
MRM Transitions: 
Glut-3SH-ox : 421  259,  421  179
Glut-3SH-ox-d8: 429  267,  429  179

LC-QqQ Method 
Development: 
• LC method was adapted from 

Jelley et. al. 2016[4] for use on a 
shorter column. 

• Inclusion of 0.1% Formic Acid in 
the organic solvent improved 
detection.

• Transitions for Glut-3SH-ox and 
Glut-3SH-ox-d8 were selected 
and fragmentation voltage and 
collision energies were chosen. 

The most reliable separation of glut-3SH-al and glut-
3SH-SO3 was achieved on the  Strata SDB-L cartridge 
using a MeOH/H2O solvent system. (see Fig 1.) 
Further fractionation data was used to develop the 
final solvent system. 

• Cartridge primed 
with 6 mL MeOH, 
6mL H2O

• 5 mL wine or juice 
sample applied

• Concentration of spike vs concentration of the 
measured peak is linear from 10 to 10 000 ppb.

• Juices and wines behave similarly to each other. 
• Addition to bisulfite occurs more readily in 

commercial wines than in juices.
• Matrix effects observed, likely due to the 

difference in bisulfite concentrations. 
• Replicability was good (see Fig 5).
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Method Validation: 
Samples of three wines and two juices were spiked with synthetic Glut-3SH-al between 0 and 10 000 ppb.
The concentration of glut-3SH-ox was calculated based on the relative peak area of glut-3SH-ox and the peak area of the known 
concentration of glut-3SH-ox-d8.

What can we do now?
• This method enables further exploration 

of the contribution of glut-3SH-al and 
glut-3SH-SO3 to the final concentration of 
3SH in wines. 

• With the ability to measure the 
proportion of glut-3SH-al bound as glut-
3SH-SO3 the possibility of glut-3SH-SO3

[2]

acting as a reservoir of 3SH potential can 
be further explored.

• Tracking the concentration of glut-3SH-al 
during fermentation may also enable 
discovery of pathways to 3SH other than 
the reduction to glut-3SH
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Figure 2: Derivatisation condition optimisation

Figure 1: Testing SPE cartridges and solvent systems 
for isolation of glut-3SH-al and glut-3SH-SO3

Figure 4: Concentration of glut-3SH-al as bisulfite adduct 
(top) and as free glut-3SH-al (bottom) plotted against 
concentration of glut-3SH-al added to sample. Figure 4: Replicate samples of Pinot Gris matrix spiked with 500 ppb of glut-3SH-al. Blue 

shows concentration of glut-3SH-al measured, red shows concentration of glut-3SH-SO3
measured (glut-3SH-SO3 data missing for R1)

(59 °C, 37 min)
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Figure 3: Example chromatogram showing 
peak due to Glut-3SH-ox and Glut-3SH-ox-d8
overlaid  
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