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Background

Rotundone is the grape-derived impact aroma compound responsible for the ‘black pepper’ aroma and flavour character important in Australian cool climate Shiraz wines (Wood et al. 2008).

The level of rotundone found in Shiraz grapes is highly variable between vintages, regions and vineyards and even within an individual vineyard (Scarlett et al. 2012, Zhang et al. 2015). Recent

research has shown vineyard soil properties and topography as well as the ambient temperature and sunlight exposure of the grape bunch are important to the variability of accumulation of

rotundone in the grape berry (Scarlett et al. 2012).

Rotundone and many other sesquiterpenes form in the exocarp of the grape berry and accumulate during the last few weeks

of ripening (Herderich et al. 2015). Sesquiterpenes are common in plants and are important in plant signalling about plant

damage or warding off pests. One sesquiterpene, α‐guaiene, has the same chemical backbone as rotundone and it follows

the same accumulation pattern (Herderich et al. 2015). α-Guaiene chemically oxidises in air to form rotundone (Huang et al.

2014). Therefore, α-guaiene, a flavourless compound, was considered to be a likely precursor of rotundone in grape berries.

Methods

Several studies were conducted in model systems to investigate light as a key mechanism

involved in the formation of rotundone by the auto-oxidation of α‐guaiene using different

light sources and controlled temperatures.

α-Guaiene (15 µL) and n-tetradecane (7 µL), as internal standard, were dissolved in

dichloromethane (0.5 mL). Cellulose filter paper shreds (4 mm2) were added and gently

shaken (3 min). The solvent was evaporated under nitrogen, the shreds were removed,

evenly distributed between vials in a single layer and the vials were sealed. Controls were

prepared in the same way but without the addition of α-guaiene.

Grape skin waxes were prepared using a method adapted from Casado and Heredia (1999)

and dissolved in the dichloromethane.

GC-MS analysis was conducted at numerous time points. Shreds were removed and

prepared for GC-MS analysis using a method adapted from Huang et al. (2014).
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Results

A clear effect of light and air was seen with a faster formation but lower final concentration

of rotundone in the presence of visible light only (data not shown).

With full sunlight (see figure below), α-guaiene decreased rapidly and rotundone formed

quickly but then also decreased quickly after three days. With 50% shade, rotundone

formed more slowly, plateaued, and then decreased slowly over three weeks. With no

light, α-guaiene decreased much more slowly, the rotundone formed slowly and then

remained stable for several weeks. Even though all or most of the α-guaiene disappeared,

only a small portion of it was converted to rotundone.

100% light 50% shade (shade cloth) No light (foil)

Sunlight experimental set-up

Treatments Light source
Temperature 

(⁰C)

± oxygen:                                           
100% light; no light

mercury vapour bulbs
laboratory                        

(400 - 660 nm)
22

100% light; no light
tungsten incandescent 
and fluorescent lamps

plant growth chamber 
PAR (400 - 700 nm) 

25

100% light; 50% shade; 
no light

sunlight
greenhouse                       

full spectrum (> 300 nm)
day 25/       
night 15

grape skin waxes:                            
100% light; 50% shade; 
no light

sunlight
greenhouse                       

full spectrum (> 300 nm)                
day 25/       
night 15

Model experiment parameters

Conclusions 

This work shows that low light conditions in shaded bunches are likely to be favourable to the accumulation of rotundone and might lead to being able to manipulate rotundone levels in the

vineyard. Further research is required to include a number of vineyards comparing vine row aspect, and shading or trellising of vines and application of physical sunscreen agents to confirm

these results.
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With grape skin waxes present on the paper shred, similar results were obtained as above.

Overall, the results support previous observations in the vineyard that the more shaded

bunches or berries have higher levels of rotundone, most likely due to reduced

degradation in the lower light conditions (Scarlett et al. 2012, Zhang et al. 2015), rather

than a temperature effect .

Aerial oxidation of α-guaiene in sunlight
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