
Rotundone responsible for ‘black pepper’ aroma in wine (1), has been only detected in the grape berry exocarp (2,3) which suggests that maceration variables 
are likely to impact its concentration in wine. Two separate experiments were conducted to investigate the impact of i) key fermentation parameters and 
winemaking techniques at the laboratory scale and ii) pressing conditions at a semi-industrial scale on the extraction of rotundone.

u	Laboratory scale experiment: 27 homogenous lots of 800 g destemmed berries were obtained in 2015 from an irrigated Duras vineyard 
 located in the South West of France (PDO Gaillac).  Nine treatments were investigated in triplicate in 1L Erlenmeyer : control vinification 
 at 25°C for 8 days (Control), pectolytic enzyme addition at 40 mg/kg (Enzyme), cold soak at 4°C for 72 hours (Cold), thermovinification 
 at 70°C for 2 hours followed by pressing, clarification and fermentation in liquid phase at 18°C (Thermo), vinification at 30°C for 8 days 
 (30°C), vinification at 25°C for 14 days (14 days), semi-carbonic maceration at 30°C for 8 days followed by pressing and fermentation 
 in liquid phase at 18°C (Carbonic), rosé vinification after a 6-hour skin contact at 18°C (Rosé) and fermentation with Saccharomyces 
 uvarum (Uvarum)
u	Semi-industrial scale experiment: 2 tons of Syrah grapes from a neighbouring dry-grown vineyard were fermented at 25°C. After 10 
 days of maceration, grapes were pressed using a pneumatic press. Samples were collected in the tray of the press at different conditions 
 of pressing : free run (Free run), dynamic in the press (De-juicing), pressing at 200mb (200mb), pressing at 400mb (400mb), pressing 
 at 600mb (600mb)
u	Analyses: Conventional enological parameters and rotundone were determined in wines after one week and one month respectively
u	Statistical treatment: Analytical data from the laboratory scale experiment were subjected to a one-way analysis of variance 
 (ANOVA) treatment using Xlstat software (Addinsoft, France).
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DO DIFFERENT WINEMAKING TECHNIQUES
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RESULTS AND DISCUSSION

CONCLUSIONS

None of the studied treatments resulted in enhanced rotundone concentrations in wine compared to Control wine. Semi-carbonic maceration, fermentation 
with Saccharomyces uvarum or longer skin contact resulted in wine with a significant reduction in rotundone, indicating practical opportunities for reducing 
pepper aroma in wine. Pre-ferment removal of skins as typically used during thermovinification and in rosé winemaking resulted in the lowest wine rotundone 
concentrations. Pressing conditions had a limited impact on rotundone in wine.
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In comparison with the control vinification, the Enzyme and Cold treatments had a weak impact on the measured 
parameters. For Enzyme, the pectin degradation maximized juice yield and surprisingly, Total Phenol Index 
(TPI) and rotundone were not impacted. Cold soak had no effect on anthocyanins, TPI and rotundone but 
induced a gain in pH. 
The Thermo treatment had a large impact on the enological parameters. In accordance with previous works 
(4), an increase in alcohol, pH, tartaric acid, malic acid and VA was noticed as a consequence of a larger 
extraction of amino and organic acids from the berry exocarp when pressing the grapes at hot temperature. As 
TPI values were increased by the heat treatment of grapes, a gain in rotundone which also has a hydrophobic 
behaviour would have been expected. Our results suggest that rotundone is less heat-extractable than 
proanthocyanidins in aqueous phase. 
The impact of maceration parameters (time and 

temperature of maceration) on TPI and especially 
on rotundone reflected by the 30°C and 14 days treatments are unexpected as the literature usually 
supports the belief that the extension of the time and the increase in the temperature enhance extraction 
of the skins and seeds (5). 
Carbonic wines had significant smallest levels of alcohol due to an inversion of the Krebs cycle, 
anthocyanins and TA leading to a higher pH. Even if the quantity of ethanol produced during the 
anaerobic phase - typically about 2 to 3 %. vol. - remains low at pressing, it allowed a significant 
extraction of rotundone. 
The rotundone in Rosé wines represented on average 13% of the concentration found in the Control 
which indicates than in most cases, rotundone is not likely to have a large sensory contribution to the 
aroma of rosé wines. Rotundone, anthocyanins and pH were significantly impacted by the Uvarum 
treatment which must be the consequence of a lesser extraction or a larger adsorption.

u	Fermentation parameters and winemaking techniques
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u	Pressing conditions
Treatment

Alcohol 
content 
(% vol.)

TA                                                                                                                       
(g/L

 t. acid)
pH

Tartaric 
acid
(g/L)

Glucose / 
Fructose 

(g/L)

Volatile 
acidity 
(g/L)

K+ 
(g/L)

Total 
Phenol 
Index

Anthocyanins 
(mg/L)

Rotundone 
(ng/L)

Free run 12.9 7.39 3.41 2.02 0.2 0.69 1.38 66 935 8

Dynamic 12.6 7.30 3.39 2.08 1.3 0.70 1.32 68 863 7

200 mb 12.5 7.23 3.39 2.11 2.1 0.72 1.35 66 823 8

400 mb 12.3 7.18 3.38 2.07 4.2 0.71 1.35 65 820 8

600 mb 12.7 7.15 3.38 2.07 5.9 0.72 1.37 69 820 7
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Parameter Control Enzyme Cold Thermo 30°C 14 days Carbonic Rosé Uvarum

Alcohol (% vol.) 12.7 bca 12.6 bc 12.4 cd 13.4 a 12.3 12.8 b 12.1 d 12.9 b 12.5 bcd

TA (g/L t. acid) 6.85 ab 7.02  a 6.90 ab 6.18 c 6.46 c 6.55 bc 6.39 c 6.55 b 7.06 a

pH 3.57 d 3.52 e 3.60 c 3.72 a 3.65 b 3.67 b 3.70 a 3.43 f 3.62 c

Tartaric acid (g/L) 1.76 de 1.71 de 1.92 bc 2.15 a 1.39 f 1.82 cd 1.95 b 2.10 a 1.69 e

Malic acid (g/L) 3.74 b 3.76 b 3.86 ab 3.91 a 3.71 b 3.77 b 3.73 b 3.34 c 3.75 b

VA (g/L acetic acid) 0.33 b 0.13 b 0.30 b 0.56 a 0.47 b 0.23 d 0.30 b 0.35 b 0.30 b

Potassium (g/L) 1.43 a 1.44 a 1.56 a 1.45 a 1.46 a 1.52 a 1.57 a 1.12 b 1.56 a

Total Phenol Index 51.6 bc 54.9 ab 48.6 c 60.2 a 45.8 c 46.0 c 56.3 ab 11.1 d 46.3 c

Anthocyanins (mg/L) 722 a 722 a 718 a 666 b 618 c 600 c 600 c 79 d 626 c

Skin-to-juice ratio (%) 0.25 d 0.19 e 0.25 d 0.57 c 0.23 d 0.23 d 0.55 b 0.66 a 0.26 d

aDifferent letters indicate means significantly different according to Fisher’s  test at P ≤ 0.05

Pressing conditions had a limited impact on most of the measured parameters with 
the exception of glucose and fructose. For rotundone, it remains difficult to draw firm 
conclusions,as concentrations detected in wines were very low. The 2015 vintage particularly 
dry and hot in the South West of France, was not favorable to rotundone accumulation.

Different letters indicate means significantly different according to Fisher’s  test at P ≤ 0.05
The dotted line represents the aroma threshold of rotundone in red wine (1)


