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Technical notes
Boosting floral aroma of wine with aromaless grape marc 
extracts
What is wine flavour? Where does flavour come from? Will everybody experience it in the 
same way? Can more of it be made? These are the questions at the centre of research on 
maximising grape-derived flavour and developing methods to make stylistic changes to 
wines using grape marc. This work has recently been published in the Australian Journal of 
Grape and Wine Research (Parker et al. 2019).

Wine flavour 101
We experience wine using many different senses, but the current work focuses on the 
aroma, taste and flavour of wine (disregarding colour and texture for now). While these 
sometimes get lumped together and used interchangeably, aroma is generally accepted to be 
the interaction of volatile compounds with our olfactory bulb (at the top of the nasal cavity) 
via sniffing. Tastes are the senses we experience on our tongue (e.g. sweet, salty, acid, bitter) 
and flavour is the experience of volatile compounds in the wine travelling from our mouth 
to the olfactory bulb via the back of the throat, in combination with tastes from the tongue. 
In the technical jargon, the movement of volatiles to the olfactory bulb via the back of the 
mouth is referred to as retro-nasal odour, while sniffing is ortho-nasal (Figure 1). In this 
article, just to avoid confusion, ortho-nasal is used to refer to detection via sniffing, while 
retro-nasal refers to detection during tasting via the back of the throat. Same compounds, 
same olfactory bulb, different routes! 

Figure 1. Schematic of ortho-nasal odour detection via the nose and retro-nasal odour detection via 
the back of the throat to the olfactory bulb at the top of the nasal cavity.
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Wine flavour is very complex. The sheer number of chemical compounds present, the 
interactions between these compounds and with the background wine composition (such 
as sugar, acid, and alcohol) all contribute to determine what a wine will smell and taste like. 
This work has focused on a class of compounds called monoterpenes (e.g. linalool, nerol and 
geraniol), which give the characteristic ‘floral’ or ‘citrus’ notes of Riesling, Gewurztraminer or 
Muscat varieties. While these floral varieties have a much higher concentration of monoterpenes 
than non-floral varieties, all grape varieties contain monoterpenes to some extent. Most of 
the monoterpenes in grapes are in a form that is not aroma-active, with the monoterpenes 
bound to sugars as ‘glycosides’. This bound form is how the grape stores compounds to help 
with solubility and transport. The combination of an aroma compound and a sugar renders the 
compound non-volatile, unable to move from the liquid phase to the headspace of a wine. It is 
thus unable to travel to the olfactory bulb; that is, the sugar renders the compound aromaless.

Grape glycosides and flavour
While the glycosides of monoterpenes do not impart flavour directly, they are important 
because, in wine, they slowly break down and release the aromatic monoterpenes. This can 
happen either microbiologically via the side-activity of yeast or other microorganisms during 
fermentation, or chemically through exposure to the acidic environment of wine. Either way, 
from the non-aromatic forms that predominate in grapes, these glycosides provide a pool of 
latent flavour that can evolve over time. Unfortunately, due to minimal skin contact being 
common in white winemaking, a significant proportion of the flavour potential of white 
grapes gets discarded within the grape marc. White grape marc of course also contains many 
other compounds that could increase undesirable wine flavour properties such as bitterness, 
for example, from phenolic glycosides. 

Personal experience of flavour
Excitingly, the release of monoterpenes from their glycosides in wine is not the only route 
to floral flavour evolution. AWRI research has shown that glycosides can be broken down 
in the mouth when tasting wine, providing a burst of monoterpenes, and near-immediate 
perception of ‘floral’ flavour. The glycosides thus provide a reserve of flavour ready to be 
released at time of drinking. It is known, however, that within populations of people, the ability 
to detect floral notes from in-mouth hydrolysis differs widely between individuals. As such, 
the evolution of flavour from glycosides that are present in the wine is only a phenomenon 
for a portion of tasters. This is just another cog in the machine of wine flavour perception 
that tells us that everybody has a unique experience when tasting wine. The varying ability 
of individuals to perceive glycosides in-mouth, or any specific inability to detect specific 
flavour compounds, should be considered when developing a tasting panel, or indeed when 
making any wine production decisions based on sensory assessments. 
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One way to make experiencing the floral monoterpenes a more even playing field is to allow 
the glycosides to break down in wine. That can be achieved by promoting breakdown of 
the pool that inherently exists in wine already, or by adding extra glycosides that have been 
extracted from grape skins. However, for the monoterpene glycosides in grape marc to be 
useful in imparting floral flavour, without increasing bitterness, the desirable compounds 
first have to be separated from the undesirables.

Making more flavour
In 2016 half a tonne of Gewürztraminer marc was treated to extract glycosides. The resulting 
extract was purified to remove any potentially bitter phenolic species and to eliminate any 
non-glycoside odour-active compounds. What remained was a grape marc extract that 
contained a significant proportion of monoterpene glycosides but had no aroma.

This extract was used to supplement Riesling and Chardonnay wines at two different points 
in the winemaking process. The extract was added pre-ferment, when the activity of yeast 
during alcoholic fermentation was expected to result in hydrolysis and evolution of free 
monoterpenes, and/or pre-bottling, following which very slow hydrolysis was expected to 
occur in bottle. After three months in bottle, the wines were assessed by the AWRI sensory 
descriptive analysis panel and analysed for the presence of glycosides and free monoterpenes.

The verdict
Chemically, the addition of glycosides resulted in an increase in the concentration of 
glycosides in the wine, an obvious and expected outcome. Additionally, all the wines with 
added glycoside, regardless of variety, showed a significant increase in free monoterpenes such 
as linalool (see Figure 2 for the Chardonnay results), resulting from glycoside breakdown. 
In terms of concentration, the breakdown of glycosides to yield monoterpenes represented 
a small proportion of the total added glycoside pool. For example, the accumulated linalool 
in wines with added glycosides was approximately 40–60 µg/L, while the concentration of 
remaining glycosides was around 2 mg/L, or roughly 30 times higher. While monoterpenes 
were released, there was still a substantial source of potential flavour (locked up in glycosides) 
remaining in these wines. 

Sensorially, the wines with added glycosides were judged to be much higher in ‘floral’ and 
‘fruit’ characters which aligned with the increased presence of monoterpenes (Figure 3). 
While the pre-ferment addition yielded slightly higher concentrations of free monoterpenes, 
the sensory rating for key ‘fruit’ and ‘floral’ attributes was not observed to be significantly 
different between those two wines. Although, when it comes to floral aftertaste, the story is 
less simple. The increase in monoterpenes in wine was expected to result in a higher rating 
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Figure 3. Radar plot showing the panel mean sensory score of key attributes for Chardonnay control 
(black line) with least significant difference (grey ribbon), pre-ferment addition of glycosides to 
Chardonnay (juice addition, dotted line) and post-ferment addition of glycosides to Chardonnay (wine 
addition, dashed line) from the descriptive analysis sensory assessment of wines. An asterisk denotes 
an attribute where a significant difference in panel intensity rating was observed for all Chardonnay 
and Riesling wines assessed. 

Figure 2. Monoterpene (linalool, black bar, left y-axis) and glycoside (geranyl glucoside, grey bar, right 
y-axis) concentrations three-months post-bottling in Chardonnay wines: control (no addition), with 
glycosides added pre-fermentation (to juice) and post-fermentation (to wine). 
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of floral aftertaste simply due to their presence, but the scenario where glycosides were 
broken down in the mouth to yield a delayed flavour perception retro-nasally also had to 
be considered. There was evidence that those panellists known to be able to perceive flavour 
from monoterpene glycosides (approximately half the panel) rated ‘fruit’/‘floral’ aftertaste 
higher than those who do not respond to glycosides. This indicates that the increased reserve 
of glycosides in the treated wines had an additional flavour effect for these individuals.

In short
Purified grape marc extracts from white floral varieties can provide a source of latent 
additional ‘fruit’ and ‘floral’ flavour for wine, without increasing bitterness or other phenolic 
characters that could be associated with components of crude marc. The impact of timing of 
the addition (pre- or post-ferment) to a wine was not significant, meaning that marc extract 
additions to boost floral notes could be applied after a wine has been made, immediately 
prior to bottling. This work is ongoing, with a current focus on the speed of glycoside 
breakdown under different conditions, assessing non-floral grape varieties, and establishing 
an understanding of the ‘shelf life’ of the flavour effects, to maximise the overall flavour impact. 

References and further reading
Mayr, C.M., Parker, M., Baldock, G.A., Black, C.A., Pardon, K.H., Williamson, P.O., Herderich, M.J., Francis, I.L. 2014. 

Determination of the importance of in-mouth release of volatile phenol glycoconjugates to the flavor of smoke-
tainted wines. J. Agric. Food Chem. 62(11): 2327–2336.

Parker, M., Black, C.A., Barker, A., Pearson, W., Hayasaka, Y., Francis, I.L. 2017. The contribution of wine-derived 
monoterpene glycosides to retronasal odour during tasting. Food Chem. 232: 413–424. 

Parker, M.; Barker, A.; Pearson, W.; Hayasaka, Y.; Hixson, J.; Francis, L. 2018. Flavour release from wine glycosides 
during tasting. Siegmund, B., Leitner, E. (eds.) Flavour Science: Proceedings of the XV Weurman Flavour Research 
Symposium, Graz, Austria. Graz, Austria: Verlag der Technischen Universitat Graz: 31–36.

Parker, M., Capone, D.L., Francis, I.L., Herderich, M.J. 2018. Aroma Precursors in Grapes and Wine: Flavor Release 
during Wine Production and Consumption. J. Agric. Food Chem. 66(10): 2281–2286. 

Parker, M., Barker, A., Black, C.A., Hixson, J., Williamson, P., Francis, I.L. 2019. Don’t miss the marc: phenolic‐free 
glycosides from white grape marc increase flavour of wine. Aust. J. Grape Wine Res. 25(2): 212–223.

Acknowledgements
This work was supported by Australia’s grapegrowers and winemakers through their 
investment body, Wine Australia, with matching funds from the Australian Government. 
The AWRI is a member of the Wine Innovation Cluster in Adelaide, South Australia. The 
authors thank WIC Winemaking Services and the sensory panellists involved in the project.

Josh Hixson, Research Scientist, josh.hixson@awri.com.au
Mango Parker, Senior Scientist

Leigh Francis, Research Manager – Sensory and Flavour


	_Hlk9502194
	_GoBack
	_Hlk5197422
	_GoBack
	_GoBack
	In this issue
	Technical notes
	Boosting floral aroma of wine with aromaless grape marc extracts
	Sooty mould trial update – sensory testing after two years 

	Current literature
	AWRI publications
	AWRI events calendar
	Oenology 
	General
	Burk, K. Lubricating diplomacy: the uses of wine. The World of Fine Wine 62, 112-121; 2018.
	Walton, S. Escaping the downward spiral: on not drinking. The World of Fine Wine 62, 136-143; 2018.

	Juice and wine handling
	Briscoe, S. Evolution of the basket press. Wines & Vines 99(12), 100-102; 2019.
	Lasky, M.S. Winemaker trial: where whole clusters are placed in fermenter determines organoleptic qualities. Wine Business Monthly 25(12), 40-42; 2018.
	Rand, M. Coups de foudre. The World of Fine Wine 62, 122-127; 2018.
	Todorov, K. Case studies: sanitation best practices for large wineries. Wine Business Monthly 25(12), 44-49; 2018.
	Vignault, A., Pascual, O., Jourdes, M., Moine, V., Fermaud, M., Roudet, J., Canals, J.M., Teissedre, P.-L., Zamora, F. Impact of enological tannins on laccase activity. OENO one 53(1), 27-38; 2019.

	Microbiology
	Nardi, T., Panero, L., Petrozziello, M., Guaita, M., Tsolakis, C., Cassino, C., Vagnoli, P., Bosso, A. Managing wine quality using Torulaspora delbrueckii and Oenococcus oeni starters in mixed fermentations of a red Barbera wine. European Food Research an
	Oro, L., Canonico, L., Marinelli, V., Ciani, M., Comitini, F. Occurrence of Brettanomyces bruxellensis on grape berries and in related winemaking cellar. Frontiers in Microbiology 10(415), 1-10; 2019.

	Analysis and composition
	Dragojlović, D., Philipp, C., Korntheuer, K., Bader, C., Patzl-Fischerleitner, E., Eder, R. Influence of nitrogen on glutathione content during and after alcoholic fermentation. Mitteilungen Klosterneuburg Rebe und Wein 68(4), 250-257; 2018.
	Ristic, R., Wilkinson, K. Smoke taint in the bottle: how long will it last? Australian & New Zealand Grapegrower & Winemaker 660, 46-49; 2019.
	Seabrook, A. White wine phenolics: what compounds are there and which ones cause problems? Australian & New Zealand Grapegrower & Winemaker 660, 53-54; 2019.
	Springer, A.E. Wine authentication: a fingerprinting multiclass strategy to classify red varietals through profound chemometric analysis of volatiles. European Food Research and Technology 245(1), 179-190; 2019.
	Ugliano, M., Wirth, J., Bégrand, S., Diéval, J-B., Pascal, C., Vidal, S. A novel electrochemical approach for rapid analysis of white grapes polyphenols and monitoring of pre-fermentative operations. Internet Journal of Viticulture and Enology 3(3), 1-7; 
	Wilkinson, K., Ristic, R. Understanding the effects of smoke taint on fruit and wine. Australian & New Zealand Grapegrower & Winemaker 660, 42-44; 2019.

	Marketing and packaging
	Riley, L. Opening minds on closures. Harpers Wine & Spirit 174, 44-46; 2019.
	Songa, G., Ciceri, A. Neuromarketing meets the art of labelling. How papers and finishing on labels affect wine buying decisions. AAWE Working Paper 235, 1-15; 2019.

	Environment
	Ohmart, C. What is sustainable wine grapegrowing. Wines & Vines 99(12), 72-73; 2019.

	Sensory
	Bodington, J., Malfeito-Ferreira, M. Do female and male judges assign the same ratings to the same wines? Large sample results. Journal of Wine Economics 13(4), 403-408; 2018.
	Wang, Q.J, Prešern, D. Does blind tasting work? Investigating the impact of training on blind tasting accuracy and wine preference. Journal of Wine Economics 13(4), 384-393; 2018.


	Viticulture
	General
	Aka, J., Ugaglia, A.A., Lescot, J-M. Pesticide use and risk aversion in the French wine sector. Journal of Wine Economics 13(4), 451-460; 2018.
	Devaux, N., Crestey, T., Leroux, C., Tisseyre, B. Potential of Sentinel-2 satellite images to monitor vine fields grown at a territorial scale. OENO one 53(1), 51-58; 2019.
	Gutiérrez, S., Tardaguila, J., Fernández-Novales, J., Diago, M.P. On-the-go hyperspectral imaging for the in-field estimation of grape berry soluble solids and anthocyanin concentration. Australian Journal of Grape and Wine Research 25(1), 127-133; 2019.
	Hughes, N. Older vines, better wines? Decanter 44(6), 84-88; 2019.

	Physiology and biotechnology
	Abeysinghe, S.K., Greer, D.H., Rogiers, S.Y. The effect of light intensity and temperature on berry growth and sugar accumulation in Vitis vinifera ‘Shiraz’ under vineyard conditions. Vitis 58(1), 7-16; 2019.
	Fahey, D.J., Rogiers, S.Y. Di-1-p-menthene reduces grape leaf and bunch transpiration. Australian Journal of Grape and Wine Research 25(1), 134-141; 2019.

	Climate and soils
	Danenberg, E. How is climate change affecting Australian vineyards and what are growers doing to respond? Australian & New Zealand Grapegrower & Winemaker 661, 18-21; 2019.
	Davis, R.E., Dimon, R.A., Jones, G.V., Bois, B. The effect of climate on Burgundy vintage quality rankings. OENO one 53(1), 59-73; 2019.
	Jarvis, C., Darbyshire, R., Eckard, R., Goodwin, I., Barlow, S. Climate drivers El Niño–Southern oscillation and Indian ocean dipole and what they mean for winegrape maturity. Australian & New Zealand Grapegrower & Winemaker 661, 26-27; 2019.
	Jarvis, C., Darbyshire, R., Goodwin, I., Barlow, E.W.R., Eckard, R. Advancement of winegrape maturity continuing for winegrowing regions in Australia with variable evidence of compression of the harvest period. Australian Journal of Grape and Wine Researc
	Jobin-Poirier, E., Pickering, G., Plummer, R. Doom, gloom, or boom? Perceptions of climate change among Canadian winegrowers. International Journal of Wine Research 11, 1-11; 2019.
	Logan, S. How does Shiraz feel the heat? Australian & New Zealand Grapegrower & Winemaker 661, 35; 2019.
	Mick, H. Vines and grapes put to the test with elevated temperature and CO2 exposure. Australian & New Zealand Grapegrower & Winemaker 661, 22-23; 2019.
	Shabram, P.L. The limitations of the Winkler Index. Wines & Vines 99(12), 108-111; 2019.

	Vineyard management systems
	Buesa, I., Caccavello, G., Basile, B., Merli, M.C., Poni, S., Chirivella, C., Intrigliolo, D.S. Delaying berry ripening of Bobal and Tempranillo grapevines by late leaf removal in a semi-arid and temperate-warm climate under different water regimes. Austr
	Gambetta, J., Holzapfel, B., Schmidtke, L. What is the best time to remove leaves to minimise sunburn? Australian & New Zealand Grapegrower & Winemaker 661, 28-30; 2019.
	Martinez de Toda, F., García, J., Balda, P. Preliminary results on forcing vine regrowth to delay ripening to a cooler period. Vitis 58(1), 17-22; 2019.
	Silvestroni, O., Lanari, V., Lattanzi, T., Palliotti, A., Vanderweide, J., Sabbatini, P. Canopy management strategies to control yield and grape composition of Montepulciano grapevines. Australian Journal of Grape and Wine Research 25(1), 30-42; 2019.
	Smith, M. Yield AI taking the guesswork out of growing. Australian & New Zealand Grapegrower & Winemaker 661, 31-34; 2019.
	Stef, C. Cordon trellising: the benefits of gentle pruning. La Vigne 314, 32-33; 2018.
	Tian, T., Gu, S. Improving fruit anthocyanins in ‘Cabernet Sauvignon’ by shifting fruit ripening and irrigation reduction post veraison in warmer region. Vitis 58(1), 23-31; 2019.
	Wine Australia Stay cool over summer. R&D at Work February, 1; 2019.

	Pests and diseases
	Peschiutta, M.L., Brito, V.D., Ordano, M.A., Zygadlo, J.A. Efficacy of selected volatile compounds for organic vine mealybug control. Vitis 58(1), 1-6; 2019.

	Vine improvement and varieties
	De la Fuente Lloreda, M. Use of hybrids in viticulture. A challenge for the OIV. OENO one 52(3), 231–234; 2018.
	Faulkner, J. The Italian connection. Halliday. April/May, 38–45; 2019.
	Garner, M. Northern star. Decanter Italy, 24–30; 2019.
	Gellie, T. Vying for Verdejo. Decanter 44(6), 66–70; 2019.
	Gilby, C. Balkan intrigue. Decanter 44(5), 62–67; 2019.
	Gutiérrez-Gamboa, G., Moreno-Simunovic, Y. Terroir and typicity of Carignan from Maule Valley (Chile): the resurgence of a minority variety. OENO one 53(1), 75–93; 2019.
	Honan, D. The winemaker’s wine. Halliday. April/May, 52–54; 2019.
	Hulme, S. Taming the beast. Decanter Italy, 78–82; 2019.
	Martinson, T., Cadle-Davidson, L. The phenotyping bottleneck: how grape breeders link desired traits to DNA markers. Wines & Vines 99(12), 142–145; 2019.
	McCoy, E. The Decanter interview: Carole Meredith. Decanter 44(5), 40–43; 2019.
	Philipp, C., Eder, P., Scheiblhofer, H., Eder, R. Technological influences on pear aroma of Austrian Pinot Blanc wines. Mitteilungen Klosterneuburg Rebe und Wein 68(4), 258–276; 2018.
	Regner, F., Reichl, M., Zöch, B., Eisenheld, C., Hofstetter, I., Christina, W., Rockenbauer, A. Evaluation of different rootstocks on a heavy mar soil in combination with the grape variety ‘Grüner Veltliner’. Mitteilungen Klosterneuburg Rebe und Wein 68(4
	Rodríguez-Lorenzo, M., Cibriáin, J.F., Sagüés, A., Abad, F.J., Martínez-Zapater, J.M., Ibáñez, J. Intra-varietal diversity for agronomic traits in ‘Garnacha Blanca’. Vitis 58(1), 33–35; 2019.
	Sarrazin, C. Clonal selection and visual selection: the two go hand-in-hand. La Vigne 314, 30–31; 2018.
	Traucki, D. The Fiano fellowship. WBM: Australia’s Wine Business Magazine January/February, 50–51; 2019.
	VCR : Vivai Cooperativi Rauscedo The disease-resistant varieties. Cahiers Techniques VCR (3rd Edition) 3rd Edition, 8–9; 2018.

	Water and nutrition
	Scholasch, T. Irrigation strategies: maintain natural grapevine mechanisms through a drought. Wine Business Monthly 25(12), 66–73; 2018.
	Theodorou, N., Nikolaou, N., Zioziou, E., Kyraleou, M., Kallithraka, S., Kotseridis, Y., Koundouras, S. Anthocyanin content and composition in four red winegrape cultivars (Vitis vinifera L.) under variable irrigation. OENO one 53(1), 39–51; 2019.
	Vilanova, M., Rodríguez-Nogales, J.M., Vila-Crespo, J., Yuste, J. Influence of water regime on yield components, must composition and wine volatile compounds of Vitis vinifera cv. Verdejo. Australian Journal of Grape and Wine Research 25(1), 83–91; 2019.
	Wheeler, S.A., Marning, A. Turning water into wine: exploring water security perceptions and adaptation behaviour amongst conventional, organic and biodynamic grape growers. Land Use Policy 82, 528–537; 2019.
	van der Hulst, L., Munguia, P., Culbert, J.A., Ford, C.M., Burton, R.A., Wilkinson, K.L. Accumulation of volatile phenol glycoconjugates in grapes following grapevine exposure to smoke and potential mitigation of smoke taint by foliar application of kaoli
	Day, M.P., Schmidt, S.A., Pearson, W., Kolouchova, R., Smith, P.A. Effect of passive oxygen exposure during pressing and handling on the chemical and sensory attributes of Chardonnay wine. Australian Journal of Grape and Wine Research 25(2), 1–16; 2019.
	Parker, M., Barker, A., Black, C.A., Hixson, J., Williamson, P., Francis, I.L. Don’t miss the marc: phenolic-free glycosides from white grape marc increase flavour of wine. Australian Journal of Grape and Wine Research 25(2), 1–12; 2019.
	Taylor, A., Barlow, N., Day, M.P., Hill, S., Martin, N., Patriarca, M. Atomic spectrometry update: review of advances in the analysis of clinical and biological materials, foods and beverages. Journal of Analytical Atomic Spectrometry 34(3), 426–459; 2019
	Cordente, A.G., Borneman, A.R., Bartel, C., Capone, D., Solomon, M., Roach, M., Curtin, C.D. Inactivating mutations in Irc7p are common in wine yeasts, attenuating carbon-sulfur β-lyase activity and volatile sulfur compound production. Applied and Environ
	Essling, M. Ask the AWRI: leafroll viruses – what you need to know. Australian & New Zealand Grapegrower & Winemaker 662, 35–36; 2019.
	Nordestgaard, S. Latest advances in grape sorting technology. Australian & New Zealand Grapegrower & Winemaker 662, 50–55; 2019.
	Johnson, D. Seventeen times with feeling. WBM: Australia’s Wine Business Magazine March/April, 6; 2019.
	Visalakshan, R.M., MacGregor, M.N., Cavallaro, A.A., Sasidharan, S., Bachhuka, A., Mierczynska-Vasilev, A.M., Hayball, J.D., Vasilev, K. Creating nano-engineered biomaterials with well-defined surface descriptors. ACS Applied Nano Materials 1(6), 2796–280



