Technical note

How much do potential precursor compounds contribute
to ‘reductive’ aromas in wines post-bottling?

Introduction

The formation of unpleasant reductive aromas in wines is an issue of concern to many
winemakers. While the compounds responsible for reductive aromas are well known, and
the understanding of their formation from precursors during fermentation is improving,
how they form in wine post-bottling remains to be determined. A recent study evaluated
a number of potential precursor compounds, including sulfur-containing amino acids,
glutathione, thioacetates and disulfides, to assess their role in the formation of two key
reductive aroma compounds (hydrogen sulfide (H,S) and methanethiol (MeSH)) in white
and red wines post-bottling (Bekker et al. 2017).

Evaluating precursor contributions to H,S and MeSH concentrations
post-bottling

The potential precursors chosen for evaluation were cysteine (Cys) and glutathione (GSH),
which are known to release H,S during fermentation (due to yeast activity), and methionine
(Met), methylthioacetate (MeSAc), and dimethyldisulfide (DMDS), which have been
suggested as precursors to MeSH. Commercially bottled red (Shiraz 2010, Cabernet Merlot
2014) and white wines (Verdelho 2012, dry white wine 2014) were obtained from local
wineries. The concentrations of Cys, GSH, Met, MeSAc, and DMDS were measured in the
base wines. Additions of the precursors were then made (as separate treatments) to the
wines giving concentrations considered above average or high (Cys 8 mg/L, GSH 18 mg/L,
Met 8 mg/L, MeSAc 50 pg/L, DMDS 50 pg/L, respectively). The role of copper in the release
of reductive aroma compounds was also assessed, with additions made to the base wines
and the wines with added precursor compounds at levels giving final concentrations of 1.0
mg/L (Cys and GSH experiments to release H,S) and 0.5 mg/L (Met, MeSAc and DMDS

experiments to release MeSH ).

The concentrations of H,S and MeSH in the wines were monitored over a 12-month storage
period. The molar % yield of H,S and MeSH from each of their respective precursors was

also calculated.

Production of H,S from cysteine and glutathione
The amount of H,S produced post-bottling in the wines to which Cys or GSH had been added

was low relative to the amount added (Figures 1a, 1c), as well as compared to the amount
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Figure 1. Concentration and percentage yield of hydrogen
sulfide (H,S) produced post-bottling from cysteine (Cys)
and glutathione (GSH), with and without the addition of
copper, in white and red wines. Odour threshold (OT) of
H,S is indicated on Figure 1a and 1c.

of H,S$ often produced from Cys and
GSH due to yeast activity during
fermentation. Elevated Cys and GSH
concentrations in bottled white or red
wines did not produce substantially
higher concentrations of H,S than the
control wines with no added Cys or
GSH (Figures 1a, 1c). The % molar
yield of H,S from Cys and GSH in
the red wines was relatively low, with
amaximum % H,S yield 0of0.05% and
0.18%, respectively, produced in the
red wines (Figures 1b, 1d).

When copper was added to the
base wines (without any additional
potential precursors), the formation
of H,S was increased (Figures 1a, 1¢),
which suggests that a pool of yet to
be identified precursor compounds
may also be involved in determining
final H,S concentrations in wine,
through copper-assisted reactions.
However, only for the white wines
did the combination of GSH and
copper produce substantially greater
concentrations of H,S than copper
alone (Figure la). This was also
reflected in the % molar yield of H,S
from GSH when GSH was added
to white wine in combination with
copper (Figure 1b), in which case the
combined GSH + copper treatment

yielded a maximum of 1.3% H,S.

There were significant differences
in H,S accumulation between the

white and red winest. Interestingly,
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Figure 2. Concentration and percentage yield of
methanethiol (MeSH) produced from methylthioacetate
(MeSAc), methionine (Met), and dimethyldisulfide (DMDS),
with and without the addition of copper, in white and red
wines. Odour threshold (OT) of MeSH is indicated on Figure

2aand 2c.

Time Points

lower H,S concentrations were seen
in red wines when Cys or GSH was
present in combination with copper
compared to wines with only added
copper. This could be the result
of interactions between copper,
H,S, Cys, GSH, and other wine
compounds, such as polyphenols,
quinones, and tannins. The decrease
in H,S concentrations in the red
wines may also be the result of the
formation of asymmetrical disulfides
or polysulfanes produced from Cys/
GSH reacting with H,S, which
effectively form a ‘sink’ for H,S. A
role of polysulfanes in modulating
the concentrations of certain volatile
sulfur compounds post-bottling has
recently been proposed by Kreitman
etal. (2017). The observed increases
in H,S concentrations from added
GSH, albeit small in some instances,
may still have important impacts on
wine aroma, considering that H,S
has alow aroma threshold and small
increases in H,S may have large

impacts on wine aroma and quality.

Production of MeSH from
methylthioacetate and
dimethyldisulfide

Of the three potential precursors to
MeSH that were evaluated (DMDS,
MeSAc, and Met), only additions
of DMDS and MeSAc were found
to contribute significantly to free
MeSH concentrations in the wines

post-bottling (Figures 2a to 2d).
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MeSAc gave a maximum MeSH yield of 33% (13 ug/L) in the white wines and 13% (3.4 ug/L)
in the red wines (Figures 2a to 2d). DMDS gave a maximum MeSH yield of 44% (30 ug/L)
in the white wines, and a maximum MeSH yield of 10% (5.3 pg/L) in the red wines (Figures
2ato 2d). It is important to note that the amount of MeSH produced was approximately 17
times greater than its aroma threshold in the white wines, and approximately 3 times greater
than its aroma threshold in the red wines (1.8 - 3.1 pg/L, Siebert et al. 2010).

The presence of copper did not increase MeSH formation from MeSAc; however, it
significantly increased the formation of MeSH from DMDS, particularly in white wines. The
combination of copper with DMDS gave a maximum MeSH yield of 72% (44 pg/L) in the
white wines, and a maximum MeSH yield of 13% (8.5 ug/L) in the red wines (Figures 2a to 2d).

The accumulation of MeSH was remarkably different between white and red wines, with
greater concentrations of MeSH measured in the white wines than in the red wines (Figures
2a, 2¢). This difference in MeSH accumulation may also reflect interactions between copper,
MeSH, and other red wine compounds, such as polyphenols, quinones, and tannins, as was

suggested for H,S.

These results showed that thioacetates, such as MeSAc, and disulfides, such as DMDS, have
the potential to significantly affect wine aroma when present in wines post-bottling, either
through their direct impacts on wine aroma when present above their aroma thresholds, or
through their potential to convert to MeSH in yields up to 33% in the case of MeSAc, and
up to 70% for DMDS in the presence of copper (Figure 2b).

Conclusions

This study indicated that elevated post-bottling concentrations of Cys and Met did not pose a
risk for the development of high concentrations of H,S or MeSH. Results supported previous
work (Ugliano et al. 2011), which showed that elevated levels of GSH, especially when in
the presence of copper, posed a slight risk for H,S formation in wines post-bottling. Both
MeSAc and DMDS were found to play important roles in MeSH formation, with up to 20%
conversion of MeSAc to MeSH and up to 70% conversion of DMDS to MeSH. Furthermore,
the presence of copper significantly affected the abilities of GSH and DMDS to release H,S
and MeSH.

Acknowledgements
This work was supported by Australia’s grapegrowers and winemakers through their

investment body, Wine Australia, with matching funds from the Australian Government.

8 Technical Review No. 232 February 2018



The authors also acknowledge the South Australian Node of Metabolomics Australia which
is funded through Bioplatforms Australia Pty Ltd, a National Collaborative Research
Infrastructure Strategy (NCRIS), and investment from the South Australian State Government
and the AWRI. The AWRI is a member of the Wine Innovation Cluster in Adelaide.

References
Bekker, M.Z., Wilkes, E.N., Smith, P.A. 2017. Evaluation of putative precursors of key ‘reductive’ compounds in wines
post-bottling. Food Chem. 245: 676-686.

Kreitman, G. Y., Danilewicz, J. C,, Jeffery, D. W,, Elias, R. J. 2017. Copper(II)-mediated hydrogen sulfide and thiol
oxidation to disulfides and organic polysulfanes and their reductive cleavage in wine: Mechanistic elucidation
and potential applications. J. Agric. Food Chem. 65: 2564-2571.

Siebert, T. E., Solomon, M. R,, Pollnitz, A. P, Jeffery, D. W. 2010. Selective determination of volatile sulfur compounds
in wine by gas chromatography with sulfur chemiluminescence detection. J. Agric. Food Chem. 58: 9454-9462.

Ugliano, M., Kwiatkowski, M., Vidal, S., Capone, D., Siebert, T., Dieval, ]. B., Aagaard, O., Waters, E. J. 2011. Evolution
of 3-mercaptohexanol, hydrogen sulfide, and methyl mercaptan during bottle storage of Sauvignon blanc wines.
Effect of glutathione, copper, oxygen exposure, and closure-derived oxygen. J. Agric. Food Chem. 59: 2564-2572.

Ugliano, M. 2013. Oxygen contribution to wine aroma evolution during bottle aging. J. Agric. Food Chem. 61:
6125-6136.

Marlize Bekker, Senior Research Scientist, marlize.bekker@awri.com.au
Eric Wilkes, Group Manager - Commercial Services

Paul Smith, Senior R&D Program Manager, Wine Australia

(formerly Research Manager—-Chemistry, AWRI)

February 2018 Technical Review No. 232 9


mailto:marlize.bekker@awri.com.au

	_Hlk495326496
	_Hlk496549698
	_GoBack
	_Hlk496540079
	_GoBack
	_GoBack
	Technical note
	How much do potential precursor compounds contribute to ‘reductive’ aromas in wines post-bottling?

	Current literature
	AWRI publications
	AWRI events calendar
	Oenology
	Juice and wine handling
	Parish, K.J., Herbst-Johnstone, M., Bouda, F., Klaere, S., Fedrizzi, B. Sauvignon Blanc aroma and sensory profile modulation from high fining rates. Australian Journal of Grape and Wine Research 23(3), 359–367; 2017.
	Quintanar, S., Sims, E.N. Purchasing French oak barrels: fluctuating exchange rates and dynamic discounting drive ordering decisions. Wines & Vines 98(10), 56–62; 2017.
	Béguin, J., Guérin, L., Buchet, A., Baillon, R. Thermovinification of rosé wines: its impact on Loire Valley Gamay. Revue des Oenologues 165, 49–51; 2017.
	Ichard, T. Remise, É., Sire, Y., Dell’Ova, F., Salmon, J-M. Early and rapid grape and must chilling – a way of improving quality accessible to all sizes of winery. Revue des Oenologues 165, 52–54; 2017.
	Romat, H., Crachereau, J.C., Furet, M.I., Vinsonneau, E. Wine clarification prior to bottling – special edition from the Davayé Forum. Revue Française d’Oenologie 283, 16–20; 2017.
	Le Lacheur, P. Fermenting success: winemakers reveal the techniques that work for them. Australian & New Zealand Grapegrower & Winemaker 645, 52–54; 2017.
	Phillips, C. Rethinking oak budgets: the real cost of barrels. Australian & New Zealand Grapegrower & Winemaker 646, 45–52; 2017.
	Bowyer, P.K., McCord, J. Not just oak chips: oak barrel and tank alternatives worth considering. Australian & New Zealand Grapegrower & Winemaker 646, 53–56; 2017.
	Condé, B., Keenan, C., Bodet, A., Robinson, A., Gonzalez Viejo, C., Xiao, P., Fuentes, S., Howell, K. Evaluation of the effect of bentonite fining for sparkling wine quality. Wine and Viticulture Journal 32(5), 24–26; 2017.
	Calvert, D. Alternative vessels to ferment and mature. Wine and Viticulture Journal 32(5), 17–20; 2017.

	Microbiology
	Gerbaux, V., Thomas, J. Study of grape microflora at maturity. Revue des Oenologues 165, 33–35; 2017.
	Bowyer, P.K., Chancholle, L., Mennesson, A. Is yeast affecting the taste of your wine? Yeast breeding as a tool for wine stylistic manipulation. Australian & New Zealand Grapegrower & Winemaker 645, 73–76; 2017.

	Analysis and composition
	Sherman, E., Greenwood, D.R., Villas-Boâs, S.G., Heymann, H., Harbertson, J.F. Impact of grape maturity and ethanol concentration on sensory properties of Washington State Merlot wines. American Journal of Enology and Viticulture 68(3), 344–356; 2017.
	Valencia, P., Espinoza, K., Ramirez, C., Franco, W., Urtubia, A. Technical feasibility of glucose oxidase as a prefermentation treatment for lowering the alcoholic degree of red wine. American Journal of Enology and Viticulture 68(3), 386–389; 2017.
	Fracassetti, D., Gabrielli, M., Encinas, J., Manara, M., Pellegrino, I., Tirelli, A. Approaches to prevent the light-struck taste in white wine. Australian Journal of Grape and Wine Research 23(3), 329–333; 2017.
	Awad, P., Athès, V., Decloux, M.E., Ferrari, G., Snakkers, G., Raguenaud, P., Giampaoli, P. Evolution of volatile compounds during the distillation of Cognac spirit. Journal of Agricultural and Food Chemistry 65(35), 7736–7748; 2017.
	Noestheden, M., Thiessen, K., Dennis, E.G., Tiet, B., Zandberg, W.F. Quantitating organoleptic volatile phenols in smoke-exposed Vitis vinifera berries. Journal of Agricultural and Food Chemistry 65(35), 8418–8425; 2017.
	Delia, L., Jordão, A.M., Ricardo-Da-Silva, J.M. Influence of different wood chips species (oak, acacia and cherry) used in a short period of aging on the quality of ‘Encruzado’ white wines. Mitteilungen Klosterneuburg Rebe und Wein 67(2), 84–96; 2017.

	Environment
	Galbreath, J. The impact of climate change on firm adaptation: a study of wine firms in South Australia. AAWE Working Paper (220), 1–31; 2017.
	Galbreath, J. When do climatic changes matter? An investigation of impacts on product market strategies in the wine industry. AAWE Working Paper (221), 1–31; 2017.

	Sensory
	De Mets, G., Goos, P., Hertog, M., Peeters, C., Lammertyn, J., Nicolaï, B.M. Sensory quality of wine: quality assessment by merging ranks of an expert-consumer panel. Australian Journal of Grape and Wine Research 23(3), 318–328; 2017.
	Frost, S.C., Harbertson, J.F., Heymann, H. A full factorial study on the effect of tannins, acidity, and ethanol on the temporal perception of taste and mouthfeel in red wine. Food Quality & Preference 62(2017), 1–7; 2017.
	Bodington, J.C. Wine, women, men, and Type II error. Journal of Wine Economics 12(2), 161–172; 2017.

	Viticulture
	General
	Miranda, C., Santesteban, L.G., Escalona, J.M., De Herralde, F., Aranda, X., Nadal, M., Intrigliolo, D.S., Castel, J.R., Royo, J.B., Medrano, H. Allometric relationships for estimating vegetative and reproductive biomass in grapevine (Vitis vinifera L.). 
	Döbler, N., Huth, C. Opportunities for the application of plant-derived biochar in vineyards. Deutsche Weinmagazin 16–17, 22–24; 2017.
	Rossouw, G., Holzapfel, B., Rogiers, S., Schmidkte, L. How do herbicide drifts affect your grapevines: symptoms and vine sustainability. Wine and Viticulture Journal 32(5), 53–55; 2017.
	Hoare, T. ASVO seminar explores intelligent systems for profitable winegrowing. Wine and Viticulture Journal 32(5), 12–15; 2017.
	Rowley, M. Vintage 2017: a deeper dive into the numbers. Wine and Viticulture Journal 32(5), 60–63; 2017.

	Physiology and biotechnology
	Padmalatha, K., Weksler, H., Mugzach, A., Acheampong, A.K., Zheng, C., Halaly-Basha, T., Or, E. ABA application during flowering and fruit set reduces berry number and improves cluster uniformity. American Journal of Enology and Viticulture 68(3), 275–282
	Romboli, Y., Di Gennaro, S.F., Mangani, S., Buscioni, G., Matese, A., Genesio, L., Vincenzini, M. Vine vigour modulates bunch microclimate and affects the composition of grape and wine flavonoids: an unmanned aerial vehicle approach in a Sangiovese vineya

	Climate and soils
	Luchaire, N., Rienth, M., Romieu, C., Nehe, A., Chatbanyong, R., Houel, C., Ageorges, A., Gibon, Y., Turc, O., Muller, B., Torregrosa, L., Pellegrino, A. Microvine: a new model to study grapevine growth and developmental patterns and their responses to el
	Cooper, A. South America’s extreme terroirs. Decanter 43(1), 66–72; 2017.
	Ahmed, S. Tasmania: small is beautiful. Decanter 43(2), 76–81; 2017.
	Christmann, M., Schmitt, M., Pasch, L. Optimising cool climate wine styles: impact of dramatic climatic change on traditional viticultural and oenological practices. Wine and Viticulture Journal 32(4), 20–22; 2017.

	Vineyard management systems
	Frioni, T., Zhuang, S., Palliotti, A., Sivilotti, P., Falchi, R., Sabbatini, P. Leaf removal and cluster thinning efficiencies are highly modulated by environmental conditions in cool climate viticulture. American Journal of Enology and Viticulture 68(3),
	Gatti, M., Garavani, A., Vercesi, A., Poni, S. Ground-truthing of remotely sensed within-field variability in a cv. Barbera plot for improving vineyard management. Australian Journal of Grape and Wine Research 23(3), 399–408; 2017.
	Ochßner, T. Cost analysis of vineyard management techniques: soil management, covercrops, and chemical and mechanical weed management. Deutsche Weinmagazin 16–17, 28–31; 2017.
	Götz, G. The timing of pruning. Deutsche Weinmagazin 22, 12–18; 2017.
	Chantelot, É., Gaviglio, C. The consequences of glyphosate withdrawal on herbicide strategies in viticulture. Revue des Oenologues 165, 7–8; 2017.
	Aebischer, C. Nature’s lawnmowers: running sheep through the vineyard to save on slashing and costs. Australian & New Zealand Grapegrower & Winemaker 646, 34–37; 2017.

	Pests and diseases
	Petrovic, T., Perera, D., Cozzolino, D., Kravchuk, O., Zanker, T., Bennett, J., Scott, E.S. Feasibility of discriminating powdery mildew-affected grape berries at harvest using mid-infrared attenuated total reflection spectroscopy and fatty acid profiling
	Clarke, C.W., Wigg, F., Norng, S., Powell, K.S. Effectiveness of sodium hypochlorite as a disinfestation treatment against genetically diverse strains of grape phylloxera Daktulosphaira vitifoliae Fitch (Hemiptera: Phylloxeridae). Australian Journal of Gr
	Vogelweith, F., Thiéry, D. Cover crop differentially affects arthropods, but not diseases, occurring on grape leaves in vineyards. Australian Journal of Grape and Wine Research 23(3), 426–431; 2017.
	Ruelle, B., Codis, S., Vergès, A., Carra, M., Delpuech, X., Montegano, P., Savajols, B., Ribeyrolles, X. Dose reduction of vineyard pesticides with consideration of sprayer performance, vineyard practices and the canopy development. Revue des Oenologues 1
	Yazdani, M., Keller, M. Tackling grapegrowers’ number one insect pest: current biological control in Australian vineyards. Australian & New Zealand Grapegrower & Winemaker 645, 36–41; 2017.
	Simbiken, N.A., Powell, K.S., Cooper, P.D. Scale back on scale in the vineyard: scale insects on grapevines and the potential for economic damage to grapevine production. Australian & New Zealand Grapegrower & Winemaker 645, 42–47; 2017.
	Australian Vignerons. Growers’ grapevine Pinot Gris virus questions answered. Australian & New Zealand Grapegrower & Winemaker 645, 29; 2017.
	Stef, C. Trunk diseases – promising research. La Vigne 300, 34–35; 2017.
	Sosnowski, M., McCarthy, G. Economic impact of grapevine trunk disease management in Sauvignon Blanc vineyards of New Zealand. Wine and Viticulture Journal 32(5), 42–48; 2017.
	Hall, B., McKay, S. Fungicide resistance – where to now? Wine and Viticulture Journal 32(5), 39–40; 2017.
	Peisley, R.K. Bird perches: a simple method to reduce bird damage to grapes. Wine and Viticulture Journal 32(5), 50–52; 2017.

	Vine improvement and varieties
	Iglesias, A. Malbec across the Andes. Decanter 43(1), 48–54; 2017.
	Engelhart, J. Renaissance of old and rare Silvaner crosses from Franconia/Germany: Bukettrebe (Gruner Silvaner x BlauerTrollinger) and Bukettsilvaner. Rebe & Wein 10, 24–25; 2017.
	Ojeda, H., Bigard, A., Escudier, J-L., Samson, A., Caillé, S., Romieu, C., Torregrosa, L. Genetic varietal creations adapted to climate change and resistant to fungal diseases. Part 2/2: the approach for reduced alcohol wines. Revue des Oenologues 165, 22
	Stef, C. Trellising trial for rootstock mother-vines. La Vigne 301, 38–39; 2017.
	Traucki, D. Carmenere: back from oblivion. WBM: Australia’s Wine Business Magazine September/October, 72–73; 2017.
	Traucki, D. Around the blend. WBM: Australia’s Wine Business Magazine September/October, 42–44; 2017.
	Brown, K. Approaching a century of growing Mondeuse at Brown Brothers. Wine and Viticulture Journal 32(5), 56–57; 2017.

	Water and nutrition
	Li, T., Hao, X., Kang, S., Leng, D. Spatial variation of winegrape yield and berry composition and their relationships to spatiotemporal distribution of soil water content. American Journal of Enology and Viticulture 68(3), 369–377; 2017.
	Diago, M.P., Bellincontro, A., Scheidweiler, M., Tardaguila, J., Tittmann, S., Stoll, M. Future opportunities of proximal near infrared spectroscopy approaches to determine the variability of vineyard water status. Australian Journal of Grape and Wine Res
	Bowman, S. Fertiliser in vineyards: what has changed? Australian & New Zealand Grapegrower & Winemaker 644, 29–30; 2017.
	Ivaldi, M. Flexible irrigation. La Vigne 301, 24; 2017.
	Cassagnes, J. A huge irrigation project in the Rhône Valley. La Vigne 301, 19; 2017.

	Wine and health
	Epidemiology
	Ervasti, J., Kivimäki, M., Head, J., Goldberg, M., Airagnes, G., Pentti, J., Oksanen, T., Salo, P., Suominen, S., Jokela, M., Vahtera, J., Zins, M., Virtanen, M. Sociodemographic differences between alcohol use and sickness absence: pooled analysis of fou
	Livingston, M., Callinan, S. Changing attitudes to alcohol in Australia. Journal of Studies on Alcohol and Drugs 78(6), 844–852; 2017.
	Madureira-Lima, J., Galea, S. Alcohol control policies and alcohol consumption: an international comparison of 167 countries. Journal of Epidemiology and Community Health 72, 54–60; 2018.
	Holmes, A.J., Anderson, K. Convergence in national alcohol consumption patterns – new global indicators. Journal of Wine Economics 12(2), 117–148; 2017.
	Strandberg-Larsen, K., Poulsen, G., Bech, B.H., Chatzi, L., Cordier, S., Grønning Dale, M.T., Fernandez, M., Henriksen, T.B., Jaddoe, V.W.V., Kogevinas, M., Kruithof, C.J., Lindhard, M.S., Magnus, P., Nohr, E.A., Richiardi, L., et al. Association of light
	Baumeister, S.E., Finger, J.D., Gläser, S., Dörr, M., Markus, M.R.P., Ewert, R., Felix, S.B., Grabe, H.-J., Bahls, M., Mensink, G.B.M., Völzke, H., Piontek, K., Leitzmann, M.F. Alcohol consumption and cardiorespiratory fitness in five population-based stu
	Yen, H., Dhana, A., Okhovat, J.-P., Qureshi, A., Keum, N., Cho, E. Alcohol intake and risk of nonmelanoma skin cancer: a systematic review and dose–response meta-analysis. British Journal of Dermatology 177(3), 696–707; 2017.
	Li, J., Wu, B., Selbæk, G., Krokstad, S., Helvik, A.-S. Factors associated with consumption of alcohol in older adults - a comparison between two cultures, China and Norway: the CLHLS and the HUNT-study. BMC Geriatrics 17(172), 1–10; 2017.
	Han, X., Xiao, L., Yu, Y., Chen, Y., Shu, H.-H. Alcohol consumption and gastric cancer risk: a meta-analysis of prospective cohort studies. Oncotarget 8(47), 83237–83245; 2017.
	Soh, A.Z., Chee, C.B.E., Wang, Y.-T., Yuan, J.-M., Koh, W.-P. Alcohol drinking and cigarette smoking in relation to risk of active tuberculosis: prospective cohort study. BMJ Open Respitory Research 4(1), 1–10; 2017.
	Klaming, R., Annese, J., Veltman, D.J., Comijs, H.C. Episodic memory function is affected by lifestyle factors: a 14-year follow-up study in an elderly population. Aging, Neuropsychology, and Cognition 24(5), 528–542; 2017.
	Huang, Y., Li, Y., Zheng, S., Yang, X., Wang, T., Zeng, J. Moderate alcohol consumption and atherosclerosis: meta-analysis of effects on lipids and inflammation. Weiner Klinische Wochenschrift 129(21–22), 835–843; 2017.
	di Castelnuovo, A., Costanzo, S., Bonaccio, M., Rago, L., de Curtis, A., Persichillo, M., Bracone, F., Olivieri, M., Cerletti, C., Donati, M.B., de Gaetano, G., Iacoviello, L. Moderate alcohol consumption is associated with lower risk for heart failure bu
	Gémes, K., Malmo, V., Laugsand, L.E., Loennechen, J.P., Ellekjaer, H., László, K.D., Ahnve, S., Vatten, L.J., Mukamal, K.J., Janszky, I. Does moderate drinking increase the risk of atrial fibrillation? The Norwegian HUNT (Nord-Trøndelag health) study. Jou
	Lange, S., Probst, C., Rehm, J., Popova, S. Prevalence of binge drinking during pregnancy by country and World Health Organization region: systematic review and meta-analysis. Reproductive Toxicology 73(2017), 214–221; 2017.

	Genetics
	Chao, M., Li, X., McGue, M. The causal role of alcohol use in adolescent externalizing and internalizing problems: a Mendelian randomization study. Alcoholism: Clinical and Experimental Research 41(11), 1953–1960; 2017.
	Wang, J., Heng, Y.J., Eliassen, A.H., Tamimi, R.M., Hazra, A., Carey, V.J., Ambrosone, C.B., de Andrade, V.P., Brufsky, A., Couch, F.J., King, T.A., Modugno, F., Vachon, C.M., Hunter, D.J., Beck, A.H., Hankinson, S.E. Alcohol consumption and breast tumor 

	Human clinical
	Diaz-Cruz, C., Chua, A.S., Malik, M.T., Kaplan, T., Glanz, B.I., Egorova, S., Guttmann, C.R.G., Bakshi, R., Weiner, H.L., Healy, B.C., Chitnis, T. The effect of alcohol and red wine consumption on clinical and MRI outcomes in multiple sclerosis. Multiple 

	Phenolic compounds
	De La Torre, R., Corella, D., Castañer, O., Martínez-González, M.A., Salas-Salvador, J., Vila, J., Estruch, R., Sorli, J.V., Arós, F., Fiol, M., Ros, E., Serra-Majem, L., Pintó, X., Gómez-Gracia, E., Lapetra, J., Ruiz-Canela, M., Basora, J., et al. Protec

	Public health policy
	Fell, J.C., Scherer, M. Estimation of the potential effectiveness of lowering the blood alcohol concentration (BAC) limit for driving from 0.08 to 0.05 grams per deciliter in the United States. Alcoholism: Clinical and Experimental Research 41(12), 2128–2
	Jourjon, F., Decordi, G., Grésillon, L. Gugenberger, C., Mahéo, M., Vecchio, R. Circular economy and the wine industry: perception of health effects of wine by European consumers. Part 1 of 2: state of play and issues for the industry. Revue des Oenologue
	Schelleman-Offermans, K., Roodbeen, R.T.J., Lemmens, P.H.H.M. Increased minimum legal age for the sale of alcohol in the Netherlands as of 2014: the effect on alcohol sellers’ compliance after one and two years. International Journal of Drug Policy 49(201
	Korcha, R.A., Cherpitel, C.J., Bond, J., Ye, Y., Monteiro, M., Chou, P., Borges, G., Cook, W.K., Bassier-Paltoo, M., Hao, W. Drinking context and cause of injury: emergency department studies from 22 countries. Journal of Substance Use October, 1–7; 2017.
	Vasiljevic, M., Couturier, D.-L., Marteau, T.M. Impact of low alcohol verbal descriptors on perceived strength: an experimental study. British Journal of Health Psychology DOI:10.1111/bjhp.12273, 1–30; 2017.
	Atkinson, J.-A., Knowles, D., Wiggers, J., Livingston, M., Room, R., Prodan, A., McDonnell, G., O’Donnell, E., Jones, S., Haber, P.S., Muscatello, D., Ezard, N., Phung, N., Freebairn, L., Indig, D., Rychetnik, L., Ananthapavan, J., Wutzke, S. Harnessing a
	Fitterer, J.L., Nelson, T.A., Stockwell, T. The positive effects of increased foot patrols on the incidence of liquor infractions and assaults in the Granville Street entertainment area of Vancouver British Columbia Canada. Applied Geography 87(2017), 97–

	Young adults and alcohol
	Vinader-Caerols, C., Talk, A., Montañés, A., Duque, A., Monleón, S. Differential effects of alcohol on memory performance in adolescent men and women with a binge drinking history. Alcohol and Alcoholism 52(5), 610–616; 2017.
	Deutsch, A.R., Wood, P.K., Slutske, W.S. Developmental etiologies of alcohol use and their relations to parent and peer influences over adolescence and young adulthood: a genetically informed approach. Alcoholism: Clinical and Experimental Research 41(12)
	Du, D., Bruno, R., Dwyer, T., Venn, A., Gall, S. Associations between alcohol consumption and cardio-metabolic risk factors in young adults. European Journal of Preventive Cardiology 24(18), 1967–1978; 2017.
	Pisinger, V.S.C., Holst, C.A., Bendtsen, P., Becker, U., Tolstrup, J.S. Perceived parental alcohol problems and drinking patterns in youth: a cross-sectional study of 69,030 secondary education students in Denmark. Preventive Medicine 105(2017), 389–396; 
	Sanchez-Ramirez, D.C., Franklin, R., Voaklander, D. Hazardous alcohol use in 2 countries: a comparison between Alberta, Canada and Queensland, Australia. Journal of Preventive Medicine & Public Health 50(5), 311–319; 2017.
	Chen, L., Capone, D.L., Jeffery, D.W. Chiral analysis of 3-sulfanylhexan-1-ol and 3-sulfanylhexyl acetate in wine by high-performance liquid chromatography–tandem mass spectrometry. Analytica Chimica Acta 998(2018), 83–92; 2018.
	Jayakody, H., Liu, S., Whitty, M., Petrie, P. Microscope image based fully automated stomata detection and pore measurement method for grapevines. Plant Methods 13(94), 1–12; 2017.
	Bekker, M.Z., Wilkes, E.N., Smith, P.A. Evaluation of putative precursors of key ‘reductive’ compounds in wines post-bottling. Food Chemistry 245(2018), 676–686; 2018.
	Stockley, C. Ask the AWRI: wine – a weighty issue. Australian & New Zealand Grapegrower & Winemaker 646, 44; 2017.
	Cowey, G., Coulter, A., Wilkes, E. Top tips for wine stabilisation. Australian & New Zealand Grapegrower & Winemaker 644, 71; 2017.
	Longbottom, M. Ask the AWRI: biosecurity and viticulture. Australian & New Zealand Grapegrower & Winemaker 647, 44–45; 2017.
	Johnson, D. AWRI 2017 Report. Australian & New Zealand Grapegrower & Winemaker 644, 1–4; 2017.
	Rinaldo, A., Bartowsy, E., Amos, J., Scrimgeour, N. Rapid assessment of wine yeast viability and vitality. Wine and Viticulture Journal 32(6), 18–21; 2017.
	Capone, D., Francis, L., Williamson, P., Herderich, M., Johnson, D. Struck match, freshness and tropical fruit: thiols and Chardonnay flavour. Wine and Viticulture Journal 32(6), 31–35; 2017.
	Dry, P. Mondeuse Noire. Wine and Viticulture Journal 32(5), 57; 2017.
	Pearson, W. Ladder of development: how scientific principles can help you refine your business. Thought Leadership 1, 80–85; 2017.
	Li, S., Wilkinson, K.L., Bindon, K.A. Compositional variability in commercial tannin and mannoprotein products. American Journal of Enology and Viticulture DOI:10.5344/ajev.2017.17057, 1–25; 2017.
	Longbottom, M. ASVO announces 2017 AWAC scholarship winner and winemaker of the year finalists. Wine and Viticulture Journal 32(5), 10–11; 2017.
	Dry, P. Barbera. Wine and Viticulture Journal 32(6), 52; 2017.
	Pastor, R.F., Restani, P., Di Lorenzo, C., Orgiu, F., Teissedre, P.-L., Stockley, C., Ruf, J.C., Quini, C.I., Tejedor, N.G., Gargantini, R., Aruani, C., Prieto, S., Murgo, M., Videla, R., Penissi, A., Iermoli, R.H. Resveratrol, human health and winemaking


