LEARNING OUTCOMES:

4) Explain winemaking processes for types/classes of wine

OENOLOGY (= Science/Study Of Wine And Winemaking)



INTRODUCTION.

Many “wine gurus” and “wine experts” claim that great wine is the result of “great grapes.” True, the source and quality of the grapes is one of the critical components in making great wine, but things can be less than optimal (& can go wrong) during the set up and processing of the grapes/juice.  Hence, the quality of the resulting wine can be less than the potential suggested by the grapes in the vineyard. “Winegrowing” needs to be as optimal as possible both in the vineyard and in the winery in order to make good quality wine. 

Each of the source grapes and the processing method has a substantial impact on a wine’s style, attributes and overall quality. White wines can be made from green grapes (e.g. Chardonnay), blush grapes (e.g. Gewurztraminer), or red grapes (Pinot Noir with the juice rapidly pressed off the skins before the fermentation). With only a few exceptions (like Champagne sparkling wine); however, white wines are made from green/blush grapes and specifically just their juice (skins are not included in the fermentation process). Red wines are made from red grapes, of course, and in the reds process the skins are included in the fermentation. Below is a brief overview of some of the differences between the approach to white table wines and red table wines.

White Table Wine versus Red Table Wine

Whites tend to be produced in a fashion such that on average white wines are more acidic than reds, less alcoholic, and are not as tannic (some white wines might have a hint of bitterness from tannins, but not enough to cause astringency). On average, grapes for white wines are harvested sooner than reds - before acidity drops (although Riesling is one green grape variety that has grapes that hold its acidity longer so that even a mid-autumn harvest still results in a tart wine – hence it may be harvested later than some reds).

The grapes for white wine can be yellow-green (e.g. chardonnay), red (e.g. Pinot Noir for sparkling wine), or blush (e.g. Gewurztraminer). The juice is generally pressed off the skins quickly and certainly before fermentation. Occasionally, some winemakers will let the grapes of varieties like Gewurztraminer sit for an hour or so with the skins after crushing & destemming (i.e. for a period of cold maceration) to pick up more of the flavours from the skins. Some winemakers will even allow some of the salmon-blush colour to get into the must and subsequently into the wine – but this rare.

Most whites are made in a way (fruity) that encourages the wine to be consumed young, and these mostly have a modest aging potential (the fruitiness dissipates and there is little to replace it – the wine becomes bland, perhaps oxidized).  There are some exceptions – e.g. premium white wines of Chablis, Cote de Beaune, Cote de Nuits - all Chardonnay wines from Burgundy; some are reputed to last 7 or more years (due to high acidity and processing – e.g. oak barrel ageing). I have tasted some reserve 7-year-old Chardonnays from the Okanagan and these too were very good still (especially those with barrel-ageing, a malo-lactic fermentation (MLF) and finished with a premium cork or screw cap).

Some premium quality Riesling wines (mainly Germany) also age well as a consequence of their high acidity.  However, most typical whites should be consumed within 3 years of harvesting and processing. Generally, reds can last longer than whites - often they are made more alcoholic, with more grape (skin) extract – more skin extract can impart a higher level of tannins that can both better stabilize the wine and also impart a fuller body and a richer texture.  Mostly, reds are made less “fruity” than whites.  More oak effects are apparent with reds and this reflects the role of oak barrels in processing red wines. 
Compared to white wines, most reds tend to have more astringency & bitterness from their various phenolic compounds (there are phenolic compounds somewhat similar in tea, coffee, chocolate). Phenolic compounds in wine (especially reds) include various flavonoid compounds such as anthocyanins (red pigments), and also oxidized quercetin (yellow pigments) & some flavan-3-ols (bitter catechin).  Some non-flavonoid compounds are also present e.g: oxidized caftaric acid (a yellow pigment), stilbenes (e.g. the antioxidant resveratrol) and ellagitannins (which are astringent). Within the fhe flavan-3-ol group are the procyanidins (which are polymers of catechins and leucoanthocyanidins).  These many phenolic comounds can polymerize to form TANNINS (condensed form which is from the grape plant and is most common and also the hydrolysable form - the non-flavonoid ellagitannins derived from oak barrels).  For some red grape varieties (e.g. Cabernet Sauvignon), the grapes are left to hang longer in the vineyard (in the Okanagan Valley BC this may be early November) as this sometimes results in a change to the polyphenolics/tannins in the skin – wine made from these long-ripened grapes don’t taste as bitter or astringent as they would if the grapes were harvest 2-3 weeks earlier.

Various phenolic compounds may possess anti-microbial and antioxidant properties– these tend to add stability and longevity to reds.  Reds with high levels of tannins may take several years before they taste pleasantly drinkable (some of the tannins precipitate out and some may be altered so that they are no longer astringent/bitter; the wine becomes smoother).  However many reds are now made with medium to high colour-extraction (anthocyanins), but with low levels of bitter/astringent tannins –these red wines are designed for early consumption (2-4 years after bottling); these don't age well (become less fruity and become bland or just “oaky” over time).

Many believe that white wines tend to be more diverse & distinctive in flavours and styles than reds. For whites, fruit flavours such as peach, apricot, citrus, apple, pear, and floral aromas (plus vanilla from oak ageing and buttery/butterscotch aromas from the malo-lactic fermentation (MLF)) are not uncommon. Floral aromas are not so typical for reds (but are sometimes found e.g. Pinot Noir); many reds produce berry-like aromas – blackberry, black currant, blueberry - also cherry and plum. Generally, reds are not made sweet – although some new world economy reds are made a hint sweet (6+ g sugar/l) and the sparkling Shirazes from BC and Australia are off-dry.
The Basics on White Table-Wine Making

First, we will go through the process for a basic white wine (of medium quality).  In a later section, we’ll consider the details for the processing for a medium-premium red style and later yet we will briefly consider the methods for sparkling & dessert style wines.

As a start, consider the main process of yeast “fermentation” which can be summarized simply as:
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Who is doing the work here? Well, various strains of Saccharomyces cerevisiae (Saccharo – sugar; myces-fungus, cerevisiae – of beer) are especially good at fermenting sugars and making ethanol (but they are not alone). Glucose is the preferred 6-C sugar, fructose is next, but fructose and other 6-C and 5-C sugars tend to be less efficiently metabolized in comparison to glucose. Many wines are said to be fermented “dry” i.e. with no residual sugar; however, many will still have small amounts of these other sugars (thus the hint of sweetness in some wines that are supposed to be dry; just a cautionary note here – sometimes the “fruity” flavours of a dry wine are interpreted by our brains and – I think - the sweet message is extrapolated…).  In order to make ethanol, the yeast needs to be in an anaerobic environment; however, a small amount of added oxygen during rapid yeast growth is beneficial for their non-respiratory pathways (e.g. involved in sterol synthesis – important for their survival in the increasingly ethanolic environment) and allows better yeast growth overall.
ONE OF THE FIRST (and most important) DECISIONS IN WINEMAKING IS WHEN TO HARVEST THE GRAPES.   This is often a decision made by the winemaker in consultation with the vineyard manager – both rely on field observations (e.g. grape colour), but also the lab information regarding the grapes’ levels of acidity, sugars (remember the refractometer?), flavours and tannins. The winemaker also needs to consider the style of wine desired, and the vineyard manager’s evaluation of the current weather and the medium-term weather forecast, plus the current prevalence of diseases and pests in the vineyard. The winemaker will of course consider the history of past harvests – in judging the current circumstances with various past scenarios that did or did not result in an optimal harvest quality & quantity. Consider the following overview of important harvest criteria.
White Wine Production; When to Harvest Criteria:

1) What type of wine is desired? 

Firstly, for what style is desired & possible in this terroir? Here in this discussion, we are mainly concerned with the still white table wine, but some wineries will diversify from table wine with a little sparkling wine, late harvest wine or even icewine (need <-8ºC; mainly harvest late November to January). Grapes for sparkling white wines are often picked early; grapes have high acidity and only moderate sugar (chaptalization required) and flavour development. 
Secondly, how will the cost & profit difference vary between the economy versus the premium market?  One would consider the volume of each type of wine produced – less volume but higher prices for the stringent quality requirements for premium wine versus high volume but lower prices for the economy wine  (which optimizes overall profits?). Winemakers need to consider what the medium-to-long-term trends have been in terms of price-points and sales.
2) Are the grapes ripe? For most temperate zones, grapes for a premium white table wine generally need more time on the vine than a bulk wine.  There may regulations (e.g. France appellation d’origine controlee, BC-Vintners Quality Alliance) that dictate the minimum ripeness/quality of grapes (sugar level is often a major factor) that can be used for the style of wine targeted. Consider:
a) Is the varietal character optimal? What variety is being grown? Optimal ripeness is quite variable with variety - Riesling grapes produce wine with aromas of green apple if harvested early, but honey & nectarines/apricots if harvested later. Viognier is another interesting example – slightly under optimally-ripe grapes produce a slightly floral, citrus-flavoured wine. Once optimally-ripe, the grapes produce a wine with a ripe apricot + floral aroma, but if the grapes are harvested a week later the wine loses the apricot note and is predominantly floral, ethanolic and may be somewhat oily. Sauvignon Blanc is sometimes harvested in batches over a 3-4 week period so as to capture some vegetal notes, then various citrus notes and later tropical notes in the fruit.
b) The sugar concentration should be appropriate for the style and alcohol by volume (ABV) level of white wine desired – of course there will be various factors that influence when the grapes are picked and how much sugar is in the juice. As a minimum (lower quality), the grapes should have at least 150 g/L juice (15.3º Brix) and chaptalization (may be sucrose) would be needed to increase the ABV to a level (from about 8.7% to about 12%).  Grapes with about 181 g/L (about 18º Brix which is a minimum for VQA whites) will produce a wine with 10.7% alcohol – even at this level, chaptalization will be needed to raise the alcohol concentration to a more standard 12-13% ABV.  Generally, as grapes ripen, sugars increase & acidity decreases (some of the acids are metabolized into sugars) to a point where the balance is optimal (balance may be less important relative to the aromas – acidity can be either increased or decreased during processing). Acidity in white wine-must is generally optimal near 7-9 g/L. Acidity in the final white wine is lower as acidity decreases (or is decreased specifically) during processing to about 6-8 g /L - good for most white table wines. Mosel wines (a cool German region) often have higher acidity, and this is offset by allowing a higher level of residual sweetness (established by stopping the fermentation before all sugars are fermented).  With Riesling which tends to hold its acidity longer than many other white varieties and in such cool climate appellations, the wine-must acidity may be higher as a result of an early picking (11+ g acid/L) prompted by the weather deteriorating. In this latter case and where sugar levels are lower than desired, a sweet reserve (susse reserve juice) is sometimes added to finish & balance the wine before bottling. Grapes from cool climates often have too much acidity and various methods (adding chalk, calcium carbonate or Acidex, or using malo-lactic fermentation, cold-stabilization etc) are used to lower the acidity.

3) If the grapes are healthy (without mold/disease) and the weather is dry and still warm enough, the ripening period is often extended to help the grapes reach optimal varietal aromas and to balance sugars & acids.  Prolonged, cool, rainy weather in the fall; however, may promote disease – especially botrytis grey rot. If the whole vineyard has disease spreading and its too late in the season to apply fungicides (many pesticides cannot be applied 30-60 days before harvest) – the grower may need to abort plans for ultra-ripe, high quality grapes and begin an early harvest and settle for what he/she can get (low-medium quality). 
If grey rot, other diseases or pests are present, but to a lesser extent and are not spreading, and the weather is not problematic (promoting the disease), the winemaker/grower may be able to accept some limited loss of grapes and wait for as long as possible before harvest in order to achieve better quality grapes (note hand harvesting might be essential in this case to avoid the mixing of healthy and diseased grapes as would happen with mechanical harvesting). Also, it worth noting that in areas where disease is a problem generally, preventative fungicides are applied at key times during flowering – these early sprays often greatly reduce the risk of a disease epidemic in the later ripening/harvest stages.

Appellations that have prevailing & drying winds (like the Similkameen Valley in BC & the Rhone region in France) tend to have fewer issues with disease. Also, best management practices for pest & disease control have been well researched and adopted by much of the wine-grape growing industry; hence, major losses due to diseases are not common.
4) Weather is also a critical factor and as noted above, weather influences disease levels.
Again, damp, cool, rainy will speed the spread of disease (and reduce quality & quantity). On the other hand, some rain may be beneficial to the vines if they were dry (if an area where irrigation is not allowed/possible). 

As the harvest gets closer (within 3-4 days), there is sometimes a risk from an upcoming heavy rain-storm. A steady or heavy rain just before harvest can cause swelling of the grapes which could promote grape splitting (increasing disease spread) and/or cause the dilution of the sugars/aromas in the juice/must (the vines roots absorb the water and the water moves to both the leaves and berries). The wine made with such swollen grapes would be of low quality.  In red wine grapes, the higher water content of the grapes also alters the grapes surface:volume ratio which would reduce must/wine colour & flavour quality in an undesirable way. Essentially - some of the diluted juice is bled off so that the amount of skins relative to juice is more acceptable/balanced and helps the winemaker to regain a desirable skins/juice ratio. Colour and flavours are improved, but the sugars and acids are lower than is optimal and chaptalization and acidification would be needed (if allowed) to return the wine to acceptable levels.

In deciding on when to harvest the grapes – with upcoming rain, the winemaker must chose 1) harvest the grapes early and perhaps accept a lesser quality/ripeness level 2) or gamble and allow the grapes to remain on the vines through the rainfall and after.  The hope is that the rainfall will not be heavy and will soon pass – if there is a forecast for warm and dry conditions after the rain, the winemaker may delay harvest so that further ripening can occur and also for the grapes to lose much of the water they absorbed (thus returning to a normal size). Gambling on the weather can be a risky business, but with good information and experience it is often worthwhile.  With the Okanagan Valley and Similkameen Valley in BC, which both benefit from a rain-shadow effect, a drying period after some rain is often likely – wineries often gamble and wait out the rain and harvest after a drying period. On the other hand, if the crop is almost ripe and harvest is within the coming week, but rain is forecast just before the start of the ideal harvest date – the winery will often start harvesting and finish just as the rains begin.
Especially with grape varieties that need a longer/later ripening period (for whites: Riesling & reds: Cabernet Sauvignon), the chances for a severe frost (if no effective frost protection system is set up) or a cold front increases. In some areas of the Okanagan Valley severe frosts may start as soon as late October or early November, but occasionally they are surprisingly early (e.g. October 12, 2009). The main worry is that severe cold could damage the leaves and shoots (and the buds holding the flower primordial for the next season).  The grapes may be damaged also, but they tend to be somewhat less affected – once the leaves are damaged, no further ripening is possible so that the grapes are harvested as soon as possible. It is generally better for the health of the vines to harvest the grapes and allow some winter acclimation by the vines (& their buds) before severe cold or frosts hit the vineyard.
While there are these issues raised above, generally in moderately warm wine-growing regions like the Okanagan Valley in BC, Columbia Valley in Washington, Loire Valley in France, Marlborough in New Zealand, if the weather is reasonably dry & warm - the ripening period is postponed for improving wine-grape quality. Under ideal circumstances, the actual picking date will again depend upon variety (Muller-Thurgau is early compared to Riesling) & objectives (table wine versus sparkling versus late-harvest wine; or economy or premium wine – this may depend upon disease/weather issues).
Note: In hot climates (Mediterranean and hot-desert areas like the Central Valley California) where rain & frost are not issues, heat/water stress, sunscald and too-rapid grape-sugar development without sufficient flavour development are more important issues.
Some other considerations related to harvesting and harvest criteria.  

Generally, grapes are harvested in the cool of morning, with either manual/mechanical pickers (not necessary in many cool climates if harvesting after early October – it is cool even in the afternoon). Cool temperatures slow oxidation and microbial growth. If mechanically harvested, growers expect more damage to the grapes and hence, more juice is produced and grapes must be processed as soon as possible. In warm-hot climates like Australia, night harvesting may be done, again, when it is cooler. Some growers blanket the grapes and slow oxidation & microbes by adding dry-ice (releases CO2); most just sprinkle the grapes/juice with a solution containing SO2 (limits set by Food and Drugs Act of Canada; In Canada, SO2 in wine cannot exceed free 70 ppm or 350 ppm total (including combined forms)) for antimicrobial and antioxidant effects also. Both will help minimize problems of: a) bacteria – vinegar (acetic acid) formation b) enzymatic and oxidative browning c) wild yeast/fungi -off odours.  SO2 is an antioxidant/antimicrobial compound that is used as a preservative at many stages of winemaking.  Generally, white wines, sweet wines and low acid wines require more SO2 than reds, dry wines or high acid wines. These latter wines have either tannins or lack sugar for microbes to act upon or have a low pH/high acidity --- all discourage microbes and the tannins may lower oxidation.
Note: SO2 can be produced by burning strips of sulfur (for oak barrels); or can be added to the juice or wine as potassium metabisulfite powder or an SO2 gas or as an SO2 water solution.  In the juice or wine, this results in free SO2 gas (active form), SO2 SO3-2, and HSO3- in equilibrium and the concentration of each is pH dependent. Low pH favours SO2 gas.

Sorbic acid may also be used to prevent yeast/fungal growth; it is less commonly used. One drawback of sorbic acid is that the MLF bacteria can metabolize it and produce a geranium odour – which is considered a fault by some wine regulating agencies (e.g. BC-VQA).

Note: With either hand-harvested or (especially) mechanically harvested wine-grapes – processing should be done as soon as possible to improve chances for good quality wine production.
WHITES: The vineyard team gets the grapes to the winery - then what?

HOW WINE IS MADE - an example for a Commercial White Wine

A. In the case of mechanically harvested grapes, the grapes were shaken off their stems, and (hopefully) fans were used to blow off leaves, bugs, other trash as they moved along the harvester.  Then as the grapes moved along a last conveyor, a worker removed any heavier trash/stems/branches and then finally the grapes dropped into a catch-bin. As these grapes were already destemmed and partially crushed, they then go to the press stage asap.

B. For hand-harvested grapes, a hopper is filled from crates with freshly picked grapes For the hand-harvested grapes, the hopper may feed to a crusher-destemmer. Crushing and destemming are two different activities –they are often combined – and in the past crushing was followed by destemming. For crushing, clusters are first channeled in to a pair of interlocking lobed rollers that break open (crush) the grapes and release juice for fermentation; an auger is sometimes active in moving the grapes along. Then the destemming activity (beater paddles) removes the berries from the stems. The cracked/partially crushed grapes fall through holes on a shaking platform, leaving the stems/leaves behind – these are caught by the auger that moves them to the end of the destemmer so that they can drop into a trash bin.  

It is more common in many wineries now to have the grapes first destemmed and as gently as possible (to avoid both juice & tannin extraction until later) – in some cases, the grapes thus removed from their stems are sorted as they run over a shaker conveyor belt and the diseased/underripe/overripe grapes are removed (some higher end wineries are now using an optic system that uses an air-knife to blow unsuitable berries off the conveyer; berry processing can be 4-8X faster).  Basically, destemmers have a perforated circular or semi-circular cage, and an axle to which paddles/beaters are attached is mounted down the centre of the cage. By rotating the paddles, the berries are popped off and either fall or are pressed through the holes in the cage. The stems move down the cage and exit at the end. Modern destemmers mainly employ paddles/beaters with chisel-shaped “fingers,” often with rubber tips to minimize the damage to the berries.
Using a more gentle destemming yields juice with lower fine suspended solids, especially a concern for white wine production. By lowering the level of suspended solids, less time, energy and labor needs to be expended in getting the juice clarified for a white fermentation.  Juice clarification at this stage is not required for reds; some wineries are crushing some of the red grapes after destemming, but leaving some whole – these berries are eventually broken down by the yeast activity, but the overall fermentation takes longer. Inclusion of whole-destemmed berries seems to enhance some of the fruity aromas in the final red wine.

In the case of white wines especially, the winemaker strives to extract (later on) as much juice as possible without also extracting any bitter/astringent tannins.  At this early stage, the grapes have a fairly resistant epidermal layer and all cells have a primary cell wall made up of cellulose, pectins and structural proteins. Cellulases & pectinases (extracted from fungi) may be added add once the grapes are cracked/crushed to soften these primary cell walls to improve juice extraction –enzymes such as pectin lyase, pectin methylesterase and endo-polygalacturonase help breakdown cell walls so that full juice extraction can be accomplished with more gentle pressing (step 4). This results in less extraction of bitter oils and tannins from the skins and seeds.

The must (crushed grapes & juice) may go through a heat exchanger to cool the must & discourage oxidation & wild fermentation (metabisulfite - SO2is typically also added or “topped up” to the legal limit). A heat exchanger may be less necessary in a cool climate than say for a Mediterranean climate and increases costs so that it may not be used in smaller wineries (unless producing premium wines mainly).

PRESSING THE JUICE OFF THE SKINS

The must is pumped into a pneumatic press (membrane type with an inflatable rubber tube/balloon in center of the cage) press (other ways to press the grapes include feet, plunger type press, vertical-screw press), where the juice is gently pressed off the skins & seeds. Great pains are taken to avoid extracting bitter oils/tannins from the seeds/skins. 

Note: at this stage, when the crushed grapes first enter into the press, there is free run juice before the actual pressing. This free run juice is the highest quality juice for highest quality wine (if desired). The amount of juice from a first pressing with a gentle but powerful pneumatic press produces a good quantity of first press run juice that is close to the free run juice in quality although there may be a very small bit of tannin.  This first pressing increases the juice yield significantly and is often mixed with the free run juice. A second, firmer pressing is done – depending upon the quality goals of the winery, it may or may not be mixed with the higher quality juice. The juice is then pumped into settling tanks (#5 below). 
A few wineries add water and sugar to the pomace (skins, seeds, residual juice) and a second run fermentation and rough wine is produced (home use only, not for legal sale) and the “wine” produced is distilled for production of eau de vie de marc or grappa. The remaining skin, seeds, debris in the press = marc/pomace is first composted (to kill the grape seeds) and then used as a soil conditioner.

JUICE CLARIFICATION

The juice is collected and pumped to stainless steel settling tanks, enclosed with cooling jackets (or may simply be outside in places where the weather is naturally cool in the fall – as in BC). 

These tanks may be topped with dry ice (produces CO2 gas) or N2 gas to reduce oxidation. Another set of enzymes, glycosidases (e.g. (-glucosidases), may be added to increase the concentration of soluble, but volatile “fruity” aromatics in the juice (once a sugar chain is cleaved off, the non-volatile potential aroma compound becomes volatile e.g. compounds responsible for passionfruit, & guava in Sauvignon Blanc). This settling step helps to eliminate suspended debris that may contain bitter/astringent compounds and some that can cause a loss of fruitiness if fermented as is.  Clarifying agents (eg hydrated silicone dioxide, various commercial polysaccharides [chitosan]) may be added to help precipitate the suspended debris.  The must (stored cool) is then allowed to settle overnight (about 24 hours) and then racked off (all the juice above the trash/muck at the bottom is drained leaving the muck behind) to fresh, clean tanks. To speed clarification, some wineries will use centrifugation ( to provide clear juice for the fermenters asap. If the juice doesn’t contain a sugar level high enough to allow for a wine with a target ABV level (say 12.5%), the juice may be chaptalized – i.e. sugar/juice concentrate etc may be added in to help ensure that a juice with enough sugar for about 10.5% ABV be raised to enough for 12.5% ABV). There may be legal limitations on how much chaptalization can be done. Also, if total acidity is too low (white wines often need 5-7 g/L and reds a lower amount, but still 4-5 g/L), then acifidification may be done (if legal) by adding tartaric acid (typically) to the juice.

CHAPTALIZATION and acidification
If less than 200g/kg juice, sugar will likely be added (chaptalization).  Chaptalization and acidification are legal and regulated in the EU (depends on the zone – cooler zones can justify chaptalization, but not acidification while hot climates are the reverse).  It is looked down upon by many premium wine producers in the New World, and the Old World, but still occurs in both. Chaptalization with 17 g sugar per litre raises the ABV by 1%. Acidification is most common in hot countries with the production of low acid white wines (if pH is above 3.4) and many red wines. Chaptalization and acidification are not highly regulated in some countries – where it is regulated, generally there is a formal wine industry regulatory body such as with the Appellation d’origine Controleé/Protégé in France or the Vintners Quality Alliance in Canada.

Where a juice or wine is high in acidity, a first step in lowering excess acidity is to blend it with juice or wines with low or normal levels of acidity (e.g. from reserve juice/wine).  Often the excess acidity is from malic acid and acidity can be reduced by a malo-lactic fermentation after the wine is made. Some excess tartaric acid can be removed by cold stabilization. More on these later.

If acidity is greater than 10 g/L, the acids may be decreased by adding calcium carbonate or Acidex (potassium bicarbonate and potassium bitartrate) with the settling agent, but generally acidity tends to go down during fermentation and hence is often adjusted after fermentation.

High acid must may be diluted with sugar water (amelioration) and then fermented to produce low quality wines,.  Amelioration is illegal in most countries, but OK in Canada for certain POP and non-VQA wines.  Wine from hot climates are often low in acid (< 5g/kg) so tartaric may be added (as mentioned re. acidification). Acidification is reputed to be routine in CIII regions EU, dryland vineyards of S. Africa, California and Australia.

Pre-FERMENTATION worries: Wild microflora are present so care must be taken!

Estimated levels of microflora in the bloom present on the outer skin of grape

Yeasts (wild) 
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Fermenting 
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Molds
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Wild yeasts:
Kloeckera apiculata – dominates early, but its own ethanol production - 4-5% alcohol kills itself off. It also produces aldehydes, ketones, other flavour compounds sometimes called complexity, many of the compounds produced are taints/problems and can detract from the varietal character (flavour/bouquet) of the grapes. Pichia can form a film on the wine surface and cab impart a musty aroma – many of the desirable aromas can be lost and/or masked by the musty aroma.  Other wild yeast species such as Schizosaccharomyces spp can also produce many taints before 10% alcohol kills them.

A low number of wild yeast will be strains of Saccharomyces cerevisiae (Saccharo – sugar; myces-fungus, cerevisia – of beer). These may help in a proper fermentation; however, may be slow and not prevent the other yeasts/molds from introducing taints. Possibly, they may themselves introduce taints depending upon the fermentation conditions (some may produce acetic acid for example). Some wineries depend upon these wild Saccharomyces to eventually dominate and finish the fermentation.
Commercial strains of Saccharomyces cerevisiae wine yeast tolerate higher alcohol (some up to 20%) & can kill off other species and dominate – if they are introduced at the beginning of the fermentation.  Also there are cold tolerant races that can ferment well at 12-15˚C, some are low foaming plus ethanol tolerant (to 13%), and most of these races just produce ethanol as a by-product – taints are not common. Some are especially SO2 tolerant – this allows the winemaker to ferment with only Saccharomyces cerevisiae (the others are inhibited). Some flocculate well; this helps to clarify the wine and many can tolerate “killer yeasts.”  As these domestic yeast are favoured by the fermentation conditions, they tend to finish the fermentation quickly, cleanly and generally avoid the problematic “stuck fermentations” that may be an issue with the wild ferment.

 Most wineries have a selection of commercial Saccharomyces cerevisiae that works best for their type of grapes. Some, many in the Old World, believe they have a natural population of Saccharomyces cerevisiae on their grape skins that works just fine for their winemaking area. Apparently so. The use of native yeasts is less common in the New World, but some wineries are experimenting and finding good results. After many years of dumping the lees into the vineyard compost piles, it is likely that some of these commercial yeast strain may have become a dominant component of the flora on the grapes’ surfaces. 
If a winemaker is allowing a native yeast to ferment the must, they usually monitor it constantly to ensure something doesn’t start to go wrong – in this case, they would normally dump in a bucket of already fermenting commercial yeast to take over the fermentation within the tank showing problems – hopefully the new commercial yeast will raise the ABV level quickly enough to kill off any rogue native yeasts.

More on FERMENTATION –after juice clarification, chaptalization and acidification –, the juice/must is pumped to jacketed fermentation tanks (the jackets have ethylene glycol pumped through so as to better regulate the temperature). The cultured yeast is added (unless it is to be a wild ferment) and the must is warmed to about 20ºC in order to kick-start vigorous fermentation. About 24-36 hours after yeast addition the fermentation process is proceeding rapidly.  Once fermentation is underway, the juice is cooled to around 12-17ºC.  Note: in some cool climate areas rather than refrigerated tanks, the doors are opened in the wine cellar to allow the cool autumn temperatures to cool the fermenting must – cooling this way or via the refrigerated jackets, is necessary otherwise once vigorous fermentation begins the must would quickly heat up to 30-35°C and result in oxidation and loss of aroma compounds in the wine.  Rapid production of CO2 may also contribute to the blowing off of desirable aroma-compounds. Depending upon tank size, temperature, nutrient levels in the must and various other factors, fermentation occurs one to two weeks at 12-17˚C – again, it is kept cool to preserve the fruity aroma compounds in white wines.  CO2 escapes through a one-way valve (bung). 

The main process “fermentation” is simply:

C6H12O6
+
Yeast
(
2CH3CH2OH + 2CO2 + heat

Sugar


enzymes
ethanol

carbon dioxide

With oxygen present, yeast are able to metabolize sugars via respiration (TCA cycle and the electron transport chain), but under the developing anaerobic conditions in tanks, sugars are metabolized via glycolysis and the pyruvate produced is decarboxylated to acetaldehyde which is then reduced to ethanol. About 95% of the sugar is converted into CO2 and ethanol ([EtOH]%v/v = a + b * Brix; the value of b ranging from 0.55 to 0.63)). This process is somewhat inefficient as much energy is lost as heat (about a 1.3(C rise in temperature for each Brix consumed per litre). While the TCA cycle is not used for ATP biosynthesis under anaerobic conditions, TCA cycle enzymes localized in the yeast cytoplasm (not in the mitochondria) are used to form biosynthetic intermediates or end products of amino acid metabolism. Another pathway - the pentose-phosphate pathway - is used for nucleotide biosynthesis and intermediates for the synthesis of aromatic amino acids (in the presence or absence of oxygen).  

After 4-6 days of rapid activity, fermentation slows for 4-6 days as glucose levels drop and are gradually used up.  The yeast also ferment some of the other 6-C sugars such as fructose, mannose and galactose, but are not quite as efficient. At some point, the glucose is all used, the yeast has used up as many of the other 6-C sugars as it can (as the alcohol level is somewhat high and other essential nutrients are scarce, a small amount of these may persist and give a hint sweetness to the wine) and then the wine is "DRY" i.e. most/all sugars (mainly the 6 carbon sugars like glucose) have been consumed by the yeast in their growth & metabolism.  Now deprived of the sugars that they can metabolize easily and under the conditions of high ethanol and low nutrients and oxygen, the yeast die (or go dormant) and sink to the bottom (no longer buoyed by CO2 bubbles) to form the lees. 
Winemakers watch the fermentation process carefully to ensure the yeast are uninhibited – certain conditions can develop that result in yeast inhibition and “stuck or sluggish” fermentations. 

Just a point of interest here, as the wine is kept cool throughout the fermentation and afterwards during fining, filtering and bottling, there is sometimes residual CO2 in the wine after bottling.  Although these wines are “still” sometimes some bubbles/effervescence are evident (considered acceptable – possibly refreshing in a fruity wine). These wines are soon bottled and oxidation is minimized as much as possible.

POST-FERMENTATION: RACKING (must be done at some point)

After cooling and settling, the wine is racked off slowly & several times by siphoning the liquid off the top of the lees. If the racking is delayed too long, the wine may pick up rotting yeast/debris aromas. 

At this point, the winemaker may consider the style/quality of the wine and decide on further processing.

There are other additional processing steps/pathways at this point to consider.

The winemaker may process the wine for secondary flavours. 

a) The wine may be left sur lie for increased aroma complexity (bread dough flavours) and a creamier, fuller mouth feel (if the wine is left over the dead lees, this is called sur lie). Other benefits that can accrue under proper conditions include less astringency, improved colour stability, improved protein and tartrate solubility/stability (don’t cause a haze or precipiate as crystals), and less oxidation A wine such as Muscadet’s Melon de Burgoyne that lacks aroma notes benefits from being sur lie through an increase in complexity. However, if left too long on the lees, the wine may taste of rotting yeast/debris (reductive aromas such as hydrogen sulfide and mercaptans can develop).
During the sur lie phase, the lees may be stirred (called batonage) 
b) Another approach is to have the wine racked off into barrels to allow some aeration and development of barrel bouquet – typically smoky woody notes and possible vanilla/specie notes (e.g. Chardonnay may be either or both fermented in barrels or stored in barrels after fermentation). Barrel ageing is a form of micro-oxygenation – more often used with red wines than whites. In whites, the barrel ageing favours the formation of diacetyl by the malo-lactic bacteria (Leuconostoc enos (aka Oenococcus oeni) see later). 
c) The wine may be chilled to -4ºC for 2-3 weeks to precipitate tartaric acid (wine diamonds) out of the wine. This is generally done for wines that have medium to high acidity – it decreases the acidity of the wine and stabilizes it so that the tartaric acid doesn’t form crystals in the wine bottle after the consumer has purchased it.

POST-FERMENTATION: FINING is the addition of an agent to precipitate debris/compounds in suspension that are problems – they can include visual problems like a protein haze, off-smells from various sulfur compounds  and bitter or astringent tannins (unacceptable for white wines).   Examples include:

Fining agent

Problem

Kieselsol (aqueous-Silicon Dioxide)
colloidal/bitter compds

Egg whites albumen: 


tannins (astringent) 1 egg clarifies 23 litres of wine

Bentonite (a clay):



proteins (haze)

Activated charcoal   


brown/oxidized pigments and off odours

A. Most of the suspended solids in must/wine have an electrical charge – either a net positive or negative charge. Many fining agents also have a net positive or negative charge that when used properly will attract and bind solids of the opposite electrical charge.  The resulting matter becomes too heavy to stay afloat and sinks. After the wine is racked off the resulting sediment, the wine is clearer. 

B. Some fining agents work through absorption. These may have no electrical charge, but possess a “sponge-like” quality promote binding with elements in the wine. Again, the heavy matter becomes heavy and sinks so that the wine can be racked off, leaving it clearer.

After successful fining and subsequent racking off, the wine is said to fall brilliant (perfectly clear with acceptable colour and no off aromas/tastes).

CELLARING: or STORING TO ELIMINATE FERMENTATION BOUQUET (bubblegum, banana, yeasty flavours).

The wine is racked off to cool holding tanks, and it may be blended. Micro-oxygenation may be applied for a short period, but must be done carefully – overuse of this technique can cause problems (see discussion in red wines).

Wines are stored initially in steel tanks (or fiberglass, concrete, clay tile etc).  As the wine ages, the harshness, fermentation bouquet/grape aroma softens/diminishes.  The fermentation bouquet and grape aroma disappears to be replaced by new esters and other volatile compounds collectively providing the varietal character.  Each grape variety will have its own (somewhat) unique varietal character.

Sometimes for bulk wines, around this point, a pinch of sugar (still less than 1% total, i.e. ) may be added to soften the wine.

Chardonnay (sometimes Sauvignon Blanc, Pinot Blanc, Chenin Blanc, P.Gris) may be fermented in oak barrels and/or stored in oak barrels - up to 9 months – depending on the age of the oak barrel, the type of oak, and style desired. Typically some is stored in oak barrels and some in tanks and then they are blended together for the desired style. 

As malic acid is often present in the finished wine and as some common microbes can metabolize/ferment this to lactic acid (and produce off-odours), this may occur spontaneously during storage or later in the bottle unless the winemaker stabilizes the wine. This is done by introducing the bacteria that can do a malo-lactic fermentation - namely Leuconostoc enos (aka Oenococcus oeni). Under controlled conditions, they help to stabilize wine & also provide softer acidity and a change in complexity (introduce a creamy-buttery aroma - diacetyl). By introducing a known strain/species, the MLF can be optimized – wild strains can introduce sauerkraut and other off-aromas. Research has resulted in a commercial strain of Saccharomyces cerevisiae that is genetically engineered to ferment both sugars and also malic acid. The use of barrels or micro-oxygenation favours the formation of diacetyl during the MLF.
FINISHING & BALANCING before final filtering for bottling
Finishing: if not already done (or if a problem occurs later) this is the process of removing components that could cause discoloring (when heat/cooled), or throw a sediment or produce bad flavours. This is when one removes microbial contaminants, proteins, crystals of L bitartrate, copper, iron etc

Example: FINING (may have been done earlier) = addition of an agent (protein: egg white, gelatin, casein) to precipitate debris in suspension.  

Casse = is a metallic haze from protein-metal complexes.  A wine with casse is treated with bentonite (a clay) that binds & precipitates protein in suspension. 

Balancing: if very acidic (e.g. >10 g/L), the sugar concentration may be adjusted to about 10g/l sugar to offset the excess acid taste. This is sometimes done with economy wines by adding various sweetners/concentrates.  In Germany, high quality, cold-filtered grape juice called suss reserve is reserved for this in the production of Pradikatswein/QMP wines). One can also balance an acidic wine by reducing acids.  As discussed with the juice/must, winemakers at this stage may precipitate acids out by adding Acidex or calcium carbonate (effective with tartaric acid, but not malic acid) or by conducting an acid (malo-lactic) fermentation with bacteria (e.g. often used with Chardonnay). Acids can be removed also by ion exchange and again by cold-stabilization.

Just before filtration, there may be a final addition of SO2 to freshen/preserve the wine (must below the maximum allowed by the Food & Drug Act).  The SO2 reacts with acetaldehyde and removes this oxidized character.
FILTRATION:  The wine is then filtered through a sheet filter, membrane filter or cross-flow filtration system to remove particles, bacteria, yeast etc.

BOTTLING:  After bottling, the wine is "laid down" in bins and eventually labeled before shipping. In some cases the freshly bottled wine shows “bottle shock.”  The acts of both adding more SO2 to the wine, pumping the wine from tanks through tubing and into the bottles can dissipate all currently volatile aroma compounds and perhaps the conditions in the bottle (very little oxygen/air) slows the process of replenishing these volatile aroma compounds within the wine. Bottle shock may take just a few days to weeks to disappear.

