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The quality of Queensland wines is now recognised as amongst the best in Australia.  Overseas exports are increasing, particularly to international markets seeking premium quality boutique wines.  The Queensland wine industry has grown significantly over the years to cover a total of 1200 hectares.  The majority of this growth has occurred during the past 7 years with significant plantings throughout the southeast corner of the State. 

Through a partnering of government and industry, Queensland has become a vital part of the Australian wine and wine tourism industry.  There is a strong commitment to sustainable growth in Queensland and a passion for the production of consistently high quality wines. 

By using the context of winemaking, we hope this helps you better understand some of the key concepts of Chemistry.

OVERVIEW

In this unit you will investigate the manufacture and properties of wine as well the analytical techniques used in wine laboratories.   Once you have visited the Mt Cotton winery you will develop a justified hypothesis about the accuracy of a particular analytical method used in wine making and then confirming or refuting your hypothesis by investigation.   At the same time you will keep a journal about your investigation and a diary about the progress of fermentation of your own wine.  Later in the unit you will distill your wine to produce brandy (power alcohol) for the Fuels unit next year. 
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PART 1 – WHAT IS WINE?

1.1
WHAT IS WINE?

Wine is an alcoholic beverage made from fermented grape juice.  The sugars in the juice are converted by the yeast into alcohol. Wines made from other fruits are always named accordingly (orange wine, plum wine).  The chemical composition of wine is about 70-90% water, 8-20% ethanol, 0.1-20% sugars, 1% carboxylic acid, 0.3% base, 0.2% tannins, and traces of esters, aldehydes, amino acids, cations, anions, polyols and vitamins. Sounds like a health drink.

Old memories

Q1.1  
Name as many different types of wine as you can. Classify them as red or white.

Q1.2
White wine comes from white grapes; red wine from red grapes. True or false?

Watch the video: “Wines and Spirits – from vine to bottle”  V4034

Q1.3
What characteristic of wine is described as unctuousness? 

For HW, select one type of wine and find out whether the grapes are red or white (or isn’t it that simple?).

Organic revision

Read QChem p 319-321. Define and describe carbohydrate.  Write down the formula for glucose, fructose and sucrose (eg C6H12O6).

Draw general structures for: alcohol, carboxylic acid, ester.  Draw acetic acid.

Make a concept map using the terms: alcohol, oxidation, yeast, carbohydrates, carboxylic acid, carbon dioxide, ester.

1.2
TYPES OF WINE & CHARACTERISTICS
Wine can be classified into different types according to many factors. The most common factors are:

Alcohol concentration

Table wines: 9-15% (eg chardonnay, moselle, shiraz).

Fortified: 18 to 22% (wine with brandy or distilled spirits added). For example: port, sherry.

Sugar concentration

Grape juice that has been allowed to ferment all, or the overwhelming majority, of the fermentable sugars in the juice is termed a dry wine. It is said to have "fermented to dryness" and contains less than 7.5 g/L of sugar (Australian Food Standards). Wines with significant amounts of fermentable sugars left, greater than 7.5 g/L, have a sweeter taste and are termed sweet wines. Compare samples of a dry and sweet white wine provided. Definitions: Dry 0% sugar; Slightly Sweet 1-2%; Medium Sweet 2-5%; Sweet 5-8%, Very Sweet 8-10%.

	Colour

Wine has 3 principal colours: red, white and rosé.  Aged and fortified wines may lose some or significant amounts of the original pigments and develop new ones due to ongoing chemical reactions within the wine. The chemicals responsible for the red colour are called anthocyanins (see later).

Effervescence (spritzig)

This can be deliberate as with making sparkling wines, due to dissolved CO2 at the point of bottling or by some other unwanted biological process and therefore a wine fault.

Grape variety – for example:

Red: cabernet sauvignon, merlot, pinot, shiraz

White: chardonnay, muscat, riesling, sauvignon blanc, sémillon.
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The first little grape buds are seen in August at the Sirromet winery at Mt Cotton. From “bud break” to “bloom” (flowering) takes about 6 weeks.


1.3
CONSTITUENTS OF WINE

The following are typical analyses of different wine types.

Q1.4
Which of the four wines below could be classified as (a) fortified; (b) dry white; (c) sweet.  Give reasons.

Table 1:  Constituents of Wine
	Component
	
	Merlot
	Chardonnay
	Riesling
	Port

	Alcohol
	% v/v
	13. 8 
	13.2
	8.8
	19.5

	Total Acidity
	g/L
	6.1
	6.2
	6.3
	10.1

	pH
	units
	3. 65
	3.15
	3.03
	3.28

	Volatile Acidity
	g/L
	0.51 
	0.44
	0.25
	0.6

	Residual Sugar
	g/L
	< 0.1 
	1.0
	6.5
	9.0

	Malic Acid
	g/L
	< 0.15
	
	
	

	Flavonoid phenolics
	mg/L
	2230
	
	
	

	Non-flavonoid phenolics
	mg/L
	260
	
	
	


Further details of wine composition are given in the table below which has been collated from world genological literature and analyses of Australian wines. The data are for normal wines. 

	Solvents  %v/v
	
	Sugars   g/L
	
	Esters   g/L
	
	Alcohols   g/L

	water
	70-90
	
	glucose 
	0-100
	
	ethyl acetate 
	0.15
	
	methanol 
	0-0.6

	ethanol
	8-20
	
	fructose 
	0-100
	
	ethyl formate 
	
	
	n-propanol 
	0-0.01

	
	
	
	rhamnose 
	tr.
	
	propyl acetate 
	
	
	isopropanol 
	0-0.25

	Acids: g/L
	
	sucrose 
	tr.
	
	isopropyl acetate 
	
	
	n-butanol 
	

	tartaric acid
	2-5
	
	arabinose  
	0.3-1
	
	isobutyl acetate 
	
	
	isobutanol 
	0-0.1

	malic acid 
	0-5
	
	xylose 
	0-0.05
	
	isoamyl acetate 
	
	
	n-amyl alcohol 
	0.1-0.6

	citric acid 
	0-1
	
	
	
	
	phenylethyl acetate 
	
	
	3-methylbutanol 
	0-0.1

	succinic acid 
	0.5-1.5
	
	Amino acids   g/L
	
	ethyl propionate 
	
	
	2-methylbutanol 
	0-0.1

	lactic acid 
	0.4-3
	
	alanine 
	0.07
	
	ethyl valerate 
	
	
	n-hexanol 
	0-0.01

	acetic acid 
	0.3-1.5
	
	arginine 
	0.1
	
	ethyl hexanoate 
	
	
	2-phenyl ethanol
	0-0.08

	formic acid 
	0.05
	
	aspartic acid 
	0.1
	
	ethyl octanoate 
	
	
	
	

	oxalic acid 
	trace.
	
	asparagine 
	0.05
	
	ethyl decanoate 
	
	
	Polyols

	pyruvic acid 
	0-0.13
	
	cystine 
	0.1
	
	ethyl lactate 
	
	
	2,3-butandiol 
	0.1-1.6

	butanoic acid 
	0.02
	
	glutamic acid 
	0.4
	
	ethyl succinate 
	
	
	glycerol 
	1-15

	isobutyric acid 
	tr.
	
	glutamine 
	0.03
	
	ethyl tartrate 
	
	
	erythritol 
	tr.

	hexanoic acid 
	tr.
	
	histidine 
	0.04
	
	diethyl tartrate 
	
	
	xylitol 
	tr.

	octanoic acid 
	tr.
	
	isoleucine 
	0.06
	
	ethyl malate
	
	
	arabitol 
	tr.

	ketoglutaric acid
	0-0.12
	
	leucine 
	0.06
	
	
	
	
	mannitol 
	tr.

	gluconic acid 
	tr.
	
	lysine 
	0.07
	
	Vitamins   mg/L
	
	sorbitol 
	0-0.1

	
	
	
	methionine 
	0.05
	
	thiamin 
	0.01
	
	inositol 
	0.2-0.7

	Tannins:   g/L
	
	phenylalanine 
	0.03
	
	riboflavin 
	0.3
	
	
	

	cyanindin 
	0.4
	
	proline 
	0.7
	
	pyridoxin 
	0.8
	
	Anions   g/L

	delphinidin 
	0.3
	
	serine 
	0.07
	
	cobalamine 
	tr.
	
	phosphate
	1

	peonidin 
	0.01
	
	threonine 
	0.4
	
	pantothenic acid
	2
	
	sulfate 
	3

	petunindin 
	0.01
	
	tyrosine 
	0.04
	
	nicotinic acid 
	3
	
	sulfite 
	0.3

	malvidin 
	tr.
	
	valine 
	0.08
	
	biotin 
	0.002
	
	borate 
	0.1

	
	
	
	
	
	
	choline 
	40
	
	silicate(s) 
	tr.

	Terpines   g/L
	
	Cations g/L
	
	
	
	
	chloride
	0.4

	myrcene 
	0.01
	
	potassium 
	2.5
	
	Aldehydes   g/L
	
	iodide
	0.0002

	limonene 
	0.05
	
	sodium 
	2.5
	
	acetaldehyde
	0.4
	
	bromide 
	0.002

	geranial 
	tr.
	
	calcium
	0.15
	
	acetoin 
	tr.
	
	fluoride 
	0.005

	neral 
	tr.
	
	iron 
	0.015
	
	diacetyl 
	tr.
	
	
	

	geraniol 
	tr.
	
	manganese 
	0.001
	
	catsurinal
	tr.
	
	Phenolics   g/L

	nerol 
	tr.
	
	copper
	0.002
	
	cardboardessence
	tr.
	
	Anthocyanins
	0-1


Q1.5
Two of the above are a joke.  Which two?

1.4
PHYSIOLOGICAL EFFECTS

In 2000, Australians drank an average of about 8 litres of alcohol per person.  This translates roughly into one six-pack of beer, two glasses of wine and three or four mixed drinks per week.  About 35 percent of adults don’t consume alcohol, so the numbers are actually higher for those who do – alcohol is an amazingly popular social phenomenon.  

If you have ever seen a person who has had too much to drink, you know that alcohol is a drug that has widespread effects on the body, and the effects vary from person to person.  People who drink might be the “life of the party” or they might become sad and droopy.  Their speech may slur and they may have trouble walking.  It all depends on the amount of alcohol consumed, a person’s history with alcohol and a person’s personality.  

Even though you have seen the physical and behavioral changes, you might wonder exactly how alcohol works on the body to produce those effects.  What is alcohol? How does the body process it? How does the chemistry of alcohol work on the chemistry of the brain? 

Watch the video  “Using Ethanol” – (V173) the first part on effects of alcohol on the body.

How Alcohol Enters and Leaves the Body

When a person drinks an alcoholic beverage, about 20 percent of the alcohol is absorbed in the stomach and about 80 percent is absorbed in the small intestine.  How fast the alcohol is absorbed depends upon several things: 

· The concentration of alcohol in the beverage - The greater the concentration, the faster the absorption.  

· The type of drink - Carbonated beverages tend to speed up the absorption of alcohol.  

· Whether the stomach is full or empty - Food slows down alcohol absorption.  

Alcohol Effects

Men vs.  Women.  When you compare men and women of the same height, weight and build, men tend to have more muscle and less fat than women.  Because muscle tissue has more water than fat tissue, a given dose or amount of alcohol will be diluted more in a man than in a woman.  Therefore, the blood alcohol concentration resulting from that dose will be higher in a woman than in a man, and the woman will feel the effects of that dose of alcohol sooner than the man will. 

After absorption, the alcohol enters the bloodstream and dissolves in the water of the blood.  The blood carries the alcohol throughout the body.  The alcohol from the blood then enters and dissolves in the water inside each tissue of the body (except fat tissue, as alcohol cannot dissolve in fat).  Once inside the tissues, alcohol exerts its effects on the body.  The observed effects depend directly on the blood alcohol concentration (BAC), which is related to the amount of alcohol consumed.  The BAC can rise significantly within 20 minutes after having a drink.  

Once absorbed by the bloodstream, the alcohol leaves the body in three ways: 

· The kidney eliminates 5 percent of alcohol in the urine.  

· The lungs exhale 5 percent of alcohol, which can be detected by breathalyzer devices.  

· The liver chemically breaks down the remaining alcohol into acetic acid.  

As a rule of thumb, an average person can eliminate 15 mL of alcohol per hour.  So, it would take approximately one and a half hours to eliminate the alcohol from a glass of wine, a measure of spirits or a can of beer.  

Q1.6
How long would it take to breakdown the alcohol from a 750 mL bottle of Merlot? Show your working.

Standard Drinks

To stay within the limits for safe driving recommended maximum alcohol intakes have been calculated. For a woman it is equivalent to 1 glass of wine per hour. For males, it is two glasses in the first hour and one every hour thereafter.  Such figures have been quantified from data using the term standard drinks. In Australia a standard drink is one that contains 10 g of ethanol.  To calculate how many standard drinks a particular beverage serving represents you find out how much alcohol is in the drink, multiply by 0.79 (the density of alcohol and needed to convert a volumetric percentage to grams) and then calculate how many standard drinks that represents.  For example, a 180 mL glass of 12%v/v alcohol wine = 180 x 0.12 x 0.79 = 17.06 g alcohol.  Convert to standard drinks: 17.06 g / 10 g = 1.71 standard drinks.

Q1.7
How many standard drinks in a 30 mL ‘nip’ of 43%v/v bourbon?
The Breakdown of Alcohol

The breakdown, or oxidation, of ethanol occurs in the liver.  An enzyme in the liver called alcohol dehydrogenase strips electrons from ethanol (CH3CH2OH) to form acetaldehyde (ethanal CH3CHO).  Another enzyme, called aldehyde dehydrogenase, converts the acetaldehyde, in the presence of oxygen, to acetic acid (CH3COOH), the main component in vinegar.  

The BAC increases when the body absorbs alcohol faster than it can eliminate it.  So, because the body can only eliminate about one dose of alcohol per hour, drinking several drinks in an hour will increase your BAC much more than having one drink over a period of an hour or more. 

The Effects of Alcohol

If you have seen someone who has had too much to drink, you've probably noticed definite changes in that person's performance and behavior.  The body responds to alcohol in stages, which correspond to an increase in BAC: 

1.   Euphoria (BAC = 0. 03 to 0. 12 percent) 

· They become more self-confident or daring.  

· Their attention span shortens.  

· They may look flushed.  

· Their judgement is not as good - they may say the first thought that comes to mind, rather than an appropriate comment for the given situation.  

· They have trouble with fine movements, such as writing or signing their name.  

2.   Excitement (BAC = 0. 09 to 0. 25 percent) 

· They become sleepy.  

· They have trouble understanding or remembering things (even recent events).  

· They do not react to situations as quickly (if they spill a drink they may just stare at it).  

· Their body movements are uncoordinated.  

· They begin to lose their balance easily.  

· Their vision becomes blurry.  

· They may have trouble sensing things (hearing, tasting, feeling, etc. ).  

3.   Confusion (BAC = 0. 18 to 0. 30 percent) 

· They are confused - might not know where they are or what they are doing.  

· They are dizzy and may stagger.  

· They may be highly emotional - aggressive, withdrawn or overly affectionate.  

· They cannot see clearly.  

· They are sleepy.  

· They have slurred speech.  

· They have uncoordinated movements (trouble catching an object thrown to them).  

· They may not feel pain as readily as a sober person.  

4.   Stupor (BAC = 0. 25 to 0. 4 percent) 

· They can barely move at all.  

· They cannot respond to stimuli.  

· They cannot stand or walk.  

· They may vomit.  

· They may lapse in and out of consciousness.  

5.   Coma (BAC = 0. 35 to 0. 50 percent) 

· They are unconscious.  

· Their reflexes are depressed (i. e.  their pupils do not respond appropriately to changes in light).  

· They feel cool (lower-than-normal body temperature).  

· Their breathing is slower and more shallow.  

· Their heart rate may slow.  

· They may die.  

5.   Death (BAC more than 0. 50 percent) - The person usually stops breathing and dies.  


For example, alcohol (and inhaled anesthetics) enhances the effects of the neurotransmitter GABA, which is an inhibitory neurotransmitter.  Enhancing an inhibitor would have the effect of making things sluggish, which matches the behavior you see in a drunk person.  Glutamine is an excitatory neurotransmitter that alcohol weakens.  By making this excitatory neurotransmitter less effective, you also get sluggishness.  Alcohol does this by interacting with the receptors on the receiving cells in these pathways.  


Alcohol affects various centers in the brain, both higher and lower order.  The centers are not equally affected by the same BAC - the higher-order centers are more sensitive than the lower-order centers.  As the BAC increases, more and more centers of the brain are affected.  The order in which alcohol affects the various brain centers is as follows: 

1. Cerebral cortex 

2. Limbic system 

3. Cerebellum 

4. Hypothalamus and pituitary gland 

5. Medulla (brain stem) 

See Section 5 for more information.

Further information about overcoming problems with alcohol usage can be obtained from the Queensland Alcohol and Drug Information Service (ADIS) – 24 hour hotline – toll free 1800 177 024.

PART 2  HOW WINE IS MADE

2.1
OVERVIEW

Watch the video: Making Ethanol (V173)
2.1.1
An overview of winemaking

There are many steps in making and producing the wine.  Firstly, the grapes are allowed to ripen in the vineyard until they attain suitable acidity and sugar content, which is about 18% or more.  During ripening in the vineyard, grapes may become infected by molds, yeasts, and bacteria.  These infections generally destroy desired flavours and colour and add undesired acetic acid and oxidized flavours.  However, the infection of white grapes with the rot fungus called Bortrytis cinerea is very useful.  Infection of white grapes with this mold leads to the concentration of the juice in the berry and also gives a characteristic odour to the wine. 

The second step in the making of wine is the fermentation of the grapes with various yeasts and lactic acid bacteria.  Grapes can be fermented by adding selected wine yeast to dominate the yeast that derive from the vineyard (grape surface, leaves, and stems) and the winery environment (tanks, barrels, hoses).  The addition of a selected yeast culture ensures a complete fermentation without the loss of odours and produces a wine of consistent flavour quality.  Fermentation temperature and characteristics of the selected yeast determine the amount and type of flavours produced.  During spontaneous fermentation, a range of different yeasts grow at different stages of fermentation.  Therefore, a winemaker must carefully guide spontaneous fermentations to reduce the risk of spoilage by unwanted microorganisms.  Successful spontaneous fermentations can produce very flavourful wines with a range of odour and texture derived from the juice flavours 

Following yeast fermentation is a second fermentation by lactic acid bacteria.  This fermentation is called a malolactic fermentation (ML) and during this process, lactic acid bacteria convert malic acid to lactic acid and CO2 which results in a lowering of the acidity of the wine.  The bacteria also change the fruit flavour of wine and add some flavour compounds from their metabolism.  Temperature, pH, and availability of other sources of energy affect the rate of malic acid utilization. 

After completion of fermentation, wine is clarified by filtration and stabilized.  Wine flavours can continue to change while the wine is stored in wooden barrels, stainless steel tanks, and in glass bottles.  During this development of wine, various yeasts and bacteria can be present and further modify wine flavours.  These yeasts are generally considered spoilage yeasts.  Depending on the type of microorganism and on the extent of growth, desirable fruit flavours can be lost by unpleasant odour and taste.  Different wines benefit from longer or only short aging. 

Q2.1
“Yeasts are good micro-organisms; bacteria are bad”.  True or false? Why?

Note: this would be a good time to start making your own wine. See Section 4 for the recipe.

2.1.2
Queensland wine regions

Queensland wines are getting better and better.  The State's produce can be readily compared to any other emerging region.  In such new areas, there are pioneers and amateurs.  Some are "weekend winemakers" and the wines don't look consistently professional.  Some are quite serious.  Many are growing to a critical size where they can afford a full time qualified winemaker and invest in materials each year such as new barrels.  This maturing of the Queensland wine industry means that the more established areas - the Granite Belt and the Burnett, are not oddities but can be regarded as part of the list of exciting regions located along the top and western slopes of the Great Dividing Range from Queensland in the north through NSW to Victoria in the South.

There are different altitudes where the grapes are grown - generally they are almost all clearly located on the higher ground.  Vines prefer cooler regions and naturally enough, the higher altitudes in Queensland provide it.  The region around Kingaroy, known as "The Burnett", is quite similar to the Hunter Valley in terms of climate.  The Granite Belt centred around the town of Stanthorpe is colder in winter and hotter in summer and can be compared to Mudgee.  Both the Hunter Valley and Mudgee are well known for quality wines and it follows that if Queensland winemaking is of good quality, then good results will follow.  The Granite Belt (around Stanthorpe) is about 3 hours drive to the south west of Brisbane and the Burnett region, near Kingaroy is about the same distance to the north west.  

Whilst the Granite Belt and the Burnett region are the principal areas, there are other regions and the climates vary.  Roma is quite hot - it is at a lower altitude and out west on flatter country.  However it is very cold in winter and very hot in summer and early ripening aromatic varieties such as riesling and muscat are harvested early before they bake in the sun.  Alternatively, grapes which ripen well are used to make the excellent Romavilla fortified wines - tawny and muscat.  There are vineyards around Brisbane on the coastal plain.  There are significant problems of high humidity and rainfall.  Several operators here have a winery with a small vineyard and then, due to the coastal humidity, they have large vineyards located at the Granite Belt.  Both Mt Cotton Wines and Mt Tamborine Wines are examples - they are large producers and their winery and cellar door is quite close to Brisbane in order to attract the crowds.  

2.1.3  Scientific winemaking

2.1.3 (a)  Mt Cotton Sirromet Winery

	As part of your study of the chemistry of wines and winemaking, you will visit the Sirromet Winery at Mt Cotton (see photo opposite). The winery hasn’t been here long; it was started by Gold Coast entrepreneur Terry Morris, one of Queensland's richest men, in July 2000 after 5 years of planning and research.  During the 1800s the original German settlers in Mt Cotton planted wine grapes, producing wine for community and family enjoyment, continuing their European tradition. The vineyards and winery that comprise Sirromet Wines are the culmination of this history (see photo opposite).  In a flash of genius, Terry Morris recently changed the winery’s name to Sirromet (T E Morris spelt backwards if you didn’t guess) and it has continued to have massive growth, setting Queensland records for crushing and production in only its third year of operation
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Sirromet Wines is at 850 Mt Cotton Rd, Mt Cotton


Sirromet Wines at Mount Cotton has extensive plantings (about 280 ha) of the Chambourcin grape variety with further plantings scheduled over the next 3 years (e.g. Muscat in 2003). The schedule will also include several bush vine blocks to provide the winemakers with selected parcels of fruit for ongoing fruit and varietal development. They have won over 58 awards to date and look like becoming one of the leading wineries in Australia.

The following describes the production of wine from grape to bottle.  Comments about the process used at Mt Cotton have been included.

2.1.3  (b)  A short history of winemaking – From Grape to Bottle
Vitis vinifera was being cultivated in the Middle East by 4000 BC, and probably earlier.  Egyptian records dating from 2500 BC refer to the use of grapes for wine making, and numerous Old Testament references to wine indicate the early origin and significance of the industry in the Middle East.  The Greeks carried on an active wine trade and planted grapes in their colonies from the Black Sea to Spain.  The Romans carried grape growing into the valleys of the Rhine and Moselle (which became the great regions of Germany and Alsace), the Danube (in modern-day Romania, Yugoslavia, Hungary, and Austria), and the Rhône, Saône Garonne, Loire, and Marne (which define the great French regions of Rhône, Burgundy, Bordeaux, Loire, and Champagne, respectively).  The role of wine in the Christian mass helped maintain the industry after the fall of the Roman Empire, and monastic orders preserved and developed many of the highly regarded wine-producing areas in Europe.  

Following the voyages of Columbus, grape culture and wine making were transported from the Old World to the New.  Spanish missionaries took viticulture to Chile and Argentina in the mid-16th century and to lower California in the 18th.  With the flood of European immigration in the 19th and early 20th centuries, modern industries, based on imported V. vinifera grapes, were developed.  The prime wine-growing regions of South America were established in the foothills of the Andes Mountains.  In California, the centre of viticulture shifted from the southern missions to the Central Valley and the northern counties of Sonoma, Napa, and Mendocino.  

British settlers planted European vines in Australia and New Zealand in the early 19th century, and Dutch settlers took grapes from the Rhine region to South Africa as early as 1654.  The introduction of the eastern American root louse, phylloxera, seriously threatened wine industries around the world between 1870 and 1900, destroying vineyards almost everywhere that V. vinifera was planted but especially in Europe and parts of Australia and California.  To combat this parasite, V. vinifera scions (detached shoots including buds) were grafted to species native to the eastern United States, which proved almost completely resistant to phylloxera.  After the vineyards recovered, European governments protected the reputations of the great regions by enacting laws that allotted regional names and quality rankings only to those wines produced in specific regions under strictly regulated procedures.  Today, newer wine-producing countries have passed similar regulations. 

The Rise of Scientific Winemaking

Prior to the 19th century little was known about the process of fermentation or the causes of spoilage.  The Greeks stored wine in earthenware amphorae, and the Romans somewhat extended the life of their wines with improved oaken cooperage, but both civilizations probably drank almost all of their wines within a year of vintage and disguised spoilage by adding such flavours as honey, herbs, cheese, and salt water.  Wooden barrels remained the principal aging vessels until the 17th century, when mass production of glass bottles and the invention of the cork stopper allowed wines to be aged for years in bottles.  In the mid-19th century the French chemist Louis Pasteur and others explained the nature of fermentation and identified the yeasts responsible for it.  Pasteur also identified the bacteria that spoil wine and devised a heating method (later called pasteurization) to kill the bacteria.  Later in the century, methods were developed for growing pure strains of specific yeasts in culture.  Advances in plant physiology and plant pathology also led to better vine training and less mildew damage to grapes.  

Mechanized innovations in the 20th century have mainly contributed to quality control.  Stainless steel fermentation and storage tanks are easily cleaned and can be refrigerated to precise temperatures.  Automated, enclosed racking and filtration systems reduce contact with bacteria in the air.  Beginning in the 1960s, the use of mechanical grape harvesters and field crushers allowed quick harvesting and immediate transfer to fermentation tanks. 

Cultivation

Grapes, although primarily a temperate-zone plant, can be grown under semitropical conditions.  They are not adapted to the cooler parts of the temperate zone, where growing seasons may be too short to allow the fruit to reach maturity or where low winter temperatures (less than -7ºC) may kill the vine or its fruitful buds.  V. vinifera is more susceptible to damage from winter conditions than is V. labrusca.  

Climate strongly influences the composition of mature grapes.  A major cause of the variation among grapes from different areas is the differing quantities of heat received by the vines during the growing season.  Other important factors include differences in night and day temperature, hours of sun, and soil temperature.  Grapes begin their growth cycle in the spring when average daily temperature is about 10ºC.  To reach maturity, they require a certain amount of heat above 10ºC during the growing season.  This amount of heat, called the heat summation, is calculated by totaling the number of degrees of average daily temperature over 10ºC for each day of the growing season.  A heat summation of about 1800 is required for successful growth.  If the heat summation is less than required, the grapes will not ripen; they will reach the end of the growing season with insufficient sugar and too much acidity.

	This condition, frequently occurring in the eastern United States, Switzerland, and other cool regions, can be corrected by adding sugar to the crushed grapes.  Where the heat summation is much greater than required, as in Algeria and parts of California, the grapes mature earlier and with less acidity and colour than those produced under cooler conditions. Factors influencing the heat summation of a vineyard and, therefore, grape composition include exposure (in Europe, best from the east), air drainage (preferably from the slopes to the valley), soil temperature (above 10ºC during the growing season), and soil moisture content (not too dry at any time and not waterlogged for more than short periods).

Mt Cotton is very similar to part of California and because of the high humidity near the coast, Sirromet have chosen to plant the Chambourcin grape variety because of its ability to withstand the humidity. As an early indicator of disease in their grape vines, Sirromet do what many other producers do – plant a rose bush at the end of each row. Roses are more susceptible to infection (mildew etc) than grapes so they act as an early warning system (see photo).
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A rose bush is planted at the end of each row of vines as an indicator of infection (Sirromet – Mt Cotton)


Seasonal conditions also can be critical, especially in regions of low heat summation, as found in parts of France and Germany.  When the growing season in such areas is warmer than usual, the fruit produced is riper and better balanced than is usual in cool seasons.  In warm regions the sweeter dessert wines may benefit from somewhat low heat summation, resulting in less berry raisining (moisture loss) and giving the fruit better colour and acidity than is achieved when the growing season is excessively warm.  Such cultivation practices as weeding and pruning also may influence the mature fruit composition.  Although the composition of the soil has an influence on soil temperature, root penetration, water-holding capacity, and vine nutrition, its effect on the quality of wine, varying from region to region, is poorly understood. 

Harvesting

Fresh and fully ripened wine grapes are preferred as raw material for wine making.  In cool climates, as in northern Europe and the eastern United States, however, lack of sufficient heat to produce ripening may necessitate harvesting the grapes before they reach full maturity.  The resulting sugar deficiency may be corrected by direct addition of sugar or by the addition of a grape juice concentrate.  Grapes that are allowed to reach full maturity on the vine or that are partially dried by exposure to sun after harvesting are high in sugar content as a result of natural moisture loss. A beneficent mold, Botrytis cinera, may also be employed to hasten moisture loss (as in the production of Sauternes in France – but not in Queensland).  These grapes are used to produce sweet table wines.  Special methods employed to produce these wines include the addition of sulfur dioxide, the use of small fermenting vessels during processing, or the use of cool temperatures - the objective being to stop the fermentation before all the sugar is fermented.  

Because of the effect upon grape composition, proper timing of the harvest is of great importance.  Premature harvesting results in thin, low-alcohol wines; very late harvesting may yield high-alcohol, low-acid wines.  Harvesting may be completed in one picking or in several.  The grape clusters are cut from the vine and placed in buckets or boxes and then transferred to larger containers (large tubs in Europe, metal gondola trucks in California and elsewhere) for transport to the winery.  Mechanical harvesting systems, based on shaking the berries from the clusters or on breaking the stems, are widely used in California, Australia, France, and elsewhere.  At the winery the grapes may be dumped directly into the crusher or may be unloaded into a sump and carried to the crusher by a continuous conveyor system. Grapes used by Sirromet are harvested from August through to February (depending on their sugar contents but a level of 18-22.5 % sugar is typical).  “Vintage” (production) occurs from February to May.

Crushing

	In modern mechanized wine production, the grapes are normally crushed and stemmed at the same time by a crusher-stemmer, usually consisting of a perforated cylinder containing paddles revolving at 600 to 1200 revolutions per minute.  The grape berries are crushed and fall through the cylinder perforations; most of the stems pass out of the end of the cylinder (see photo opposite).

Ancient methods of crushing with the feet or treading with shoes are rare.  When red grapes are used to produce a white juice, as in the Champagne region of France, crushing is accomplished by pressing.  Red grapes are sometimes introduced whole into tanks, which are then closed.  The resulting respiration in the fruit, consuming oxygen and producing carbon dioxide, kills the skin cells, which lose their semipermeability, allowing easy colour extraction.  There is also some intracellular respiration of malic acid.  
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See the holes where the grapes and  wine can come out.

Photo taken at Sirromet Wines – Mt Cotton.


This respiration process is slow and in warm regions may result in wines of low colour and acidity and distinctive odour. In 2000, Sirromet crushed 250 tonnes of grapes; 700 tonnes in 2001 and 1200 tonnes in 2002.  They expect to crush 2000 tonnes in 2003. This would produce 2 million bottles of wine.

Juice Separation

When the juice of white grapes is processed or a white wine is desired, the juice is usually separated from the skins and seeds immediately after crushing.  Occasionally, to increase flavour extraction, the white skins may be allowed to remain in contact with the juice for 12 to 24 hours, but this procedure also increases colour extraction, sometimes undesirably.

	Most commonly, the crushed grapes are placed in a press.  The traditional basket press is gradually being supplanted by a horizontal basket press, applying pressure from both ends.  Continuous screw-type presses are also employed, especially for drained pulp.  The Willmes press (see photo), widely employed for white musts, consists of a perforated cylinder containing an inflatable tube (see photo)
	[image: image7.jpg]



The Willmes press at Mt Cotton. When full of grapes it weighs about 50 tonnes but there are only 8 bolts holding it up in the air.
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The inflatable bag inside the press. It squashes the grapes and the juice squirts through the outer perforations.


The crushed grapes are introduced into the cylinder, and the tube is inflated, pressing the grapes against the rotating cylinder sides and forcing the juice out through the perforations.  Several pressings may be made without the extensive hand labour required for basket presses. Typically, you can get about 700 L of juice from a tonne of grapes.  It is particularly important to keep the temperature of white grapes and juice at about 16ºC as they can develop off-flavours at higher temperatures. Often white grapes are harvested at night to achieve this. In the factory, a jacket of ethylene glycol at 16ºC surrounds the pipes to keep the juice cool.

	Continuous presses are practical for production of red wines, in which skins, seeds, and juice are all fermented together.  The alcohol level obtained is, therefore, much greater than for unfermented musts.  Separation of the less slippery solids from the juice by pressing is also simplified.  The drained pomace (crushed mass remaining after extraction of the juice from the grapes), from white or red fermentations, may be used to provide distilling material for production of wine spirits.  Water is usually added, the fermentation is completed, and the low-alcohol wine is drained off.  The pomace may be further washed and pressed or may be distilled directly in special stills. 

Usually white wines are made from white grapes and red wine from red grapes; but because the colour is in the skin, the juice of red grapes is white and if you wanted to you could make a white wine from it. Sirromet don’t but other winemakers do. For example, Miranda Wines of the Barossa Valley (South Australia) produce a white shiraz. The red Shiraz fruit for this wine is picked earlier than for red table wine to promote fresh fruity flavours such as cherry and raspberry. They are harvested in the cool of the night and the juice is separated from the skins to prevent the extraction of colour and tannins. Cold fermentation has created a unique wine that has delicacy but still carries the spicy varietal characters of the Shiraz fruit.
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A juice storage tank at Sirromet


	Must Treatment

White musts are often turbid and cloudy, and settling is desirable to allow separation of the suspended materials.  Such measures as prior addition of sulfur dioxide and lowering of the temperature during settling help prevent fermentation and allow the suspended material to settle normally.  To separate the juice from the sediment, wineries usually filter the wine.  Sirromet uses a Rotary Drum Vacuum Filter, RDVF (see photo) which employs a rotating drum partly submerged in a tray of the juice which is mixed with diatomaceous earth (like a swimming pool filter). The liquid is drawn by the vacuum through the earth into the interior of the drum and the filtration surface is continually cleaned by a cutting blade which shaves off a layer of the earth containing the solids trapped on it.  This is a cost-effective procedure for clarifying young wine to a state of cellar brightness.
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The sediment is filtered off in this Rotary Drum Vacuum Filter. 


Fermentation

	The process of alcoholic fermentation requires careful control for the production of high quality wines.  Requirements include suppression of the growth of undesirable microorganisms, presence of adequate numbers of desirable yeasts, proper nutrition for yeast growth, temperature control for prevention of excessive heat, prevention of oxidation, and proper management of the cap of skins floating in red musts.  Grape skins are normally covered with bacteria, molds, and yeast. The waxy bloom on the surface of the grape contains fatty acids which promote yeast growth.

The wild yeasts such as Pichia, Kloeckera, and Torulopsis are often more numerous than the wine yeast Saccharomyces.  Although species of Saccharomyces are generally considered more desirable for efficient alcoholic fermentation, it is possible that other yeast genera may contribute to flavour, especially in the early stages of fermentation.  Saccharomyces is preferred because of its efficiency in converting sugar to alcohol and because it is less sensitive to the inhibiting effect of alcohol.  Under favourable conditions, strains of Saccharomyces cerevisiae have produced up to 18 percent (by volume) of alcohol, although 15 to 16 percent is the usual limit.  When the yeast first hits the must, concentrations of glucose sugar (C6H12O6) are very high, so it is through diffusion that glucose enters the yeast.  In fact, it keeps entering the yeast as long as there is glucose in the solution.  
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Fermentation tank at Sirromet


As each glucose molecule enters the yeast, it is broken down in a 10-step process called glycolysis.  The product of glycolysis is two three-carbon sugars, called pyruvates, and some ATP (adenosine triphosphate).  ATP supplies energy to the yeast and allows it to multiply.  The two pyruvates are then converted by the yeast into carbon dioxide (CO2) and ethanol (CH3CH2OH), which is the alcohol in wine.  The overall reaction is: 





C6H12O6    (    2CH3CH2OH    +   2CO2    +    98.5 kJ

The fermentation process takes about two to four weeks.  During this time, the winemaker samples the fermenting must and measures the pH or acid levels to determine that the fermentation process is proceeding as it should.  Once the fermentation process is completed, red wines are sent to the press to separate the skins from the wine.  The red wines are then filtered to remove the yeast.  White wines are allowed to settle and are filtered to remove the yeast.  Once the yeasts are removed, the wines are stored in either stainless steel storage tanks or oak barrels (oak gives many wines a characteristic flavor) depending on the type of wine.  In some red wines, a second type of fermentation, called malolactic fermentation, is undertaken while in storage.  In malolactic fermentation, the winemaker adds a bacteria to the wine that breaks down malic acid, a byproduct of aerobic (oxygen-requiring) metabolism, into lactic acid, a byproduct of anaerobic (no oxygen) metabolism.  Lactic acid is a milder acid than malic acid.  The aging process can be anywhere from three months to three years.  

Sulfites

Sulfur-containing compounds called sulfites are naturally found on grapes to retard the growth of bacteria and mildew.  Most winemakers add sulfites to the wine to help stabilize it as it ages.  However, some people are allergic to sulfites -- wines that are labelled as sulfite-free have had the sulfites chemically removed. 

The number of undesirable microorganisms is greatest in partially rotted or injured grapes.  Such damage may occur in harvesting or during transportation, particularly in warm climates.  Suppression of undesirable microorganism growth is required, and the most common method used is the addition of sulfur dioxide to the freshly crushed grapes at the rate of about 100 to 150 mg/L.  Sulfur dioxide is more toxic to undesirable microorganisms than to desirable microorganisms.  When it is used in musts, an inoculum of the desired yeast strain, usually called a pure yeast culture, is added.  Musts are rarely pasteurized, although this process may be applied when they contain undesirable amounts of oxidizing enzymes from moldy grapes. 

Enologists, technicians in the science of wine making, do not agree on the most desirable yeast species and strain, but strains of S. cerevisiae are generally used.  The chosen strain is allowed to multiply as much as possible in sterilized grape juice and is then transferred to larger containers of sterilized grape juice, where it continues to grow until the desired volume is reached.  Suitable pressed yeasts of desirable strains are added directly, avoiding the troublesome practice of building up and maintaining a pure yeast culture.  About 1 to 3 percent of a pure yeast culture, or sufficient pressed yeast to provide a population of 1,000,000 cells per mL, is used.  

Temperature control during alcoholic fermentation is necessary to (1) facilitate yeast growth, (2) extract flavours and colours from the skins, (3) permit accumulation of desirable by-products, and (4) prevent undue rise in temperature, killing the yeast cells.  Optimum temperature for growth of common wine yeasts is about 25ºC, and in many viticultural areas of the cooler temperate zone, grapes are crushed at about this temperature.  Fermentation is seldom started at so high a temperature, however, because it is then difficult to prevent the temperature from exceeding 30ºC during fermentation.  

Extraction of flavours and colours is not a problem in white musts; the crushed grape mass is usually separated from the skins before fermentation.  Fermentation of white musts at relatively cool temperature (about 10 to 15ºC) apparently results in greater formation and retention of desirable by-products.  An undesirable feature of such relatively low-temperature fermentations is the longer period required for completion (six to 10 weeks compared to one to four weeks at higher temperatures) and the tendency for the fermentation to stop while residual sugar remains.  (This is not always considered undesirable - i.e., in German wine production.) In practice white table wines are usually fermented at about 20ºC.  

In red wine musts, the optimum colour extraction consistent with yeast growth occurs at about 22 to 28ºC.  Alcoholic fermentation produces heat, however, and careful temperature control is required to prevent the temperature from reaching a point (about 30ºC) where yeast growth is seriously restricted.  At still higher temperatures, growth will stop completely.  Modern temperature control is accomplished by use of heat exchangers.  Older methods include placing the fermenters in a cold room; using cold pipes in the fermenter; pumping the must through double-walled pipes, with cold water in the surrounding pipe; pumping the must through a sump containing cooling coils; and pumping the coolant through jackets surrounding the tank.  

Contact with air must be restricted to prevent oxidation during fermentation.  In very large containers, the volume of carbon dioxide given off is sufficient to prevent entry of air.  In small fermenters, fermentation traps are inserted, preventing entry of air but permitting exit of carbon dioxide.  These traps are particularly desirable during the final stage of fermentation, when carbon dioxide evolution is slow.  Following fermentation, small amounts of sulfur dioxide are added to help prevent oxidation.  Ascorbic acid (50 to 100 milligrams per litre) is sometimes employed to decrease the oxidation and thus the amount of sulfur dioxide required as an antioxidant, but is not generally recommended.  

The cap of skins and pulp floating on top of the juice in red-wine fermentation inhibits flavour and colour extraction, may rise to an undesirably high temperature, and may acetify if allowed to become dry.  At Sirromet (and elsewhere), such problems are avoided by submerging the floating cap at least twice daily during fermentation.  This operation, comparatively easy with small fermenters, becomes difficult with large, tall fermenters of up to 100,000-gallon (380,000-litre) capacity.  In large units the fermenting must is drawn off near the bottom and pumped back over the cap.  The use of small fermentation vessels permits a greater percentage of heat loss to the surrounding atmosphere, simplifying temperature control. 

Post-fermentation Treatment

With appropriate must composition, yeast strain, temperature, and other factors, alcoholic fermentation ceases when the amount of fermentable sugar available becomes very low (about 0. 1 percent).  Fermentation will not reach this stage when (1) musts of very high sugar content are fermented, (2) alcohol-intolerant strains of yeast are used, (3) fermentations are carried on at too low or high temperatures, and (4) fermentation under pressure is practiced.  Fermentation of normal musts is usually completed in 10 to 30 days.  In most cases, the major portion of the yeast cells will soon be found in the sediment, or lees.  Separation of the supernatant wine from the lees is called racking.  The containers are kept full from this time on by "topping," a process performed frequently, as the temperature of the wine, and hence its volume, decreases.  During the early stages, topping is necessary every week or two.  Later, monthly or bimonthly fillings are adequate.  

Normally the first racking should be performed within one to two weeks after completion of fermentation, particularly in warm climatic regions or in warm cellars, as the yeasts in the thick deposit of lees may autolyze (digest themselves), forming off-odours.  Early racking is not required for wines of high total acidity--i e., those produced in cool climatic regions or from high-acid varieties.  Such wines may remain in contact with at least a portion of the lees for as long as two to four months, permitting some yeast autolysis in order to release amino acids and other possible growth factors favouring growth of lactic-acid bacteria.  These bacteria then induce the second, or malolactic, fermentation. 

Malolactic (ML) Fermentation

Enologists have known for some time that young wines frequently have a secondary evolution of carbon dioxide, occurring sometime after the completion of alcoholic fermentation.  This results from malolactic fermentation, in which malic acid is broken down into lactic acid and carbon dioxide.  The fermentation is caused by enzymes produced by certain lactic-acid bacteria.  

Flavour by-products of unknown composition are also produced during this fermentation.  Malolactic fermentation is desirable when new wines are too high in malic acid, as in Germany, or when particular nuances of taste and flavour are desired, as in the red wines of Burgundy and Bordeaux in France.  In other regions, some producers may encourage malolactic fermentation, and others may discourage it, depending upon the particular character desired in the wine.  In all regions, this second fermentation is somewhat capricious.  One product, diacetyl (a flavour and aroma agent), is apparently beneficial at low levels and undesirable at higher levels.  

At low temperatures, malolactic fermentation proceeds slowly, if at all.  German cellars are often equipped with steam pipes, raising the temperature to encourage this fermentation.  The bacteria may fail to grow because of a deficiency or complete absence of essential amino acids.  Most lactic-acid bacteria growth can be inhibited by the presence of 70 to 100 milligrams per litre of sulfur dioxide.  Excessive malolactic fermentation may produce wines too low in acidity (flat tasting) or with undesirable odours (mousy, sauerkraut, or diacetyl).  Such faults may be prevented by earlier racking, filtration, and addition of sulfur dioxide. 

Clarification

Some wines deposit their suspended material (yeast cells, particles of skins, etc.) very quickly, and the supernatant wine remains nearly brilliant.  This is particularly true when 50-gallon wooden barrels, which have greater surface-to-volume ratio than larger containers, are employed.  The rough interior of wooden cooperage facilitates deposition of suspended material.  Other wines, particularly in warm regions or when large tanks are used, may remain somewhat cloudy for long periods.  Removal of the suspended material during aging is called clarification.  The major procedures involved are fining, filtration, centrifugation, refrigeration, ion exchange, and heating.  

( Fining

Fining is an ancient practice in which a material that aids clarification is added to the wine.  The main processes involved are adsorption, chemical reaction and adsorption, and possibly physical movement.  Proteins and yeast cells are adsorbed on fining agents such as bentonite (a type of clay formed mainly of montmorillonite) or gelatin.  Chemical reactions occurring with tannins and gelatin may be followed by adsorption of suspended compounds.  If an inert material, such as silica, is added to a cloudy wine, some clarification will occur simply by the movement of the particles of inert silica through the wine.  This action probably occurs to a certain extent with the addition of any fining agent.  Bentonite has largely replaced all other fining agents.  Such fining agents as gelatin, casein, isinglass, albumin, egg white, nylon, and PVPP (polyvinyl pyrrolidone) may be used for special purposes, including removal of excess tannin or colour.  

Excessive amounts of metals, particularly iron and copper, may be present in the wine, usually from contact with iron or metal surfaces.  These result in persistent cloudiness and require removal by such special fining materials as potassium ferrocyanide (blue fining), long recommended in Germany.  Cufex, a proprietary product containing potassium ferrocyanide, may be used in the United States under strict control.  PHytates have been used for removing iron.  In modern winery operations excessive metal content is rare, mainly owing to the use of stainless steel equipment.  

( Filtration

Filtration is another ancient practice, and early filters consisted of rough cloth-covered screens through which the wine was poured.  Modern filter pads are made of cellulose fibres of various porosities or consist of membrane filters, also in a range of porosities.  The pore size of some filters is sufficiently small to remove yeast cells and most bacterial cells, but filters operate not only because of pore size but also by a certain amount of adsorption.  Diatomaceous earth-filter aids, commonly added to the wine during filtration, increase the functional life of a filter by retarding pore clogging.  

( Centrifugation

Centrifugation, or high-speed spinning, used to clarify musts, is also applied to wines that are difficult to clarify by other means.  This operation requires careful control to avoid undue oxidation and loss of alcohol during the process.  

( Refrigeration

Refrigeration aids wine clarification in several ways.  Temperature reduction often prevents both yeast growth and the evolution of carbon dioxide, which tends to keep the yeast cells suspended.  Carbon dioxide is more soluble at lower temperatures.  A major cause of cloudiness is the slow precipitation of potassium acid tartrate (cream of tartar) as the wine ages.  Rapid precipitation is induced by lowering the temperature to -7 to -5 C (19 to 23 F) for one or two weeks.  If the resulting wine is filtered off the tartrate deposit, tartrate precipitation will not usually cause clouding later.  

( Ion exchange

Another method of tartrate stabilization is to pass a portion of wine through a device called an ion exchanger.  If this ion exchanger is charged with sodium, it will replace the potassium in potassium acid tartrate with sodium, making a more soluble tartrate.  Usually, if the potassium content of the blend of either treated or untreated wine is reduced to about 500 milligrams per litre, no further precipitation will occur.  Exceptions may occur, however, and to be safe, tartrate and potassium contents and pH are included in the calculation.  The use of ion exchange is illegal in several countries.  

( Heating

Many wines contain small amounts of proteins that may cause clouding either by precipitation or by reacting with copper or other metals to form aggregates that in turn form clouds.  The use of bentonite removes some protein, and protein adsorption is increased if the wine is warm when fined.  Pasteurization at 70 to 82ºC also can be used to precipitate proteins, but in modern practice this process is seldom employed to aid clarification.

Cask storage and bottling

	Wine is stored in imported oak barrels until it is ready for bottling.  Sirromet store about 80% of their barreled wine in French oak casks ($1200 each) and the rest in American oak ($800 each). The two sizes used are barrique (225 L) and hogsheads (300 L).  These barrels last about 7 years before all of their flavours are extracted.  For the first 2 years they are used for white wine, for the next 3-4 years for red wine and then for the last year – for port. Australian oak is not suitable as it contains poisons and off-flavours. The casks are ‘toasted’ with a charcoal fire inside before purchase. This brings out extra flavours. Sirromet use a medium burnt variety. Currently there are about 600 filled barrels in store at Mt Cotton. When mature, the wine is bottled. Sirromet can bottle about 2000 bottles of wine per hour but due to increased demand, they really need a 5000 bottle/hour unit.
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Sirromet wine in casks awaiting bottling
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Sirromet’s dry wine bottling machine – 2000/hr
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Sparkling wine waiting for the “spinner” to turn them (¼ turn per day). Hand turning can add about $1 to the cost of each bottle.
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Bottling sparkling wine


Waste management

Ask why there are chickens and worms at Sirromet. You’ll be impressed.

Main wines produced at the Mt Cotton Estate

The following list shows some of the wines produced at Sirromet.  The price per bottle is included to give you a way of comparing production costs of the different types.  For example why would a chardonnay (white) be cheaper than a same vintage merlot (red); and why would the same vintage of a semillon (white) be dearer than the chardonnay. The description of each wine is by the Sirromet Cellarmaster – are the descriptions completely meaningless or do they convey something useful? I mean – what is firm acidity – have the tartaric acids molecules been to the gym; and how can flavoured water have elegant structure – do the sugar molecules form hexagons; and what is a tight flavour – are the molecules packed closely? Ask your parents. Please note: we’re not agents for Sirromet wine. Don’t trust us with the prices.

	SPARKLING WINES
	$

	NV Vineyard Selection Rose Pinot Chardonnay - a soft fruit driven style with a touch of colour from Pinot Noir skins for added flavour & complexity, floral nutty and firm acidity
	16

	1996 Seven Scenes Pinot Chardonnay - a beautiful elegant blend showing fine, soft, very tight fruit flavours. Rich bready, yeasty textures
	25

	
	

	WHITE WINES
	

	2001 Perfect Day Beginnings Sernillon Verdelho/Chardonnay - Fresh clean apricot nose, floral characters, hints of citrus overtones from the Granite Belt South Burnett
	12

	2001 Vineyard Selection Semillon - An apple citrus spiciness, lovely tangy acidity with pronounced herbaceous aromas
	12

	2001 Vineyard Selection Sauvignon Blanc Semillon - Fresh limey minty flavours, with passionfruit overtones, lovely zest from the Sauvignon Blanc
	16

	2001 Perfect Day Chardonnay - a fruit driven, well balanced Chardonnay from the South Burnett and Granite Belt
	12

	2000 Vineyard Selection Chardonnay - this elegant style chardonnay from the South Burnett and Granite Belt regions, shows lovely tropical figs, melon and passionfruit characters
	16

	2000 Seven Scenes Chardonnay - Our flagship Chardonnay, coconut, figs & melons with delicately balanced French Oak on the nose. Ripe full palate showing hints of butter
	25

	2001 Perfect Day Harvest White - a truly elegant structured semi-sweet white wine from Queensland
	12

	
	

	RED WINES
	

	1999 Perfect Day Shiraz Cabernet Merlot - soft berry character, capsicum, spicy characters and white pepper
	12

	2001 LM Pinot Noir - A complex elegant, cherry, herbal Pinot Noir with the finest oak
	

	2000 Vineyard Selection Cabernet Merlot - A rich, powerful, full bodied Cabernet Merlot blend with great berry concentration and elegant tannins. Aromas of wild berries and subtle minty characters
	16

	2000 Seven Scenes Shiraz - an excellent example of fine Granite Belt fruit, soft, rich and aged with the finest French Oak
	25


Who’s who at Sirromet?

	Selection and harvesting of grapes for Sirromet is done by Peter Watters, of Watters Vine Management Service in Stanthorpe.  He has established and maintained the most significant wine grape plantings in Queensland to date. Adam Chapman is one of three in the winemaking team at Sirromet Wines.  Before his appointment at Mount Cotton, he was a winemaker at Stuart Range Estates. For two years he oversaw the design and development of Stuart Range Estates through to its current operation.  Prior to this, Adam Chapman was the winemaker at Ballandean Estate for 7 years. The Granite Belt exposed him to the elements of true, cool climate winemaking.
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Adam Chapman


Adam has worked in South Australia’s Barossa Valley, with established wineries such as Krondorf, Peter Lehmann and Elderton and has also been a flying winemaker for Direct Wines in the UK where he made wine in Burgundy and the Ardeche in France for the English wine market. For three consecutive vintages he lived in France. He also had his own consulting business in Pomerol and Beaujolais.  Adam is an experienced wine judge and has judged for the Brisbane Wine Show, the Brisbane Wine Festival, Winestate Magazine and the Australian Small Winemakers Show.
2.1.3 (c)  Excursion to Sirromet Winery

	Your task on the 45 minute excursion is to find an answer something you want to know after reading the above section on winemaking. It could be: do you try to prevent malo-lactic fermentation; what do you do with the carbon dioxide produced – can you sell it; do you use carbon dioxide or nitrogen to fill the head space in tanks and bottles to avoid oxidation; what wine should I buy my teachers for Christmas? Best of all, you will receive a voucher for your parents giving them a 10% discount on wine.

Q2
At what stage is sulfur dioxide added for the first time?

Q3
Write three questions here:


	[image: image17.jpg]



Sirromet vineyard


2. 2  WHAT FACTORS INFLUENCE THE CHARACTERISTICS OF WINE

2.2.1 The Principal Acids Found In Wine

	Acids are compounds present in all grapes and an essential component of wine that preserves it, enlivens and shapes its flavors and helps prolong its aftertaste.  There are four major kinds of acids found in wine: tartaric, malic, lactic and citric (see Table opposite).  Acid is identifiable by the crisp, sharp character it imparts to a wine. 

Proper acidity in a wine is of the utmost importance.  Wine low in acidity is most always flat, medicinal, and insipid.  Wine that is overly acidic is usually tart.  A wine with low acidity is susceptible to bacterial infection.  Fruit wines especially are delicate when it comes to acid levels.  


	Principal acids found in wine

	
	Acid

Tartaric

Malic

Succinic

Lactic

Acetic

Citric
	%

1-5

1-4

0.4-1

0.1-0.4

0.05-0.5

0.04-0.7


Kinds of Acids
All fruits contain fruit acids.  There are many types of acids in wine production and in the raw fruits themselves.  Generally, most fruits reach their best at the firm ripe stage - well ripened but not too soft.  The tart taste of dry table wine is produced by the total quantity and the kinds of acids present.  Tartaric and malic are the major wine acids.  These two acids are present when the grapes are picked, and they are carried over through the fermentation process into the finished wine.  Wine also contains small quantities of lactic, citric, succinic, acetic and several other organic acids.  Some of these acids do not exist in the grapes.  They are produced in small quantities by microorganisms throughout the winemaking process. 
 

Malic acid and citric acid can be metabolized easily by microorganisms in the wine.  Tartaric acid and succinic acid are more stable biologically, and they are seldom bothered by wine microbes.  Even so, under certain conditions, tartaric acid can be attacked by microorganisms, and when this occurs, the wine is usually a catastrophic loss. 

Note: For each of the acids described below, draw a structural diagram of the acid in the space.  Circle the hydrogen that forms the H+ ion upon dissociation in water. Calculate its molar mass.

1.  Tartaric Acid  HOOCCHOHCHOHCOOH - an hydroxy-di-carboxylic acid (Mr = 150).

 

Few fruits other than grapes contain significant amounts of tartaric acid.  One half to two thirds of the acid content of ripe grapes is tartaric acid, and it is the strongest of the grape acids.  Tartaric acid is responsible for much of the tart taste of wine, and it contributes to both the biological stability and the longevity of wine. 

 

The amount of tartaric acid in grapes remains practically constant throughout the ripening period.  However, the situation in wine is different.   The quantity of tartaric acid slowly decreases in wine by small amounts.  Both potassium and calcium combine readily with tartaric acid and form potassium bitartrate and calcium tartrate compounds (acid salts).  Then crystals of these two materials precipitate out of the wine during fermentation.  These tartrate materials can continue to precipitate for a long time, and aged wine usually containsabout two thirds as much tartaric acid as the starting grapes because of tartrate precipitation.  Unfortunately, these acid salts of potassium and calcium precipitate very slowly at normal cellar temperatures, and wine can contain excessive quantities of these materials even after many months of aging.  Wineries use special wine treatments to speed up tartrate precipitation.  Cooling the wine is the most commonly used procedure. Just cooling the wine to about -3ºC causes excess potassium salts to precipitate out in a few days. 

 

Tartaric acid is resistant to decomposition, and it is seldom attacked by wine microbes. This is why winemakers add tartaric acid to grapes deficient in acidity rather than using a less stable acid such as malic or citric. 

Isomers of tartaric acid.

[image: image18.emf]


Tartaric acid exists in three main isomer forms (as shown in the figure on the previous page). They have different properties and different crystal shapes.  As the only difference is the relative positions of the three end groups around the carbon atoms, they are called stereoisomers (from the Greek stereós = solid; that is, the molecules are represented in three-dimensions). The stereoisomer  present in grapes is L-tartaric acid.

Experiment 2.1  

1. Make plastic models of each of the three stereoisomers of tartaric acid and see if you can rotate either carbon to produce one of the other stereoisomers.  

2. Are any of these three isomers mirror images of the others. That is, can you arrange them with an imaginary mirror between them so that the isomer on one side of the mirror is the reflection of the other?
2.  Malic Acid  HOOCCH2CHOHCOOH  an hydroxy-di-carboxylic acid

Malic acid is prevalent in many types of fruit. This acid is responsible for the tart taste of green apples. Malic acid is one of the biologically fragile wine acids, and it is easily metabolized by several different types of wine bacteria. Unlike tartaric acid, the malic acid content of grapes decreases throughout the ripening process, and grapes are grown in hot climates contain little malic acid by harvest time. 

 

Grapes grown in cool regions often contain too much acid. High acidity results in excessively tart wines, so the winemaker has a problem. During alcoholic fermentation, some malic acid is metabolized, and the malic acid content of the wine decreases about 15 percent. Malolactic fermentation (ML) can further reduce wine acidity. When wine goes through malolactic fermentation, bacteria convert the malic acid into lactic acid. Lactic acid is milder than malic acid, and ML fermentation is a standard procedure used to reduce the acidity of wines made from grapes grown in cool regions. 

 

When grapes are grown in warm areas like southern Queensland, the winemaking situation is much different. In warm regions, the grapes are usually deficient in acid, and removing malic acid by means of ML fermentation may not be a good idea. Now the problem becomes more complicated for the winemaker. Malic acid is not biologically stable, and when malic acid is deliberately retained to improve the acid balance of the wine, special steps may be needed to prevent ML fermentation from occurring after the wine is bottled. The winemaker can use a sterile filter and remove all of the bacteria from the wine before bottling, or he can add small quantities of fumaric acid to the wine. Small additions of fumaric acid can inhibit ML fermentation and make the wine stable. Do they do this at the Mt Cotton winery?

 

3.  Citric Acid  HOOCCH2C(OH)(COOH)CH2COOH – an hydroxy-di-carboxylic acid

Only small amounts of citric acid are present in grapes. Only about 5 percent of the total acid is citric in sound grapes. Like malic acid, citric acid is easily converted into other materials by wine microorganisms. For example, citric acid can be fermented into lactic acid, and some types of lactic bacteria can ferment citric acid into acetic acid. Excessive amounts of acetic acid are never desirable in wine, so the citric acid into acetic acid fermentation can be a serious problem. 

This potential difficulty is why citric acid is seldom used to acidify must or juice before fermentation. Most winemakers consider the risk of producing excessive quantities of acetic acid too great. 

 

The acetic acid risk is much smaller after wine has been clarified and stabilized, and winemakers often increase the acid content of finished white wines by adding small amounts of citric acid. Citric acid imparts a citric character that enhances the taste of many white and blush wines. However, citric acid is seldom used in red wine. The distinctive citric taste may not be appropriate for many types of red wine. In addition, the risk of biological instability is much greater in red wines. 

 

Q4
What is a blush wine? Give an example.

Home winemaking shops sell a material called “acid blend”. Acid blend contains tartaric, malic and citric acids and the three acids are in roughly equal proportions. Acid blend is often used in making fruit wines or wines made from grape concentrates. However, most winemakers will not add acid blend to grapes before fermentation because the citric acid in the acid blend might be converted into acetic acid. In addition, the lemon-like taste acid blend often imparts is not be suitable for many kinds of grape wines. 

 

4.  Succinic Acid  HOOCCH2CH2COOH – a dicarboxylic acid

 

Succinic acid is a dicarboxylic acid but has no hydroxyl groups unlike most other wine acids. It is formed by yeast, and small quantities of this acid are always produced during the primary fermentation. The production of succinic acid stops when alcoholic fermentation is complete. The flavor of succinic acid is a complex mixture of sour, salty and bitter tastes, and succinic acid is responsible for the special taste characteristics all fermented beverages have in common. Once formed, succinic acid is very stable, and it is seldom affected by bacterial action. 

5.  Lactic Acid  CH3CHOHCOOH

 

Lactic acid is a hydroxy-carboxylic acid and is the principal acid found in milk. Grapes contain very little lactic acid. All wines contain some lactic acid, and some wines can contain significant quantities. Lactic acid in wine is formed in three different ways: 

(i) A small amount is formed from sugar by yeast during primary fermentation.

(ii) Large amounts of lactic acid are formed from malic acid by bacteria during ML fermentation.

(iii) Both lactic and acetic acid can be produced by lactic bacteria from the sugars, glycerol and even tartaric acid in the wine. 

“Lactic souring” is the term used to describe wine when sugar is converted into lactic acid by bacteria. This type of souring is a form of gross wine spoilage. Lactic souring was a common winemaking problem before the use of sulfur dioxide became widespread, but it is seldom a problem today. 

 

Lactic acid can exist in either a right-hand or left-hand form. Lactic acid produced by yeast occurs in the left-hand form, and lactic acid produced by bacteria occurs in the right-hand form.  The right-hand form of lactic acid can be distinguished from the left-hand form in the laboratory very easily, so winemakers have a sensitive way of monitoring bacterial activity in wine simply by measuring the two forms of lactic acid. 

 

6.  Acetic Acid   CH3COOH – a monocarboxylic acid

 

All of the acids discussed above are fixed acids. Fixed acids have low vapor pressures, and they do not evaporate easily. When wine is boiled, the fixed acids do not boil away. All of the fixed acids remain in the wine container. Fixed acids do not have significant odors.  

 

Acetic acid is different from fixed acids. Acetic acid has a high vapor pressure, and it is a volatile acid. Acetic acid evaporates very easily and has a distinctive odor. When wine containing acetic acid is boiled, the acetic acid quickly boils away. The acetic acid disappears into the air much the same as water and alcohol. 

 

Sound grapes contain very little acetic acid. Just like lactic acid, acetic acid in wine is formed in several different ways:

(i) Small amounts of acetic acid are formed by the yeast during alcoholic fermentation. 

(ii) Some acetic acid is always formed during ML fermentation, and most of the acetic acid is formed by bacteria fermenting citric acid in the wine. 

(iii) In stuck (inadvertently stopped before all the sugar is used up) fermentations, lactic bacteria often convert residual sugar into acetic acid. 

(iv) Vinegar bacteria (acetobacter) convert ethanol in the wine into acetic acid, and in the presence of air, acetobacter can produce large quantities of acetic acid. 

 

The conversion of ethanol into acetic acid by vinegar bacteria is different from the other fermentation mechanisms discussed here. Vinegar formation is an oxidation process, and large quantities of acetic acid cannot be produced unless the bacteria have access to large quantities of air. Wine is not converted into vinegar when air is excluded, and this is why novice winemakers are cautioned to keep their wine containers completely filled and tightly sealed. 
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Q5
Match the formulas above with the following acids: (a) succinic, (b) lactic, (c) tartaric, (d) citric, (e) malic.

2.2.1 (a) Theory of Acids – strong vs. weak

Refer: QChem page 480

Acids are substances that produce hydrogen ions when dissolved in water. Acids that are in a dissolved state in a liquid will dissociate into two separate parts, hydrogen ions (H+) and anions (A-):       HA     (     H+    +    A-
Strong acids

Acids that ionize completely are called strong acids. An example is hydrochloric acid HCl(aq) which dissociates completely into H+ ions and Cl- ions.  If you dissolved 1000 molecules of HCl in water, they would all dissociate and you’d have 1000 H+ ions and 1000 Cl- ions.

	
	HCl
	(
	H+
	+
	Cl-

	hydrogen chloride molecule
	hydrogen ion
	
	chloride ion

	Initial
	1 000
	
	0
	
	0

	Change
	1 000
	
	1 000
	
	1 000

	Final
	0
	
	1 000
	
	1 000


Alternatively, 1 mole of HCl molecules dissociates into 1 mole of H+ and 1 mole of Cl-
Other strong acids include: nitric acid HNO3 and sulfuric acid H2SO4
Weak acids

Not all acids dissociate completely. The acids found in wine, for example, only partly dissociate and are thus called weak acids. For example, when 1 000 tartaric acid molecules are dissolved in water, only 1 of them dissociates and this produces 1 H+ ion and 1 tartarate ion: 

	
	C3O4H3COOH
	(
	H+
	+
	C3O4H3COO-

	tartaric acid molecule
	hydrogen ion
	
	tartarate ion

	Initial
	1 000
	
	0
	
	0

	Change
	1
	
	1
	
	1

	Final
	999
	
	1
	
	1


One of the other weak acids in wine is malic acid. It is weaker than tartaric acid and you would have to add 2500 molecules of malic acid to water, to have 1 of them dissociate:

	
	C3O3H5COOH
	(
	H+
	+
	C3O4H3COO-

	malic acid molecule
	hydrogen ion
	
	maleate ion

	Initial
	2 500
	
	0
	
	0

	Change
	1
	
	1
	
	1

	Final
	2 499
	
	1
	
	1


You could say that tartaric acid is 2½ times stronger than malic acid as it dissociates 2½ times as much. That is, you need 4 times as much malic acid to produce the same number of H+ ions as you do for tartaric acid.  Smaller quantities of a stronger acid can produce as many hydrogen ions as larger quantities of a weaker acid.  Another way of saying it is that when equal amounts (moles) of tartaric and malic acids are added to water, you would get 2½ times as many H+ ions from the tartaric acid as you would from the malic acid.  

The hydrogen ions tend to play a more important role in wine than the undissociated acid. As well, the H+ ions help prohibit bacteria growth as well as helping stabilize color in red wines.  It is the H+ in wines that give the perceptible tartness in wine, even though most of the acid in wines is in the undissociated HA state.  This is because the taste of the acid is more closely related to H+. 

In wine, the amount of acid will change several times from start to finish.  Malic acids will decrease significantly, and citric acid will almost disappear completely.  Other acids are also produced on small quantities during fermentation, such as lactic acids, and acetic acids.  When we consider these changes, keeping accurate measurements of a wine’s total acidity and pH become even more crucial in controlling the taste. You can monitor this as your fermentation proceeds.

2.2.1 (b) pH
pH is the measure of hydrogen ion (H+) concentration in a solution.  pH can be defined as the negative logarithm of the hydrogen ion concentration.  Water which generally has a hydrogen ion concentration of 10-7 moles per litre (M) thus has a pH of 7. This means that about one in 10 million molecules of water are dissociated (not much huh?).  The formula is: pH = - log10[H+] where the square brackets mean “concentration of”. Solutions with a pH less than 7 are said to be acidic; those with pH values >7 are called basic.

Example: Calculate the pH of a solution which has a H+ concentration of  0.05 M.

Answer: pH = - log10[H+] = - log 0.05 = 1.30

Q6 
Complete the following table:

	[H+] M
	pH
	
	[H+] M
	pH

	0.1
	
	
	
	4.0

	0.01
	
	
	
	3.0

	0.001
	
	
	
	3.3

	0.0001
	
	
	
	2.9

	10-6
	
	
	3.5 x 10-5
	

	0.25
	
	
	1.6 x 10-4
	

	1.00
	
	
	0.0175
	

	1.25
	
	
	
	-1.10


Q7
0.25 moles of the strong acid HCl was dissolved in 2 L of water. Calculate the pH.

Q8
3.65 g of HCl was dissolved in 500 mL of water. Calculate the pH.

Q9
500 mL of water is added to 2.0 litres of 0.105 M HCI solution. What is the final pH?

Q10
How much water would you have to add to 250 mL of 0.25 M HCl solution to make its pH 1.00?

Q11 
What would have to do to change 2.0 L of pH 1.5 HCI solution into a pH 2.5 solution.

Q12
Which has the bigger effect on pH: (i) adding 1.0 L water to 1.0 L of pH 1.0 HCI solution, or (ii) adding 1.0 L water to 1.0 L of pH 4.0 HCI solution? Justify your answer.

Generally the lower the pH, the higher the total acid will be in a wine, and the more stable the wine will be.  Of course we tread a fine line here, because pH values too low, will certainly mean a tart acid.  The role of the winemaker is to test these variables in wine, and adjust them so that stability and taste are balanced in a wine, and therefore receives the full benefit of both. 

Some examples of pH values:

	Substance
	pH
	
	Substance
	pH

	Battery Acid
	0. 3
	
	Pure water 
	7. 0

	Hydrochloric (Stomach) Acid
	0. 8
	
	Swimming pool water 
	7. 2

	Limes & Lemons
	2. 0
	
	Blood, Human
	7. 5

	Vinegar
	2. 8
	
	Egg white & sea water
	8. 0

	Coca-Cola
	3.0
	
	Sodium bicarbonate 
	8. 4

	Wines
	2. 8-3. 8
	
	Borax
	9. 2

	Oranges
	3.5
	
	Milk of Magnesia
	10.0

	Acid Rain & Tomato Juice
	4. 0
	
	Ammonia (conc.)
	11. 6

	Beer
	4.5
	
	Lime, saturated
	12. 4

	Cottage cheese, Black Coffee
	5.0
	
	Bleach
	12. 6

	Milk
	6. 0
	
	Bottle washing
	13. 0

	Corn
	6. 2
	
	Oven Cleaner
	13. 8

	Pure water
	7.0
	
	Drain-O & Sodium Hydroxide
	14. 0


2.2.1 (c)
Acid equilibrium constants

As you have seen, weak acids do not dissociate completely in water. In a solution of weak acid (such as wine) there are three “species” present: the undissociated molecule (HA), the hydrogen ion (H+ ) and the anion (A- ).  These three species are said to exist in equilibrium with each other. In other words, if you left them alone, the concentrations of the three would remain constant.  In Year 12, we will be exploring the nature of equilibrium further.

Chemists have given a name to the ratio of the particles: it is called the acid equilibrium constant (Ka).







Ka   = 
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- as the amounts of H+ and A- are usually equal, the formula becomes: Ka   = 
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Alternatively, the simple formula is:  [H+ ] = 
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 or more easily remembered as = 
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 where “C” is the initial concentration of the acid. (Actually it should be the “equilibrium” concentration but as so few molecules dissociate, it is almost the same number. With tartaric acid, for example, when 1000 molecules are added to water, 1 dissociates and leave 999 at equilibrium. The difference between 1000 and 999 is not significant in understanding the behaviour of weak acids.  In the example of tartaric acid given earlier, the Ka would equal 
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or 1 x 10-3. For malic acid the Ka would equal 
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 or 4 x 10-4.  Other Ka values are shown below:

	Acid
	Ka
	pKa

	Phosphoric Acid 
	6.9 x 10-3
	2.16

	Tartaric Acid 
	1.0 x 10-3
	3.00

	Fumaric Acid 
	9.6 x 10-4
	3.02

	Lactic Acid
	8.3 x 10-4
	3.08

	Citric Acid
	7.2 x 10-4
	3.14

	Malic Acid
	4.0 x 10-4
	3.40

	Acetic Acid
	
	4.75

	Proprionic Acid
	1.4 x 10-5
	


Note: The column headed pKa is the negative log of the Ka.

Example: Calculate the pKa of malic acid. Answer: pKa = - log 4.0 x 10-4 = 3.40

So far, we have been talking about numbers of molecules but we need to consider amounts in moles. For example, what is the pH of a tartaric acid solution when 0.1 mole of tartaric acid (14.8 g) is added to 1 L of water. Answer:  [H+] = 
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= 1 x 10-2; hence pH = 2.0
Q13 
Calculate the missing quantities from the last two rows above.

Q14 
Calculate the pH of a 0.25 M solution of malic acid.

Q15
0.7 mole of citric acid was added to 2 L of water. Calculate the pH.

Q16
50g of tartaric acid (Mr = 150) was added to 500 mL of water. Calculate the pH.

Q17
A winemaker wanted to make 5 L of a tartaric acid solution with a pH of 3.5. How many grams of the acid would be required?

Q18
How many grams of malic acid would be required to make 5 L of pH 3.5 solution?

Q19
Select the correct term to make this statement true: the stronger an acid, the (lower/higher) the Ka and the (lower/higher) the pKa.

Q20
Circle the lower Ka values in each of the following pairs: (a) 9 x 10-3 or 5 x 10-3; (b) 3 x 10-4 or 1 x 10-4; (c) 9 x 10-5 or 3 x 10-4

Q21
You know what goes well with wine? Yes, cheese.  Propanoic acid gives Swiss cheese its characteristic ‘nutty’ flavour.  Its concentration is important to the quality of the cheese as the the pH of the cheese is critical.  The pH of a 0. 200 M solution of propanoic acid is 2. 78.  Calculate its Ka.
Q22
Calculate the missing pH values from this table: 

	pH Comparison of Fruit Acid Solutions

	Acid
	0.04% w/w
	0.10% w/w
	0.15% w/w

	Citric Acid 
	pH 2.9
	pH
	pH 2.62

	Malic Acid
	pH
	pH 2.76
	pH


Q23
How much malic acid (in grams) is present in a mixture of 2 L of a pH 5 solution of malic acid and 3 L of a pH 3.5 solution of malic acid?

Q24
Calculate the pH of a saturated solution of citric acid. The solubility of citric acid is 240 g per 100 g of water at 25ºC.

Q25
A tough one.  An apprentice winemaker had to make up a pH 3 solution of hydrochloric acid to clean out some stainless steel tubs. He had some hydrochloric acid of pH 2 and some of pH 4 so he mixed together 1 L of each.  Would he end up with pH 3? Justify your answer. 

Q26
A winemaker had 1 L of grape juice with a pH of 4.0 but wanted it to be pH 3.4 to use in making wine.  How much tartaric acid powder should be added to achieve this.  Please note – there are problems in practice in doing this as the juice has natural “buffers” (salts such as tartrates, maleates and citrates) that resist changes in pH. Nevertheless, calculate the theoretical amount assuming no “buffering” takes place.

Q27
Calculate the pH of a mixture of 1 L of juice with a pH of 3.0 and 2 L of juice with a pH of 3.5. Assume the only acid present is tartaric.

Q28
Which gives the cheaper change in pH to fruit juice. Malic acid ($3.40 per 100 g), citric acid ($2.50 per 100 g), or tartaric acid ($3.40 per 100 g)? Explain.

Q29
The Ka of acetic acid is 1.8 x 10‑5. Calculate the pH of a 0.01 M solution.

Q30
Calculate the pH of a 0.1 M solution of benzoic acid (Ka = 6.6 x 10-5).

Q31
Calculate the pH of 500 mL of a 0.20 M oxalic acid solution (Ka = 5.4 x 10-2).

Q32
1.0 g of the weak acid HF is dissolved in 1.0 L of water and its pH is 2.2. Calculate its Ka.

Q33
A weak acid HX is a monoprotic acid. A 0.100 M solution has a pH of 4.8. What is its Ka?

Q34
1.0 L of 0.1 M CH3COOH solution (Ka = 1.8 x 10-5) is diluted to 2.0 L. Calculate (a) its original [H+]; (b) its new [H+]; its new pH.

Q35
How much water would have to be added to 100 mL of 0.01 M acetic acid (Ka = 1.8 x 10-5) to raise its pH to 4.0?

Q36
Acetic acid is supplied to food processors as a 30% solution in water.   That is, 100 g of solution contains 30g of acetic acid.   In the canning of beetroot, this acid solution is mixed with water to produce a solution of pH 4.2 to retard the growth of bacteria.   How much of this 30% acetic acid solution is required to make 15000 L of a pH 4.2 syrup?  (Ka acetic acid 1.8 x 10-5).

Acids are very important structural components of wine.  If a wine is too low in acid, it tastes flat and dull.  If a wine is too high in acid, it tastes too tart and sour.  Usually, the winemaker can easily manipulate the acidity.  

What does it mean when a wine label states the total acidity is 0.60 % (0.60 grams acid per 100 mL) and the pH is 3.5? What follows is a primer on the role of acids in wine and an explanation of concepts such as total acidity (TA) and pH.  But first – a discourse on acid salts.

2.2.1 (d)  Acid Salts

Acids in juice or wine occur in two forms. Some acid exists in a free form, and some acid combines with minerals to form acid salts. In red wine, there are about 4 to 5 g of acid salts equaling a concentration of about 0.07 mol/L.  White wine has a lower amount of acid salts – about 2-3 g/L (about 0.04 M). The acid salts of potassium, sodium and calcium are always prevalent in wine, and these acid salts are not stable. Potassium and calcium tartrates can precipitate out of the wine after a long time. In particular, potassium bi-tartrate can precipitate after the wine is bottled unless the winemaker specifically removes this material. When the tartrate precipitates out of the wine, crystals are formed in the bottle. The potassium bi-tartrate crystals are harmless (cream of tartar), but the deposits can cause unsightly hazes in the wine. Sometimes, large crystals are formed in the bottle, and the tartrate crystals are mistaken for “glass” particles by the consumer. Producing wines with such gross visual flaws is not good for business, and commercial wineries avoid these difficult public relation problems by “cold stabilizing” all their white and blush wines. The cold stabilization process removes the excess potassium bi-tartrate material. 

2.2.1 (e) Volatile Acidity
Both tartaric and malic acids are nonvolatile which means that they do not evaporate or boil off when the wine is heated.  This is to be distinguished from volatile acidity (VA) in wine that represents acetic acid (vinegar).  Acetic acid does boil off when heated, and high VA is undesirable in a wine.  A VA of 0.03% – 0.06% is produced during fermentation and is considered a normal level. I wonder what yours will be.

Total Acidity
The total acidity (TA) of a wine is measured assuming all the acid is tartaric.  A high TA is 1.0%.  Most people would find this level of acidity too tart and too sour for consumption.  A low TA, say 0.4%, results in flat tasting wine that is more susceptible to infection and spoilage by microorganisms.  Most red table wines are about 0.6% total acid.  White wines are usually a little higher. 

Typical values for pH and TA

A typical premium Sirromet Chardonnay (a dry wine) has a total acidity of 0.58 g per 100 mL (0.58%) and a pH of 3.4.  It is interesting to compare these values with a total acidity of 1.10 grams per 100 mL (1.10%) and a pH of 2.91 found in a late harvest Sirromet Riesling (a sweet wine) with 21% residual sugar.  Generally speaking, sweet wines require a higher acidity than table wines to balance the high sugar.  

2.2.1 (f) Controlling Wine Acidity: 

Winemakers have the ability to control acid and pH levels.  From the explanations previously it should be obvious that raising the acidity of wines will lower the pH values, and conversely, raising the pH values of a wine or must will lower the total acidity.  However, there is no direct relationship because of the action of the acid salts in buffering (resisting) changes in pH so it is difficult to calculate the required amounts theoretically.  If your pH is too high, your course of action will be to lower the total acidity in the wine or must, this will bring the pH values down.  The opposite it true as well, if the acidity is too high, raising your pH values will lower the acidity.  The beauty of the natural buffer system in wine is that you can regulate tartness, thus allowing the formulation of beverages with higher total acidity, without a resulting acid taste (free H+ ions), and thereby producing a better flavor profile. How clever is nature?

Raising Acidity
Add either tartaric, malic, citric, or acid blend to your wine or must.  Which of these you add will depend largely on the type of wine you are making.  It is best to try and match the type of natural fruit acids when adding acid to a wine.  Grapes contain mostly tartaric acid, so tartaric acid should be used to raise the acidity.  Professional winemakers use L-tartaric acid (the type found in grapes) because if they use a mixture (called DL-tartaric acid) there can be problems with the growth of calcium tartarate crystals. If you’re making a fruit wine, using a malic, citric, or acid blend is perfectly acceptable.  Winemakers often use a 1:2:3 blend (by weight) of citric, malic and tartaric respectively.

Q
What is the problem with using citric acid?

Role of the malolactic fermentation
The malolactic fermentation (MLF) is an important natural process for adjusting acidity.  The MLF lowers the acidity by converting malic acid to lactic acid and carbon dioxide.  Many white wines are encouraged by the winemaker to undergo MLF and almost all red wines "automatically" undergo MLF.  Although it is usually difficult to stop in red wines, many winemakers inoculate to control the timing of this important secondary fermentation.  The acid is so high that Chablis requires a malolactic fermentation (MLF) to lower the acidity.  Since some wines have less malic acid in them than others, the MLF is not as significant in shaping the wines as in those with a higher malic acid content.  For example, a White Burgundy typically contains less malic acid than a Chardonnay.  Therefore, when a white burgundy undergoes MLF, very little acidity is lost and the character of the wine is preserved.  On the other hand, a Chardonnay contains more malic acid so when it changes to lactic acid the acidity can change appreciably.

Q
Write a balanced equation showing the MLF reaction.

2.2.2
Sugar concentrations and potential alcohol levels

2.2.2 (a) Carbohydrates – grape sugars

Grape sugars consist mostly of two monosaccharides, glucose and fructose, and these two simple sugars occur in about equal proportions.  Simple sugar molecules can combine and form larger sugar molecules called disaccharides and polysaccharides. Both glucose and fructose can be readily fermented, but most disaccharides and polysaccharides must be split into their smaller, simple sugar components before they can be readily converted into alcohol. Many large sugar molecules can be hydrolyzed and broken into smaller molecules by enzymes, acids or heat. 

Sugar concentration of grape or fruit juice is measured in two main ways:

• by refractive index using a refractometer
• by density using an hydrometer
Refractometers are based on the principle that when light passes through a sugar solution, it bends. A measure of the bending is called refractive index and this is proportional to the concentration of sugar. With a few drops of sample the concentration of dissolved solids can be read off the scale.  The second method uses a hydrometer which measures the density of the juice and from this the amount of sugar present can be calculated.
Sugar concentration is usually expressed as Brix.  In 1854 Brix, an Austrian mathematician, produced a table from which a series of hydrometers could be made, which read directly the percentage of sugar in the syrup in tenths of 1 per cent from 0 Brix to 750 Brix-that is, from 0 to 75 per cent (w/w) sugar. The Brix units are in almost universal use in the sugar industry today. When applied to grape juice the number of degrees Brix represents the percentage of soluble solids in the juice and not the sugar content - although in juice from mature grapes sugar is the component present in largest concentration. Nowadays, most Brix hydrometers are calibrated at 20ºC, and a correction has to be applied when measurements are made at other temperatures. For every degree above 20ºC add 0.05 Bx; for every degree below 20ºC subtract 0.05 Bx. 

The relationship between Brix and SG is:  Bx = ((SG-1)*220)+1.6
The relationship between Brix and RI is: RI = 5.791157x10-6 B2  +  1.427193x10-3 B + 1.33302 

but as this too complex, a table has been developed and can be found at:

http://www.ams.usda.gov/fv/ppbweb/PPBfilecodes/135a50.pdf

	Brix
	RI

	4
	1.3388

	5
	1.3402

	6
	1.3417

	7
	1.3432

	8
	1.3447

	9
	1.3463

	10
	1.3478

	11
	1.3493

	12
	1.3509
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A hand-held Brix Refractometer

Q37
Does the above formula between Brix and RI work? Try it out for 10Bx.

2.2.2 (b) Predicting potential alcohol levels

Winemakers can also determine what the potential alcohol concentration will be if all this sugar is converted to alcohol. They can also tell how much sugar they will need to add to the juice to produce an alcohol of a desired concentration.

For example, if the hydrometer reading is 1050 (equal to a density of 1.050 g/mL or 1050 g/L), then there is 131 g of sugar in a litre of the juice. If fully fermented, this will produce a wine with 6.5% alcohol (by volume). This would probably not keep (under 10% it can’t be guaranteed). You read the hydrometer to the bottom of the meniscus (surface of the fluid).

If the winemaker wants to produce a wine with 10.0% alcohol, then the table says the juice should have an initial SG of 1075 which equates to 193 g/L of sugar. There is already 131 g present so he would need to add 62 g of sugar to the juice and make it up to 1 litre with the same juice.

2.2.2 (c) Calculating alcohol levels afterwards

To determine the amount of alcohol in wine they are making, brewers compare the specific gravity of the must (or wort) before it starts fermenting to its specific gravity when it is finished fermenting. 

Glucose (C6H12O6) is the main sugar that will be converted to alcohol.  Many reactions take place inside the yeast that ultimately convert each glucose molecule into two molecules of ethanol (CH3CH2OH) and two molecules of carbon dioxide (CO2).  

	C6H12O6    (    2 CH3CH2OH   +   2CO2

The molar mass of ethanol is 46 g/mol and the molar mass of carbon dioxide is 44 g/mol.  You can use these numbers to calculate the alcohol content of the wine.

During the fermentation process most of the carbon dioxide that forms from the reaction bubbles out of the solution and leaves the fermentation vessel by way of a vent.  You can say that all of it leaves, because the amount that remains in the wine is very small compared to the amount that leaves.  If you look at the equation for the reaction you see that each glucose is split into two ethanol molecules and two carbon dioxide molecules.  That means for each carbon dioxide molecule that leaves the fermentation vessel, one ethanol molecule must be formed inside the vessel.  If you look back at the molar masses you can say that for each mole (44 grams) of CO2 that leaves the vessel 1 mole (46 grams) of ethanol is formed.  Put another way, for each gram of CO2 that bubbles off, about 1.05 grams of ethanol are produced.  
	SG
	Brix
	Potential % alcohol by volume
	Grams of sugar in 1 litre

	
	1000
	1.6
	0.0
	0

	
	1005
	2.7
	0.6
	4

	
	1010
	3.8
	0.9
	12

	
	1015
	4.9
	1.6
	28

	
	1020
	6.0
	2.3
	43

	
	1025
	7.1
	3.0
	59

	
	1030
	8.2
	3.7
	71

	
	1035
	9.3
	4.4
	91

	
	1040
	10.4
	5.1
	107

	
	1045
	11.5
	5.8
	119

	
	1050
	12.6
	6.5
	131

	
	1055
	13.7
	7.2
	143

	
	1060
	14.8
	7.9
	157

	
	1065
	15.9
	8.6
	169

	
	1070
	17.0
	9.3
	181

	You can compare the starting specific gravity to the final specific gravity.  If the starting gravity of the must is 1.06 (1060), and after fermentation, the gravity is 1.02 (1020).  Subtracting the second from the first gives us the weight of CO2 that left the vessel.  That is equal to 0.04 g/mL.  Then you multiply by 1.05 to get the mass of the alcohol in the container.  That is 4.2 g/mL. or 4 g/100mL (= 4.0%w/v). To put it simply – you multiply the change in SG by 105 to get % ethanol w/v). As ethanol has a mass of 0.789 g/mL, we can see that 4g of ethanol has a volume of 4/0.789 =  5.1 mL. Hence the concentration of ethanol in the wine is 5.1 mL per 100mL (i.e. 5.1%v/v).


	SG
	Brix
	Potential % alcohol by volume
	Grams of sugar in 1 litre

	
	1075
	18.1
	10.0
	193

	
	1080
	19.2
	10.7
	207

	
	1085
	20.3
	11.4
	224

	
	1090
	21.4
	12.1
	237

	
	1095
	22.5
	12.8
	250

	
	1100
	23.6
	13.5
	262

	
	1105
	24.7
	14.2
	274

	
	1110
	25.8
	14.9
	287

	
	1115
	26.9
	15.6
	299

	
	1120
	28.0
	16.3
	311

	
	1125
	29.1
	17.0
	323

	
	1130
	30.2
	17.7
	336

	
	1135
	31.3
	18.4
	348


2.2.3
THE PIGMENTS IN RED WINE – The Anthocyanins

The substances responsible for the red colour of wine grapes are known as anthocyanins. The diagram on the right shows one particular molecule belonging to the anthocyanins – it is called malvidin and is distinguished by the attached glucose molecule and the CH3O- groups on the top right.  If other sugars are attached, or if other groups besides CH3O- (eg -OH) are attached, it will be a different anthocyanin.

Depending on the acidity of the solution (the juice or the wine), the colour can change so it is vital that winemakers control acidity and pH to give their red wines an attarctive colour. You could investigate this effect.
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2.2.4
MUST THE CONDITIONS BE RIGHT?

As well as getting the acidity and sugar concentrations of the juice to the desirable levels, there are several other factors a winemaker considers when making a wine. These factors include:

•
the addition of various chemicals (pectin, enzymes, glycerine, calcium carbonate, egg albumin, Vitamin B, ammonium sulfate, ammonium phosphate, invert sugar and sodium metabisulfite), or by

•
      varying the conditions (temperature, timing the addition of sugar, cleanliness).

Such variations can affect the outcome of the winemaking process and will form the basis of your extended experimental investigation into the production and analysis of wine. An overview of each is given below. You will need to read elsewhere for more details. This will help develop your research skills.

(a)
Starting the yeast. Some winemakers suggest that instead of adding the powdered wine yeast directly to the juice, it should be made into a ‘starter’ broth that gets the yeast activated beforehand.  One home brew starter broths is made from malt extract, sugar, lemon juice and water. The quantities involved and others ‘starting’ mixtures can be found in wine books or on the Internet.

(b)
N and P nutrients.  Yeast is a living organism and needs food and oxygen. Like us, yeast also needs various vitamins and minerals, particularly nitrogen and phosphorus.  Winemakers often add 100-200 mg of diammonium phosphate (NH4)2HPO4 to each litre of juice. Grape juice has a fair amount of this nutrient and its addition may be fruitless if you’ll excuse the pun.  Hmmm!

(c)
Vitamins.  The other nutrient that has a wonderful effect upon the vigor of a fermentation is Vitamin B (thiamine).  For fruit wine, about 3mg is considered optimum. For vegetable and flower wine, 6 mg and 9 mg is recommended, respectively. Now why is that?  Grape juice may have enough thiamine and the effect may be nil. Now that would be interesting to find out.

(d)
Malt extract.  This is a ready-made nutrient broth and could be used to replace N, P and thiamine nutrients mentioned above. It is a homebrew method and may juts be worth a try. You’d have to know what is in it first.

(e)
Sugars.  Grape juice contains glucose as its main sugar. Glucose is often called grape sugar.  But winemakers usually add cane sugar (C12H22O11 or sucrose also chemically known as (-D-glucopyranosyl β-D-fructofuranoside β-D-fructofuranosyl (-D-glucopyranoside). Write that on the sugar jar at home and your parents will think they have a chemist on their hands.  Yeast has to first convert the sucrose into glucose and fructose (also called invert sugars) and this takes time and energy. If glucose was added instead a better wine may be produced.  Pure glucose can be purchased and winemakers use 112 g of it to replace 100 g of added sucrose.  Why the difference – is it density, molar mass or what?

(f)
Adding sugar.  In most cases, winemakers need to add some sugar to the fruit juice so that it will produce a wine with a reasonable alcohol concentration (>10%). If there is not enough alcohol, the wine will probably not keep.  Say you needed to add 500 g of sugar to a wine brew; you could add it all in one go, or add it in two or three stages so the yeast is not swamped by the high sugar concentration.  Some winemakers have found that staging the addition prevents the wine from getting ‘stuck’ and fermentation stopping half way through.  Now there’s something you could investigate. You could do what winemakers sometimes do – make the added sugar into a syrup with water first.

(g)
Pectin or starch haze, removal of.  Normally a well-made wine will clear of its own accord (which can be a year in some cases; you’d be finished Year 12 by then).  If the wine is cloudy at the end of fermentation, it could have a pectin haze or a starch haze. Both these substances are insoluble long-chain carbohydrates.  To prevent a pectin haze winemakers add a pectin enzyme when using pectin-containing fruit.  To prevent a starch haze, they add a starch reducing enzyme such as amylozyme (“fungal amylase”) which turns the starch into soluble sugar. This is usually only necessary with starchy products like grain, bananas or root vegetables. About 5 drops of a 10% solution is needed per litre of juice.  You could compare the effectiveness of these enzymes in preventing haze.

(h)
Protein haze.  Sometimes there is a haze that is not due to pectin or starch. In this case it is probably a protein haze.  Winemakers use a “fining” compound which makes the fine particles clump together and settle to the bottom of the container. There are several types that can be used: gelatine (0.1 g/L), isinglass (5-60 mg/L), egg whites, pure ox blood, casein (0.3 g/L), bentonite clay or vegetable alginates (5-25 mg/L) - black bananas work a treat.  These are risky in the hands of an amateur winemaker (eg you) and should be researched before attempting any investigation. They are not dangerous, it is just that you could wreck your wine quick smart.  Bentonite is pretty safe – about 20-50 mg/L made up into a suspension. You could try filtering the wine but you’d need a fine type of filter paper (they used to use asbestos before realizing that it could kill you – “dead drunk” perhaps).

(i)
Temperature control. Fermentation works best at about 15-20ºC. It is too slow at lower temperatures and the yeast could die if it gets too hot.  You could try fermentation at different temperatures and see if it affects the rate, the acidity or the haze.

PART 3 
WINE ANALYSIS

There are a number of analyses winemakers need to do to ensure quality control over their wines. Researchers perform similar tests in improving the winemaking process.

3.1
Percentage alcohol

Method 1:  Change in SG. The simplest way of estimating alcohol concentration is by SG.  As the ferment proceeds, the SG will drop as sugar is converted into alcohol. Winemakers note the SG at the start (after any additional sugar has been added) and at the end. As shown before, they then multiply this by 105 to get %w/v, or by 133 to get %v/v.

The above method is only a rough guide at best. A wine chemist requires a more precise method and the following distillation method is used.  

Method 2: Distillation method.

Experiment 3.1: Percentage alcohol by the distillation method.

Place exactly 100 mL of wine in a distillation flask, add some anti-bumping granules and distill until 70 mL of distillate has been collected. By this stage the amount of alcohol in the distillation flask will be negligible. Add 30 mL water to the distillate to bring its volume back up to 100 mL

Measure the density of the distillate by using either an alcohol hydrometer (if available) or by weighing a sample in a SG bottle. These bottles hold an almost exact volume of liquid – usually 50 mL.  To work out its volume, fill it with water and reweigh. One gram equals one mL. Then calculate the distilllate’s density by dividing the mass of the liquid by the volume of the container in mL. The % alcohol can be determined as the density of ethanol is 0.789 g/mL at 20ºC.  You can do this by drawing a graph showing % alcohol on the x-axis going from 0 to 100% and density of the mixture on the y-axis going from 1.000 (pure water) to 0.786 (pure ethanol). The density of your sample can be read off the graph but the errors are high.  If you were keen you could develop a formula like: % alcohol = (1 – density)/0.00214 which is just a rearrangement of y = mx + c.  This % is expressed as weight/volume (i.e. g/mL) but it is more usual in the wine industry to express this as volume/volume.  As 1 mL of ethanol has a mass of 0.786 g, then 1 g has a volume of 1.27 mL. So to convert %w/v to %v/v, multiply by 1.27.  This gives a more accurate value.

Method 3:  Alcohol Hydrometer

Experiment 3.2. Use the alcohol hydrometer to estimate the concentration of ethanol in the wine (or in the distillate above). It is calibrated in % ethanol.  Will sugar upset the reading? No, not if it is dry wine and has no sugar.

Method 4: Elevation of Boiling Point

Experiment 3.3. Ethanol boils at 78.5°C, water at 100°C. The boiling point of your wine will be between these two values and hence will be a measure of the relative amounts of each.  Measure the boiling point and consult the conversion graph.

Method 5: Redox titration

Experiment 3.4. Another method involves the titration of the wine against a standardized acidified potassium dichromate solution. The reaction: 3 CH3CH2OH  +  Cr2O72-  +  8 H+  (  2 Cr3+  +  7 H2O  +  CH3CHO  allows the amount of ethanol in a sample to be determined.  A good extended investigation. Ask for details.

3.2
Acidity and pH

There are two tests of acidity important in winemaking: pH and Total Acidity (TA). TA is more correctly referred to as Titratable Acidity and is the term the wine chemists use.

Experimental measurement of the pH of wine or juice

pH can be measured most accurately with a pH meter (such as the pH sensor and the CBL attached to your TI-83 calculator).  It can be calibrated using solutions of known concentration – most commonly saturated potassium bitartrate solution (pH 3.55 at 20ºC) and saturated potassium hydrogen phthalate (KHP) solution (pH 4.01 at 20ºC). A standard buffer solution of pH 7.0 can also be prepared. Follow the directions on the supplied instruction card.

3.2.1  
Titrations

A titration is a process of measuring the amount of base needed to neutralize a measured amount of acid solution (eg wine). It comes from the French titer meaning standard or title.  The acid solution is measured out with a pipette (Fr. small pipe). The sample taken with the pipette is called an aliquot (Latin alius other, quot how many). The base is measured out in a burette (French buire = drink or flagon, hence burette is a small drink container). For monobasic acids (eg acetic, hydrochloric) the balanced equation is:

HA   +   NaOH   (   NaA    +    H2O

In this case 1 mole of acid (HA) requires 1 mole of base (NaOH) for neutralization. 

The amount (moles) of acid (nacid) =  the amount of base (nbase); hence:

na = nb

CaVa = CbVb

For a dibasic acid such as malic or tartaric, the balanced equation is different because the sodium hydroxide has to react with two H+ ions that come off each acid molecule:

H2A   +   2NaOH   (   Na2A    +    H2O

In this case 1 mole of acid (H2A) requires 2 moles of NaOH for neutralization. The amount of acid equals half the amount of base, hence:
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Example: a 20 mL sample of tartaric acid required 11.50 mL of 0.112 M NaOH for titration. Calculate the concentration of tartaric acid in the solution.

Answer: Ca = CbVb/(2 x Va) = 0.112 x 11.50/(2 x 20) = 0.0322 M

Why does all the acid dissociate in a titration?  

You may wonder why the base will react with all of the acid when only a small amount of the acid has dissociated into hydrogen ions. The answer is that as the H+ ions are used up by the NaOH (H+ + OH- → H2O) more acid dissociates to form more H+ ions to take their place.  Recall that when a solution is in equilibrium, the ratio of the ions remains constant, so if some are taken, the solution adjusts itself by undergoing more dissociation to restore the balance.  This process “changes to equilibrium” is dealt with further in Year 12. That will be something to look forward to.

Experiment 3.5: Titratable Acidity.

PART 1: Standardizing the sodium hydroxide solution.

You will be supplied with a container of approximately 0.1 M NaOH solution.  This was made up by dissolving about 4 g of NaOH pellets in 1 L of distilled water.  To determine its concentration exactly, you will have to standardize it by titrating it against a primary standard, that is, a substance whose concentration you know exactly.  We use the acid potassium hydrogen phthalate (KHP, HOOC-C6H4-COOK) for this.  KHP is a monobasic acid with a molar mass of 204.  That is, 1 mole of KHP (204 g) would require 1 mole of NaOH for neutralization.  Hence, the number of moles of KHP (nKHP) = the number of moles of the base NaOH (nbase).  Alternatively: CKHPVKHP = CbaseVbase.

Method: 

Weigh out accurately about 2 g of KHP into a 100 mL volumetric flask.  Half fill with distilled water, insert the stopper and shake until all is dissolved (takes forever – best to leave overnight if possible). Make up to the mark with water.  

Calculate the concentration: CKHP = 
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 (volume has to be in litres; 100 mL = 0.1 L).

Should be approximately 0.1 M. Titrate a 20 mL aliquot of the KHP against the NaOH solution in the burette using phenolphthalein indicator. Repeat the titration. The titres (volume of NaOH) should agree with each other to within 1 drop (0.05 mL). Tough huh?  Calculate the NaOH concentration. 

PART 2: White wine (or pale coloured juice or soft drink, eg lemonade).

1. 
Wine (or soft drink) needs to be degassed to remove dissolved carbon dioxide which will interfere with the measurement of acidity. This is because CO2 forms a weak acid – carbonic acid, H2CO3 – when dissolved in water.  Place 100 mL of the wine in a Buchner Flask and connecting it to a vacuum pump and gently shaking for a few minutes.
2. 
Pipette a 20 mL aliquot of the wine into a conical flask and add about 50 mL of distilled water and 5 drops of phenolphthalein indicator.

3. 
Titrate against standardized 0.1M NaOH solution to a pink end point. Repeat the titration another time. 

Calculations: 

1.  
Calculate the concentration of the tartaric acid in the wine by using:
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2.  
Convert this from moles/L to grams/L by using n = m/Mr
Example: a 20 mL aliquot of white wine required a titre of 9.55 mL of 0.105 M NaOH to reach the end point.

Ctartaric      =   0.105 x 9.55/(2 x 20)   =   0.025 M

Grams/L  =   0.025 x 148 = 3.71 g/L

PART 3: Red wine

1. 
Repeat the above but instead of using phenolphthalein indicator, insert a pH electrode. Why is this?

2.
Begin the titration and stop when the pH reaches 8.4. This is the end point. Continue calculations as before.

Summary of important points
• The principal acids of wine are tartaric and malic. 

• Volatile acidity (undesirable) is due to acetic acid (vinegar). 

• Cool climate grapes have high acid and low sugar. 

• Warm climate grapes have low acid and high sugar. 

• The malolactic fermentation can be used to lower acidity of wine. 

• Total acidity is reported as grams of tartaric acid per 100 mL of wine. 

• Table wines generally have a total acidity of 0.6 to 0.7%. 

• Sweet white dessert wines generally have a total acidity above 1% to balance the sugar. 

• pH is a measure of "active" acidity. 

• The lower the pH, the higher the acidity; the higher the pH, the lower the acidity. 

• Table wines generally have a pH between 3.3 and 3.7.  

Experiments: some short investigations are:

3.6 
A comparison of phenolphthalein and the pH electrode method on measuring the TA of a white wine.

3.7 
A comparison of gassed and degassed wine (well, use lemonade) on the measured TA. What do you predict. Can you calculate the volume of CO2 (at STP) dissolved in the sample?

3.8
Use of alternative degassing methods: degas 100 mL of the wine by placing it in a conical flask, adding clean stainless steel turnings and shaking. Compare the TA to the vacuum method. What do you predict before you start?

3.9
Volatile acidity: compare the titratable acidity of a degassed wine that has been boiled (to remove volatile acetic acid) and an unboiled one. Does red wine have a higher volatile acidity than a white wine?

Acid Questions

Q38
(a)    Before commencing a titration, what liquid would you use for the final rinse of the:




(i)
conical flask




(ii)
pipette




(iii)
burette


(b)    If a 25 mL aliquot was taken instead of a 20 mL one and the student didn't realise - would the calculated 

                      concentration of the acidity be greater, smaller or the same as the true value?  Explain.

Q39
You are given containers with equal volumes of three different monoprotic acids.   The concentrations of the acid solutions are all 0. 1 M and the pH of the solutions are given below:





Solution A:  pH = 1. 0
Solution B:  pH = 2. 9
Solution C: pH = 5. 1


Which acid requires the most base to titrate to the end-point? Explain your reasoning

Q40
Acid-base titration.


Edible oils contain small quantities of free fatty acids. 


Olive oil contains the unsaturated fatty acid oleic acid CH3(CH2)7CH=CH(CH2)7COOH which has a molar mass = 282 g/mol. The acidity of olive oil can be determined by titrating a sample against a standardised potassium hydroxide solution. 


In a titration, approximately 20 g of the oil was weighed accurately into a conical flask and some hot solvent was added.   This solution was titrated to a pink end-point using phenolphthalein. 


Data:
[KOH] = 0. 105M

	Mass of Oil (g)
	Initial Burette Reading

(mL)
	Final Burette Reading

(mL)

	23. 65
	0. 00
	20. 25



(a)
Write the equation for the reaction. 


(b)
Calculate the percentage oleic acid by weight in the oil, using the data above and showing all steps of 

your calculation. 

Q41
How many mL of 0.200 M NaOH are required to neutralize 50.00 mL of 0.100 M HCI?

Q42
What is the molarity of a KOH solution if 32.55 mL is required to neutralize a 20.00 mL aliquot of 0.050 M HCI?

Q43
What is the molarity of an H2SO4 solution, 25.0 mL of which is neutralised by 45.0 mL of 0. 100 M NaOH?

Q44
Calculate the concentration of a NaOH solution if 32.00 mL is needed to titrate 1.10 g of the weak monoprotic acid potassium hydrogen phthalate KHC8H404 (M, = 207)?

Q45
A 25.0 mL aliquot of Ca(OH)2 solution required 18.50 mL of 0.25 M HCI for titration. Calculate the concentration of the calcium hydroxide solution.

Q46
0.687 g of Na2CO3 was dissolved in 250 mL of water in a volumetric flask. A 20.00 mL aliquot required 16.65 mL of dilute HCI for titration. (a) Write a balanced equation for the reaction; (b) calculate the concentration of the acid.

Q47
1.805 g of cloudy ammonia solution was weighed out into a flask and diluted with some water. It was then titrated against 0.105 M HCI and a titre of 37.45 mL was recorded. Calculate the percentage ammonia in the cloudy ammonia. The neutralization reaction is NH3 + HCI (NH4CI + H2O

Q48
20.00 mL of vinegar (approx. 4% acetic acid ) was pipetted into a volumetric flask and made up to the 250 mL mark with distilled water. A 20.0 mL aliquot of this solution required 11.15 mL of 0.0916 M NaOH for titration. Calculate the percentage acetic acid in vinegar. (Mr for acetic acid = 60).

3.2.2  How much acid to add?

Because of the buffering action (which depends on the concentration of acid salts present), no simple formula can be given
. However, calculations show that the following additions are fairly reliable if you want your wine to end up at pH 3.4. Note that red wine requires more acid to effect a change in pH than does white wine. This is because red wine has more buffer salts (0.07M) than does white wine (0.04M)

	pH of juice
	Grams of acid powder to add to 1 litre of juice to achieve a pH of 3.4

	
	Red wine
	White wine

	4.0
	4.7
	2.6

	3.8
	3.7
	2.1

	3.6
	2.3
	1.3

	3.4
	0.0
	0.0


3.3
Sugars

To produce alcohol in wine at least one type of sugar must be present.  It could be fructose, glucose, dextrose or dozens other different types which occur naturally in most fruits.  Also present in many fruits and honey is the sugar, sucrose.  Sucrose may be added to your must in the form of common white cane (table) sugar.

In grapes, the predominant sugars are glucose and fructose, with minor amounts of sucrose and other sugars.  During fermentation, these sugars are converted to alcohol and a winemaker may want to know exactly how much sugar is left to determine the completeness of fermentation.  There are two ways to do this:

(i) Experiment 3.11: Clinitest strips. The amount of glucose in wine can be measured with a Clinitest kit as used by diabetics.

(ii) Experiment 3.12: Lane and Eynon titration.  This frequently used procedure is based on the reaction of reducing sugar with alkaline copper sulfate solution, using a sugar solution of known concentration for standardisation. The procedure is as follows.

The following solutions are required:

•
Glucose solution 0.5%: dissolve 5.00 grams of glucose (accurately weighed) in distilled water and make to volume in a 1 litre volumetric flask.

•
Fehlings A: Dissolve 36.64 grams cupric sulfate (CuS04∙5H20) in distilled water and make to volume in a 500 mL volumetric flask.

•
Fehlings B: Dissolve 173 grams sodium potassium tartrate (Rochelle salt) plus 50 grams sodium hydroxide in about 400 mL of distilled water (take care as the solution of sodium hydroxide will generate heat on dissolving), cool and make to volume in a 500 mL volumetric flask.

•
1% methylene-blue indicator: Dissolve 1 gram of methylene blue in 100 mL of distilled water.

•
Decolourising charcoal.

To prepare the sample for analysis, measure 100 mL of wine accurately into a 100 mL volumetric flask and transfer quantitatively to a 250 mL beaker. Add a boiling chip and boil to about half its volume to remove the alcohol. If the wine has any red colour add about 0.5 gram of activated (decolourising) charcoal to the beaker before boiling. Cool and filter through Whatman no. 5 filter paper. Transfer the dealcoholised and decolourised wine sample quantitatively to a 100 mL volumetric flask and make up accurately to the mark with distilled water and mix.

To standardise the Fehlings solution, pipette 10 mL of both Fehlings A and Fehlings B into a 250 mL conical flask. Add 2 to 3 boiling chips or a small spatula tip of pumice powder to the flask. Bring to the boil* and immediately start titrating with the 0.5% glucose solution from a burette. The solution will now be blue. While boiling keep titrating with glucose solution until only a faint blue colour remains, then add 5 drops of 1% methylene blue indicator. The blue colour will intensify. Continue titrating,* still with the solution boiling, until the blue colour in the solution is dissipated. A precipitate of cuprous oxide is formed which imparts a brick-red colour to the solution, but when this settles the solution is clear and colourless. This is difficult to recognise at first and is easier if the solution is viewed through the edges for the disappearance of the blue colour. This is the end-point.

To determine the reducing-sugar concentration of the wine, pipette 10 mL of both Fehlings A and Fehlings B and 20 mL of the dealcoholised, decolourised wine sample into a 250 mL conical flask. Add some boiling chips or pumice powder to the flask and titrate with 0.5% glucose as before, observing the 3-minute time-period. Record the number of mL used in the titration.

Calculation: when the volume of the wine sample is 20 mL the reducing sugar content in g/L equals the difference between the two titration readings multiplied by 0.25.

3.4
Carbonation

3.4.1  The source of CO2

The sparkle and fizz in beer, champagne, and soft drinks is caused by carbon dioxide gas, a by-product of the brewing and winemaking process. For still wine it is allowed to escape into the air. If fermentation takes place in a closed container such as a tank or a bottle, the gas is trapped and the liquid absorbs it to produce a sparkling wine. When only a little CO2 is absorbed into the wine it will give a faint prickling sensation on the tongue (about 2 g/L of CO2). The wine is then said to be spritzig (German), frizzante (Italy) or petillant (France). The presence of CO2 accelerates the absorption of alcohol into the blood stream.  The important property of carbon dioxide in drinks is that it is 50 times more soluble in water than air is. At room temperature, a bottle of water can absorb its own volume of carbon dioxide.

The solubility of carbon dioxide decreases as temperature increases (see table on next page). That's why carbon dioxide bubbles rise up through the liquid and escape from the bubble surface when a cold drink warms up in a glass. Its solubility decreases, too, as the pressure falls - so when you remove the cork from a bottle of champagne or the stopper from a bottle of soft drink, a rush of bubbles surges to the top.

For the same reason, drinks still give off bubbles at low temperatures - the result of being bottled under pressure.

	Temp

ºC
	Mass of CO2 per 100 g water at 1 atm (g)

	0
	0.3346

	1
	0.3213

	2
	0.3091

	3
	0.2978

	4
	0.2871

	5
	0.2774

	6
	0.2681

	7
	0.2589

	8
	0.2492

	9
	0.2403

	10
	0.2318

	11
	0.2239

	12
	0.2165

	13
	0.2098

	14
	0.2032

	15
	0.1970

	16
	0.1903

	17
	0.1845

	18
	0.1789

	19
	0.1737

	20
	0.1688

	21
	0.1640

	22
	0.1590

	23
	0.1540

	24
	0.1493

	25
	0.1449


Sparkling wines such as champagne are made in the normal way like still wines and are then chilled, filtered and clarified to remove any solid material. The wine then goes through a second fermentation. From 1 to 3 percent yeast is added along with about 2 percent sugar. The wine is left for one or two months while the yeast converts the sugar into more alcohol and carbon dioxide. Fermentation occurs at room temperature. 

During the first fermentation, the carbon dioxide escapes into the air. The second fermentation takes place in the bottle. Carbon dioxide is not allowed to escape, so the pressure inside the bottle increases and the wine becomes sparkling.


[image: image34.jpg]



The production line at Sirromet.

When wines are being bottled, the

bottles are purged with CO2 to keep air out.

3.4.2  Gas/solution equilibrium

In aqueous solution, carbon dioxide exists in many forms. 

First, it simply dissolves:    CO2(g)   (   CO2(aq) 

Then, an equilibrium is established between the dissolved CO2 and H2CO3, carbonic acid: 

CO2(aq)   +   H2O(l)   (   H2CO3(aq) 

The double-headed arrows mean that the reaction is reversible; that is, the products can react to form the reactants. The “species” are said to be in equilibrium if the rate of the forward reaction equals the rate of the reverse reaction. In this case there will be no change in their concentrations.

Only about 1% of the dissolved CO2 exists as H2CO3. Carbonic acid is a weak acid which dissociates in two steps. 

	H2CO3
	(
	H+ + HCO3¯
	Ka1 = 4.2 x 10-7 

	HCO3¯
	(
	H+ + CO32-¯
	Ka2 = 4.8 x 10-11


When titrated, all the CO2(aq) is reacted so a titration is a measure of total CO2 content:

H2CO3(aq)    +    2NaOH(aq)    (     Na2CO3     +    2H2O

Experiment 3.13: Design an experiment to measure the acidity of freshly opened lemonade with one that has been degassed. You can degas wine in three ways: 1. add some stainless steel scouring pad (the sharp edges form nucleation sites for the gas to come out of solution); 2. Put some in a Buchner flask and connect to a vacuum pump (the ones that connect to the water taps are okay); 3. boil (this is okay for lemonade as there is no volatile acidity (from acetic acid). This would not be suitable for wine.  You should titrate against 0.1 M NaOH using phenolphthalein indicator. 

Experiment 3.14: Design an experiment to measure the solubility of CO2 in lemonade as a function of temperature (by titration).  Results obtained by this procedure are intended to indicate a trend in the solubility of the carbon dioxide as a function of temperature. Compare your results graphically with the published data in the table above.

Q49
Carbon dioxide gas was bubbled through distilled water at 10ºC until it was saturated. A 20 mL aliquot of the water was titrated against 0.100 M NaOH and a 21.05 mL titre resulted. Calculate the mass of CO2 in the water at that temperature.  Was it saturated as thought?

Q50
A 20 mL aliquot of a sparkling wine at 15ºC was titrated against 0.05 M NaOH and a titre of 38.05 mL was recorded.  The same wine was degassed and a further 20 mL sample at the same temperature was titrated against 0.05 M NaOH and a titre of 26.65 mL was now recorded. Calculate the titratable acidity of the degassed wine (as a wine chemist would normally do) and calculate how many grams per 100 mL of dissolved CO2 was present. Express this as a % saturation at this temperature.

Q51
A 20 mL sample of water saturated with CO2 was titrated with 0.1 M NaOH. How would the two titres compare if the sample was at 10ºC in the first case and then at 25ºC in the second case?

Q52
Stimulus response question.  Read the following report of an experiment into wine behaviour.

It is common custom to open a bottle of wine a few hours before consumption to "allow it to breathe." However, Dr. Nirmal B. Charan of the Pulmonary Research Laboratory of the VA Medical Center in Boise, Idaho and colleagues questioned whether wine could indeed "breathe" while still in the bottle given its narrow neck. To test their hypothesis, they opened five bottles of Cabernet Sauvignon and measured gas concentrations in samples obtained from the top and the bottom of the wine bottles immediately after the opening of the bottle and then at two, four, six and twenty-four hours thereafter. Some six hours after opening the bottle, oxygen concnetration had increased only slightly and carbon dioxide concentration remained the same. The measures of acidity (pH) did not change significantly.

But, when the wine was swirled in a glass for two minutes, there resulted a rapid increase in oxygen concnetration, and carbon dioxide concentartion decreased markedly. The researchers also noted a definite improvement in taste of the wine. They then bubbled oxygen through a needle into two other corked bottles of wine. This technique reportedly resulted in a better taste, quite similar to swirling. Dr. Charan and colleagues concluded that when left in an open bottle, wine is unable to breathe, and the swirling of wine in a glass is a better technique for aeration. They also concluded that oxygenation of wine alone results in an improved taste.

(a)
What was their hypothesis?

(b)
What was the theoretical basis of their hypothesis?

(c)
Was their hypothesis confirmed?

(d)
Was a control used?

(e)
Suggest a possible further experiment that could be undertaken.

3.5  Sulfur dioxide sterilizing agent

The single biggest reason that home-made wine goes bad is the lack of cleanliness.  All equipment, anything that comes in contact with your must or young wine, has to be sanitized (including your hands). Sulfite is a natural bacteria inhibitor. A small amount of sulfite in your wine will not only discourage bacteria that could ruin it, but it also helps prevent oxidation. However, some people are allergic to sulfite and they should be careful about its use.

Sulfur dioxide is almost universally used in winemaking, and is one of the few compounds for which legal maximum limits exist (currently in Australia 250 milligrams per litre, depending on the sweetness of the wine, with sweeter wines containing more). Sulfur dioxide is a remarkable compound, since it combines both germicidal and anti oxidant properties, is relatively non-toxic, and an excess can be detected by smell. No other compound has been found which possesses all these characteristics and which may be legally added to wine.

Chemically, sulfur dioxide is quite reactive, and exists in wine in both free or uncombined and bound or combined forms. The free form consists of molecular or un-ionised sulfur dioxide (SO2), the bisulfite anion (HSO3-) and the sulfite anion (SO32-). 

SO2 (aq)    +        H2O       (       H2SO3
  H2SO3     (       HSO3-     +          H+
   HSO3-     (       SO32-      +          H+
The proportions of each of these three forms depends on pH, with the most acid wine having the most undissociated sulfur dioxide. Free sulfur dioxide includes all three forms, of which the undissociated or molecular sulfur dioxide molecule is the most germicidal, but at the pH of wine (3 to 4) the bisulphite form is the most abundant. The bound or combined form involves many compounds, especially acetaldehyde, with which it is very strongly bound. The many bound or addition compounds exist in equilibrium with one another in a complex fashion.

The free and bound portions together comprise total sulfur dioxide. Since the free sulfur dioxide is the more effective species, its measurement is much more important than that of total sulfur dioxide. The amount of free sulfur dioxide required to preserve a wine is related to pH, since this influences the proportion present in the free form, and particularly in the most effective molecular form. Because more undissociated sulfur dioxide is present at lower pH levels, i.e. in the more acid wines, we need less free sulfur dioxide in such wines. At the present state of our knowledge we can only specify accurately the level of free sulfur dioxide in white wines. In red wines almost all of the free is in fact loosely bound to the anthocyanin pigments, and is released by the acidification of the wine during its measurement. Thus the amount of apparent free sulfur dioxide in a red wine is not a true figure in the chemical sense, but represents in part the amount of pigment in the wine. Nevertheless, it is a useful, if incompletely defined, concept in red wines.

The influence of pH on the percentage of bisulfite ion and molecular sulfur dioxide is shown in the table below.

	pH
	Free SO2

%
	Typical Free SO2
mg/L

	
	% bisulfite

HSO3-
	% molecular

SO2
	White

wine
	Red

wine

	3.0
	94.0
	6.0
	10
	

	3.2
	96.0
	4.0
	20
	

	3.4
	97.5
	2.5
	30
	10

	3.6
	98.5
	1.5
	40
	20

	3.8
	99.0
	1.0
	50
	

	4.0
	99.4
	0.6
	50
	


The last two columns of the table show the typical amounts of free SO2 in white and red wines.

Analysis of wine for SO2 is difficult as it requires the SO2 to be driven off by boiling, bubbling it through a hydrogen peroxide (H2O2) which converts to sulfuric acid (H2SO4). The sulfuric acid is then titrated against a standard NaOH solution. It is called the Rankine Method - clever huh? This would make a good investigation.

Q53
20mL of wine is boiled and the sulfur dioxide passed through hydrogen peroxide to form sulfuric acid. 
The acid is titrated against 0.010 M NaOH and a 2.55 mL titre was recorded. 

(a)
Write the balanced equation for the reaction between SO2 and H2O2 to form H2SO4 and water.

(b)
Write the balanced equation for the reaction between H2SO4 and NaOH.

(c)
Calculate the total amount of SO2 per litre of wine. Hint: the overall equation should be nSO2 = CV/2

3.6
Anthocyanins

Experiment 3.15. Here’s a method used for determining anthocyanins in wine. It was developed by Fuleki and Francis.  You’ll find it on the web. 

You will require buffer solutions of pH1 and pH5.

To 10 mL of juice/wine, add 40 mL of pH 1 buffer solution and measure the absorbance in a spectrophotometer at 520 nm. The concentration of anthocyanins (mg/100 mL) = A x DF/0.873. (A = absorbance; DF = dilution factor, in this case 10/50). To check if the anthocyanins have been degraded by sunlight, prepare another sample but use a pH5 buffer and measure the absorbance again.  The formula is: anthocyanins (mg/100 mL) = (APH1 – APH5) x DF/0.775.

PART 4 
MAKE YOUR OWN WINE

As part of your study into the chemistry of wine, you will be making your own wine. 

The following recipes are adapted from Gloria Oxford’s book “Make your own wine” (1999) which is available at school and available for perusal.  As well, there are another 7000 wine recipes on the internet but most are just repeats of the same basic recipes. 

The steps below are those used by home winemakers and the steps we will be following in order to make our wine: 

 1.
Buy 3L grape juice. Remove and store 200mL for subsequent experimentation (total acidity, pH and sugar concentration).  Place 1.5 L into each of two 3L containers.

 2.
Add sugar as desired using the table provided earlier.

 3.
Add ½ Campden tablet (sodium metabisulfite).

 4.
Add 1 g di-ammonium phosphate (DAP) powder as a nutrient.

 5.
Add 1 teaspoon of wine yeast. Add air-lock and let ferment.

 6.
Rack when fermentation slows down (10 days). Add ½ Campden tablet.

 7.
Continue to ferment. Stop when SG (sugar level) reaches desirable level (1010 for a sweet wine; 1000 or lower for a dry wine).

 8. 
Add stabiliser to stop any further fermentation.

 9.
Bottle.

10.
Make your own label for this wine according to Australian wine labelling laws.


Find this at:http://www.awbc.com.au/arms/regulations/apewll.html

The table below lists some of the possible fruits you could use and their characteristics. Grape juice typically has a pH of 3.27 for white and 3.35 for red.

	Fruit
	Brix
	SG
	Tartaric

Acid  g/L
	Total acidity

g/L
	Dominant

Acid

	Apple
	9-15
	1.035-1.060 
	8
	5.2
	Malic

	Apricot
	4-11
	1.014-1.043 
	17
	11.1
	Malic 

	Banana
	17
	1.069
	3
	2.0
	Malic/Citric

	Blackberry
	8
	1.031
	15
	9.8
	Malic 

	Cranberry
	4
	1.014
	30
	19.6
	Citric/Malic

	Black Currant
	10
	1.039
	32
	20.9
	Citric

	Grape
	15-25
	1.060-1.106
	5-8
	5-8
	Tartaric/Malic

	Grapefruit
	6
	1.022
	20
	13.1
	Citric 

	Kiwi
	14
	1.056
	30
	19.6
	Citric 

	Litchi
	17
	1.069
	3
	2.0
	

	Mango
	11
	1.043
	5
	3.3
	

	Orange
	2-7
	1.007-1.026
	12
	7.8
	Citric 

	Passion Fruit
	11
	1.043
	30
	19.6
	Malic 

	Peach
	6-12
	1.022-1.047
	4
	2.6
	Malic 

	Pineapple
	13
	1.052
	11
	7.2
	Citric

	Plum
	11
	1.043
	6
	3.9
	Malic 

	Prickly Pear
	11
	1.043
	1
	0.7
	

	Raspberry
	7
	1.026
	16
	10.5
	Citric 

	Strawberry
	7-8
	1.026
	16
	10.5
	Citric 

	Watermelon
	9
	1.035
	2
	1.3
	


PART 5
SOCIAL EFFECTS OF ALCOHOL ABUSE


In Australia, approximately 8 percent of people aged 18 and older suffer from alcohol abuse and/or dependence.  This abuse or dependence costs millions in medical treatment, lost earnings, casualty damages and criminal/legal costs.  Alcohol abuse has been a rising problem over the past three decades.  With the continued exposure to alcohol, how does the human body respond or adapt? The body's increased tolerance to alcohol involves the following changes: 

· Increase in level of liver's enzymes that are used to break down alcohol 

· Increase in activity of brain and nervous-system neurons 

These bodily adaptations change a person's behaviour.  The levels of alcohol dehydrogenase and aldehyde dehydrogenase in the liver increase in response to long-term alcohol exposure.  This means that the body becomes more efficient at eliminating the high levels of alcohol in the blood.  However, it also means that the person must drink more alcohol to experience the same effects as before, which leads to more drinking and contributes to addiction.  

The normal chemical and electrical functions of nerve cells increase to compensate for the inhibitory effects of alcohol exposure.  This increased nerve activity helps people to function normally with higher BAC; however, it also makes them irritable when they are not drinking.  Furthermore, the increased nerve activity may make them crave alcohol.  Most certainly, the increased nerve activity contributes to hallucinations and convulsions (e.g. delirium tremens) when alcohol is withdrawn, and makes it difficult to overcome alcohol abuse and dependence.  

In addition to these adaptations, there are many adverse physical effects that result from long-term exposure to alcohol: 

· The increased activity in the liver causes cell death and hardening of the tissue (cirrhosis of the liver).  

· The brain cells in various centers die, thereby reducing the total brain mass.  

· Stomach and intestinal ulcers can form because the constant alcohol use irritates and degrades the linings of these organs.  

· Blood pressure increases as the heart compensates for the initially reduced blood pressure caused by alcohol.  

· Male sex-cell (sperm) production decreases because of decreased sex-hormone secretion from the hypothalamus/pituitary and, possibly, direct effects of alcohol on the testes.  

· Poor nutrition decreases levels of iron and vitamin B, leading to anemia.  

· Because alcoholics lose balance and fall more often, they suffer more often from bruises and broken bones; this is especially true as they get older.  

Finally, alcohol abuse and dependence cause emotional and social problems.  Because alcohol affects emotional centers in the limbic system, alcoholics can become anxious, depressed and even suicidal.  The emotional and physical effects of alcohol can contribute to marital and family problems, including domestic violence, as well as work-related problems, such as excessive absences and poor performance.  While alcoholism has devastating effects on a person's health and social environment, there are medical and psychological ways to treat the problem.  
TEST YOUR KNOWLEDGE

Good Medicine has found the truths behind some of the common myths regarding alcohol. The answers are given below. (http://goodmedicine.ninemsn.com.au/goodmedicine/factsheets). Accessed 20 August 2002.

Answers are on the next page.

	Statement
	True or false?

	Mixing your drinks makes you more intoxicated
	

	Beer is the least potent drink for women
	

	Anyone who passes out from drinking too much should be put to bed
	

	Alcohol warms you up
	

	Champagne or alcohol combined with fizzy mixtures is more potent
	

	The more you drink, the more you become tolerant to its effects
	


PHYSIOLOGICAL EFFECTS OF ALCOHOL

Summary of alcohol's effects on the brain.  

Cerebral Cortex

The cerebral cortex is the highest portion of the brain.  The cortex processes information from your senses, does your "thought" processing and consciousness (in combination with a structure called the basal ganglia), initiates most voluntary muscle movements and influences lower-order brain centers.  In the cortex, alcohol does the following: 

· Depresses the behavioral inhibitory centers - The person becomes more talkative, more self-confident and less socially inhibited.  

· Slows down the processing of information from the senses - The person has trouble seeing, hearing, smelling, touching and tasting; also, the threshold for pain is raised.  

· Inhibits thought processes - the person does not use good judgement or think clearly.  

These effects get more pronounced as the BAC increases.  

Limbic System

The limbic system consists of areas of the brain called the hippocampus and septal area.  The limbic system controls emotions and memory.  As alcohol affects this system, the person is subject to exaggerated states of emotion (anger, aggressiveness, withdrawal) and memory loss.  

Cerebellum

The cerebellum coordinates the movement of muscles.  The brain impulses that begin muscle movement originate in the motor centers of the cerebral cortex and travel through the medulla and spinal cord to the muscles.  As the nerve signals pass through the medulla, they are influenced by nerve impulses from the cerebellum.  The cerebellum controls fine movements.  For example, you can normally touch your finger to your nose in one smooth motion with your eyes closed; if your cerebellum were not functioning, the motion would be extremely shaky or jerky.  As alcohol affects the cerebellum, muscle movements become uncoordinated.  In addition to coordinating voluntary muscle movements, the cerebellum also coordinates the fine muscle movements involved in maintaining your balance.  So, as alcohol affects the cerebellum, a person loses his or her balance frequently.  At this stage, this person might be described as "falling down drunk."

Hypothalamus and Pituitary Gland

The hypothalamus is an area of the brain that controls and influences many automatic functions of the brain through actions on the medulla, and coordinates many chemical or endocrine functions (secretions of sex, thyroid and growth hormones) through chemical and nerve impulse actions on the pituitary gland.  Alcohol has two noticeable effects on the hypothalamus and pituitary gland, which influence sexual behavior and urinary excretion.  Alcohol depresses the nerve centers in the hypothalamus that control sexual arousal and performance.  As BAC increases, sexual behavior increases, but sexual performance declines.  

There is also an effect of alcohol on urine excretion.  Alcohol inhibits the pituitary secretion of anti-diuretic hormone (ADH), which acts on the kidney to reabsorb water.  Alcohol acts on the hypothalamus/pituitary to reduce the circulating levels of ADH.  When ADH levels drop, the kidneys do not reabsorb as much water; consequently, the kidneys produce more urine.  

Medulla
The medulla, or brain stem, controls or influences all of the bodily functions that you do not have to think about, like breathing, heart rate, temperature and consciousness.  As alcohol starts to influence upper centers in the medulla, such as the reticular formation, a person will start to feel sleepy and may eventually become unconscious as BAC increases.  If the BAC gets high enough to influence the breathing, heart rate and temperature centers, a person will breathe slowly or stop breathing altogether and both blood pressure and body temperature will fall.  These conditions can be fatal.  

Alcohol's Effects on Other Body Systems

In addition to the brain, alcohol can affect other body tissues.  It has the following effects on other systems in the body: 

· Irritates the linings of the stomach and intestine - This can lead to vomiting.  

· Increases blood flow to the stomach and intestines - This increases secretions by these organs, most notably stomach acid secretion.  

· Increases blood flow to the skin - This causes a person to sweat and look flushed.  The sweating causes body heat to be lost, and the person's body temperature may actually fall below normal.  

· Reduces blood flow to muscles - This can lead to muscle aches, most notably when a person recovers from the alcohol (the "hangover").  

· All of alcohol's effects continue until the ingested alcohol is eliminated by the body.

ANSWERS

MIXING YOUR DRINKS MAKES YOU MORE INTOXICATED — FALSE
That's false, but it could make you sick. All drinks contain different levels of alcohol and it's alcohol that makes you drunk. Whether it's the 5.5% in a cooler or the 30%in a glass of liqueur, it's how much alcohol, not what type.

BEER IS THE LEAST POTENT DRINK FOR WOMEN — TRUE
While it's a known fact that women are more susceptible to the effects of alcohol than men, the latest research shows that women are more biologically tolerant of beer than wine or spirits. It's all to do with an enzyme in the stomach that breaks down alcohol. Tests show that beer, which is around five percent alcohol, is absorbed at the same rate for both sexes.

ANYONE WHO PASSES OUT FROM DRINKING TOO MUCH SHOULD BE PUT TO BED — FALSE
If a friend has had too much to drink and passes out, the worst thing you can do is drag them into a bedroom away from everyone else and close the door to let them sleep it off. Alcohol slows down the heart rate and breathing and lowers the blood pressure. The amount of alcohol it takes to make you pass out is dangerously close to the amount it takes to kill you.

ALCOHOL WARMS YOU UP — FALSE
You may feel warmer drinking, but alcohol actually cools down core body temperature. So, drinking outdoors in cold weather could lead to hypothermia.

CHAMPAGNE OR ALCOHOL COMBINED WITH FIZZY MIXTURES IS MORE POTENT — TRUE
Most alcohol enters the bloodstream via the small intestine — the beginning of the bowel. It's separated from the stomach by the pyloric valve. Carbonation can cause the valve to open, which speeds up the whole process.

THE MORE YOU DRINK, THE MORE YOU BECOME TOLERANT TO ITS EFFECTS — TRUE
Have you ever wondered why someone can drink you under the table and seemingly walk out of the bar in a straight line? Well, it's not necessarily a good thing. It's a sign that their liver is being constantly exposed to alcohol and is working overtime to cope. And it may mean they've gone beyond being a social drinker.

Appendix 1 - Table of Ka values

	Name
	Formula
	Ka1
	Ka2
	Ka3

	Acetic
	CH3COOH
	1.8 x 10-5
	 
	 

	Arsenic
	H3AsO4
	5.6 x 10-3
	1. 0 x 10-7
	3. 0 x 10-12

	Arsenous
	H3AsO3
	6.0 x 10-10
	 
	 

	Ascorbic
	HC6H7O6
	8. 0 x 10-5
	1. 6 x 10-12
	 

	Benzoic
	C6H5COOH
	6.5 x 10-5
	 
	 

	Boric
	H3BO3
	5.8 x 10-10
	 
	 

	Carbonic
	H2CO3
	4.3 x 10-7
	5. 6 x 10-11
	 

	Chloroacetic
	HC2H2O2Cl
	1.4 x 10-3
	 
	 

	Citric
	H3C6H5O7
	7.4 x 10-4
	1. 7 x 10-5
	4. 0 x 10-7

	Cyanic
	HCNO
	3.5 x 10-4
	 
	 

	Formic
	HCHO2
	1.8 x 10-4
	 
	 

	Hydroazoic
	HN3
	1.9 x 10-5
	 
	 

	Hydrocyanic
	HCN
	4.9 x 10-10
	 
	 

	Hydrofluoric
	HF
	6.8 x 10-4
	 
	 

	Hydrogen sulfide
	H2S
	5.7 x 10-8
	1. 3 x 10-13
	 

	Hypobromous
	HBrO
	2.0 x 10-9
	 
	 

	Hypochlorous
	HClO
	3.0 x 10-8
	 
	 

	Hypoiodous
	HIO
	2.0 x 10-11
	 
	 

	Iodic
	HIO3
	1.7 x 10-1
	 
	 

	Lactic
	HC3H5O3
	1.4 x 10-4
	 
	 

	Malonic
	H2C3H2O4
	1.5 x 10-3
	2.0 x 10-6
	 

	Nitrous
	HNO2
	4.5 x 10-4
	 
	 

	Oxalic
	H2C2O4
	5.9 x 10-2
	6.4 x 10-5
	 

	Phosphoric
	H3PO4
	7.5 x 10-3
	6.2 x 10-8
	4.2 x 10-13

	Propionic
	HC3H5O2
	1.3 x 10-5
	 
	 

	Sulfuric
	H2SO4
	Strong Acid
	1.2 x 10-2
	 

	Tartaric
	H2C4H4O6
	1.0 x 10-3
	4.6 x 10-5
	 


Why are there columns headed Ka2 and Ka3 as well as the normal Ka ?

Appendix 2 - Spectral analysis of anthocyanin pigments.

If you’re interested in research that no-one else in Australia is doing, read on and make this the basis of your project.

Anthocyanin pigments are responsible for the attractive red to purple to blue colors of many fruits and vegetables including dark wine grapes. Anthocyanins are relatively unstable and often undergo degradative reactions during processing and storage. Measurement of total anthocyanin pigment content along with indices for the degradation of these pigments are very useful in assessing the color quality of these foods.  Fruit color is an important quality attribute in table grapes. It has been studied extensively due to its importance in the table and wine-grape industry. Copigmentation is a solution phenomenon in which pigments and other non-colored organic components form molecular associations or complexes. It generally results in an enhancement in the absorbance and in some cases, a shift in the wavelength of the maximum absorbance of the pigment. Copigmentation has not previously been taken into account in traditional wine color measures, in the relationship between color and pigment analysis, or in spectrophotometric assays for anthocyanin content. It is now apparent that copigmentation can account for between 30 and 50% of the color in young wines and that it is primarily influenced by the levels of several specific, noncolored phenolic components or cofactors. Copigmentation is of critical importance in understanding the relationship between grape composition and wine color, the variation in color and pigment concentration between wines, and in all reactions involving the anthocyanins during wine aging.  Reference: www.asev.org/Journal/Volumes/52_2/ Pgs%2067-87%20abstract.pdf (last accessed 20 August 2002)

Interest in the anthocyanin content of foods has also intensified because of their possible health benefits. They may play a role in reduction of coronary heart disease, increased visual acuity, as well as antioxidant and anticancer properties. Anthocyanins have also found considerable potential in the food industry as safe and effective food colorants. Interest in this application has increased in recent years.  Quantitative and qualitative anthocyanin composition are important factors in determining the feasibility of the use of new plant materials as anthocyanin-based colorant sources.  Reference: http://www.does.org/masterli/facsample.htm  (last accessed 20 August 2002)

Here’s what the world’s leading researcher in anthocyanins has to say about future research: The role of ionic strength, more specifically anion type and concentration, on the stability of copigmentation stacks needs to be further investigated, particularly with respect to the differences between wines and the effects of cold stabilization treatments. The influence of wine pH on the color due to copigmentation also deserves further study so that its contribution in the various assays for anthocyanin content can be further understood. The present picture of copigmented and free anthocyanins should now be applied to study the rates of polymeric pigment formation and the factors influencing it. These would include pH and oxidation effects, which in the past have been confused with the formation of brown polymers and their contribution to color density. Our knowledge of this phenomenon in wines is still undeveloped and yet its role in the natural color of red wines can only be described as dramatic. It is now clear why the color of young red wine is not related to the anthocyanin content of the grapes from which it was made. 

Appendix 3
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� The buffering action is allowed for in the following formula: [H+] = Ka x [acid]/[salt].
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