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INTRODUCTION





Home brewing is as old as man himself. It is thought to have originated in Mesopotamia, ‘the land between the rivers’, the Tigris and Euphrates, at least 7,000 years ago. In the first great civilization, Sumeria, maltsters and brewers were held in high esteem. Their beer was made from mashed bread that was strained and left to ferment by the inoculation of wild yeast. The resultant brew was flavoured with spices and dates, and sweetened with wild honey; it was considered to have had medicinal properties. The brewers had their own guild, and had certain obligations to the temples and the Gods.


With each subsequent civilization, the craft of brewing eventually spread throughout the Middle East and Europe. The British, too, have always been home brewers, and were fermenting beverages from barley in the first century AD. The monasteries were largely responsible for the continuation of brewing in Britain, and strangers were welcomed in for the night with ale and bread, the staple diet of the day. It is recorded that the monks of St Paul’s Cathedral brewed 60,000 gallons (272,000ltr) per year (that’s 480,000 pints!), and that the Canons had a weekly allowance of 34 pints per day!


Many noted brewing centres today owe their origins to the early monastic establishments, and many breweries still draw their liquor from wells sunk by monks centuries ago. Eventually we brewed in the home, on the farm, in alehouses, taverns, inns and colleges, and by the nineteenth century on a gigantic commercial scale. Queen Victoria summed it all up thus: ‘Give my people plenty of beer, good beer, cheap beer, and you will have no revolution amongst them!’


As the brewing industry grew, many styles of beer evolved and Scotch ales, Burton ales, bitters, India pale ales, pale ales, porters, stouts, light ales, amber ales, brown ales, mild ales and, eventually, Pilsner-style lagers satisfied the thirst of every social class. Although the craft of home brewing waxed and waned over the years, it never died out in Britain. Until 1963, home brewers were obliged to pay tax on their brews, but how successful the Inland Revenue was in collecting it, one can only guess.


Today, the craft of home brewing is ever gaining in popularity, with a professional back-up that underpins the aspirations of the budding artisan brewer. The home brew industry has spared no effort in its desire to ensure that high quality ingredients and equipment are obtainable. The local home brew shop, too, is the bedrock of the craft, and what they don’t stock, they will get for you.


There is also great interest in researching and brewing the beers of the nineteenth and early twentieth centuries. Today, craft brewers can produce any style of beer with fairly modest equipment, and yet turn out a product with the highest degree of excellence!



















CHAPTER 1


BRITISH BEER STYLES





Traditional beer styles vary throughout the country with local and regional variations, and it is this great diversity that makes British beers so appealing.


TRADITIONAL BRITISH BEER STYLES


Burton Ale


This ale is the English equivalent of Scotch ale, and in nineteenth-century London it was offered as an alternative to Scotch ale, although many pubs sold both beers. The characteristics of Burton ale are its high gravity, OG 1070–1110, a very red colour, full dry-hopped flavour and an enticing aroma. Old Burton (barley wine) was a much stronger brew, with an OG of up to 1145!


Bitter


The term historically evolved as a colloquialism in order to distinguish between highly hopped mature ‘bitter’ beers and the ‘mildness’ of less hopped beer. The quality of palate in today’s bitters is more associated with hop character and aroma than actual bitterness, and such spicy floral fruitiness gives them their pleasing charm. Their typical profile is a straw to amber colour of 15–25 EBC°; an ABV of 3.5–4.4 per cent; and bitterness, 20–35 IBUs.


Best Bitters


When brewed to full gravity, this is one of England’s finest beers. The colour may be straw to amber, the palate malty, well balanced with hop bitterness and, perhaps, a touch fruity, with a slight bitter edge. ABV 4.5–5.5 per cent; IBUs 28–55; EBC° 15–30.  


Light Ales  


These ales are refreshing, low gravity, bottled bitter beers. They were sometimes sold as ‘family’ or ‘dinner’ ales, are usually pale amber in colour, with a dry hoppy finish, lively condition and good head retention. Sadly, ‘light’ is rarely brewed today. Colour is 8–20 EBC°, ABV 2.9–3.4, IBUs 10–15.  


Pale Ales  


Traditionally in England, pale ales were the bottled equivalent of draught bitter. The character varies on locality due to the water, brewing tradition and local taste. The colour may be straw to rich amber, and the flavour medium malt with good hop character and aroma. Top fermenting practices might influence some estery notes in the finish. The condition should be lively with a fast-rising bead, producing good head formation and retention. Colour is 10–30 EBC°, ABV 4.5–5.5 per cent; bitterness 20–40 IBUs.  


India Pale Ale (IPA)  


This is the illustrious colonial beer of the nineteenth century. Due to the Trent Navigation Act, Burton brewers successfully exported porter and ales to Russia and the Baltic. The strength of such beers, plus the cold northern sea routes, meant that they arrived in sound condition. After Napoleon’s Berlin Degree in 1806 designed to disrupt British commerce, the German and Baltic ports were no longer an option and British brewers were forced to look elsewhere.


The answer came from an unlikely source: India. To produce ale that would survive the long, hot, tortuous sea journey – half way round the world, crossing the equator twice – and arrive in good condition was no mean task. But as luck would have it, George Hodgson’s stock pale ale was ideal: it was brewed high in alcohol and was very highly hopped, providing plenty of antiseptics. Crates of bottles and casks were stored well below the waterline, acting as ballast; this also kept the beer cool and sound as it matured during the voyage.


Here is a description of this ale, entitled ‘That Tender Froth’, from the Cornhill Magazine, March 1891:




The drinking of a glass of Bass’s pale ale, iced in India, in the hot weather; how it diffuses itself through you! It would produce a soul under the ribs of death. The clean, hoppy perfume. What bouquet of wine ever equalled it? And as you hold the glass lovingly up before you, what ruby or purple of what wine ever equalled that amber tint? The beaded bubbles winking at the brim of a glass of champagne, what are they compared to that tender froth?





IPA may be straw to vivid amber in colour with good malt flavour, balanced by a clean hop bitterness and a seductive floral bouquet. Modern strengths vary from 4.5 to 5.5 per cent ABV, with hopping rates of 40–60 IBUs; colour typically 8–15 EBC°.


Mild Ale


Mild ale is the only English beer with an unbroken antiquity stretching back to the Middle Ages. By the eighteenth century it developed into a strong, immature, lightly hopped beer, often brewed at quick notice during the summer months as a stopgap brew to augment diminishing stocks of October beers. It was often blended to freshen up the remaining stocks of ailing winter brews. By the middle of the twentieth century, the gravity and price had fallen, largely making mild a working class beverage, rejuvenating the thirst and energy of low paid, manual workers. Mild ale today is usually dark, sometimes deep amber, and rarely pale; it is low in alcohol, mildly hopped and sweet, particularly from caramel priming sugars. ABV 2.8–3.5 per cent; IBUs 10–25; EBC° 20–55. Strong mild: OG 1055; IBUs 20–35; EBC° 30–55.


Brown Ale


This ale is the bottled equivalent of mild, but it is usually fuller bodied and stronger. It, too, varies according to locality and was sometimes referred to as ‘home brewed’. London browns are sweet and malty, low in hops and with a deep brown garnet colour; traditionally they were referred to as ale, sometimes mild or simply beer. 3–3.5 per cent ABV, 15–20 IBUs. The northern example, such as Newcastle brown ale, first brewed in 1927, is less sweet, amber in colour, and with a bitter character. ABV 4–4.4 per cent, IBUs 15–25; London EBC° 30–40; Northern EBC° 20–25.


Old Ales


The appellation ‘old ales’ refers to strong, dark beers that are well matured; they are sometimes called Burton. The original gravity might be as high as 1065, producing about 6 per cent ABV. IBUs 25–30.





Barley Wines


Barley wines are extra strong ales with original gravities of 1075–1100, producing some 7–9 per cent ABV. The colour may be rich amber to tawny, the palate rounded but vinous, the aroma rich and fruity. Due to the high alcoholic content, head retention is usually light and short-lived. Hopping varies, but should be about 40–60 IBUs. EBC° 28–45.


Porter


Porter is the weaker progenitor of stout that evolved in London during the reign of King George I. It was an immediate success, and the great London brewers all made their fortunes due to its popularity. Many attempts have been made to identify the source of the name ‘porter’, the most accepted version being that it was popular with working-class Londoners, many of whom were porters.


Alternatively, the name might actually derive from the strong wine known as ‘port’: we know that porter was acidified during storage by Brettanomyces and other microflora, and acquired a piquant flavour. Alfred Barnard, the Victorian brewery historian, referred to porter as being vinous, and various writers have claimed that high gravity stouts acquired a port-like quality with age. In 1820, Accum referred to porter brewed with pale malts as ‘Old Hock’, and visitors to Britain sampling porter initially thought it was wine; so perhaps this vinous, port-like drink acquired the colloquialism ‘porter’. The colour of porter may be deep garnet to black, hopping at 20–40 IBUs; ABV 4–6 per cent; EBC° 40–60.


Stout


Stout was originally called ‘stout-porter’, due to its greater strength and robust character. The colour is liquorice, with a creamy oatmeal head, strength about 4–6 per cent ABV, and a woody, or iron-like palate. IBUs 30–60; EBC° 80–90.


Scotch Ales


These ales are robust beers with OGs of 1070–1130, and they were brewed to several gravities numbered from 1 to 6. The mashing heats were high, typically at 70°C, influencing high permanent gravities, about one third of the OG, producing an ABV of some 6–12 per cent. The hopping rates were only sufficient to check the residual sweetness, creating a full, malty, rich palate. Fermentation temperatures were low, usually 10–15°C, keeping esters and diacetyl low. Brews with the suffix ‘L’ were destined for the London market and might be less strong, but more highly hopped for the English palate.


Scottish pale malt at this time was kilned to a higher degree than English pale malt at 7–9 EBC°, and due to the huge amounts used, the colour of the brew would be quite dark. This is born out in The Younger Centuries by David Keir, where there is a reference to Oxford boat crews being allowed beer during training. The brew was Younger’s Scotch ale, and it is described as nut-brown ale. Today the colour of Scottish beers ranges from mellow gold through rich amber to dark brown.


Historically they were classified by what became known as the ‘shilling terminology’ (shillings =/-). The shilling terminology related to the invoice price per barrel, the real price being determined by taking into account duty and the discounts offered by the brewers. The discounts could be substantial, and some publicans might negotiate a discount of 50 per cent per barrel! Hence the invoice price was only an indication of the type of beer. Consequently, publicans were very secretive about what they paid for their beer in order to steal a march on their competitors.


In the late nineteenth century, mild ales retailed at 40/-, 42/-, 60/- and 70/- strong mild, and pale ales from 48/-, 56/- and 80/-, all of which referred to the price per barrel (36 gallons). Beer delivered in a hogshead (54 gallons) was usually for bottling by the publican and underwent a change in designation; thus 42/- mild retailed as 3 Guinea ale, 56/- ale became 4 Guinea ale, 60/- mild became 90/- ale, 70/- strong mild became 5 Guinea ale, and 80/- pale ale became 120/- ale. Strong ales also sold as 10, 12 and 15 Guinea ales.


Over time, the terms became meaningless, although they remained in force as a trade means of identifying a type of beer. Due to economic circumstances after 1945, the beer market underwent rationalization, and with less beer being produced, the terminology gave way to ‘light’, ‘heavy’ and ‘export’, although the shillings’ rating was resurrected with the ‘real ale’ crusade in the 1970s. Today, all the descriptions are used indiscriminately and do not always reflect the strength or character of the traditional beer styles.


60/- Ale


This ale is a light beer of OG 1033-35, ABV 3–3.5 per cent. The colour may be mellow gold to dark amber in colour at 25–40 EBC°. It has a light, malty, sometimes estery palate balanced by low hop bitterness, about 10–20 IBUs, and a light malt aroma. It is rarely brewed these days.


70/- Ale


70/- ale now retails as ‘heavy’, but might also be described as ‘light’ in some localities. The OG is about 1035–40, ABV 3.5–3.8 per cent. The colour might be pale, amber or dark brown at 25–75 EBC°. Medium maltiness, balanced with a light hop character with 15–20 IBUs. A good session beer; however, production is in decline.


Export, or 80/- Ale


Export retails as 80/- Ale, but might also be referred to as ‘heavy’; it is the most popular style with a full, malty palate, tempered with a degree of soft bitterness at 15–25 IBUs. The colour varies from pale to amber to antique copper at 25–75 EBC°. The OG 1040–55, with ABV 3.8–5.4.


MIXTURES OF BEER


Beer mixing used to be a very common practice, as the drinker could liven up a flat pint with sparkling bottled ale. Also, mixing two types of beer produced another quality, and the sweetness, or bitterness, could be altered to taste. Here are some old favourites:


Across the Taps Equal amounts of best bitter and ordinary bitter.


Black and Tan A half pint of draught bitter, or pale ale, perked up with a bottle of sweet or dry stout.


Black Velvet A bottle of sweet, or dry, stout topped up with an equal amount of cider, or champagne.


Port and Guinness A pint of Guinness and a tot of port added.


Dublin Depth Charge A pint of Guinness and a measure of rum.


Boilermaker (Brown and Mild) Half a pint of mild ale, livened up with a half-pint bottle of brown ale.


B & B Equal amounts of bitter and Burton.


Half and a Half Half a pint of mild and bitter.


Half and a Half In eighteenth-century London, a half of ale and porter.


Half and a Half In Scotland, a nip of whisky and a half pint of beer as a chaser.


 Happy Day Half a pint of bitter, or pale ale, plus a bottle of barley wine.


Light and Bitter (Light Split) Half a pint of bitter and a small bottle of light ale.


Horse’s Neck A pint of beer, plus a nip of whisky.


Light and Mild Half a pint of mild, perked up with a bottle of pale ale.


Mild and Bitter (M & B) Equal amounts of mild and bitter.


Mother-in-Law (Old and Bitter) Half a pint of old ale (or Burton) and bitter.


Stout and Bitter (Also Mother-in-Law) Use equal quantities of each.


A Granny (Old and Mild) Half a pint of old ale and half a pint of mild.


Stout and Mild Half a pint of mild and a bottle of sweet stout.


Dog’s Nose A pint of beer and measure of gin.


Lager and Lime A pint of lager and a dash of lime juice cordial.


Lager and Blackcurrant A pint of lager and a dash of blackcurrant cordial.


Tops Almost a full pint with a dash of lemonade.


Shandy Equal measures of beer and lemonade.


Shandy Gaff Half a pint of mild and a small bottle of ginger ale.


Scotch Shandy Gaff Half a pint of Scotch ale and a small bottle of ginger beer, plus a nip of whisky or brandy.


Dragon’s Blood A bottle of barley wine and a tot of rum.


Moscow Mule A pint of lager plus a large measure of Vodka added.
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The craft-brewing process. Commercial practices are closely followed.

























CHAPTER 2


BUILDING A BREWERY





Over many years, the home brew industry has progressively raised the standard of brewing equipment and ingredients to meet the exacting standards of craft brewers. Many brewers, however, prefer the enjoyment of making their own plant, and that is all part of the fun of the hobby. Such enthusiasm has led to a range of interesting inventions over the years, and many of these have been adopted by the industry. The following list is not meant to be exhaustive, or a retailer’s catalogue, but it lays out the general scheme of things. A trip to your local retailer and a little imagination should do the rest!


BREWING EQUIPMENT


Hot Liquor Tank (HLT)


Ideally we require a vessel that will hold the total mashing and sparging volume: a catering boiler is excellent. Remove the original tap and replace it with a 22mm right-angled tank connector, pointing upwards. Reduce to 15mm, and attach to this a length of clear, heat-resistant plastic hose, or glass tube, to act as a sight glass. Graduate the boiler in gallons or ltr.


My own set-up uses a 15mm tank connector as a single drain outlet from the bottom of the HLT connected to a ‘T’, which is also connected to two straight washing-machine ‘on/off’ taps. Plastic domestic water hose connects the HLT to the sparger and spray attachment. The tap on the HLT controls the flow to the sparger. The sparger requires at least 200mm head pressure to produce a good jet reaction. Both the HLT and hose should be insulated. You can also utilize a strong plastic bucket fitted with a heating element as an HLT.


Mash Tuns


The Bruheat/Electrim bins have been around now for about 30 years, and so they are clearly popular and efficient vessels. They are dual purpose, and also act as coppers. To mash successfully, a mash screen or strainer is necessary, which sits just above the tap. The mashing volume should be calculated after the mash screen is just covered with liquor. Both vessels are fitted with a sensitive simmerstat, which helps control the mashing temperature and can simmer, or boil, the wort.


Brupaks produce a 29ltr enamelled steel mash tun/boiler with an 1,800-watt element, plus a mash screen and tap. Combined mash tun/boilers are fine, but they cannot be used for both purposes at the same time! Therefore when sparging, the wort has to be collected in a separate vessel and then transferred to the boiler, or a separate mash tun is necessary, the latter being preferable. Also, when mashing with such vessels, the large volume above the mash continually draws heat away from the goods, which makes heat control difficult; the answer is to insulate the void with a plug of polystyrene.


Many retailers also sell insulated picnic coolers that have been converted to mash tuns. They are fitted with a straining device and a tap and, depending on the volume of grist you intend to mash, might hold 7–10kg of grain. Plug the void as before.
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Brupaks mash tun.








My present mashing system consists of an old catering boiler that has been adapted. It is fitted with an Electrim Bin simmerstat for temperature control, and two 15mm tank connectors are plumbed to right-angled washing-machine taps. The higher outlet acts as a hydrostatic head, and this ensures that the goods always float just above the mash screen. The lower tap is used occasionally to balance the flow, or drain the tun.


A catering boiler can also be adapted so that the mash heat is thermostatically controlled by a water jacket.
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A bird’s eye view of


copper straining


pipes inside a picnic


cooler.








Mash Screens


These are designed to strain out the wort from the goods after mashing. A mash screen may be made from expanded aluminium/stainless steel supplied by the Expanded Metal Company, Hartlepool. The Type ES3100 has an open area of 21 per cent, making it admirably suited for the mash tun. Where this is not available, the next best size is Type ES3500 with 50 per cent open area, and this should be clamped in half register to provide a tight strainer.


 The screen is secured on three legs just above the draw-off pipe/tap. Expanded metal can also be used as a hop back in the copper. In this case the percentage opening should be 50 per cent, to allow the strong ebullition currents of the boiling wort to flow free, otherwise it will flip it over.
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The Burco mash tun.








Another idea is to use 22mm copper pipe shaped to the circumference of the boiler and secured to the tap outlet by a bend and T-shaped couplings. To strain the wort, the pipes are partially cut through with a hacksaw, about 4–5mm apart. The easiest way to do this is to lay the pipe between two pieces of wood, just thick enough to come up half way, then gently saw down to the wood.
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The Aqua mash tun.








Grain bags are also excellent, and they do not interfere with extract recovery. If you employ a mash tun/boiler, then the mash can be lifted and transferred into a suitable bucket with its base riddled with holes for sparging. Heat loss, however, is inevitable.


My ‘mash mixer’ consists of a food mixer head secured in a short length of 8mm copper pipe. The other end was heated and an old twist drill jammed inside; when cooled, it is secured in a vice-like grip. If used manually, the mixer is very efficient. I also attach it to a cordless drill with variable speed, which makes short work of any doughed starch! As the speed can be controlled and the head of the mixer kept below the surface of the goods, the minimum of heat loss and oxygenation occurs.


Phil’s Rotating Sparging Arms


These are available through your local home brew shop, and are discussed in the chapter on sweet wort (p. 73).


Coppers


Apart from the custom-made products previously mentioned, a number of stainless steel tanks and catering pans will suffice; these can be fired with propane gas, or by an electric element. A propane gas system will be more expensive, and they require a number of fittings plus a spare cylinder in case one runs out during a weekend brewing session! Some types are suitable for indoor use, such as a garage/brewery, but for safety reasons, not in the home. Whilst they are undoubtedly efficient, the convenience, cleanliness and cheapness of electricity is preferable.
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A simple hop strainer


inside my copper.








Many brewers are fitting two elements to their boilers to speed up the initial coppering, which will rapidly stabilize the sugar ratio by halting any further enzyme activity. All HLTs, mash tuns and coppers should be insulated to retain heat.


Brewing Tidy


A tower to hold HLT, mash tun and copper can be made from 50mm × 50mm timber. Four 2m high uprights are secured to four crossbeams at the top, and three at the middle and bottom. The HLT sits on a stout shelf on top, and the mash tun sits on the middle shelf, which is secured between two strong runners so that it can be drawn out to mash, and pushed back when not in use. The copper sits on a trolley on the floor, and the whole operation is neat and tidy.


Cooling and Gauging Vessel


Take a strong 30ltr plastic container, and secure to each side at the top a 15mm tank connector with the compression fitting on the inside. Solder a 75mm length of 15mm copper pipe into the openings on the flat side, which will become the cold water inlet and outlet. Garden hose may be attached to these by jubilee clips or brass hose fittings. The 15mm copper cooling coil should be fashioned with a plumber’s bending tool as it is not possible to do by hand. This is now secured to the tank connectors by the compression fitting. The vessel can now be calibrated to your own requirements. If circumstances permit, the cooler can also act as an FV, and the fermentation temperature controlled by running through cold/hot water as required.
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A view inside my


mash tun.








Before use, immersion cooling coils should be scrubbed clean with wire wool and soapy water and rinsed with clean water. After use, a wash with soapy water is sufficient.


Wort Aeration


Traditionally home brewers have successfully splashed the cooled wort from one vessel to another to aerate it. An aquarium air pump and air stone (a plastic or artificial porous stone that creates masses of microbubbles as the air passes through it) is also popular, and these can deliver 2–3ltr of air per minute.
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The cooling and gauging vessel.








Fermentation Vessels


There is a variety of polypropylene vessels available, with volumes ranging from 30 to 210ltr, so there is a size to meet everyone’s thirst! Brupaks also distribute a range of stainless-steel fermenters of 50–100ltr; these come with lid and tap and can be adopted as mash tuns, boilers or fermenters – it all depends on your ambitions! Stainless-steel restaurant boiling pans will also make good fermenters, and can also be adopted as mash tuns and boilers. Cubitainers make excellent secondary fermenters as they fit inside a fridge easily. The 20ltr size is fine, but unfortunately the 25ltr size is no longer available.
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The cooling coil.








The system illustrated is a simple method of closed fermentation. As the yeast head builds up, the evolving CO2 forces the yeast head down the ‘parachute’ into the collection vessel.


Draught Systems


The ubiquitous plastic pressure barrel has been on the scene for almost forty years, and so has stood the test of time! They are available in various sizes and qualities, which reflects on their price. They might have a narrow neck, or a wide neck for ease of cleaning, and the cap accepts a CO2 injector system and a pressure relief valve. Stainless-steel Cornelius kegs are also very popular.
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The fermentation parachute.








A variety of CO2 injector systems is available for all the above containers. Soda kegs can either use a flexy-hose tap, or a free-flow keg font. A hand pump (beer engine) is required for true English-style draught beer. The barrel should initially be vented, and after a session flushed out with CO2. Thereafter, bring the cask to slight pressure with CO2 until required again.


Grain Mill


There is a variety of grain mills available that will give a satisfactory crush to malt. However, this is not something to rush out and buy initially, and it is possible to make do with the convenience of ready-crushed malt. Nevertheless, once you become more experienced or ambitious, you might like to consider one. Prices vary from reasonable to expensive.
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My stainless steel FV in the fridge.








Refrigeration


If your circumstances permit, a refrigerator is essential! By using a 24-hour segment timer the desired fermentation temperature can be maintained during warm weather. The glass shelf should be replaced with 75mm plywood, and if necessary the door shelves might require trimming to accept some types of fermenter.


A fridge can also double up as a fermentation cabinet during cold weather. Fit an electric bulb holder with a 60w bulb to the bottom rear of the cabinet. Wire this up to a domestic heating room thermostat positioned at the top front, but far enough back so as not to snag the door. The shelf should be cut out just above the bulb to allow the heat to flow around the cabinet. By utilizing a fridge in this way, we can brew all year round. We can also adjust the height of the shelf, and warm and cold condition bottled beer. Draught beer, too, can be kept at a cellar temperature of 12–14°C for pale ales and 8–10°C for lagers.
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My Rinsemaster.








Rinsemaster Mk 11


My bottle rinser is an update of Ken Shale’s Rinsemaster. Whilst he used 8mm copper pipe and soldered the joints, these are very prone to snapping off with the slightest knock. To overcome this, 15mm copper pipe can be used for the base, with 15–8mm running ‘T’ reducers, to secure the spraying upstands. The running ‘T’s secure the upstands very securely, and they do not get accidentally knocked off. The ends of the upstands should simply be pinched to obtain a good spray rinse. With a bit of ingenuity you should be able to fit the rinser inside a plastic bottle crate.





Insulation


A camping matt covered with radiator foil is a popular choice to insulate the HLT. A piece of foam-backed carpet will also make good insulation. The mash tun requires more efficient insulation, and I have found that two layers of domestic hot tank insulation secured with parcel tape around the mash tun is excellent. Alternatively use Superquilt, or similar trade material. Such insulation consists of layers of aluminium foil, polythene and fibreglass. This material is only about 25mm thick, but has the same thermal value as 100mm of high-density polystyrene foam.
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The home brewer’s laboratory!








THE HOME BREWER’S LABORATORY


One of the most important items in your laboratory will be the saccharometer. This is used to record the original gravity (OG), and also to work out the efficiency of mashing and extract recovery. The progress of the fermentation can also be followed, although with experience, we should be able to tell the stage of fermentation by the appearance of the yeast head. The PG is recorded too, and this is important to ensure that we bottle at a stable gravity.
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The saccharometer.








The strength of the brew is also calculated from the OG and the PG: for example, OG − PG × 0.1275 = alcohol by volume (ABV), or by 0.102 = alcohol by weight (ABW). Traditionally, saccharometers were made of brass, but glass has long been the favoured material, and flat plastic types were in vogue for a while. Thermosaccharometers might eventually come to the home-brew scene, when temperature and gravity can be taken at the same time.


Historically, the saccharometer was gauged to the weight of 100 Imperial gallons of distilled water. 100gal × 10lb per gallon became 1,000lb which became 1000°, the gravity of pure water. When the saccharometer is placed in distilled water, it will sink until it reaches equilibrium, displacing a quantity of water equal to its own mass. The point of intersection at 20°C will be 1000°. Other gravities were specifically related to 1000°, and the reading termed the specific gravity. Today specific gravity is referred to as just ‘gravity’.


The saccharometer is not, however, 100 per cent accurate as it does not take into account non-sugar solutes and alcohol, and it is only accurate at the temperature at which it was designed to form an equilibrium at 1000°. It has a permitted error up to one degree. Since 1979 saccharometers have been designed to be read at 20°C, rather than 60°F/ 15.5°C. Should the wort temperature be higher than 20°C then it will be thinner due to its expansion and so the instrument will sink a little lower into the wort. Should it be lower than 20°C, the wort density will be greater due to its contraction, and so the saccharometer will rise a little higher. This results in a false reading. Surface films and finger marks can also produce a false reading, so the instrument should always be cleaned prior to use.


As fermentation temperatures are out with 20°C, there is always going to be a discrepancy with the readings. As the gravities from brewing ingredients are calculated in LDK at 20°C, it is essential that gravities taken with a 60°F saccharometer be corrected to 20°C to obtain the true reading. Experienced brewers know that to obtain a true reading, the instrument should initially be spun in the medium to dislodge any bubbles that might be clinging to it, thereby aiding its buoyancy and creating an inaccuracy. Also, once the saccharometer settles in the wort, it forms a meniscus that obscures the true reading. Such capillary action is caused by surface tension, and it is more evident on round-stemmed saccharometers than flat ones. The discrepancy between the true reading and the top of the meniscus is about one degree; as the saccharometer bobs up and down, keep an eye on the meniscus, and if it appears to drag out of shape, this indicates that the instrument is not clean.


A reading should be taken at eye level, and a degree of judgement is made to adjust for the meniscus: a small magnifying glass is useful in this respect. With pale ales and lagers it is possible to obtain a very accurate reading by looking underneath the wort surface, as the intersection is more easily seen.


A trial jar is necessary to float the saccharometer, and a graduated type is very useful for measuring various fluids; they are available in glass or plastic. The third item needed is the thermometer. A coloured alcohol type is very easy to read and is much safer than a mercury one should it break. Adhesive thermometer strips are useful on fermentation vessels, as the temperature can be seen at a glance.


A conical 500ml (or larger) flask is useful for rehydrating yeast, and also for preparing starter mediums. In some circumstances an air lock might be required. pH papers 4.5–10 are recommended for those who have to indulge in treating bicarbonate water with sulphuric acid or lime. pH papers 4–6 are necessary for all water treatments, plus checking mash, wort and beer acidity. A digital pH meter is also an option, and requires regular calibration in a buffer solution. A small bottle of iodine is required for starch tests. A white eggcup will make a good receptacle in which to test a sample of wort and keep the iodine bottle tidy.


Water-treatment salts should be kept dry in screw-topped jars; calcium chloride is very hygroscopic and will quickly absorb moisture and turn solid. A label should identify the type of beer, and the salt and its quantities, including the amount to add per litre.


A gram scale is useful for weighing small quantities of ingredients. For those who own a balance scale and require various weights, then currency coins are ideal.
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Taking a saccharometer reading.








CARE AND MAINTENANCE


Always use the appropriate cleaner for the material, and follow the manufacturers’ instructions. Glass and plastic will benefit from a lengthy soak in a cleaning fluid to ensure surface films are removed. Dishwasher powder is excellent for glass, plastic and stainless steel, and a good soak in tepid water leaves such items spotlessly clean. My beer bottles are soaked at 75°C for about one hour, and then thoroughly rinsed with the Rinsemaster Mk 11. Dishwasher powder, however, contains sodium disilicate that will irritate eyes and skin, so wear rubber gloves and avoid splashing. Also, read the product safety instructions before use.
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Table 1 A gram scale using currency coins as weights








Draught beer containers, too, will benefit from the occasional good soak in a cleaning fluid to ensure that the surface film of fine matter that clings and builds up primarily to the lower half of the vessel, is removed. The tap and any auxiliary fittings will also benefit from being stripped down and given a good soak. Also check that the cap and washers are sound.


All electrical apparatus should be checked regularly to ensure that they are in good condition without any loose wires or fraying cables. The heating element of mash tuns and boilers should be scoured with steel wool after every brew, to ensure that calcium carbonate silt and burnt sugar deposits are removed. The accumulation of burnt sugar on the heating element will eventually affect the flavour of the brew.


After scrubbing out mash tuns and boilers, it is also a good idea to boil a litre or so of water in them for a few minutes to steam out the cleansing odours and leave the vessel fresh. Run the hot water out through the tap, as this will help remove any saccharine matter that might be lurking there, which might otherwise cause the tap to weld solid. Always store plastic containers away from damaging sunlight.
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Table 2 Corrections to be applied to a 60°F saccharometer to give gravity of worts at 20°C
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Table 3 Corrections to be applied to a 20°C saccharometer to give gravity of worts at 20°C

























CHAPTER 3


BARLEY, MALTING AND MALTS





BARLEY


Barley is an ancient cereal that has been cultivated in Mesopotamia, the breadbasket of the ancient world, since at least 6,000 years BC. It may have found its way to Britain with the Phoenicians, who made their way to our shores in the eighth century and traded grain for Cornish tin. As a brewing cereal, barley is unique, as the husk remains securely attached to the kernel after threshing and this ensures good filtration when sparging the goods. It also has a good yield of extract-bearing starch and nitrogenous materials for yeast growth. When malted, its Horlicks-like flavour and aroma is incomparable with other grains in balancing the bitterness and flavour of the hop.


Barley belongs to the family of cultivatable grasses known as Graminea. The commonest strain used in brewing is Hordeum sativum, which may be further sub-classified depending upon the different characteristics of the particular strain used. It is the ear of barley that gives it its individual character; as it grows, a series of spikelets develops in alternating groups of three on adjacent sides of the ear. Each spikelet contains the flowering components, and when all of these become fertile after pollination, six rows of kernels are produced. As the kernels of six-rowed barleys are tightly packed together, they become elongated and slim, and usually have a thick husk. Because of this, nineteenth-century brewers usually included a portion of six-rowed malts in the mash tun, as the extra husk material greatly assisted sparging.


European barleys are two-rowed, as only the middle spikelets become fertile, and this allows them to develop into plump, well rounded ears producing a good yield of starch. As the plant grows, its short fibrous roots take up water, nitrates and other minerals from the soil. Nitrates are a useful source of nitrogen, which is an essential component of amino acids and hence proteins. The major source of nitrogen for protein synthesis, however, is through the uptake of gaseous N2 from the atmosphere. This process is reliant on symbiotic nitrogen-fixing bacteria occurring in nodules on the root system.


These bacteria are capable of converting gaseous nitrogen into ammonia (NH3), which in turn is converted into dinitrogen oxide, then nitrate, and eventually nitrate NO3. The plant uses the nitrates to build up amino acids, which in turn will be used to build up protein. The site where the amino acids are joined together is called a peptide bond, and the formation of long chains of amino acids is achieved by a joining of the amino group of one a-acid and the carboxyl group of another.


In this reaction a molecule of water is eliminated, and this is known as a condensation reaction. Two amino acids joined in this way are termed a dipeptide, three a tripeptide, and so on. Longer chains can be referred to as peptones (usually applied to the breakdown products of even larger chains) and polypeptides. These can all be called proteins, though this term is usually applied to the large complete poly-amino chains.


Nitrogen is present in barley proteins in the range 14–18 per cent, and it is normal practice for maltsters and brewers to refer to nitrogen as a measure of crude protein. This is because the amount of nitrogen present in barley can be readily determined by chemical means. Once this has been established, the amount of protein can be calculated by multiplying the nitrogen content by 6.25. This assumes an average nitrogen content of 16 per cent:
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This calculation can be adjusted according to the actual levels, where these are known.


Brewers prefer malts with low levels of nitrogen because for every 1 per cent increase in nitrogen there is a decrease of 2 per cent extract-bearing starch, and consequently, more malt is required to achieve the desired original gravity. Also, during coppering, the increase in nitrogenous matter can lead to colour-control problems with pale ales: this is due to an increase in reactions between amino acids and wort carbohydrates (Maillard reactions), which produce colour pigments called elanoidins. During fermentation there is also likely to be an unwelcome rise in wort temperature due to the excess heat given off by the yeast as it metabolizes the increased nitrogenous matter in an energetic frenzy. Too high a temperature will produce racing fermentations and a disproportionate ratio of by-products, mostly esters and fusel oils, resulting in deleterious flavours.


Although much of the nitrogenous element is precipitated during coppering and cooling, plus the amount consumed by yeast during fermentation, sufficient can remain to eventually produce haze and off-flavours during storage. To avoid this, ale brewers seek malts with nitrogen levels in the range 1.4 to 1.55 per cent.


As a general rule, high nitrogen malts are best for low gravity ales as the low grist weight does not contribute too much haze potential, but at the same time provides adequate yeast nutrition. Low nitrogen malts are a necessity for high gravity ales, particularly bottled-conditioned beers, as the grist materials will provide ample yeast nutrition without causing any undue problems with clarity.


The Major Barley Proteins


Albumen


Albumen makes up as little as 4 per cent of the total protein, but it is of profound importance in brewing. It is soluble in water and dilute salt solutions. It is not affected by proteolysis during malting, and survives intact until the mashing stage where it is partially hydrolyzed into peptones and polypeptides that contribute to palate fullness and head retention.





Globulins


Globulins contribute some 31 per cent of the protein: they are insoluble in water, but soluble in salt solutions – beta globulin in particular remains largely intact after malting and mashing, and its main interest to the brewer is its tendency to form haze. It is vitally important, therefore, that the bulk of it is denatured and precipitated during coppering.


Hordein and glutelin contribute 36 per cent and 29 per cent respectively of the total nitrogen of barley. They are insoluble in water and dilute salt solutions, and are hydrolyzed into peptones, polypeptides and amino acids during malting. They survive mashing and coppering, and so remain in the wort as a source of nitrogenous nutrition for yeast growth. Proteins also act as buffers and restrict changes in pH; this has important consequences during mashing.


Proteins are also amphoteric in that they can possess a positive or negative charge, depending on the pH of their immediate environment. At their optimum pH they attain an overall neutral charge and are then said to have reached their iso-electric point. At this stage their solubility is at a minimum, and turbidity and coagulation at a maximum so that precipitation occurs most readily. This is an extremely important phenomenon that greatly influences the quality of wort and beer.


Enzymes


Enzymes are proteins that have a biological catalytic activity, and they function as highly specific catalysts that dramatically speed up the rate at which an organic reaction takes place. Despite their complexity, enzymes are capable of building up, by condensation reactions, and reducing, by hydrolytic reactions, long chains of polypeptides and starch virtually without error.


In 1884, Emil Fischer discovered the ability of enzymes to distinguish individual glycosidic links in starch, and from this he formulated his ‘lock and key theory’ for enzyme specificity. What this means is that the enzyme is the key, and the substrate (bonds and links) the lock. As every key will only open one lock, so each enzyme will only act on a particular bond or link, and this allows the plant to build up or reduce the materials in its foodstore in an orderly and controlled fashion.


The speed at which enzyme-controlled reactions take place depends on a number of factors such as temperature, acidity, the concentrations of the reactions substrate (s) and product (s), and the presence of activator, or inhibitor, molecules. Enzymes are typically characterized according to the type of reaction they catalyse and usually have the suffix-‘ase’; the disaccharide maltose, for example, is broken down into its glucose monomers by the enzyme maltase. The brewer controls, as best he can, the above factors to produce balanced wort and a sound brew.


Carbohydrates


As the leaf structure of the plant develops, it starts to produce the green pigment chlorophyll, which it uses to gather light energy from sunlight. This energy is then used to produce glucose molecules via a complicated series of reactions starting from carbon dioxide and water (photosynthesis). The newly formed molecules are highly soluble, and if allowed to accumulate would present the plant cells with distinct problems in maintaining their normal metabolic processes and osmotic balance, by causing an influx of water into the cell. As such, the molecules are transported from the cells to the endosperm (the foodstore), where they are joined together to form long sugar chains by a series of condensation reactions. Two molecules of glucose joined in this way form maltose, add another and maltotriose is formed, then maltotetraose, and so on. When many molecules are joined like this, they form starch that is insoluble in cold water and so does not interfere with cellular processes. Starch makes up about 65 per cent of the materials in the foodstore, and when mixed with hot water the granules swell up and produce a colloidal suspension from which two forms are identified.
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The structure of amylopectin.








Amylose makes up 20–25 per cent of the starch, and consists of upwards of 1,000 glucose units joined by the first carbon atom of one molecule to the fourth carbon atom of another: these are typically referred to as the 1–4 alpha-glycosidic bonds. Amylopectin has a more complex branched structure and consists of about 75–80 per cent of the starch. The straight chains of glucose units are joined by the 1–4 linkages, but the branches are joined to these by the first carbon atom of the molecule and the sixth carbon atom of another to form, 1–6 alpha-glycosidic bonds.
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Gravity
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10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1000 0103 06 08 1 13 1.5 17 2
1005 -0.8 -0.7 -0.6 0.5 -0.4 -0.3 0103 06 08 1 13 15 17 2
1010 0.8 0.7 -0.6 0.5 0.4 0.3 0103 06 08 1 13 15 18 2
1015 -0.9 0.8 -0.3 0103 06 08 1 13 15 18 2
1020 0.9 -0.8 0.3 0103 06 08 1 13 15 18 2
1025 -1 -0.9 -0.4 0103 05 08 1 13 15 18 2
1030 -1 -09 0.4 0103 05 08 1 13 15 18 21
1035 11-09 0.4 0 03 05 08 1 13 16 18 21
1040 -11-1 0.4 0 03 05 08 1 13 1.6 18 21
1045 -12 -1 -0.4 0 03 05 08 1 13 1.6 18 21
1050 -1.3-11 0.4 0 03 05 08 1 13 16 18 21
1055 -1.3 -1.1 -0.4 0 03 05 08 1 13 16 19 21
1060 -13 -1.2 -0.5 0 03 05 08 1 13 16 19 22
1065 -14 -1.2 -0.5 0 03 05 08 1 13 1.6 19 22
1070 -14 -1.2 0.5 0 03 05 08 1 13 1.6 19 22
1075 -15 -1.3 -0.5 0 02 05 08 11 13 1.6 19 22
1080 -15 -1.3 -0.5 0 02 05 08 11 13 1.6 19 22
1085 -1.6 -1.4 0.5 0 02 05 08 11 13 1.6 19 22
1090 ~1.6 1.4 -0.6 -0.102 05 08 11 13 16 19 23
1095 -17 -14 -0.6 -0.102 05 08 11 13 17 2 23
1100 ~17 -155 -1.3 -1.1 09 06 0102 05 08 11 14 17 2 23
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