All Grain Brewing: Step by Step

1 to 1.33 quart = 1 lbs of grain (Don’t make the wort to thick or to thin.)

Above 150( the beer will be sweeter.

Night Before 

1. Clean out grain bucket

2. Weigh out each type of grain.  

3. Crush grain and cover.

4. If necessary, make yeast starter

Brewing Day

1. If using Wyeast yeast, smack the packs to activate.

2. Clean out mash tun.

3. Heat mash water to 10 - 15( higher then the mash temp.  When the grain is added it will drop the temperature.  For this recipe heat mash water to 168(
4. Stir in at least two table spoons of gypsum to reduce the ph of the hard Marion water.  

5. Add crushed grain slowly to the mash tun.

6. Check to see if the PH level is between 4.2 and 5.5 with ph strip paper.  Add more gypsum if necessary.  Then cover mash tun.

7. Mash at 155( (mash temp) for 45 minutes.
8. Clean out hot liquor tank and boil tank.

9. Stir and check temperature every 15 minutes.  Turn on burner and stir constantly if temperature needs to be increased.

10. Check the mash with iodine after 45 minutes to see if the starches are turning to sugar.  If the iodine turns black then it needs to mash longer. If the iodine does not turn black then the starch has been changed to sugar.

11. If the starch has changed to sugar, increase mash temp to over 170(.  Stir constantly to ensure the grist (grain) does not get scorched.

12. Add 12 gallons of water to the hot liquor tank and heat until temperatures reaches 170(.

13. After the mash temp reaches 170(, let the mash settle for 10 minutes so the grain husks can form a natural filter.

14. Pour out wort until it is clear and slowly pour it back into the mash tun.

15. Then sparge 1 gallon every 5 minutes for 60 minutes.  There should be at least 12 gallons of wort in the boil tank after 60 minutes.  Keep at least 1 inch of hot liquor(water) on top of the mash at all times.

16. User refractometer to see if wort is down to 3 Brix or 1.010 gravity.  
17. Once the refractometer reaches 3 brix, stop sparge to prevent tannis from being collected in wort.  Tannis could contribute to astringent off flavors.
18. Once all the wort is in the boil tank, bring the temp to a rolling boil.  However, the temperature that we want, 205( and the temperature for boil over, 210(, are very close together.

FUNCTION OF BOIL:  The functions of the boil are to complete the following steps: sterilization, driving out oxygen, killing enzymes, protein break-down, evaporation of water and hops processing.
19. Throw out spent grain and rinse and clean the hot liquor tank and mash tun.

20. Measure out bittering hops.

21. Turn down the burner to the boil tank when adding first charge of bittering hops.

22. After 30 minutes add 1 oz of cascade, .5 oz of Chinook and 2 tsp of Irish Moss to the wort.

23. Return to boil.

24. With 15 minutes left in the boil, add the aroma hops, .5 oz Fuggle, thermometer and wort chiller to the wort.  This will sanitize all these items.

25. Fill fermentation buckets with water, bleach and white vinegar and let set for 5 minutes.  Place stir spoon, lid and airlock in water also.

26. Add last aroma hops, 1 oz of Fuggles, with 2 minutes left in the boil.  

27. Hook up cold water hose to the intake on the wort chiller and the hot water hose out to drain the water out into the street.

28. Turn on the water and reduce the wort temperature to 75(  degrees.  Cover keg.

29. THIS IS WHEN YOU NEED TO BE CONCERNED WITH CONTAMINATION!!!!!

30. Once the wort is down to 70( remove wort chiller.

31. Take the sanitized spoon and stir the wort so it starts a whirlpool.

32. Let the wort sit for 10 minutes so hot and cold break material can settle to the bottom.

33. Clean and rinse off the spoon and wort chiller.

34. Drain off the first quart of wort to do original gravity reading.

35. Drain wort into sterilized 5 gallon fermenting bucket.  

36. Once bucket is full, either clip off the Wyeast pack or unscrew the container of yeast and sanitize with the flame from a match or lighter.

37. Pitch the yeast.

38. Cover with lid tightly and attach airlock.

39. Drain remaining wort into 2nd 5 gallon fermenting bucket.  Make sure to not drain any of the bottom sludge into the bucket.

40. Once bucket is full, either clip off the Wyeast pack or unscrew the container of yeast and sanitize with the flame from a match or lighter.

41. Pitch the yeast.

42. Cover with lid tightly and attach airlock.

43. Reduce temp of the fermentation buckets to 68( - 70(.  Hold at this range for at least 10 days.

44. Take off tanks from burners.

45. Clean boil tank.

46. Take original gravity reading with the hydrometer.

Bottle beer after 10 days after fermenting in a cool dark place.

1. Fill carboy with bleach and water and let sit for 30 minutes plus.

2. Fill bottling bucket with bleach water and let sit for 30 minutes.

3. Put all siphoning equipment into bleach water.

4. Boil 1 quart of water and no more then 3/4 cup of sugar per 5 gallons for 10 minutes.  Make sure that all sugar is dissolved.

5. Rinse out siphoning equipment, carboy and bucket with water.

6. Pour priming water into bottling bucket.

7. Siphon beer from the carboy to the bottling bucket.

8. Fill different bucket with water and bleach.

9. Sanitize caps with bleach water.  Can use separate smaller bowl.

10. Rinse out bottles.

11. Fill each bottle with bleach water.  Let sit for 30 minutes

12. Drain each bottle and place on bottle tree to drain.

13. Clean bottle filler with bleach water.

14. Fill each bottle with beer and place a cap on the bottle.

15. Let sit in cool dark place for 14 days.

Introduction - http://www.howtobrew.com/intro.html

There are many good books on homebrewing currently available, so why did I write one you ask? The answer is: a matter of perspective. When I began learning how to brew my own beer several years ago, I read every book I could find; books often published 15 years apart. It was evident to me that the state of the art had matured a bit. Where one book would recommend using baking yeast and covering the fermenting beer with a towel, a later book would insist on brewing yeast and perhaps an airlock. So, I felt that another point of view, laying out the hows and whys of the brewing processes, might help more new brewers get a better start.
Here is a synopsis of the brewing process:
1. Malted barley is soaked in hot water to release the malt sugars.
2. The malt sugar solution is boiled with Hops for seasoning.
3. The solution is cooled and yeast is added to begin fermentation.
4. The yeast ferments the sugars, releasing CO2 and ethyl alcohol.
5. When the main fermentation is complete, the beer is bottled with a little bit of added sugar to provide the carbonation. 
Sounds fairly simple doesn't it? It is, but as you read this book you will realize the incredible amount of information that I glossed over with those five steps. The first step alone can fill an entire book, several in fact. But brewing is easy. And it's fun. Brewing is an art as well as a science. Some people may be put off by the technical side of things, but this is a science that you can taste. The science is what allows everyone to become the artist. Learning about the processes of beer making will let you better apply them as an artist. As my history teacher used to chide me, "It's only boring until you learn something about it. Knowledge makes things interesting."
As an engineer, I was intrigued with the process of beermaking. I wanted to know what each step was supposed to be doing so I could understand how to better accomplish them. For instance, adding the yeast to the beer wort: the emphasis was to get the yeast fermenting as soon as possible to prevent unwanted competing yeasts or microbes from getting a foothold. There are actually several factors that influence yeast propagation, not all of which were explained in any one book. This kind of editing was an effort by the authors to present the information that they felt was most important to overall success and enjoyment of the hobby. Each of us has a different perspective.
Fortunately for me, I discovered the Internet and the homebrewing discussion groups it contained. With the help of veteran brewers on the Home Brew Digest (an Internet mailing list) and Rec.Crafts.Brewing (a Usenet newsgroup) I soon discovered why my first beer had turned out so brilliantly clear, yet fit only for mosquitoes to lay their eggs in. As I became more experienced, and was able to brew beer that could stand proudly with any commercial offering, I realized that I was seeing new brewers on the 'Net with the same basic questions that I had. They were reading the same books I had and some of those were excellent books. Well, I decided to write an electronic document that contained everything that a beginning brewer would need to know to get started. It contained equipment descriptions, process descriptions and some of the Why's of homebrewing. I posted it to electronic bulletin boards and homebrewing archive computer sites such as Sierra.Stanford.edu . It was reviewed by other brewers and accepted as one of the best brewing guides available. It has been through four revisions as comments were received and I learned more about the Why's of brewing. That document, "How To Brew Your First Beer" is still available and free to download and/or reproduce for personal use. It was written to help the first-time brewer produce a fool-proof beer - one they could be proud of. That document has apparently served quite well, it has been requested and distributed world-wide, including Europe, North America, Australia, Africa, and Asia- the Middle East and the Far East. Probably several thousand copies have been distributed by now. Glad I could help.
As time went by, and I moved on to Partial Mashes (half extract, half malted grain) and All-Grain Brewing, I actually saw requests on the 'Net from brewers requesting "Palmer-type" documents explaining these more complex brewing methods. There is a lot to talk about with these methods though, and I realized that it would be best done with a book. So, here we go...
Oh, one more thing, I should mention that Extract Brewing should not be viewed as inferior to brewing with grain, it is merely easier. It takes up less space and uses less equipment. You can brew national competition winning beers using extracts. The reason I moved on to Partial Mashes and then to All-Grain was because brewing is FUN. These methods really let you roll up your sleeves, fire up the kettles and be the inventor. You can let the mad-scientist in you come forth, you can combine different malts and hops at will, defying conventions and conservatives, raising your creation up to the storm and calling down the lightening...Hah hah HAH.... 
But I digress, thermo-nuclear brewing methods will be covered in another book. Okay, on with the show...
Brewing Your First All-Grain Beer
Welcome to the third section of How To Brew Your First Beer. Here is where we remove the training wheels and do everything from scratch. All of the world's classic beers are produced using malted grain and the methods which I am now going to teach you. The all-grain brewing method allows you the most flexibility in designing and producing an individual wort. Once you have mastered these basic techniques, you will be able to walk into any beer store or pub, select any beer (with the possible exception of the Belgian Lambics), and say with confidence, "I can brew this." The fundamental techniques and related science will be explained in the following chapters. 
Using all-grain brewing can be like driving a car. You can get in, turn the key and off you go; using it to go from point A to point B without much thought about it. Or you can know what's under the hood - knowing that by checking the oil, changing the spark plugs and listening for clanking noises that there are things you can do to make that car work more efficiently for you. Without getting into internal combustion theory, I am going to teach you what is under the hood of your mash. You may not use all of this information (Lord knows I haven't changed my oil in over a year), but at least you will have a good understanding of what is available to you. 
In Chapter 14 - How the Mash Works, I will explain how different temperatures activate different malt enzymes and how these enzymes convert the malt starches into fermentable sugars. Each temperature rest and its related enzyme groups will be described with respect to the effects on the composition of the wort. 
The difference between a good brewer and a great brewer is their ability to control the brewing process. The pH of the mash affects enzyme activity as well as the flavor of the wort. In Chapter 15 - Understanding the Mash pH, we will discuss how the malts and the brewing water combine to determine the pH of the mash. Water chemistry will be explained by looking at a city water report and showing you how to use such a report customize your mash. The chemistry of the brewing water can be adjusted through the use of brewing salts to insure proper mash conditions for best performance of the enzymes discussed in the preceding chapter.
In Chapter 16 - The Methods of Mashing, we get down to brass tacks: I describe how to actually get the grain wet. There are two principal methods- infusion and decoction. Infusion is the simpler and I will discuss how to use it to brew your first all-grain beer. In Chapter 17 - Getting the Wort Out, the mechanics of lautering will be discussed so that you will have a better idea of how to conduct the lauter for the best extraction. Finally, in Chapter 18 - Your First All-Grain Batch, we do it, step by step. Sound interesting? You bet!
An Allegory



Picture this: There has been a big windstorm that has blown down a big tree and a lot of other branches in the backyard. Your dad decides that some yardwork will build character; your task is to cut as much of it as you can into two inch lengths and haul it out to the road. You have two tools to do this with: a hedge trimmer and a pair of hand-held clippers. The hedge trimmer is in the garage, but the last time anyone saw the clippers, they had been left outside in the grass, which has since grown knee high. Plus, there are a lot of brambles growing around the tree which will make access and hauling it away difficult. Fortunately your dad has decided that your older brother and sister should take part in this too, and will send them out there with the weed whacker and lawn mower right now. Likewise, he will do you a favor and cut off a few of the big limbs at the joints with the chainsaw before you start. He won't cut many because the football game is starting soon. As soon as the grass is cut, you can find your tools and get them ready.
Your tools are rather limited for the amount of work you have to do. The hedge trimmer will be really useful for cutting all of the end twigs off, but will be quit working once you get back towards the branches. The clippers will be useful then- they will be able to cut the middles of all the branches, but aren't strong enough to cut through the joints. When you are done, there will be a lot of odd branched pieces left over in addition to your little pieces. 
Mashing Defined
Mashing is the brewer's term for the hot water steeping process which hydrates the barley, activates the malt enzymes, and converts the grain starches into fermentable sugars. There are several key enzyme groups that take part in the conversion of the grain starches to sugars. During malting, the debranching (chainsaw), beta-glucanase (weed whacker) and proteolytic (lawnmower) enzymes do their work, preparing the starches for easy access and conversion to sugars. During the mash, a limited amount of further modification can be accomplished, but the main event is the conversion of starch molecules into fermentable sugars and unfermentable dextrins by the diastatic enzymes (hedge trimmer and clippers). Each of these enzyme groups is favored by different temperature and pH conditions. A brewer can adjust the mash temperature to favor each successive enzyme's function and thereby customize the wort to their taste and purpose.
The starches in the mash are about 90% soluble at 130 °F and reach maximum solubility at 149°F. Both malted and unmalted grains have their starch reserves locked in a protein/carbohydrate matrix which prevents the enzymes from being able to physically contact the starches for conversion. Unmalted grain starch is more locked-up than malted. Crushing or rolling the grain helps to hydrate the starches during the mash. Once hydrated, the starches can be gelatinized (made soluble) by heat alone or by a combination of heat and enzyme action. Either way, an enzymatic mash is needed to convert the soluble starches to fermentable sugars.



Figure 79 - Typical Enzyme Ranges in the Mash 
Table 11 - Major Enzyme Groups and Functions
	Enzyme
	Optimum
Temperature
Range
	Working pH Range
	Function

	Phytase
	86-126°F
	5.0-5.5
	Lowers the mash pH. No longer used.

	Debranching (var.)
	95-113°F
	5.0-5.8
	Solubilization of starches.

	Beta Glucanase 
	95-113°F
	4.5-5.5
	Best gum breaking rest.

	Peptidase
	113-131°F
	4.6-5.3
	Produces Free Amino Nitrogen (FAN).

	Protease
	113-131°F
	4.6-5.3
	Breaks up large proteins that form haze.

	Beta Amylase
	131-150°F
	5.0-5.5
	Produces maltose.

	Alpha Amylase
	154-162°F
	5.3-5.7
	Produces a variety of sugars, including maltose.


Note: The above numbers were averaged from several sources and should be interpreted as typical optimum activity ranges. The enzymes will be active outside the indicated ranges but will be destroyed as the temperature increases above each range.
The Acid Rest and Modification
Before the turn of the (last) century, when the interaction of malt and water chemistry was not well understood, brewers in Pilsen used the temperature range of 86-126°F to help the enzyme phytase acidify their mash when using only pale malts. The water in the area is so pure and devoid of minerals that the mash would not reach the proper pH range without this Acid Rest. Most other brewing areas of the world did not have this problem.
Pale lager malt is rich in phytin, an organic phosphate containing calcium and magnesium. Phytase breaks down phytin into insoluble calcium and magnesium phosphates and phytic acid. The process lowers the pH by removing the ion buffers and producing this weak acid. The acid rest is not used nowadays because it can take several hours for this enzyme to lower the mash pH to the desired 5.0 - 5.5 range. Today, through knowledge of water chemistry and appropriate mineral additions, proper mash pH ranges can be achieved from the outset without needing an acid rest. 
Doughing-In
To the best of my knowledge, the temperature rest (holding period) for phytase is no longer used by any commercial brewery. However, this regime (95-113°F) is sometimes used by brewers for "Doughing In"- mixing the grist with the water to allow time for the malt starches to soak up water and time for the enzymes to be distributed. The debranching enzymes, e.g. limit dextrinase, are most active in this regime and break up a small percentage of dextrins at this early stage of the mash. The vast majority of debranching occurs during malting as a part of the modification process. Only a small percentage of the debranching enzymes survive the drying and kilning processes after malting, so not much more debranching can be expected. With all of that being said, the use of a 20 minute rest at temperatures near 104°F (40°C) has been shown to be beneficial to improving the yield from all enzymatic malts. This step is considered optional but can improve the total yield by a couple of points.
The Protein Rest and Modification
Modification is the term that describes the degree of breakdown during malting of the protein-starch matrix (endosperm) that comprises the bulk of the seed. Moderately-modified malts benefit from a protein rest to break down any remnant large proteins into smaller proteins and amino acids as well as to further release the starches from the endosperm. Fully-modified malts have already made use of these enzymes and do not benefit from more time spent in the protein rest regime. In fact, using a protein rest on fully modified malts tends to remove most of the body of a beer, leaving it thin and watery. Most base malt in use in the world today is fully modified. Less modified malts are often available from German maltsters. Brewers have reported fuller, maltier flavors from malts that are less modified and make use of this rest.
Malted barley also contains a lot of amino acid chains which form the simple proteins needed by the germinating plant. In the wort, these proteins are instead utilized by the yeast for their growth and development. Most wort proteins, including some enzymes like the amylases, are not soluble until the mash reaches temperatures associated with the protein rest (113-131°F). The two main proteolytic enzymes responsible are peptidase and protease. Peptidase works to provide the wort with amino acid nutrients that will be used by the yeast. Protease works to break up the larger proteins which enhances the head retention of beer and reduces haze. In fully modified malts, these enzymes have done their work during the malting process.
The temperature and pH ranges for these two proteolytic enzymes overlap. The optimum pH range is 4.2 - 5.3 and both enzymes are active enough between 113 - 131°F that talking about an optimum range for each is not relevant. This optimum pH range is a bit low with respect to most mashes, but the typical mash pH of 5.3 is not out of the ballpark. There is no need to attempt to lower the mash pH to facilitate the use of these enzymes. The typical Protein Rest at 120 - 130°F is used to break up proteins which might otherwise cause chill haze and can improve the head retention. This rest should only be used when using moderately-modified malts, or when using fully modified malts with a large proportion (>25%) of unmalted grain, e.g. flaked barley, wheat, rye, or oatmeal. Using this rest in a mash consisting mainly of fully modified malts would break up the proteins responsible for body and head retention and result in a thin, watery beer. The standard time for a protein rest is 20 - 30 minutes. 
The other enzymes in this temperature regime are the beta-glucanases/cytases - part of the cellulose enzyme family, and are used to break up the beta glucans in (un)malted wheat, rye, oatmeal and unmalted barley. These glucan hemi-celluloses (i.e. brambles) are responsible for the gumminess of dough and if not broken down will cause the mash to turn into a solid loaf ready for baking. Fortunately, the optimum temperature range for the beta glucanase enzyme is below that for the proteolytics. This allows the brewer to rest the mash at 98 -113°F for 20 minutes to break down the gums without affecting the proteins responsible for head retention and body. The use of this rest is only necessary for brewers incorporating a large amount (>25%) of unmalted or flaked wheat, rye or oatmeal in the mash. Sticky mashes and lauters from lesser amounts can usually be handled by increasing the temperature at lautering time (Mashout). See Chapter 17 - "Getting the Wort Out - Lautering" for further discussion.
The Starch Conversion/Saccharification Rest
Finally we come to the main event: making sugar from the starch reserves. In this regime the diastatic enzymes start acting on the starches, breaking them up into sugars (hence the term saccharification). The amylases are enzymes that work by hydrolyzing the straight chain bonds between the individual glucose molecules that make up the starch chain. A single straight chain starch is called an amylose. A branched starch chain (which can be considered as being built from amylose chains) is called an amylopectin. These starches are polar molecules and have different ends. (Think of a line of batteries.) An amylopectin differs from an amylose (besides being branched) by having a different type of molecular bond at the branch point, which is not affected by the diastatic enzymes. (Or, theoretically, feebly at best.)
Let's go back to our yardwork allegory. You have two tools to make sugars with: a pair of clippers (alpha amylase) and a hedge trimmer (beta amylase). While beta is pre-existing, alpha is created via protein modification in the aleurone layer during malting. In other words, the hedge trimmer is in the garage, but the clippers are out in the grass somewhere. Neither amylase will become soluble and useable until the mash reaches protein rest temperatures, and in the case of moderately-modified malts, alpha amylase may have a bit of genesis to complete.
Beta amylase works by hydrolyzing the straight chain bonds, but it can only work on "twig" ends of the chain, not the "root" end. It can only remove one (maltose) sugar unit at a time, so on amylose, it works sequentially. (A maltose unit is composed of two glucose units, by the way.) On an amylopectin, there are many ends available, and it can remove a lot of maltose very efficaciously (like a hedge trimmer). However, probably due to its size/structure, beta cannot get close to the branch joints. It will stop working about 3 glucoses away from a branch joint, leaving behind a "beta amylase limit dextrin."
Alpha amylase also works by hydrolyzing the straight chain bonds, but it can attack them randomly, much as you can with a pair of clippers. Alpha amylase is instrumental in breaking up large amylopectins into smaller amylopectins and amyloses, creating more ends for beta amylase to work on. Alpha is able to get within one glucose unit of a amylopectin branch and it leaves behind an "alpha amylase limit dextrin."
The temperature most often quoted for mashing is about 153°F. This is a compromise between the two temperatures that the two enzymes favor. Alpha works best at 154-162°F, while beta is denatured (the molecule falls apart) at that temperature, working best between 131-150°F. 
Conversion Check
The brewer can use iodine (or iodophor) to check a sample of the wort to see whether the starches have been completely converted to sugars. As you may remember from high school chemistry, iodine causes starch to turn black. The mash enzymes should convert all of the starches, resulting in no color change when a couple drops of iodine are added to a sample of the wort. (The wort sample should not have any grain particles in it.) The iodine will only add a slight tan or reddish color as opposed to the flash of heavy black color if starch is present. Worts high in dextrins will yield a strong reddish color when iodine is added. 
What do these two enzymes and temperatures mean to the brewer? The practical application of this knowledge allows the brewer to customize the wort in terms of its fermentability. A lower mash temperature, less than or equal to 150°F, yields a thinner bodied, drier beer. A higher mash temperature, greater than or equal to 156°F, yields a less fermentable, sweeter beer. This is where a brewer can really fine tune a wort to best produce a particular style of beer.
Manipulating the Starch Conversion Rest
There are two other factors besides temperature that affect the amylase enzyme activity. These are the grist/water ratio and pH. Beta amylase is favored by a low wort pH, about 5.0. Alpha is favored by a higher pH, about 5.7. However, a beta-optimum wort is not a very fermentable wort, leaving a lot of amylopectin starch unconverted; alpha amylase is needed to break up the larger chains so beta can work on them. Likewise, an alpha-optimum wort will not have a high percentage of maltose but instead will have a random distribution of sugars of varying complexity. Therefore, a compromise is made between the two enzyme optimums.
Brewing salts can be used to raise or lower the mash pH but these salts can only be used to a limited extent because they also affect the flavor. Water treatment is an involved topic and will be discussed in more detail in the next chapter. For the beginning masher, it is often better to let the pH do what it will and work the other variables around it, as long as your water is not extremely soft or hard. Malt selection can do as much or more to influence the pH as using salts in many situations. The pH of the mash or wort runnings can be checked with pH test papers sold at brewshops, and pool supply stores.
The grist/water ratio is another factor influencing the performance of the mash. A thinner mash of >2 quarts of water per pound of grain dilutes the relative concentration of the enzymes, slowing the conversion, but ultimately leads to a more fermentable mash because the enzymes are not inhibited by a high concentration of sugars. A stiff mash of <1.25 quarts of water per pound is better for protein breakdown, and results in a faster overall starch conversion, but the resultant sugars are less fermentable and will result in a sweeter, maltier beer. A thicker mash is more gentle to the enzymes because of the lower heat capacity of grain compared to water. A thick mash is better for multirest mashes because the enzymes are not denatured as quickly by a rise in temperature.
As always, time changes everything; it is the final factor in the mash. Starch conversion may be complete in only 30 minutes, so that during the remainder of a 60 minute mash, the brewer is working the mash conditions to produce the desired profile of wort sugars. Depending on the mash pH, water ratio and temperature, the time required to complete the mash can vary from under 30 minutes to over 90. At a higher temperature, a stiffer mash and a higher pH, the alpha amylase is favored and starch conversion will be complete in 30 minutes or less. Longer times at these conditions will allow the beta amylase time to breakdown more of the longer sugars into shorter ones, resulting in a more fermentable wort, but these alpha-favoring conditions are deactivating the beta; such a mash is self-limiting. 
A compromise of all factors yields the standard mash conditions for most homebrewers: a mash ratio of about 1.5 quarts of water per pound grain, pH of 5.3, temperature of 150-155°F and a time of about one hour. These conditions yield a wort with a nice maltiness and good fermentability.
Understanding the Mash pH Cedar Rapids 7.91 – 8.35/Avg 8.15 Marion 7.60
What Kind of Water Do I Need?
"What kind of water do I need for all-grain brewing?" (you ask) 
Usually, the water should be of moderate hardness and low-to-moderate alkalinity, but it depends... 
"What do these terms mean? Depends on What?"
"Where can I get this kind of water?" 
"What is my own water like?"
This chapter is all about answering those questions. The answers will depend on what type of beer you want to brew and the mineral character of the water that you have to start with.
The term "hardness" refers to the amount of calcium and magnesium ions in the water. Hard water commonly causes scale on pipes. Water hardness is balanced to a large degree by water alkalinity. Alkaline water is high in bicarbonates. Water that has high alkalinity causes the mash pH to be higher than it would be normally. Using dark roasted malts in the mash can balance alkaline water to achieve the proper mash pH, and this concept will be explored later in this chapter.
Reading a Water Report
To understand your water, you need to get a copy of your area's annual water analysis. Call the Public Works department at City Hall and ask for a copy, they will usually send you one free-of-charge. An example for Los Angeles is shown in Table 12. Water quality reports are primarily oriented to the safe drinking water laws regarding contaminants like pesticides, bacteria and toxic metals. As brewers, we are interested in the Secondary or Aesthetic Standards that have to do with taste and pH. 
There are several important ions to consider when evaluating brewing water. The principal ions are Calcium (Ca+2), Magnesium (Mg+2), Bicarbonate (HCO3-1) and Sulfate (SO4-2). Sodium (Na+1), Chloride (Cl-1) and Sulfate (SO4-2) can influence the taste of the water and beer, but do not affect the mash pH like the others. Ion concentrations in water are usually discussed as parts per million (ppm), which is equivalent to a milligram of a substance per liter of water (mg/l). Descriptions of these ions follow the water report.
Table 12 - Los Angeles Metropolitan Water District Quality Report (1996 data)
	Parameter
	State Maximum
Contaminant Level
(mg/L)
	Delivered Average
(mg/L)

	Primary Standards
	 
	 

	Clarity
	.5
	.08

	Microbiological
	 
	 

	Total Coliform
	5%
	.12%

	Fecal Coliform
	(detection)
	0

	Organic Chemicals
	 
	 

	Pesticides/PCBs
	 
	 

	(various - JP)
	(various - JP)
	ND

	Semi-Volatile Organic Compounds
	 
	 

	(various - JP)
	(various - JP)
	ND

	Volatile Organic Compounds
	 
	 

	(various - JP)
	(various - JP)
	ND

	Inorganic Chemicals (list edited - JP)
	 
	 

	Arsenic 
	.05
	.002

	Cadmium
	.005
	ND

	Copper 
	(zero goal)
	ND

	Fluoride
	1.4-2.4
	.22

	Lead
	(zero goal)
	ND

	Mercury
	.002
	ND

	Nitrate
	10
	.21

	Nitrite
	1
	ND

	Radionuclides
	 
	 

	(various)
	(various - JP)
	(various - JP)

	Secondary Standards - Aesthetic
	 
	 

	Chloride
	*250
	91

	Color
	15
	3

	Foaming Agents
	.5
	ND

	Iron
	.3
	ND

	Manganese
	.05
	ND

	Odor Threshold
	3
	-2

	pH
	No Standard
	8.04

	Silver
	.1
	ND

	Conductance (mho/cm)
	*900
	984

	Sulfate
	*250
	244

	Total Dissolved Solids
	*500
	611

	Zinc
	5
	ND

	Additional Parameters
	 
	 

	Alkalinity as CaCO3
	NS
	114

	Calcium
	NS
	68

	Hardness as CaCO3
	NS
	283

	Magnesium
	NS
	27.5

	Potassium
	NS
	4.5

	Sodium
	NS
	96


* = Recommended Level
NS = No Standard
ND = Not Detected
Calcium (Ca+2)  Cedar Rapids 46 – 93/63 Avg  Marion 63
Atomic Weight = 40.0 
Equivalent Weight = 20.0 
Brewing Range = 50-150 ppm. 
Calcium is the principal ion that determines water hardness and has a +2 charge. As it is in our own bodies, calcium is instrumental to many yeast, enzyme, and protein reactions, both in the mash and in the boil. It promotes clarity, flavor, and stability in the finished beer. Calcium additions may be necessary to assure sufficient enzyme activity for some mashes in water that is low in calcium. Calcium that is matched by bicarbonates in water is referred to as "temporary hardness". Temporary hardness can be removed by boiling (see Bicarbonate). Calcium that is left behind after the temporary hardness has been removed is called "permanent hardness".
Magnesium (Mg+2) Cedar Rapids Avg 74 Marion 32.3
Atomic Weight = 24.3 
Equivalent Weight = 12.1 
Brewing Range = 10-30 ppm. 
This ion behaves very similarly to Calcium in water, but is less efficacious. It also contributes to water hardness. Magnesium is an important yeast nutrient in small amounts (10 -20 ppm), but amounts greater than 50 ppm tend to give a sour-bitter taste to the beer. Levels higher than 125 ppm have a laxative and diuretic affect.
Bicarbonate (HCO3-1) Cedar Rapids 63 – 109/Avg 83 Marion 338
Molecular Weight = 61.0 
Equivalent Weight = 61.0 
Brewing Range = 0-50 ppm for pale, base-malt only beers. 
50-150 ppm for amber colored, toasted malt beers, 150-250 ppm for dark, roasted malt beers. 
The carbonate family of ions are the big players in determining brewing water chemistry. Carbonate (CO3-2), is an alkaline ion, raising the pH, and neutralizing dark malt acidity. Its cousin, bicarbonate (HCO3-1), has half the buffering capability but actually dominates the chemistry of most brewing water supplies because it is the principal form for carbonates in water with a pH less than 8.4. Carbonate itself typically exists as less than 1% of the total carbonate/bicarbonate/carbonic acid species until the pH exceeds 8.4. There are two methods the homebrewer can use to bring the bicarbonate level down to the nominal 50 - 150 ppm range for most pale ales, or even lower for light lagers such as Pilsener. These methods are boiling, and dilution.
Carbonate can be precipitated (ppt) out as Calcium Carbonate (CaCO3) by aeration and boiling according to the following reaction:
2HCO3-1 + Ca+2 + O2 gas --> CaCO3 (ppt) + H2O + CO2 gas
where oxygen from aeration acts as a catalyst and the heat of boiling prevents the carbon dioxide from dissolving back into the water to create carbonic acid. 
Dilution is the easiest method of producing low carbonate water. Use distilled water from the grocery store (often referred to as Purified Water for use in steam irons) in a 1:1 ratio, and you will effectively cut your bicarbonate levels in half, although there will be a minor difference due to buffering reactions. Bottom Line: if you want to make soft water from hard water (e.g. to brew a Pilsener), dilution with distilled water is the best route.
Sulfate (SO4-2) Cedar Rapids 37-50/Avg 44.5 Marion 175
Molecular Weight = 96.0
Equivalent Weight = 48.0
Brewing Range = 50-150 ppm for normally bitter beers, 150-350 ppm for very bitter beers
The sulfate ion also combines with Ca and Mg to contribute to permanent hardness. It accentuates hop bitterness, making the bitterness seem drier, more crisp. At concentrations over 400 ppm however, the resulting bitterness can become astringent and unpleasant, and at concentrations over 750 ppm, it can cause diarrhea. Sulfate is only weakly alkaline and does not contribute to the overall alkalinity of water.
Sodium (Na+1) Cedar Rapids 12 – 14/Avg 13 Marion 82.5
Atomic Weight = 22.9
Equivalent Weight = 22.9
Brewing Range = 0-150 ppm.
Sodium can occur in very high levels, particularly if you use a salt-based (i.e. ion exchange) water softener at home. In general, you should never use softened water for mashing. You probably needed the calcium it replaced and you definitely don't need the high sodium levels. At levels of 70 - 150 ppm it rounds out the beer flavors, accentuating the sweetness of the malt. But above 200 ppm the beer will start to taste salty. The combination of sodium with a high concentration of sulfate ions will generate a very harsh bitterness. Therefore keep at least one or the other as low as possible, preferably the sodium.
Chloride (Cl-1) Cedar Rapids 26 – 38.5/Avg 32.8 Marion 10
Atomic Weight = 35.4
Equivalent Weight = 35.4
Brewing Range = 0-250 ppm.
The chloride ion also accentuates the flavor and fullness of beer. Concentrations above 300 ppm (from heavily chlorinated water or residual bleach sanitizer) can lead to mediciney flavors due to chlorophenol compounds.
Water Hardness, Alkalinity, and milliEquivalents
Hardness and Alkalinity of water are often expressed "as CaCO3". Hardness-as referring to the cation concentration, and alkalinity-as referring to the anions i.e. bicarbonate. If your local water analysis does not list the bicarbonate ion concentration (ppm), nor "Alkalinity as CaCO3", to give you an idea of the water's buffering power to the mash pH, then you will need to call the water department and ask to speak to one of the engineers. They will have that information.
Calcium, and to a lesser extent magnesium, combine with bicarbonate to form chalk which is only slightly soluble in neutral pH (7.0) water. The total concentration of these two ions in water is termed "hardness" and is most noticeable as carbonate scale on plumbing. Water Hardness is often listed on municipal water data sheets as "Hardness as CaCO3" and is equal to the sum of the Ca and Mg concentrations in milliequivalents per liter (mEq/l) multiplied by 50 (the Equivalent Weight of CaCO3). An Equivalent is a mole of an ion with a charge, + or -, of 1. The Equivalent Weight of Ca+2 is half of its atomic weight of 40, i.e. 20. Therefore if you divide the concentration in ppm or mg/l of Ca+2 by 20, you have the number of milliequivalents per liter of Ca+2. Adding the number of milliequivalents of Calcium and Magnesium together and multiplying by 50 gives the hardness as milliequivalents per liter of CaCO3. 
(Ca (ppm)/20 + Mg (ppm)/12.1) x 50 = Total Hardness as CaCO3
These operations are summarized in the following table.
Table 13 - Conversion Factors for Ion Concentrations
	To Get
	From
	Do This

	Ca (mEq/l)
	Ca (ppm)
	Divide by 20

	Mg (mEq/l)
	Mg (ppm)
	Divide by 12.1

	HCO3 (mEq/l)
	HCO3 (ppm)
	Divide by 61

	CaCO3 (mEq/l)
	CaCO3 (ppm)
	Divide by 50

	Ca (ppm)
	Ca (mEq/l)
	Multiply by 20

	Ca (ppm)
	Total Hardness as CaCO3
	You Can't

	Ca (ppm)
	Ca Hardness as CaCO3
	Divide by 50 and multiply by 20

	Mg (ppm)
	Mg (mEq/l)
	Multiply by 12.1

	Mg (ppm)
	Total Hardness as CaCO3
	You Can't

	Mg (ppm)
	Mg Hardness as CaCO3
	Divide by 50 and multiply by 12.1

	HCO3 (ppm)
	Alkalinity as CaCO3
	Divide by 50 and multiply by 61

	Ca Hardness as CaCO3
	Ca (ppm)
	Divide by 20 and multiply by 50

	Mg Hardness as CaCO3
	Mg (ppm)
	Divide by 12.1 and multiply by 50

	Total Hardness as CaCO3
	Ca as CaCO3 and Mg as CaCO3
	Add them.

	Alkalinity as CaCO3
	HCO3 (ppm)
	Divide by 61 and multiply by 50


Water pH
You would think that the pH of the water is important but actually it is not. It is the pH of the mash that is important, and that number is dependent on all of the ions we have been discussing. In fact, the ion concentrations are not relevant by themselves and it is not until the water is combined with a specific grain bill that the overall pH is determined, and it is that pH which affects the activity of the mash enzymes and the propensity for the extraction of astringent tannins from the grain husks. 
Many brewers have made the mistake of trying to change the pH of their water with salts or acids to bring it to the mash pH range before adding the malts. You can do it that way if you have enough experience with a particular recipe to know what the mash pH will turn out to be; but it is like putting the cart before the horse. It is better to start the mash, check the pH with test paper and then make any additions you feel are necessary to bring the pH to the proper range. Most of the time adjustment won't be needed.
However, most people don't like to trust to luck or go through the trial and error of testing the mash pH with pH paper and adding salts to get the right pH. There is a way to estimate your mash pH before you start and this method is discussed in a section to follow, but first, let's look at how the grain bill affects the mash pH.
Balancing the Malts and Minerals
When you mash 100% base malt grist with distilled water, you will usually get a mash pH between 5.7-5.8. (Remember, the target is 5.1-5.5 pH.) The natural acidity of roasted specialty malt additions (e.g. caramel, chocolate, black) to the mash can have a large effect on the pH. Using a dark crystal or roasted malt as 20% of the grainbill will often bring the pH down by half a unit (.5 pH). In distilled water, 100% caramel malt would typically yield a mash pH of 4.5-4.8, chocolate malt 4.3-4.5, and black malt 4.0-4.2. The chemistry of the water determines how much of an effect each malt addition has. The best way to explain this is to describe two of the world's most famous beers and their brewing waters. The Pilsen region of the Czech Republic was the birthplace of the Pilsener style of beer. A Pils is a crisp, golden clear lager with a very clean hoppy taste. The water of Pilsen is very soft, free of most minerals and very low in bicarbonates. The brewers used an acid rest with this water to bring the pH down to the target mash range of 5.1 - 5.5 using only the pale lager malts.
Table 14 - Influence of Brewing Water
	City
	Ca+2
	Mg+2
	HCO3-1
	Cl-1
	Na+1
	SO4-2

	Pilsen 
	10
	3
	3
	4.3
	4
	-

	Dublin 
	119
	4
	319
	19
	12
	53


From "American Handy Book", 2:790, Wahl-Henius, 1902
The other beer to consider is Guinness, the famous stout from Ireland. The water of Ireland is high in bicarbonates (HCO3-1), and has a fair amount of calcium but not enough to balance the bicarbonate. This results in hard, alkaline water with a lot of buffering power. The high alkalinity of the water makes it difficult to produce light pale beers that are not harsh tasting. The water does not allow the pH of a 100% base malt mash to hit the target range of 5 - 5.8, it remains higher and this extracts harsh phenolic and tannin compounds from the grain husks. The lower pH of an optimum mash (5.2-5.5) normally prevents these compounds from appearing in the finished beer. But why is this region of the world renowned for producing outstanding dark beers?. The reason is the dark malt itself. The highly roasted black malts used to make Guinness add acidity to the mash. These malts match and counter the buffering capability of the carbonates in the water, lowering the mash pH into the target range.
The fact of the matter is that dark beer cannot be brewed in Pilsen, and light lagers can't be brewed in Dublin without adding the proper type and amount of buffering salts. Before you brew your first all-grain beer, you should get a water analysis from your local water utility and look at the mineral profile to establish which styles of beer can best be produced. The use of roasted malts such as Caramel, Chocolate, Black Patent, and the toasted malts such as Munich and Vienna, can be used successfully in areas where the water is alkaline (i.e., a pH greater than 7.5 and a carbonate level of more than 200 parts per million) to produce good mash conditions. If you live in an area where the water is very soft (like Pilsen), then you can add brewing salts to the mash and sparge water to help achieve the target pH. The next two sections of this chapter, Residual Alkalinity and Mash pH, and Using Salts for Brewing Water Adjustment, discuss how to do this.
The following table lists examples of classic beer styles and the mineral profile of the city that developed them. By looking at the city and its resulting style of beer, you will gain an appreciation for how malt chemistry and water chemistry interrelate. Descriptions of the region's beer styles are given below.
Table 15 - Water Profiles From Notable Brewing Cities
	City
	Calcium
(Ca+2)
	Magnesium
(Mg+2)
	Bicarbonate
(HCO3-1)
	SO4-2
	Na+1
	Cl-1
	Beer Style

	Pilsen 
	10
	3
	3
	4
	3
	4
	Pilsener

	Dortmund 
	225
	40
	220
	120
	60
	60
	Export Lager

	Vienna
	163
	68
	243
	216
	8
	39
	Vienna Lager

	Munich
	109
	21
	171
	79
	2
	36
	Oktoberfest

	London 
	52
	32
	104
	32
	86
	34
	British Bitter

	Edinburgh 
	100
	18
	160
	105
	20
	45
	Scottish Ale

	Burton 
	352
	24
	320
	820
	44
	16
	India Pale Ale

	Dublin 
	118
	4
	319
	54
	12
	19
	Dry Stout


Sources 
Burton: "The Practical Brewer", p. 10, 
Dortmund Noonen, G., "New Brewing Lager Beer"
Dublin "The Practical Brewer", p. 10,
Edinburgh
London "Fermentation Technology", p. 13, Westermann and Huige
Munich 
Pilsen "American Handy Book", 2:790, Wahl-Henius, 1902
Vienna
Pilsen - The very low hardness and alkalinity allow the proper mash pH to be reached with only base malts, achieving the soft rich flavor of fresh bread. The lack of sulfate provides for a mellow hop bitterness that does not overpower the soft maltiness; noble hop aroma is emphasized. 
Dortmund - Another city famous for pale lagers, Dortmund Export has less hop character than a Pilsner, with a more assertive malt character due to the higher levels of all minerals. The balance of the minerals is very similar to Vienna, but the beer is bolder, drier, and lighter in color.
Vienna - The water of this city is similar to Dortmund, but lacks the level of calcium to balance the carbonates, and lacks as well the sodium and chloride for flavor. Attempts to imitate Dortmund Export failed miserably until a percentage of toasted malt was added to balance the mash, and Vienna's famous red-amber lagers were born.
Munich - Although moderate in most minerals, alkalinity from carbonates is high. The smooth flavors of the dunkels, bocks and oktoberfests of the region show the success of using dark malts to balance the carbonates and acidify the mash. The relatively low sulfate content provides for a mellow hop bitterness that lets the malt flavor dominate.
London - The higher carbonate level dictated the use of more dark malts to balance the mash, but the chloride and high sodium content also smoothed the flavors out, resulting in the well-known ruby-dark porters and copper-colored pale ales.
Edinburgh - Think of misty Scottish evenings and you think of strong Scottish ale - dark ruby highlights, a sweet malty beer with a mellow hop finish. The water is similar to London's but with a bit more bicarbonate and sulfate, making a beer that can embrace a heavier malt body while using less hops to achieve balance.
Burton-on-Trent - Compared to London, the calcium and sulfate are remarkably high, but the hardness and alkalinity are balanced to nearly the degree of Pilsen. The high level of sulfate and low level of sodium produce an assertive, clean hop bitterness. Compared to the ales of London, Burton ales are paler, but much more bitter, although the bitterness is balanced by the higher alcohol and body of these ales.
Dublin - Famous for its stout, Dublin has the highest bicarbonate concentration of the cities of the British Isles, and Ireland embraces it with the darkest, maltiest beer in the world. The low levels of sodium, chloride and sulfate create an unobtrusive hop bitterness to properly balance all of the malt.
Residual Alkalinity and Mash pH
Before you conduct your first mash, you probably want to be assured that it will probably work. Many people want to brew a dark stout or a light pilsener for their first all-grain beer, but these very dark and very light styles need the proper brewing water to achieve the desired mash pH. While there is not any surefire way to predict the exact pH, there are empirical methods and calculations that can put you in the ballpark, just like for hop IBU calculations. To estimate your base-malt-only mash pH, you will need the calcium, magnesium and alkalinity ion concentrations from your local water utility report. Unfortunately, you rarely want to brew a base-malt-only beer.
To estimate your recipe mash pH, you will need the calcium, magnesium and alkalinity ion concentrations from the water report, plus the approximate color of the beer you are trying to brew. 
Background:
In 1953, P. Kohlbach determined that 3.5 equivalents (Eq) of calcium reacts with malt phytin to release 1 equivalent of hydrogen ions which can "neutralize" 1 equivalent of water alkalinity. Magnesium, the other water hardness ion, also works but to a lesser extent, needing 7 equivalents to neutralize 1 equivalent of alkalinity. Alkalinity which is not neutralized is termed "residual alkalinity" (abbreviated RA). On a per volume basis, this can be expressed as: 
mEq/L RA = mEq/L Alkalinity - [(mEq/L Ca)/3.5 + (mEq/L Mg)/7] 
where mEq/L is defined as milliequivalents per liter.
This residual alkalinity will cause an all-base-malt mash to have a higher pH than is desirable (ie. >6.0), resulting in tannin extraction, etc. To counteract the RA, brewers in alkaline water areas like Dublin added dark roasted malts which have a natural acidity that brings the mash pH back into the right range (5.2-5.6). To help you determine what your RA is, and what your mash pH will probably be for a 100% base malt mash, I have put together the following nomograph that allows you to read the base-malt-mash-pH after marking-off your water's calcium, magnesium and alkalinity levels. To use the chart, you mark off the calcium and magnesium levels to determine an "effective" hardness (EH), then draw a line from that value through your alkalinity value to point to the RA and the approximate pH. The effective hardness is not the same as the "Total Hardness as CaCO3" you may see on your water report, it is a calculation of the effect that calcium and magnesium have on alkalinity.
After determining your RA and probable pH, the chart offers you two options:
a) You can plan to brew a style of beer that approximately matches the color guide above your RA, or
b) You can estimate an amount of calcium or bicarbonate to add to the brewing water to hit a targeted residual alkalinity, one that is more appropriate to the color of the style you want to brew.
I will show you how this works in the following example. 
Determining the Beer Styles That Best Suit Your Water
1. A water report for Los Angeles, CA, states that the three ion concentrations are:
Ca (ppm) = 70
Mg (ppm) = 30
Alkalinity = 120 ppm as CaCO3
2. Mark these values on the appropriate scales. (Denoted by red and green circles here.)



3. Draw a line between the Ca and Mg values to determine the Effective Hardness. (Denoted by a red square.) 
4. From the value for EH, draw a line through the Alkalinity value (green circle) to intersect the RA/pH scale. This is your estimated base-malt-mash pH of 5.8 (blue square).
5. Looking directly above the pH scale, the color guide shows a range of color which corresponds to most amber, red and brown ales and lagers. Most Pale Ale, Brown Ale and Porter recipes can be brewed with confidence. The amount of acidity in the specialty grains used in these styles should balance the residual alkalinity to achieve the proper mash pH (from 5.8 down to 5.2-5.6, depending on the darkness of the recipe).
Determining Calcium Additions to Lower the Mash pH
But what if you want to brew a much paler beer, like a Pilsener or a Helles? Then you will need to add more calcium to balance the alkalinity that your malt selection cannot.
1. Go back to the nomograph and pick a point on the RA scale that is within the desired color range. In this example, I picked an RA value of -50.



2. Draw a line from this RA value back through your Alkalinity value (from the water report), and determine your new EH value.
3. From the original Mg value from the report, draw a line through the new EH value and determine the new Ca value needed to produce this effective hardness. 
4. Subtract the original Ca value from the new Ca value to determine how much calcium (per gallon) needs to be added. In this example, 145 ppm/gal. of additional calcium is needed.
5. The source for the calcium can be either calcium chloride or calcium sulfate (gypsum). See the following section for guidelines on just how much of these salts to add.
Determining Bicarbonate Addition to Raise the Mash pH
Likewise, you can determine how much additional alkalinity (HCO3) would be needed to brew a dark stout if you have water with low alkalinity.



1. You determine your initial RA and base-malt-mash pH from your water report, and then determine your desired RA for the style you want to brew. In this example, I have selected an RA of 180 (base-malt-mash pH 6), which corresponds to a dark beer on the color guideline.
2. The difference is that this time you draw a line from the desired RA to the original EH, passing through a new Alkalinity.
3. Subtract the original alkalinity from the new alkalinity to determine the additional bicarbonate needed. The additional bicarbonate can be added by either using sodium bicarbonate (baking soda) or calcium carbonate. Using calcium carbonate additions would also affect the EH, causing you to re-evaluate the whole system, while using baking soda would also contribute high levels of sodium, which can contribute harsh flavors at high levels. You will probably want to add some of each to achieve the right bicarbonate level without adding too much sodium or calcium.
Note: The full size nomograph now contains an approximate numeric correlation to beer color (SRM scale). This is intended to better help you target a residual alkalinity level based on the color of the beer style, but it is an approximation. There is a lot of variation in the malt-acidity to malt-color relationship. [Oct.'06]




Figure 81: Full size nomograph for approximating your mash pH from your local water report. Click to bring up the full size pdf file. 
Click Here to download an Excel spreadsheet that makes the same calculations (US units, Version 1.2).

Using Salts for Brewing Water Adjustment
Brewing water can be adjusted (to a degree) by the addition of brewing salts. Unfortunately, the addition of salts to water is not a matter of 2 + 2 = 4, it tends to be 3.9 or 4.1, depending. Water chemistry can be complicated; the rules contain exceptions and thresholds where other rules and exceptions take over. 
Fortunately for most practical applications, you do not have to be that rigorous. You can add needed ions to your water with easily obtainable salts. To calculate how much to add, use the nomograph or another water chart to figure out what concentration is desired and then subtract your water's ion concentration to determine the difference. Next, consult Table 16 to see how much of an ion a particular salt can be expected to add. Don't forget to multiply the difference in concentration by the total volume of water you are working with.
Let's look back at the nomograph example where we determined that we needed 145 ppm of additional Calcium ion. Let's say that 4 gallons of water are used in the mash.
1. Choose a salt to use to add the needed calcium. Let's use gypsum.
2. From Table 16, gypsum adds 61.5 ppm of Ca per gram of gypsum added to 1 gallon of water.
3. Divide the 145 ppm by 61.5 to determine the number of grams of gypsum needed per gallon to make the desired concentration. 145/61.5 = 2.4 grams
4. Next, multiply the number of grams per gallon by the number of gallons in the mash (4). 2.4 x 4 = 9.6 grams, which can be rounded to 10 grams.
5. Unless you have a gram scale handy, you will want to convert that to teaspoons which is more convenient. There are 4 grams of gypsum per teaspoon, which gives us 10/4 = 2.5 teaspoons of gypsum to be added to the mash.
6. Lastly, you need to realize how much sulfate this addition has made. 2.5 grams per gallon equals 368 ppm of sulfate added to the mash, which is a lot. In this case, it would probably be a good idea to use calcium chloride for half of the addition.
The following table provides information on the use and results of each salt's addition. Brewing salts should be used sparingly to make up for gross deficiencies or overabundance of ions. The concentrations given in Table 16 below are for 1 gram dissolved in 1 gallon of distilled water. Dissolution of 1 gram of a salt in your water will result in a different value due to your water's specific mineral content and pH. However, the results should be reasonably close. Please refer to Appendix F - Recommended Reading, for better discussions of water chemistry and brewing water adjustment than I can provide here.
Table 16 - Salts for Water Adjustment
	Brewing Salt and Common Name
	Concentration at 1 gram/gallon
	Grams per level teaspoon
	Effects
	Comments

	Calcium Carbonate
(CaCO3)
a.k.a. Chalk
	105 ppm 
Ca+2
158 ppm CO3-2
	1.8
	Raises pH
	Because of its limited solubility it is only effective when added directly to the mash. Use for making dark beers in areas of soft water. Use nomograph and monitor the mash pH with pH test papers to determine how much to add.

	Calcium Sulfate
(CaSO4*2 H2O)
a.k.a. Gypsum
	61.5 ppm 
Ca+2
147.4 ppm 
SO4-2
	4.0
	Lowers pH
	Useful for adding calcium if the water is low in sulfate. Can be used to add sulfate "crispness" to the hop bitterness.

	Calcium Chloride
(CaCl2*2H2O)
	72 ppm
Ca+2
127 ppm
Cl-1
	3.4
	Lowers pH
	Useful for adding Calcium if the water is low in chlorides.

	Magnesium Sulfate
(MgSO4*7H2O)
a.k.a. Epsom Salt
	26 ppm 
Mg+2
103 ppm
SO4-2
	4.5
	Lowers pH by a small amount.
	Can be used to add sulfate "crispness" to the hop bitterness.

	Sodium Bicarbonate
(NaHCO3)
a.k.a. Baking Soda
	75 ppm
Na+1
191 ppm 
HCO3-
	4.4
	Raises pH by adding alkalinity.
	If your pH is too low and/or has low residual alkalinity, then you can add alkalinity. See procedure for calcium carbonate.


My final advice on the matter is that if you want to brew a pale beer and have water that is very high in carbonates and low in calcium, then your best bet is to use bottled water* from the store or to dilute your water with distilled water and add gypsum or calcium chloride to make up the calcium deficit. Watch your sulfate and chloride counts though. Mineral dilution with water is not as straightforward as it is with wort dilution, due to the various ion buffering effects, but it will be reasonably close. Good Luck!
* You should be able to get an analysis of the bottled water by calling the manufacturer. I have done this with a couple of different brands.
The Methods of Mashing
Overview
In chapters 14 and 15 you learned about the chemistry going on in the mash tun. In this chapter we will discuss how the mash can be manipulated to create a desired character in the wort and the finished beer. There are two basic schemes for mashing: Single Temperature - a compromise temperature for all the mash enzymes, and Multi-Rest- where two or more temperatures are used to favor different enzyme groups. You can heat the mash in two ways also, by the addition of hot water (Infusion) or by heating the mash tun directly. There is also a combination method, called Decoction Mashing, where part of the mash is heated on the stove and added back to the main mash to raise the temperature. All of these mashing schemes are designed to achieve saccharification (starch conversion to fermentable sugars). But the route taken to that goal can have a considerable influence on the overall wort character. Certain beer styles need a particular mash scheme to arrive at the right wort for the style.
Single Temperature Infusion
This method is the simplest, and does the job for most beer styles. All of the crushed malt is mixed (infused) with hot water to achieve a mash temperature of 150-158F, depending on the style of beer being made. The infusion water temperature varies with the water-to-grain ratio being used for the mash, but generally the initial "strike water" temperature is 10-15·°F above the target mash temperature. The equation is listed below in the section, "Calculations for Infusions." The mash should be held at the saccharification temperature for about an hour, hopefully losing no more than a couple degrees. The mash temperature can be maintained by placing the mash tun in a warm oven, an insulated box or by adding heat from the stove. The goal is to achieve a steady temperature.
One of the best ways to maintain the mash temperature is to use an ice chest or picnic cooler as the mash tun. This is the method I recommend throughout the rest of this section of the book. Instructions for building a picnic cooler mash/lauter tun are given in Appendix D.
If the initial infusion of water does not achieve the desired temperature, you can add more hot water according to the infusion calculations.
Multi-Rest Mashing
A popular multi-rest mash schedule is the 40°C - 60°C - 70°C (104 - 140 - 158°F) mash, using a half hour rest at each temperature, first advocated for homebrewers by George Fix. This mash schedule produces high yields and good fermentability. The time at 40°C improves the liquefaction of the mash and promotes enzyme activity. As can be seen in Figure 79 - Enzyme Ranges, several enzymes are at work, liquefying the mash and breaking down the starchy endosperm so the starches can dissolve. As mentioned in the previous chapter in the section on the Acid Rest, resting the mash at this temperature has been show to improve the yield, regardless of the malts used. Varying the times spent at the 60 and 70°C rests allows you to adjust the fermentable sugar profiles. For example, a 20 minute rest at 60°C, combined with a 40 minute rest at 70°C produces a sweet, heavy, dextrinous beer; while switching the times at those temperatures would produce a drier, lighter bodied, more alcoholic beer from the same grain bill.
If you use less well-modified malts, such as German Pils malt, a multi-rest mash will produce maltier tasting beers although they need a protein rest to fully realize their potential. In this case the mash schedule suggested by Fix is 50 - 60 - 70°C, again with half hour rests. The rest at 50°C takes the place of the liquefaction rest at 40°C and provides the necessary protein rest. This schedule is well suited for producing continental lager beers. These schedules are provided as guidelines. You, as the brewer, have complete control over what you can choose to do. Play with the times and temperatures and have fun.
Multi-rest mashes require you to add heat to the mash to achieve the various temperature rests. You can add the heat in a couple of ways, either by infusions or by direct heat. If you are using a kettle as a mash tun, you can heat it directly using the stove or a stand-alone hotplate. (See Fig. 84) The first temperature rest is achieved by infusion as in the Single Temperature mash described above. The subsequent rest(s) are achieved by carefully adding heat from the stove and constant stirring to keep the mash from developing hotspots and scorching. The mash can be placed in a pre-warmed oven (125 - 150 °F) to keep the mash from losing heat during the rests. After the conversion, the mash is carefully poured or ladled from the mash tun into the lauter tun and lautered. The hot mash and wort is susceptible to oxidation due to hot side aeration (HSA) due to splashing at this stage, which can lead to long term flavor stability problems.



Figure 84 - Mashing on the Stove- The grist is added to a pot of hot water on the stove for the first temperature rest. The mash is then placed in the oven (warm) to help maintain the temperature for the desired time. Then the mash pot is returned to the stovetop to be heated to the next rest. After mashing the mash is transferred to the lauter tun and lautered into the boiling pot. The mash tun is then used to heat water for the sparge. 
If you are using a picnic cooler for your mash tun, multi-rest mashes are a bit trickier. You need to start out with a stiff mash (e.g. .75-1 quarts per pound of grain), to leave yourself enough room in the tun for the additional water. Usually only 2 temperature rests are possible with this method because the amount of heat necessary to change the temperature of the mash increases with each addition. Reaching a third rest is possible if the change in temperature is only a few degrees. For example, raising the mash temperature for 8 lbs. of grain from 150°F to 158°F at a mash ratio of 2 quarts per pound would require approximately 2.7 quarts of boiling water.
Calculations for Boiling Water Additions
These calculations allow you to estimate the amount of heat provided by a volume of hot water so you can predict how much that heat will change the temperature of the mash. This method makes a few simplifications, one of which is the assumption that no heat will be lost to the surroundings, but we can minimize this error by pre-heating the tun. 
Most of the thermodynamic constants used in the following equations have been rounded to single digits to make the math easier. The difference in the results is at most a cup of hot water and less than 1¡F. Experience has shown the equation to be fairly reliable and consistent batch-to-batch.
When mixing hot water with dry grain for the initial infusion, the equation is algebraically simplified so that the amount of grain does not matter, only your initial grain temperature, the target mash temperature, and the ratio (r) of water to grain in quarts per pound.
NOTE: These equations also work for degrees Celsius, liters and kilograms. The only difference is that the thermodynamic constant of .2 changes to .41.
Initial Infusion Equation:
Strike Water Temperature Tw = (.2/r)(T2 - T1) + T2
Mash Infusion Equation:
Wa = (T2 - T1)(.2G + Wm)/(Tw - T2)
where:
r = The ratio of water to grain in quarts per pound.
Wa = The amount of boiling water added (in quarts).
Wm = The total amount of water in the mash (in quarts).
T1 = The initial temperature (¡F) of the mash.
T2 = The target temperature (¡F) of the mash.
Tw = The actual temperature (¡F) of the infusion water.
G = The amount of grain in the mash (in pounds).
The infusion water does not have to be boiling, a common choice is to use the sparge water at 170¡F. Then TB becomes 170 ¡F and more water (Wa) will be needed to make up the additional quantity of heat.
Example: 
	This example will push the envelope with three rests. We are going to mash 8 lbs. of grain through a 104 ¡F, 140 ¡F, and 158 ¡F (40, 60, and 70 ¡C) multi-rest mash schedule. For the purposes of this example, we will assume that the temperature of the dry grain is 70 ¡F (21 ¡C). The first infusion will need to take the temperature of the mash from 70 ¡F to 104 ¡F. We will start with an initial water ratio of 1 qt/lb. Using the initial infusion equation, the strike water temperature is: 
Tw = (.2/r)(T2-T1) + T2= (.2/1)(104 - 70) +104 = 110.8 or 111¡F
For the second infusion, to bring the temperature to 140 ¡F, we need to use the mash infusion equation. At 1 qt/lb, Wm is 8 qt. We will assume that our boiling water for the infusions has cooled somewhat to 210 ¡F. 
Wa = (T2 - T1) X (0.2G + Wm) / (Tw - T2)
Wa = (140 - 104) X (1.6 + 8) / (210 - 140)
Wa = 36 X 9.6 / 70 = 4.9 qt
For the third infusion, the total water volume is now 8 + 4.9 = 12.9 qt. 
Wa = (158 - 140) X (1.6 + 12.9) / (210 - 158) Wa = 18 X 15.1 / 52 = 5.2 qt
The total volume of water required to perform this schedule is 8 + 4.9 + 5.2 = 18.1 qt, or 4.5 gallons). The final water-to-grain ratio has increased to 2.26 qt/lb (18.1 / 8). 


Decoction Mashing
Decoction Mashing is a way to conduct multi-step mashes without adding additional water or applying heat to the Mash Tun. It involves removing about a third of the Mash to another pot where it is heated to conversion temperature, then boiled and returned to the Mash Tun. The portion removed should be pretty stiff, no free water should be showing above the top of the grain. This procedure accomplishes three things. First, the addition of boiling hot gruel to the main mash raises the temperature of the mash to the next rest. Second, the boiling process breaks up the starch molecules of the unconverted grist and produces a higher degree of extraction from moderately-modified continental malts. Lastly, it makes it possible to achieve the crisp, dry maltiness characteristic of German Oktoberfest and other continental lagers. For more information on Decoction Mashing, see the Recommended Reading Section in the Appendix.
Summary
When all is said and done though, single rest infusion mashing is the easiest method for producing an all-grain wort. The most common homebrewig mash schedule consists of a water-to-grain ratio of 1.5-2 quarts per pound, and holding the mash between 150-155F for 1 hour. Probably 90% of the beer styles in the world today are produced with this method.
Getting the Wort Out (Lautering)
Aspects of Lautering
Okay, let's see where we are: we have discussed the different types of grain and how they can be used, we have talked about the mash enzymes and how they are affected by temperature and pH, and we have learned how the brewing water and grainbill combine to determine the mash pH and how we can manipulate it. In the last chapter, we moved from the chemical aspects of the mash to the physical. We learned about the several basic methods of conducting a mash and producing the wort. In this chapter, we are going to discuss how we separate the malt sugars from the grain.
Lautering is the method most brewers use to separate the sweet wort from the mash. A lauter tun consists of a large vessel to hold the mash and a false bottom or manifold to allow the wort to drain out and leave the grain behind. Lautering can be conducted several ways, but it usually consists of 3 steps. These are: mashout, recirculation, and sparging
What is Mashout?
Before the sweet wort is drained from the mash and the grain is rinsed (sparged) of the residual sugars, many brewers perform a mashout. Mashout is the term for raising the temperature of the mash to 170°F prior to lautering. This step stops all of the enzyme action (preserving your fermentable sugar profile) and makes the grainbed and wort more fluid. For most mashes with a ratio of 1.5-2 quarts of water per pound of grain, the mashout is not needed. The grainbed will be loose enough to flow well. For a thicker mash, or a mash composed of more than 25% of wheat or oats, a mashout may be needed to prevent a Set Mash/Stuck Sparge. This is when the grain bed plugs up and no liquid will flow through it. A mashout helps prevent this by making the sugars more fluid; like the difference between warm and cold honey. The mashout step can be done using external heat or by adding hot water according to the multi-rest infusion calculations. (See chapter 16.) A lot of homebrewers tend to skip the mashout step for most mashes with no consequences.
What is Recirculation?
After the grain bed has settled and is ready to be lautered, the first few quarts of wort are drawn out through the drain of the lauter tun and poured back in on top of the grainbed. The first few quarts are almost always cloudy with proteins and grain debris and this step filters out the undesired material from getting in your boiling pot. The wort should clear fairly quickly. After the worts starts running clear (it will be dark and a little bit cloudy), you are ready to collect the wort and sparge the grainbed. Re-circulation may be necessary anytime the grain bed is disturbed and bits of grain and husk appear in the runoff.
What is Sparging?
Sparging is the rinsing of the grain bed to extract as much of the sugars from the grain as possible without extracting mouth-puckering tannins from the grain husks. Typically, 1.5 times as much water is used for sparging as for mashing (e.g., 8 lbs. malt at 2 qt./lb. = 4 gallon mash, so 6 gallons of sparge water). The temperature of the sparge water is important. The water should be no more than 170°F, as husk tannins become more soluble above this temperature, depending on wort pH. This could lead to astringency in the beer. 
The wort should be drained slowly to obtain the best extraction. Sparge time varies depending on the amount of grain and the lautering system, .5 - 2.5 hours. Sparging means "to sprinkle" and this explains why you may have seen or heard discussion of "sparge arms" or sprinklers over the grain bed for lautering. There is no reason to fool with such things. There are three main methods of sparging: English, batch and continuous.
In the English method of sparging, the wort is completely drained from the grain bed before more water is added for a second mash and drained again. These worts are then combined. Alternatively, the first and second runnings are often used to make separate beers. The second running is lighter in gravity and was traditionally used for making a Small Beer, a lighter bodied, low alcohol beer suitable for high volume quaffing at mealtimes. 
Batch Sparging is a U.S. homebrewing practice where the full volume of sparge water is mixed into the mash. The grain bed is allowed to settle, and then the wort is drained off. The re-circulation step in this process takes place in the first minutes of the sparge. You can use more than one batch of water if you need to. This method differs from the English method in that the mash is not held for any significant time at the saccharification temperature before draining.
Continuous Sparging usually results in better extractions. The wort is re-circulated and drained until about an inch of wort remains above the grain bed. The sparge water is gently added, as necessary, to keep the fluid at least at that level. The goal is to gradually replace the wort with the water, stopping the sparge when the gravity is 1.008 or when enough wort has been collected, whichever comes first. This method demands more attention by the brewer, but can produce a higher yield.
A Good Crush Means Good Lautering



There is a trade-off between particle size and extraction efficiency when mashing crushed grain. Fine particles are more readily converted by the enzymes and yield a better extraction. However, if all the grain were finely ground you would end up with porridge which could not be lautered. Coarse particles allow for good fluid flow and lautering but are not converted as well by the enzymes. A good crush has a range of particle sizes that allows for a compromise between extraction and lautering. 
A good crush is essential for getting the best mash efficiency and extraction. There are two basic kinds of grain mill commercially available today. The Corona corn mill uses two counter-rotating disks to grind the malt. This often results in finely ground flour and shredded husks, which is not good for lautering purposes. Setting the crush too fine often leads to stuck sparges. This type of grain mill can produce a good crush without too much husk damage if the spacing is set properly (.035-.042 inch). It is the least expensive kind of grain mill, usually selling at about $50.00.



The other type of grain mill crushes the malt between two rollers like a clothes wringer. There is much less damage to the husks this way which helps keep the grainbed from compacting during the sparge. The two roller mill is more expensive than the Corona mill, about $100-150.00, but will give a better, more consistent crush to the grain with less husk damage. Examples of this type of mill are the MaltMill - Jack Schmidling Productions, Marengo, IL, the Valley Mill - Valley Brewing Equipment, Ottawa, ON, and the Brewtek Mill - Brewer's Resource, Camarillo, CA. 
There is also a single roller mill which uses one roller against a fixed plate to crush the grain. It is called the PhilMill - Listermann Mfg. Inc, Cincinnati, OH, and also produces a good crush, like the two roller mills. It sells for about $80.00.
The insoluble grain husks are important for a good lauter. The grainbed forms its own filter from the husk and grain material. The husks prevent the grainbed from completely settling and allow water to flow through the bed, extracting the sugar. It is important to keep the grainbed fully saturated with water so it doesn't get compacted and impermeable. The wort is drawn out through the bottom of the bed by means of a false bottom or manifold which has openings that allow the wort to be drawn off, but prevent the grain from being sucked in as well. Usually these openings are narrow slots, or holes up to an eighth of an inch in diameter. 
Getting the Most From the Grainbed
The grainbed can be a few inches to a couple feet deep, but the optimum depth depends on the overall tun geometry as well as the total amount of grain being mashed. A good rule of thumb is: "The depth of the grainbed should be no less than one half the shortest dimension of the floor area, nor greater than twice the longest." In other words, the grainbed aspect ratio can vary between 1:2 and 2:1. If the grainbed gets too shallow, i.e., from lautering too little grain in too large a tun, then an adequate filter bed won't form, the wort will not clear, and you will probably get hazy beer. A minimum useful depth is probably about 4 inches but a depth of between 8-18 inches is preferable. In general, deeper is better, but if it is too deep, then the grainbed is more easily compacted and may not let any wort through, making lautering nearly impossible. 
Recalling Chapter 12, extraction efficiency is determined by measuring the amount of sugar extracted from the grain after lautering and comparing it to the theoretical maximum yield. In an optimum mash, all the available starch is converted to sugar. This amount varies depending on the malt, but it is generally 35-ish points per pound per gallon for a 2 row barley base malt. This means that if 1 pound of this malt is crushed and mashed in 1 gallon of water, the wort would have a specific gravity of 1.035. Most brewers would get something closer to 1.031. This difference represents an extraction efficiency of 88%, and the difference could be attributed to poor conversion in the mash, but it can often be explained by lautering inefficiency. 
Let's think about the grainbed it is composed of grain particles, sugars and insoluble grain husks. In an ideal world, the particles would all be small and finely divided with an equal spacing between them and would be equally well rinsed. Of course, this isn't the case. The grain particles vary quite a bit in size and this variation leads to regions of greater density within the grainbed. Since fluids always follow the path of least resistance, this leads to a problem of preferential flow through the grainbed causing some regions of grain to be completely rinsed and other regions to not be rinsed at all. 
Our goal in the lautering process is to rinse all the grain particles in the tun of all the sugar, despite all of the non-ideal conditions. To do this we need to focus on two things:
keeping the grainbed completely saturated with water, and making sure that the fluid flow through the grainbed to the drain is slow and uniform. 
By keeping the grainbed covered with at least an inch of water, the grainbed is in a fluid state and not subject to compaction by gravity. Each particle is free to move and the liquid is free to move around it. Settling of the grainbed due to loss of fluidity leads to preferential flow (a major cause of poor extraction) and can result in a stuck sparge. 
The more uniformly the water moves through the grainbed, the more sugar it can extract from the grain. This results in better extraction efficiency. Fluid flow through the grainbed is complex and depends greatly on the design of your lauter tun. 



The original (at least the most popularized) home lautering system was probably the bucket-in-a-bucket false bottom championed by Charlie Papazian in The Complete Joy of Homebrewing (1984). This setup is fairly effective and very cheap to assemble. Using two food-grade 5-gallon buckets, the inner bucket is drilled with lots of small holes to form a false bottom that holds the grain and allows the liquid to run off; the sweet wort passes into the outer bucket and is drawn off through a hole in the side. False bottom systems usually rinse the grainbed uniformly, but there are two drawbacks that need to be considered. The first is that the placement of the outlet hole in the outer bucket influences the way the tun drains. More rinsing will occur on the side of the grainbed where the hole is. For best results, the outlet tube needs to be extended to the center of the tun so that it will drain evenly. Secondly, false bottoms have the potential to flow too fast because of the very large drainage area available and can compact the grainbed as a result. Stuck sparges from draining too fast are a common problem for homebrewers using false bottoms for the first time. 
Picnic coolers offer a few advantages not available with buckets, adding both simplicity and efficiency. A cooler's built-in insulation provides better mash temperature stability than a bucket can provide. Their size also allows mashing and lautering in the same vessel. Thus it's as simple as pouring the grain into the cooler, adding hot water, waiting the hour, and then draining the sweet wort. 



Figure 88- Rectangular Cooler Mash/Lauter Tun showing top and end views of the cooler along with a detail of the slotted manifold pipe. (The other thing is the lid.) 
Coolers offer two options for lautering: they can accommodate traditional false bottoms or use a simple slotted-pipe "manifold" system. Ready-made false bottoms (e.g. Phil's Phalse Bottom - Listermann Mfg.) are available for some coolers, but you can also build a slotted pipe manifold for just a few dollars. They can be built to fit whatever type and size of cooler you have. The total investment for the cooler and all the parts required to convert it into a mash tun and manifold is usually less than $40. Everything you need to build one of these tuns is readily available at a hardware store.
Manifolds are less likely to allow the mash to become compacted during lautering, resulting in a stuck sparge, in which water will not flow through the grain bed. This brings us to the question-- what is the optimum outflow rate? There is a trade-off: if you lauter too quickly you will collect a lot of wort but have a low extraction, if you lauter too slowly you will have great extraction but you will take all day to do it. Most homebrewers use the rule of thumb of 1 quart per minute. If your extraction is low, i.e. less than 28 points/pound/gallon, you should try a lower flow rate. The best way to control your flow rate by using a ball valve or stopcock on the outflow.



Another extraction efficiency problem that needs to be considered when designing your tun is preferential flow down the walls. The smooth space between the grainbed and the wall of the tun can be the path of least resistance to the drain. To minimize this short circuiting, false bottoms should fit tightly and manifold tubes should be spaced so that the distance from the outer tubes to the wall of the tun is half of the inner tube spacing (see Figure 88). For example, a manifold with a tube spacing of 6 inches should have 3 inches of space between the manifold and the adjacent walls. Preferential flow is more of a concern in false-bottom systems because a loose fitting false bottom with a gap at the wall presents a unobstructed flow path to the drain.
It may be difficult to visualize how all of these guidelines combine to help you lauter efficiently, so let's summarize: 
· Maintain an inch of water over the grainbed during the lauter to assure fluidity and free flow.
· Regulate the flow with a valve to assure the best extraction and prevent compacting the grainbed.
· When designing your lauter tun for more uniform flow, either:
· Make sure the false bottom fits well and that the outlet tube is centered. (False Bottom System)
· Space the manifold tubes away from the walls. (Manifold system)
More instructions and design details for building a mash/lauter tun from a cooler are given in Appendix D. I also elaborate on how to design the manifold for the most uniform flow through the grainbed.
In the next chapter we will get your feet wet (probably literally). I am going to walk you through your first all-grain mash from start to finish. I will describe some extra equipment you will probably need and then we will get started. Complete instructions for building a mash/lauter tun from a picnic cooler are given in the Appendix.
Preparation
One of the comments you will most often hear from first time all-grainers is, "I didn't realize it would be so easy!". Making beer from scratch is really very easy-- it just takes some preparation. So far you have seen the various steps and delved into the details in a few areas, but the best way to learn is by doing. Hopefully you have done several extract batches and a couple extract-and-specialty grain batches by now. You should know to have your ingredients and brewing water ready, with everything clean and sanitized. Unless you have purchased a grain mill, have the grain crushed for you at the brew shop. Crushed grain will stay fresh for about two weeks if kept cool and dry.



Figure 90 - Common Mashing Setup- This picture depicts what is probably the most common home mashing setup. The Mash/Lauter Tun sits on the counter near the stove and two large pots are used to prepare the sparge water and receive the wort. Additional Equipment
Mash/Lauter Tun
Sparge Water Pot (5 gallon minimum size)
Wort Boiling Pot (8 gallon size preferred)
Hydrometer
Mash/Lauter Tun The easiest way to brew all-grain beer is to use a picnic cooler mash/lauter tun. I described how they can aid mashing and lautering in the last chapter, and instructions for building one are given in Appendix D. A 24 quart rectangular cooler or 5 gallon round beverage cooler are probably the best choices for 5 gallon batches. The illustrations that follow show the 24 quart rectangular cooler.
Sparge Water Pot You will need a large pot to heat your mash water and your sparge water. You can use your old 5 gallon brewpot for this, or you can purchase a larger 8 gallon pot. You will probably use 3 gallons of water for a typical mash, and you will probably need about 4 gallons of water for a typical sparge, so be forewarned.
Wort Boiling Pot You will need to get a new brewpot because you are going to be boiling the whole batch. You will need a pot that can comfortably hold 6 gallons without boiling over. An enamelware 8 gallon pot is the most economical choice.
Hydrometer You will want to purchase a hydrometer if you don't have one already. A hydrometer allows you to monitor the extraction process and its use is explained in Appendix A.
Your First All-Grain Batch
18.4 Starting the Mash
1. Heat up enough water to conduct the mash. At a water to grain ratio of 1.5:1 qt./lb., the amount would be 12.5 quarts or about 3 gallons. Always make more, you will often need it. Heat up 4 gallons if you can. At a ratio of 1.5:1, the initial infusion temperature should 163°F to create a mash temperature of 152°F. (See Chapter 16 - Mash Methods for the infusion calculations.) 
2. Preheat the cooler with some hot water, about a gallon. Swirl it around to heat up the cooler and then dump it. Preheating will prevent initial heat loss from the mash to the tun.



3. Pour in about 1 gallon of your strike water into the Mash Tun and stir in the crushed grain. This is the doughing-in stage. Mix the water and grist together gradually to avoid shocking the enzymes. Stir it to make sure all the grain is fully wetted, but don't splash. Hot side aeration can occur anytime the wort is hotter than 80°F. Oxidation of wort compounds will not be affected by the subsequent boil, and will cause flavor stability problems later.



4. Check the temperature to see if it has stabilized at the target temperature range of 150 - 155°F. If the temperature is too low, ex. 145 °F, add some more hot water. If it is too high, ex. 160°F, then add cold water to bring it down. 155°F is the highest we want for this recipe. It will yield a sweet, full bodied wort.



5. Okay, the mash temperature came out a little low (148°F) so I am adding 2.5 quarts of hot water to bring it up to 152°F. 
Conducting the Mash
6. Stir the mash every 15-20 minutes to prevent cold spots and help ensure a uniform conversion. Monitor the temperature each time you stir. If the temperature drops by less than 5 degrees over the hour, nothing further needs to be done. Cover the mash tun with the cooler lid between stirrings and let it sit for a total of an hour. 
7. Meanwhile, heat up your sparge water. You will need 1.5 - 2 times as much sparge water as you used for the mash. The water temperature should be less than boiling, preferably 170 - 180 °F. If the sparge water is too hot, the probability of tannin extraction from the grain husks increases substantially.
Conducting the Lauter



7. Okay, the hour has gone by and the mash should look a little bit different. It should be less viscous and smell great. If you grainbed is shallow (<6"), place a plastic coffee can lid on top of the grainbed. This is what you will pour your sparge water onto to keep from stirring up the grainbed too much.


  


8. Drain off the first runnings into a quart pitcher. The wort will be cloudy with bits of grain. Slowly pour the wort back into the grainbed, recirculating the wort. Repeat this procedure until the wort exiting the tun is pretty clear (like unfiltered apple cider). It will be amber colored, but not cloudy. It should only take a couple quarts.



9. Once the wort has cleared, drain the wort carefully into your boiling pot. Fill the pot slowly at first and allow the level to cover the outlet tube. Be sure to have a long enough tube so that the wort enters below the surface and does not splash. The splashing of hot wort before the boil can cause long term oxidation damage to the flavor of the beer.
10. Watch the outflow of wort, you do not want to lauter too fast, as this could compact the grainbed and you would get a stuck sparge. A rate of 1 quart/minute is the most common. Allow the wort level in the Tun to drop until it is about an inch above the level of the grain. Now start adding the sparge water, either from the hot water tun or by pouring in a couple quarts at a time, onto the coffee can lid, maintaining at least an inch of free water above the grainbed. 
11. If the wort stops flowing, even with water above the grainbed, then you have a stuck sparge. There are 2 ways to fix it: (a) Blow back into the outlet hose to clear an obstruction of the manifold; or (b) Close the valve and add some more water, stirring to re-suspend the mash. You will need to re-circulate again. Stuck sparges are an annoyance, but usually not a major problem.
12. Continue adding sparge water and draining the wort into your pot. At no time should you attempt to lift the pot with only one hand, especially if you are attempting to grab a stool with the other. The wort will spill.
13. Depending on how fast you sparge, you may see a change in the color of the runoff wort as the sparge water moves through the grainbed. It will probably have been getting gradually lighter in color, but if you have lautered slow enough, the lighter sparge water will stay on top of the heavier wort and you may see an abrupt change in color. In most other cases, you will collect more than enough wort before the lauter runs clear. In any event, you should stop lautering when the gravity of the runoff falls below 1.008. If you have lautered too fast, you will not rinse the grains effectively and you will get poor extraction. 
14. Calculate how efficient your extraction was. Measure the gravity in the boiling pot and multiply the points by the number of gallons you collected. Then divide by the number of pounds of grain you used. The result should be somewhere around 30. 27 is okay, 29 is good, and over 30 is great. If it is 25 or below, you are lautering too fast or you are not getting good conversion in the mash, which could be caused by having too coarse a grist, the wrong temperature, not enough time, it got cold, or a pH factor, et cetera.
Okay, throw the spent grain on the compost pile and you are done! Boil and add hops as usual.



Figure 104: The wort is brought to a boil and the hops are added. You have produced your first all-grain wort! . If you are limited on pot size, it is perfectly okay to split the wort between two pots and boil separately. Split your hops up accordingly.



Figure 105: Now the boil is over and its time to chill the wort. Joe Brewer uses a large immersion wort chiller to chill the 6 gallons of wort. 



Figure 106: A view of the now cool wort. Hops are visible floating around the edges of the chiller coils.



Figure 107: Into every brew day a little water must spill...



Figure 108: The cool wort is drained into the fermenter.



Figure 109: This picture shows the aquarium air pump aeration of the wort. Aeration is very important for a healthy fermentation.



Figure 110: The yeast has been pitched to the wort and now, 8 hours later, a krausen has started to form on top. A blow-off tube is usually not needed for a 5 gallon batch fermenting in a 6.5 gallon carboy.
Things You Can Do Differently Next Time
The procedure is nearly the same for other styles of beer. If you are making a Stout or perhaps a mellow dark ale or lager, one thing you can do to take some of the bite out of the dark grains is to add them later in the mash. Add the Black Patent or Roasted Barley during the last 10 minutes before you sparge. This is one means of coping with soft water (low in carbonates) when making dark beers. Saving the acidic malts until the end will reduce their acidifying effect on the mash.
Another change you can make is to do a two or three step mash. The yield can be improved by doughing in at a low temperature (105°F) with a thick mash (.75:1 or 1:1) and letting that rest for 15-20 minutes. Then you add more hot water to get the mash to saccharification rest temperature. Or you can use the pot-on-the-stove method to heat the mash. Use the usual ratio of 1.5 quarts per lb. and use the stove to heat the mash to the different target temperatures. It is very important to stir the bottom of the tun while heating to prevent scorching. After the mash is complete, carefully transfer the mash to the lauter tun (cooler with manifold), and sparge. 
You could also use a decoction mash to do the rests. This method is most applicable when you are attempting to brew a drier, continental lager-style beer using less-modified malts.
If you feel that your extraction is too low while you are lautering, you can stir and start over if you want to. Simply close the runoff valve, add a little more water, stir the mash thoroughly and let it settle. You will need to repeat the re-circulating step, but this will often make a big difference if you were getting poor extraction due to channeling. In fact, most commercial breweries practice a technique called "raking" during the lauter, where they stir the grainbed with rakes a few inches above the manifold or false bottom. As long as you have a deep enough grainbed that you won't disturb the grain forming the filter around the collection device, you won't get any cloudiness coming through, and you will improve your extraction. Or you can just add another 1/2 pound of malt to the recipe. Grain is cheap.
Well, that was pretty easy, wasn't it? Not too much spillage I hope. A little practice and you will be able to do it in your sleep.
Glossary
One of the first things a new brewer asks is, "What do I need to buy to get started?" and "What does that word mean?" For guidance to simple starter equipment setups for home brewing, see the list of equipment. The glossary of specialized terms on this page is divided into two groups -Basic and Advanced - to help you get started right away and let you progress as far as you like.
Basic Terms
The following fundamental terms will be used throughout this book.
Ale - A beer brewed from a top-fermenting yeast with a relatively short, warm fermentation.
Alpha Acid Units (AAU) - A homebrewing measurement of hops. Equal to the weight in ounces multiplied by the percent of alpha acids.
Attenuation - The degree of conversion of sugar to alcohol and CO2.
Beer - Any beverage made by fermenting a wort made from malted barley and seasoned with hops.
Cold Break - Proteins that coagulate and fall out of solution when the wort is rapidly cooled prior to pitching the yeast.
Conditioning - An aspect of secondary fermentation in which the yeast refine the flavors of the final beer. Conditioning continues in the bottle.
Fermentation - The total conversion of malt sugars to beer, defined here as three parts, adaptation, primary, and secondary.
Hops - Hop vines are grown in cool climates and brewers make use of the cone-like flowers. The dried cones are available in pellets, plugs, or whole.
Hot Break - Proteins that coagulate and fall out of solution during the wort boil.
Gravity - Like density, gravity describes the concentration of malt sugar in the wort. The specific gravity of water is 1.000 at 59F. Typical beer worts range from 1.035 - 1.055 before fermentation (Original Gravity).
International Bittering Units (IBU) - A more precise unit for measuring hops. Equal to the AAU multiplied by factors for percent utilization, wort volume and wort gravity.
Krausen (kroy-zen) - Used to refer to the foamy head that builds on top of the beer during fermentation. Also an advanced method of priming.
Lager - A beer brewed from a bottom-fermenting yeast and given a long cool fermentation.
Lag Phase - The period of adaptation and rapid aerobic growth of yeast upon pitching to the wort. The lag time typically lasts from 2-12 hours. 
Pitching - Term for adding the yeast to the fermenter.
Primary Fermentation - The initial fermentation activity marked by the evolution of carbon dioxide and Krausen. Most of the total attenuation occurs during this phase.
Priming - The method of adding a small amount of fermentable sugar prior to bottling to give the beer carbonation.
Racking - The careful siphoning of the beer away from the trub.
Sanitize - To reduce microbial contaminants to insignificant levels.
Secondary Fermentation - A period of settling and conditioning of the beer after primary fermentation and before bottling.
Sterilize - To eliminate all forms of life, especially microorganisms, either by chemical or physical means.
Trub (trub or troob) - The sediment at the bottom of the fermenter consisting of hot and cold break material, hop bits, and dead yeast.
Wort (wart or wert) - The malt-sugar solution that is boiled prior to fermentation.
Zymurgy - The science of brewing and fermentation.
Advanced Terms
The following terms are more advanced and are more likely to come up as you progress in your home brewing skills and experience.
Amylase - An enzyme group that converts starches to sugars, consisting primarily of alpha and beta amylase. Also referred to as the diastatic enzymes.
Adjunct - Any non-enzymatic fermentable. Adjuncts include: unmalted cereals such as flaked barley or corn grits, syrups, and sugars.
Acrospire - The beginnings of the plant shoot in germinating barley.
Aerate - To mix air into solution to provide oxygen for the yeast.
Aerobic - A process that utilizes oxygen.
Anaerobic - A process that does not utilize oxygen or may require the absence of it.
Aldehyde - A chemical precursor to alcohol. In some cases, alcohol can be oxidized to aldehydes, creating off-flavors.
Alkalinity - The condition of pH between 7-14. The chief cause of alkalinity in brewing water is the bicarbonate ion (HCO3-1).
Aleurone Layer - The living sheath surrounding the endosperm of a barley corn, containing enzymes.
Amino Acids - An essential building block of protein, being comprised of an organic acid containing an amine group (NH2).
Amylopectin - A branched starch chain found in the endosperm of barley. It can be considered to be composed of amylose.
Amylose - A straight-chain starch molecule found in the endosperm of barley.
Autolysis - When yeast run out of nutrients and die, they release their innards into the beer, producing off-flavors.
°Balling, °Brix, or °Plato - These three nearly identical units are the standard for the professional brewing industry for describing the amount of available extract as a weight percentage of cane sugar in solution, as opposed to specific gravity. Eg. 10 °Plato is equivalent to a specific gravity of 1.040.
Beerstone - A hard organo-metallic scale that deposits on fermentation equipment; chiefly composed of calcium oxalate.
Biotin - A colorless crystalline vitamin of the B complex, found especially in yeast, liver, and egg yolk.
Blow-off - A type of airlock arrangement consisting of a tube exiting from the fermenter, submerging into a bucket of water, that allows the release of carbon dioxide and removal of excess fermentation material.
Buffer - A chemical species, such as a salt, that by disassociation or re-association stabilizes the pH of a solution.
Cellulose - Similar to a starch, but organized in a mirror aspect; cellulose cannot be broken down by starch enzymes, and vice versa.
Decoction - A method of mashing wherein temperature rests are achieved by boiling a part of the mash and returning it to the mash tun.
Dextrin - A complex sugar molecule, left over from diastatic enzyme action on starch.
Dextrose - Equivalent to Glucose, but with a mirror-image molecular structure.
Diastatic Power - The amount of diastatic enzyme potential that a malt contains.
Dimethyl Sulfide (DMS) - A background flavor compound that is desirable in low amounts in lagers, but that at high concentrations tastes of cooked vegetables.
Enzymes - Protein-based catalysts that effect specific biochemical reactions.
Endosperm - The nutritive tissue of a seed, consisting of carbohydrates, proteins, and lipids.
Esters - Aromatic compounds formed from alcohols by yeast action. Typically smell fruity.
Ethanol - The type of alcohol in beer formed by yeast from malt sugars.
Extraction - The soluble material derived from barley malt and adjuncts. Not necessarily fermentable.
Fatty Acid - Any of numerous saturated or unsaturated aliphatic monocarboxylic acids, including many that occur in the form of esters or glycerides, in fats, waxes, and essential oils.
Finings - Ingredients such as isinglass, bentonite, Irish moss, etc, that act to help the yeast to flocculate and settle out of finished beer.
Flocculation - To cause to group together. In the case of yeast, it is the clumping and settling of the yeast out of solution.
Fructose - Commonly known as fruit sugar, fructose differs from glucose by have a ketone group rather than an aldehydic carbonyl group attachment.
Fusel Alcohol - A group of higher molecular weight alcohols that esterify under normal conditions. When present after fermentation, fusels have sharp solvent-like flavors and are thought to be partly responsible for hangovers.
Gelatinization - The process of rendering starches soluble in water by heat, or by a combination of heat and enzyme action, is called gelatinization.
Germination - Part of the malting process where the acrospire grows and begins to erupt from the hull.
Glucose - The most basic unit of sugar. A single sugar molecule.
Glucanase - An enzyme that act on beta glucans, a type of gum found in the endosperm of unmalted barley, oatmeal, and wheat. 
Grist - The term for crushed malt before mashing.
Hardness - The hardness of water is equal to the concentration of dissolved calcium and magnesium ions. Usually expressed as ppm of (CaCO3).
Hydrolysis - The process of dissolution or decomposition of a chemical structure in water by chemical or biochemical means.
Hopback - A vessel that is filled with hops to act as a filter for removing the break material from the finished wort.
Hot Water Extract - The international unit for the total soluble extract of a malt, based on specific gravity. HWE is measured as liter*degrees per kilogram, and is equivalent to points/pound/gallon (PPG) when you apply metric conversion factors for volume and weight. The combined conversion factor is 8.3454 X PPG = HWE.
Infusion - A mashing process where heating is accomplished via additions of boiling water.
Invert Sugar - A mixture of dextrose and fructose found in fruits or produced artificially by the inversion of sucrose (e.g. hydrolyzed cane sugar).
Isinglass - The clear swim bladders of a small fish, consisting mainly of the structural protein collagen, acts to absorb and precipitate yeast cells, via electrostatic binding. 
Irish Moss - An emulsifying agent, Irish moss promotes break material formation and precipitation during the boil and upon cooling.
Lactose - A nonfermentable sugar, lactose comes from milk and has historically been added to Stout, hence Milk Stout.
Lauter - To strain or separate. Lautering acts to separate the wort from grain via filtering and sparging.
Lipid - Any of various substances that are soluble in nonpolar organic solvents, and that include fats, waxes, phosphatides, cerebrosides, and related and derived compounds. Lipids, proteins, and carbohydrates compose the principal structural components of living cells.
Liquefaction - As alpha amylase breaks up the branched amylopectin molecules in the mash, the mash becomes less viscous and more fluid; hence the term liquefaction of the mash and alpha amylase being referred to as the liquefying enzyme.
Lupulin Glands - Small bright yellow nodes at the base of each of the hop petals, which contain the resins utilized by brewers.
Maillard Reaction - A browning reaction caused by external heat wherein a sugar (glucose) and an amino acid form a complex, and this product has a role in various subsequent reactions that yield pigments and melanoidins.
Maltose - The preferred food of brewing yeast. Maltose consists of two glucose molecules joined by a 1-4 carbon bond.
Maltotriose - A sugar molecule made of three glucoses joined by 1-4 carbon bonds.
Melanoidins - Strong flavor compounds produced by browning (Maillard) reactions.
Methanol - Also known as wood alcohol, methanol is poisonous and cannot be produced in any significant quantity by the beer making process.
Mash - The hot water steeping process that promotes enzymatic breakdown of the grist into soluble, fermentable sugars.
Modification - An inclusive term for the degree of degradation and simplification of the endosperm and the carbohydrates, proteins, and lipids that comprise it.
pH - A negative logarithmic scale (1-14) that measures the degree of acidity or alkalinity of a solution for which a value of 7 represents neutrality. A value of 1 is most acidic, a value of 14 is most alkaline.
ppm - The abbreviation for parts per million and equivalent to milligrams per liter (mg/l). Most commonly used to express dissolved mineral concentrations in water.
Peptidase - A proteolytic enzyme which breaks up small proteins in the endosperm to form amino acids.
Points per Pound per Gallon (PPG) - The US homebrewers unit for total soluble extract of a malt, based on specific gravity. The unit describes the change in specific gravity (points) per pound of malt, when dissolved in a known volume of water (gallons). Can also be written as gallon*degrees per pound.
Protease - A proteolytic enzyme which breaks up large proteins in the endosperm that would cause haze in the beer.
Phenol, Polyphenol - A hydroxyl derivative of an aromatic hydrocarbon that causes medicinal flavors and is involved in staling reactions.
Proteolysis - The degradation of proteins by proteolytic enzymes e.g. protease and peptidase.
Saccharification - The conversion of soluble starches to sugars via enzymatic action.
Sparge - To sprinkle. To rinse the grainbed during lautering. 
Sterols - Any of various solid steroid alcohols widely distributed in plant and animal lipids.
Sucrose - This disaccharide consists of a fructose molecule joined with a glucose molecule. It is most readily available as cane sugar.
Tannins - Astringent polyphenol compounds that can cause haze and/or join with large proteins to precipitate them from solution. Tannins are most commonly found in the grain husks and hop cone material.
An Equipment List for Beginning Brewers
An obvious first question most new brewers ask is, "What do I need to get started?" None of the equipment setups in home brewing require a degree in rocket science, and some of the needed equipment you may already have on hand. Start-up costs will depend what you already have and how elaborate you want to get. Initial cost will vary from $20 to $100 U.S.



Airlock - Several styles are available. They are filled with water to prevent contamination from the outside atmosphere. 



Boiling Pot - Must be able to comfortably hold a minimum of 3 gallons; bigger is better. Use quality pots made of stainless steel, aluminum, or ceramic-coated steel. A 5 gallon home canning pot (those black, speckled ones) is the least expensive and a good choice for getting started.
Bottles - You will need (48) recappable 12 oz bottles for a typical 5 gallon batch. Alternatively, (30) of the larger 22 oz bottles may be used to reduce capping time. Twist-offs do not re-cap well and are more prone to breaking. Used champagne bottles are ideal if you can find them.
Bottle Capper - Two styles are available: hand cappers and bench cappers. Bench cappers are more versatile and are needed for the champagne bottles, but are more expensive.
Bottle Caps - Either standard or oxygen absorbing crown caps are available.
Bottle Brush - A long handled nylon bristle brush is necessary for the first, hard-core cleaning of used bottles. 
Fermenter - The 6 gallon food-grade plastic pail is recommended for beginners. These are very easy to work with. Glass carboys are also available, in 3, 5, and 6.5 gallon sizes. The carboy is shown with a blowoff hose which ends in a bucket of water.



Pyrex(tm) Measuring Cup - The quart-size or larger measuring cup will quickly become one of your most invaluable tools for brewing. The heat resistant glass ones are best because they can be used to measure boiling water and are easily sanitized.
Siphon - Available in several configurations, usually consisting of clear plastic tubing with a racking cane and optional bottle filler.
Racking Cane - Rigid plastic tube with sediment stand-off used to leave the trub behind when siphoning.
Bottle Filler - Rigid plastic (or metal) tube often with a spring loaded valve at the tip for filling bottles.



Stirring Paddle - Food grade plastic paddle (or spoon) for stirring the wort during boiling.
Thermometer- Obtain a thermometer that can be safely immersed in the wort and has a range of at least 40°F to 180°F. The floating dairy thermometers work very well. Dial thermometers read quickly and are inexpensive.




Optional but Highly Recommended
Bottling Bucket - A 6 gallon food-grade plastic pail with attached spigot and fill-tube. The finished beer is racked into this for priming prior to bottling. Racking into the bottling bucket allows clearer beer with less sediment in the bottle. The spigot is used instead of the bottle filler, allowing greater control of the fill level and no hassles with a siphon during bottling.



Hydrometer - A hydrometer measures the relative specific gravity between pure water and water with sugar dissolved in it by how high it floats when immersed. The hydrometer is used to gauge the fermentation progress by measuring one aspect of it, attenuation. Hydrometers are necessary when making beer from scratch (all-grain brewing) or when designing recipes. The first-time brewer using known quantities of extracts usually does not need one, but it can be a useful tool. See Appendix A - Using Hydrometers.



Wine Thief or Turkey Baster - These things are very handy for withdrawing samples of wort or beer from the fermenter without risking contamination of the whole batch.
Equipment Kit Comparison(1999 prices)
	College Student Budget Package
	
	Complete Beginners Package
	

	Ceramic on Steel Boiling Pot (5 gal)
	$20
	Ceramic on Steel Boiling Pot (5 gal)
	$20

	1 Fermentor with Airlock
	$10
	2 Fermentors with Airlocks
(1 Fermenter doubles as Bottling Bucket)
	$20

	Siphon
	$4
	Siphon w/ Bottle Filler
	$6

	Bottle Capper (hand)
	$15
	Bottle Capper (Bench)
	$25

	Bottle Caps (gross)
	$3
	Bottle Caps (gross)
	$3

	Large Stirring Spoon
	$2
	Large Stirring Spoon
	$2

	Bottle Brush
	$3
	Bottle Brush
	$3

	
	
	Thermometer
	$6

	
	
	Hydrometer
	$5

	Ingredients Kit
	$20
	Ingredients Kit
	$20

	Total
	$77
	
	$110


You will usually find beginner's kit packages at homebrew supply shops containing the majority of these items for $60 -$80. The prices shown above are for estimating your costs if you purchased items separately. 
Links
Great resource for kegging beer: http://www.bodensatz.com/staticpages/index.php?page=Soda-Kegs
Great Homebrew magazine:  http://byo.com/
Best regional homebrew  mail order website:  http://www.northernbrewer.com/
Great Homebrew podcast: http://www.basicbrewing.com
Comparing and Selecting Hops
So how the heck do I choose the right hops for my beer? With such a wide range of flavor and aroma characteristics, this chart can serve as a helpful guide to more than five dozen varieties. Whether you are trying to duplicate a style or are looking to experiment, the following list can help to get you started.
	Name
	Alpha Acid %
	Typical Beer Styles
	Possible Substitutions
	Flavor Description

	Admiral (U.K.)
	13.5% to 16%
	Ale
	U.K. Target, U.K. Northdown, U.K. Challenger
	Known for its bittering potential.

	Ahtanum
	4% to 6.3%
	 
	 
	Floral, citrus, sharp, and piney. 

	Amarillo
	8% to 9%
	Ale, IPA
	Cascade, Centennial
	Citrusy, flowery.

	Bramling Cross (U.K.)
	5% to 7%
	ESB, bitter, pale ale
	U.K. Kent Golding, U.K. Progress, Whitbread Golding Variety
	Quite mild, fruity currant aroma.

	Brewer's Gold
	7% to 8.5%
	English ale
	Bullion
	Bittering hop with neutral aroma character.

	Brewer's Gold (German)
	6% to 7%
	Ale, heavier German-style lagers
	Northdown, Northern Brewer, Galena, Bullion
	Black currant, fruity, spicy.

	Bullion
	6.5% to 9%
	IPA, ESB, stout
	Columbus, Northern Brewer, German Brewer's Gold
	A rich hop primarily used for bittering. Intense blackcurrant aroma.

	Cascade
	4.5% to 7%
	Pale ale, IPA, porter, barleywine
	Centennial, Amarillo, possibly Columbus
	Pleasant, flowery, spicy, and citrusy. Can have a grapefruit flavor.

	Centennial
	8% to 11.5%
	All ale styles, has been used with wheat beer
	Cascade, possibly Columbus
	Medium with floral and citrus tones.

	Challenger (U.K.)
	6.5% to 8.5%
	English-style ales, porter, stout, ESB, bitter
	U.S. or German Perle, Northern Brewer
	Mild to moderate, quite spicy.

	Chinook
	10% to 14%
	Pale ale, IPA, stout, porter, lager
	Nugget, Columbus, Northern Brewer, U.K. Target
	Mild to medium-heavy, spicy, piney, and grapefruity.

	Cluster
	5.5% to 8.5%
	Ale and lager (good aroma for ale, good bittering for lager)
	Galena
	Medium and quite spicy.

	Columbus
	11% to 16%
	IPA, pale ale, stout
	Nugget, Chinook, U.K. Target, Northern Brewer
	Pleasant, with pungent aroma.

	Crystal
	2% to 4.5%
	Lager, pilsner, ESB
	Mt. Hood, Hersbrucker, French Strisslespalt, Liberty, Hallertauer
	Mild and pleasant, spicy and flowery.

	Eroica
	9% to 12%
	Wheat
	Galena, Nugget, Chinook
	Strong but pleasant aroma.

	First Gold (U.K.)
	6.5% to 8.5%
	Ale, ESB
	U.K. Kent Golding, maybe Crystal
	A little like Golding family; spicy.

	Fuggle (U.S.)
	4% to 5.5%
	Any English-style beer or American ale
	U.K. Fuggle, Willamette, Styrian Golding, U.S. Tettnanger
	Mild and pleasant, earthy and fruity.

	Fuggle (U.K.)
	4% to 5.5%
	All English-style ales, ESB, bitter, lager
	U.S. Fuggle, Willamette, Styrian Golding
	Mild, pleasant, hoppy, and robust.

	Name
	Alpha Acid %
	Typical Beer Styles
	Possible Substitutions
	Flavor Description

	Galena
	10% to 14%
	Ale, porter, stout, ESB, bitter
	Nugget, Pride of Ringwood, Chinook
	Medium but pleasant hoppiness, citrusy.

	Golding (U.S.)
	4% to 6%
	Pale ale, ESB, all English-style beer
	U.K. Golding, Whitbread Golding Variety, U.K. Progress, and possibly the Fuggle family
	Mild, extremely pleasant, and gently hoppy.

	Hallertauer (U.S.)
	3.5% to 5.5%
	Lager, pilsner, bock, wheat
	Liberty, Ultra, Hallertauer Tradition
	Very mild, pleasant, and slightly flowery, some spicy.

	Hallertauer Gold
	6% to 6.5%
	 
	Crystal, Mt. Hood
	Known for its aromatic properties similar to Hallertauer.

	Hallertauer Mittelfrüh
	3% to 5.5%
	Lager, bock, wheat, maybe pilsner
	Liberty, German Tradition, Ultra
	Mild and pleasant.

	Hallertauer Tradition (Ger.)
	3.5% to 5.5%
	Mild-flavored beers
	Crystal, Liberty
	Known for its aromatic properties. A replacement for Hallertauer Mittelfrüh.

	Hersbrucker (German)
	3% to 5.5%
	Lager, pilsner, bock, wheat
	Mt. Hood, French Strisslespalt
	Mild to semi-strong, pleasant, hoppy.

	Horizon
	11% to 14%
	Ale, lager
	Magnum or a high-alpha hop
	Pleasantly hoppy.

	Kent Golding (U.K.)
	4% to 5.5%
	All English-style ales, ESB, bitter
	U.S. Golding, Whitbread Golding Variety, U.K. Progress
	Gentle, fragrant, and pleasant.

	Liberty
	3% to 6%
	Lager, pilsner, bock, wheat
	Hallertauer Tradition, Hallertauer, Mt. Hood
	Mild and clean aroma, slightly spicy character.

	Magnum
	13% to 15%
	All beers, particularly lager, pilsner, stout
	Northern Brewer
	Known for bittering value and quality.

	Mt. Hood
	3% to 8% 
	Lager, pilsner, bock, wheat
	Crystal, French Strisslespalt, Hersbrucker
	Mild, pleasant, and clean, somewhat pungent and resiny.

	Northdown (U.K.)
	7.5% to 9.5%
	All ales, porter
	 
	Fruity with some spiciness.

	Northern Brewer (U.S.)
	6% to 10%
	ESB, bitter, English pale ale, porter, California (steam) beer
	Nugget, Chinook
	Medium-strong with some wild tones.

	Northern Brewer (German)
	7% to 10%
	ESB, bitter, English pale ale, porter
	Chinook, U.S. Northern Brewer
	Medium-strong with some wild tones.

	Northwest Golding
	4% to 5%
	Ale, porter, stout, ESB, bitter
	 
	Known for aromatic properties.

	Nugget
	11% to 14.5%
	Light lager
	Columbus, Chinook, U.K. Target, Galena
	Quite heavy and herbal.

	Olympic
	11% to 13%
	 
	Chinook
	Mild to medium, citrusy aroma, spicy.

	Perle (U.S.)
	6% to 9.5%
	Pale ale, porter, German styles
	Northern Brewer, Cluster, Galena, Chinook
	Known for its aromatic and bittering properties, pleasant and slightly spicy.

	Perle (German)
	6% to 8.5%
	Pale ale, porter, lager
	U.S. Perle, Northern Brewer
	Moderately intense, good and hoppy, fruity and a little spicy.

	Phoenix (U.K.)
	4.2% to 5.5%
	All ales
	U.K. Northdown, U.K. Kent Golding, U.K. Challenger
	Similar to U.K. Challenger.

	Name
	Alpha Acid %
	Typical Beer Styles
	Possible Substitutions
	Flavor Description

	Pioneer (U.K.)
	8% to 10%
	Ale, ESB
	U.K. Kent Golding
	A mild, typical English aroma.

	Polish Lublin
	3% to 4.5%
	Pilsner
	U.S. Saaz, Czech Saaz, U.S. Tettnanger
	Mild and typical of noble aroma types, spicy, herbal.

	Pride of Ringwood (Australia)
	7% to 10%
	Australian lager
	Galena, Cluster
	Quite pronounced, woody, earthy, herbal.

	Progress (U.K.)
	5% to 7.5%
	Ale, bitter, ESB, porter
	U.K. Kent Golding, Fuggle
	Moderately strong, good aroma.

	Saaz (Czech)
	3% to 4.5%
	Pilsner
	U.S. Saaz, Polish Lublin
	Very mild with pleasant hoppy notes, earthy, spicy, and herbal.

	Saaz (U.S.)
	3% to 5%
	Pilsner, lager, wheat
	Czech Saaz, Polish Lublin
	Mild and pleasant, earthy and spicy.

	Santiam
	5% to 7.9%
	Lager, American ale, pilsner
	German Tettnanger, German Spalt, German Spalt Select
	Noble characteristics.

	Satus
	12.5% to 14%
	 
	Galena
	Known for its bittering and aromatic properties.

	Simcoe
	12% to 14%
	 
	 
	A bittering and aromatic hop.

	Spalt (German) 
	4% to 5.5%
	Lager
	U.S. Saaz, U.S. Tettnanger, German Spalt Select
	Mild and pleasant, slightly spicy.

	Spalt Select (German) 
	4% to 6%
	Lager, and any beer where noble aroma is wanted
	U.S. Saaz, U.S. Tettnanger, German Spalt
	Very fine Spalter-type aroma.

	Spalt Select (U.S.)
	3% to 5%
	German lagers
	Tettnanger, Saaz
	Medium intensity and pleasant hoppy qualities. Medium-strong aroma with wild American tones.

	Sterling
	6% to 9%
	Lager, ale, pilsner
	Saaz, Polish Lublin
	Herbal, spicy, pleasant aroma, hint of floral and citrus.

	Strisslespalt (France) 
	3% to 5%
	Pilsner, lager, wheat
	Mt. Hood, Crystal, Hersbrucker
	Medium intensity, pleasant, hoppy.

	Styrian Golding (Slovenia)
	4.5% to 6%
	All English-style ales, ESB, bitter, lager
	U.S. Fuggle, U.K. Fuggle, Willamette
	Delicate, slightly spicy.

	Name
	Alpha Acid %
	Typical Beer Styles
	Possible Substitutions
	Flavor Description

	Target (U.K.)
	9.5% to 12.5%
	All ale and lager
	Fuggle, Willamette
	Pleasant English hop aroma, quite intense.

	Tettnanger (U.S.)
	3.4% to 5.2%
	German ales and lagers, American lagers, wheat
	German Spalt, Czech Saaz Santiam
	An aromatic hop, mild and slightly spicy.

	Tettnanger (German)
	3.5% to 5.5%
	Lager, ale
	German Spalt, German Spalt Select, U.S. Tettnanger, Saaz
	Mild and pleasant, slightly spicy, herbal.

	Tomahawk
	15% to 17%
	Ale
	Columbus
	Primarily a bittering hop.

	Tradition (German)
	5% to 7%
	Lager, pilsner
	Hersbrucker, Hallertauer Mittelfrüh
	Very fine and similar to Hallertauer Mittelfrüh.

	Ultra
	2% to 4.1%
	Lager, pilsner, wheat, finish hop in ales
	Liberty, Hallertauer Tradition, Saaz
	Very good to outstanding, some Saaz-like qualities. Aromatic properties similar to Hallertauer.

	Vanguard
	4% to 5.67%
	 
	Saaz, Hallertauer Mittelfrüh
	Aroma similar to continental European types.

	Warrior
	15% to 17%
	Ale, stout
	Nugget
	A bittering and aromatic hop.

	WGV (Whitbread Golding Variety) (U.K.)
	5% to 7%
	Ale
	U.K. Kent Golding, U.K. Progress
	Quite pleasant and hoppy, moderately intense.

	Willamette
	3.5% to 6%
	Pale ale, ESB, bitter, English-style ale, porter, stout
	U.S. Fuggle, U.S. Tettnanger, Styrian Golding
	Mild and pleasant, slightly spicy, fruity, floral, a little earthy.

	Yakima Cluster
	6% to 8.5%
	 
	 
	Used as a kettle hop for bittering.

	Zeus
	13% to 17%
	 
	Columbus
	Aromatic and pleasant.


Homebrew Yeast Strains Chart
With the plethora of yeast strains available from different companies, it can be hard to keep all of the products straight. Choosing the proper yeast strain is essential to the quality of your finished beer. Here's an overview of the most common strains currently available to homebrewers from North America's leading suppliers, who provided all of the information for this chart. Though we made every attempt to be accurate and comprehensive, this list may not include every strain and yeast supplier. To find a particular strain, ask your favorite homebrew supply shop or mail-order company.
Key: Type=Type of yeast, S=Slant, D=Dry, L=Liquid, Floc=Flocculation, Atten=Attenuation, Temp=Ideal Fermentation Temperature
	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Ale Strains
	 
	 
	 
	 
	 
	 

	10th Anniversary Blend WLP010
	L
	White Labs
	Medium
	75-80%
	65-70°F
	Blend of WLP001, WLP002, WLP004 & WLP810.

	Abbey Ale WLP530
	L
	White Labs
	Med/High
	75-80%
	66-72°F
	Produces fruitiness and plum characteristics.

	Alt Ale BRY 144
	L
	Siebel Inst.
	Medium
	High
	59-68°F
	Full-flavoured but clean tasting with estery flavour.

	American Ale 1056
	L
	Wyeast
	Low/Med
	73-77%
	60-72°F
	Well balanced. Ferments dry, finishes soft.

	American Ale BRY 96
	L
	Siebel Inst.
	Medium
	High
	64-72°F
	Very clean ale flavour.

	American Ale II 1272
	L
	Wyeast
	High
	72-76%
	60-72°F
	Slightly nutty, soft, clean and tart finish.

	American Ale Yeast Blend WLP060
	L
	White Labs
	Medium
	72-80%
	68-73°F
	Blend celebrates the strengths of California ale strains.

	Australian Ale WLP009
	L
	White Labs
	High
	70-75%
	65-70°F
	For a clean, malty and bready beer.

	Bastogne Belgian Ale Yeast WLP510
	L
	White Labs
	Medium
	74-80%
	66-72°F
	A high gravity, Trappist style ale yeast.

	Bedford British Ale WLP006
	L
	White Labs
	High
	72-80%
	65-70°F
	Good choice for most English style ales..

	Belgian Abbey II 1762
	L
	Wyeast
	Medium
	73-77%
	65-75°F
	Slightly fruity with a dry finish.

	Belgian Ale 1214
	L
	Wyeast
	Medium
	72-76%
	58-68°F
	Abbey-style, top-fermenting yeast for high gravity.

	Belgian Ale WLP550
	L
	White Labs
	Medium
	78-85%
	68-78°F
	Phenolic and spicy flavours dominate the profile.

	Belgian Golden Ale WLP570
	L
	White Labs
	Low
	73- 78%
	68°-75° F 
	A combination of fruitiness and phenolic flavors.

	Belgian Saison 3724
	L
	Wyeast
	Low
	76- 80%
	70°-80° F 
	Very tart and dry with spicy and bubblegum aromatics


	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Ale Strains
	 
	 
	 
	 
	 
	 

	Belgian Saison I WLP565
	L
	White Labs
	Medium
	65% to 75%
	68° to 75° F
	Produces earthy, spicy, and peppery notes. 

	Belgian Strong Ale 1388
	L 
	Wyeast
	Low
	73% to 77%
	65° to 75° F
	Fruity nose and palate, dry, tart finish.

	Belgian Style Ale Yeast Blend WLP575
	L
	White Labs
	Medium
	74% to 80%
	68° to 75° F
	Blend of Trappist yeast and Belgian ale yeast 

	Biere de Garde
	L
	Wyeast
	Low
	76% to 80%
	70° to 95° F
	Low to moderate ester production with mild spicyness 

	British Ale 1098
	L
	Wyeast
	Medium
	73% to 75%
	64° to 72° F
	Ferments dry and crisp, slightly tart and fruity.

	British Ale II 1335
	L 
	Wyeast
	High
	73% to 75% 
	63° to 75° F
	Malty flavor, crisp finish, clean, fairly dry.

	British Ale WLP005
	L 
	White Labs
	High
	75% to 80%
	68° to 75° F
	English strain that produces malty beers.

	British Cask Ale 1026 
	L
	Wyeast
	Med/High
	75% to 78%
	60° to 75° F
	Produces nice malt profile with a hint of fruit.

	Burton Ale WLP023
	L
	White Labs
	Medium
	65% to 75%
	68° to 73° F
	Subtle fruity flavors: apple, clover honey and pear.

	California Ale WLP001
	L
	White Labs
	Medium
	67% to 74%
	65° to 70° F
	Clean flavors accentuate hops; very versatile.

	California Ale V WLP051
	L
	White Labs
	Med./High
	70% to 75%
	66° to 70° F
	Produces a fruity, full-bodied beer.

	Canadian/Belgian Style 3864
	L
	Wyeast
	Medium
	75% to 79%
	65° to 80° F
	Mild phenolics and low ester profile with tart finish.

	Coopers Homebrew Yeast
	D
	Coopers
	High
	High
	68-80°F
	Clean, round flavor profile.

	Dry English ale WLP007
	L
	White Labs
	High
	70% to 80%
	65° to 70° F
	Good for high gravity aleswith no residuals.

	Dusseldorf Alt WLP036
	L
	White Labs
	Medium
	65-72%
	65-69°F
	Produces clean, slightly sweet alt beers.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Ale Strains
	 
	 
	 
	 
	 
	 

	Dutch Castle Yeast 3822
	L
	Wyeast
	Medium
	74-79%
	65-80°F
	Spicy, phenolic and tart in the nose.

	East Coast Ale WLP008
	L
	White Labs
	Low/Med.
	70-75%
	68-73°F
	Very clean and low esters.

	Edinburgh Ale WLP028
	L
	White Labs
	Medium
	70-75%
	65-70°F
	Malty, strong Scottish ales.

	English Ale BRY 264
	L
	Siebel Inst.
	Medium
	High
	59-68°F
	Clean ale with slightly nutty and estery character.

	English Ale WLP002
	L
	White Labs
	Med./High
	70-75%
	68-73°F
	Very clear with some residual sweetness.

	English Special Bitter 1768
	L
	Wyeast
	High
	68-72%
	64-72°F
	Produces light fruit ethanol aroma with soft finish.

	Essex Ale Yeast WLP022
	L
	White Labs
	Med./High
	71-76%
	66-70°F
	Drier finish than many British ale yeasts

	European Ale 1338
	L
	Wyeast
	High
	67-71%
	62-72°F
	Full-bodied complex strain and dense malty finish.

	European Ale WLP011
	L
	White Labs
	Medium
	65-70%
	65-70°F
	Low ester production, giving a clean profile.

	Fermentis US 56
	D
	Fermentis
	Medium
	77%
	59-75°F
	Clean with mild flavor for a wide range of styles.

	German Ale 1007
	L
	Wyeast
	Low
	73-77%
	55-68°F
	Ferments dry and crisp with a mild flavor.

	German Ale II WLP003
	L
	White Labs
	Medium
	70-75%
	65-70°F
	Clean, sulfur component that reduces with aging.

	German Ale/Kölsch WLP029
	L
	White Labs
	Very High
	72-78%
	65-69°F
	A super-clean, lager-like ale.

	Irish Ale 1084
	L
	Wyeast
	High
	73-77%
	60-72°F
	Slight residual diacetyl and fruitiness.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Ale Strains
	 
	 
	 
	 
	 
	 

	Irish Ale WLP004
	L
	White Labs
	Medium
	73-80%
	65-70°F
	Light fruitiness and slight dry crispness.

	Kölsch 2565
	L
	Wyeast 
	Low
	73% to 77%
	56° to 70° F
	Malty with a subdued fruitiness and a crisp finish.

	Leuven Pale Ale 3538
	L
	Wyeast
	High
	75-78%
	60° to 75° F
	Slight phenolics and spicy aromatic characteristics.

	London Ale 1028
	L
	Wyeast
	Low/Med.
	73% to 77%
	60° to 72° F`
	Bold and crisp with a rich mineral profile.

	London Ale III 1318
	L
	Wyeast
	High
	71% to 75%
	64° to 74° F
	Very light and fruity, with a soft, balanced palate.

	London Ale WLP013
	L
	White Labs
	Medium
	67% to 75%
	66° to 71° F
	Dry malty ale yeast for pales, bitters and stouts.

	London ESB Ale 1968
	L
	Wyeast
	High
	67% to 71% 
	64° to 72° F
	Rich, malty character with balanced fruitiness.

	Muntons Premium Gold
	D
	Muntons
	High
	High
	57° to 77° F
	Clean balanced ale yeast for 100% malt recipies.

	Muntons Standard Yeast
	D
	Muntons
	High
	High
	57° to 77° F
	Clean well balanced ale yeast.

	Northwest Ale 1332
	L
	Wyeast
	High
	67% to 71%
	65° to 75° F
	Malty, mildly fruity, good depth and complexity.

	Nottingham
	D
	Danstar
	High
	High
	57° to 70° F
	Neutral for an ale yeast; fruity estery aromas.

	Pacific Ale WLP041
	L
	White Labs
	Medium
	65% to 70%
	65° to 68° F
	A popular ale yeast from the Pacific Northwest.

	Premium Bitter Ale WLP026
	L
	White Labs
	Medium
	70% to 75%
	67° to 70° F
	Gives a mild but complex estery character.

	Ringwood Ale 1187
	L
	Wyeast
	High
	67% to 71%
	64° to 74° F
	A malty, complex profile that clears well.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Ale Strains
	 
	 
	 
	 
	 
	 

	Safale S-04
	D
	Fermentis
	High
	79%
	59° to 75° F
	English ale yeast that forms very compact sediment.

	Safbrew S-33
	D
	Fermentis
	Med./High
	75%
	59° to 75° F
	Versatile strain that can perform in beers up to 11.5% ABV.

	Safbrew T-58
	D
	Fermentis
	Low
	75%
	59-75°F
	Develops estery and somewhat peppery spiceyness.

	Scottish Ale 1728
	L
	Wyeast
	High
	69-73%
	55-75°F
	Suited for Scottish-style ales, high-gravity ales.

	Southwold Ale WLP025
	L
	White Labs
	Medium
	72-78%
	65-69°F
	Complex fruits and citrus flavors.

	Super High Gravity WLP099
	L
	White Labs
	Low
	>80%
	69-74°F
	High gravity yeast, ferments up to 25% alcohol.

	Thames Valley Ale 1275
	L
	Wyeast
	Medium
	72-76%
	62-72°F
	Clean, light malt character with low esters.

	Thames Valley Ale II 1882
	L
	Wyeast
	High
	73-77%
	62-72°F
	Slightly fruitier and maltier than 1275.

	Trappist Ale BRY 204
	L
	Siebel Inst.
	Medium
	High
	64-72°F
	Dry, estery flavor with a light, clove-like spiciness.

	Trappist Ale WLP500
	L
	White Labs
	Low/Med.
	75-80%
	65-72°F
	Distinctive fruitiness and plum characteristics.

	Trappist High Gravity 3787
	L
	Wyeast
	Medium
	72-86%
	64-78°F
	Ferments dry, rich ester profile and malty palate.

	Whitbread Ale 1099
	L
	Wyeast
	High
	68-72%
	64-74°F
	Mildly malty and slightly fruity.

	Whitbread Ale WLP017
	L
	White Labs
	Medium
	67-73%
	66-70°F
	Brittish style, slightly fruity with a hint of sulfur.

	Windsor
	D
	Danstar
	Low
	Medium
	64-70°F
	Full-bodied, fruity English ale.

	Wyeast Ale Blend 1087
	L
	Wyeast
	High
	71-75%
	64-72°F
	A blend of the best strains to provide quick starts.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Lager Strains
	 
	 
	 
	 
	 
	 

	American Lager 2035
	L
	Wyeast
	Medium
	75-80%
	48-58°F
	Bold, complex and aromatic; slight diacetyl.

	American Lager BRY 118
	L
	Siebel Inst.
	Very High
	Medium
	68-72°F
	Produces slightly fruity beer; some residual sugar.

	American Lager WLP840
	L
	White Labs
	Medium
	75% to 80%
	50° to 55° F
	Dry and clean with a very slight apple fruitiness.

	Bavarian Lager 2206
	L
	Wyeast
	Medium
	73% to 77%
	46° to 58° F
	Produces rich, malty, full-bodied beers.

	Bohemian Lager 2124
	L
	Wyeast
	Medium
	69% to 73%
	48° to 58° F
	Ferments clean and malty.

	Brewferm Lager
	D
	Brewferm
	High
	High
	50° to 59° F
	Develops Witbeer aromas like banana and clove.

	Budvar Lager 2000
	L
	Wyeast
	Med./High
	71% to 75%
	48° to 56° F
	Malty nose with subtle fruit. Finishes dry and crisp.

	California Lager 2112
	L
	Wyeast
	High
	67% to 71%
	58° to 68° F
	Produces malty, brilliantly clear beers.

	Copenhagen Lager WLP850
	L
	White Labs
	Medium
	72% to 78%
	50° to 58°F
	Clean crisp northern European lager yeast.

	Czech Budejovice Lager WLP802
	L
	White Labs
	Medium
	74% to 79%
	50° to 55° F
	Produces dry and crisp lagers, with low diacetyl.

	Czech Pils 2278
	L
	Wyeast
	Medium
	70% to 74%
	50° to 58° F
	Dry but malty finish.

	Danish Lager 2042
	L
	Wyeast
	Low
	73% to 77%
	46° to 56° F
	Rich Dortmund style with crisp, dry finish.

	European Lager II 2247
	L
	Wyeast
	Low
	73% to 77%
	46° to 56° F
	Clean, very mild flavor, slight sulfur production.

	Gambrinus Lager 2002
	L
	Wyeast
	Med./High
	71% to 75%
	46° to 56° F
	Mild floral aroma with lager characteristics in the nose.

	German Bock Lager Yeast WLP833
	L
	White Labs
	Medium
	74% to 79%
	50° to 55° F
	Produces well balanced beers of malt and hop character.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Lager Strains
	 
	 
	 
	 
	 
	 

	German Lager WLP830
	L
	White Labs
	Medium
	74% to 79%
	50° to 55° F
	Malty and clean; great for all German lagers.

	Mexican Lager Yeast WLP940
	L
	White Labs
	Medium
	70% to 78%
	50° to 55° F
	Produces clean lager beer, with a crisp finish.

	Munich Lager 2308
	L
	Wyeast
	Medium
	73% to 77%
	48° to 56° F
	Very smooth, well-rounded and full-bodied.

	North American Lager 2272
	L
	Wyeast
	High 
	70% to 76%
	52° to 58° F
	Malty finish, traditional Canadian lagers.

	North European Lager BRY 203
	L
	Siebel Inst.
	Low
	High 
	68° to 72° F
	Well balanced beer, fewer sulfur compounds.

	Octoberfest Lager Blend 2633
	L
	Wyeast
	Low/Med.
	73% to 77%
	48° to 58° F
	Plenty of malt character and mouth feel. Low in sulfer.

	Oktoberfest/Märzen WLP820
	L 
	White Labs
	Medium
	65% to 73%
	52° to 58° F
	Produces a very malty, bock-like style.

	Old Bavarian Lager Yeast WLP920
	L
	White Labs
	Medium
	66-73%
	50-55°F
	Finishes malty with a slight ester profile. Use in beers such as Octoberfest, Bock, and dark lagers.

	Pilsner Lager WLP800
	L
	White Labs
	Med/High
	72-77%
	50-55°F
	Somewhat dry with a malty finish.

	Pilsen Lager 2007
	L
	Wyeast
	Medium
	71-75%
	48-56°F
	Smooth malty palate; ferments dry and crisp.

	Saflager S-23
	D
	Fermentis
	Med./High
	80%
	48-59deg;F
	Produces a fruit esterness in lagers.

	San Francisco Lager WLP810
	L
	White Labs
	High
	65-70%
	58-65°F
	For "California Common" type beer.

	So. German Lager WLP838
	L
	White Labs
	Med/High
	68-76%
	50-55°F
	A malty finish and balanced aroma.

	Urquell Lager 2001
	L
	Wyeast
	Med./High
	71-75%
	48-58°F
	Mild fruit and floral aroma. Very dry with mouth feel.

	Zurich Lager Yeast WLP885
	L
	White Labs
	Medium
	70-80%
	50-55°F
	Swiss style lager yeast with minimal sulfer and diacetyl production.


	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Wheat Strains
	 
	 
	 
	 
	 
	 

	Amer. Hefeweizen WLP320
	L
	White Labs
	Med/High
	72-77%
	50-55°F
	Slight amount of banana and clove notes.

	Amer. Hefeweizen Ale WLP320
	L
	White Labs
	Low
	70-75%
	65-69°F
	Produces a slight amount of banana and clove notes.

	American Wheat 1010
	L
	Wyeast
	Low
	74-78%
	58-74°F
	Produces a dry, slightly tart, crisp beer.

	Bavarian Weizen Ale WLP351
	L
	White Labs
	Low
	73-77%
	66-70°F
	Moderately high, spicy phenolic overtones of cloves.

	Bavarian Weizen BRY 235
	L
	Siebel Inst.
	High
	Medium
	50-57°F
	A very estery beer with mild clove-like spiciness.

	Bavarian Wheat 3056
	L
	Wyeast
	Medium
	73-77%
	64-74°F
	Produces mildly estery and phenolic wheat beers.

	Bavarian Wheat 3638
	L
	Wyeast
	Low
	70-76%
	64-75°F
	Balance banana esters w/ apple and plum esters.

	Belgian Ardennes 3522
	L
	Wyeast
	High
	72-76%
	65-85°F
	Mild fruitiness with complex spicy character.

	Belgian Wheat 3942
	L
	Wyeast
	Medium
	72-76%
	64-74°F
	Apple and plum like nose with dry finish.

	Belgian Wit Ale WLP400
	L
	White Labs
	Low/Med
	74-78%
	67-74°F
	Slightly phenolic and tart.

	Belgian Wit II Ale WLP410
	L
	White Labs
	Low/Med.
	70% to 75%
	67° to 74° F
	Spicier, sweeter, and less phenolic than WLP400.

	Belgian Witbier 3944
	L 
	Wyeast
	Medium
	72% to 76% 
	60° to 75° F 
	Alcohol tolerant, with tart, slight phenolic profile.

	Brewferm Blanche
	D
	Brewferm 
	Low
	High
	64°-73°
	Ferments clean with little or no sulphur.

	Farmhouse Ale 3726
	L
	Wyeast
	Low
	76-81%
	70-95°F
	Complex aromas dominated by an earthy/spicy note.

	Forbidden Fruit Yeast 3463
	L
	Wyeast
	Low
	73-77%
	63-76°F
	Phenolic profile, subdued fruitiness.

	German Wheat 3333
	L
	Wyeast
	High
	73% to 77% 
	63° to 75° F 
	Sharp, tart crispness, fruity, sherry-like palate.

	Hefeweizen Ale WLP300
	L
	White Labs
	Low/Med.
	72% to 76% 
	68° to 72° F 
	Produces banana and clove nose.

	Hefeweizen IV Ale WLP380
	L 
	White Labs
	Low
	73% to 80% 
	66° to 70° F 
	Crisp, large clove and phenolic aroma and flavor.

	Weihenstephan Weizen 3068
	L
	Wyeast
	Low
	73-77%
	64-75°F
	A unique, rich and spicy weizen character.

	Name and Number
	Type
	Lab
	Floc.
	Atten.
	Temp.
	Decription

	Lambic Cultures
	 
	 
	 
	 
	 
	 

	Belgian Lambic Blend 3278
	L
	Wyeast
	Low/Med
	65-75%
	63-75°F
	Rich, earthy aroma and acidic finish.

	Belgian Sour Mix WLP655
	L
	White Labs
	N/A
	N/A
	N/A
	Includes Brettanomyces, Saccharomyces, and the bacterial strains Lactobacillus and Pedioccus.

	Brettan. Bruxellensis 3112
	L
	Wyeast
	Low/Med.
	Low
	64-70°F
	Produces classic lambic characteristics.

	Brettan. Lambicus 3526
	L
	Wyeast
	Medium
	Low
	60-75°F
	Pie cherry-like flavor and sourness.

	Brettanomyces bruxellensis WLP650
	L
	White Labs
	N/A
	N/A
	N/A
	Classic strain used in secondary for Belgian styles.

	Brettanomyces Claussenii WLP645
	L
	White Labs
	N/A
	N/A
	N/A
	Low intensity Brett character. More aroma than flavor.

	Brettanomyces Lambicus WLP653
	L
	White Labs
	N/A
	N/A
	N/A
	High Brett character. Horsey, Smokey and spicy flavors.

	Lactobac. Delbruckii 4335
	L
	Wyeast
	 
	 
	 
	Lactic acid bacteria.

	Pediococcus Cerivisiae 4733
	L
	Wyeast
	 
	 
	 
	Lactic acid bacteria.


Grains and Adjuncts Chart
Brewer's little helper: Here's a composite list of grains and adjuncts.The color is listed in degrees Lovibond and the gravity is calculated from 1 pound of the ingredient in 1 gallon of water. Experiment and enjoy!
Key: L = Degrees Lovibond, G = Gravity
	Malt
	L
	G
	Decription

	American Grains
	 
	 
	 

	Crystal Malt
	10°
	1.033-35
	Sweet, mild caramel flavor and a golden color. Use in light lagers and light ales.

	Crystal Malt
	20°
	1.033-35
	Sweet, mild caramel flavor and a golden color. Use in light lagers and light ales.

	Crystal Malt
	30°
	1.033-35
	Sweet, mild caramel flavor and a golden color. Use in light lagers and light ales.

	Crystal Malt
	40°
	1.033-35
	Sweet, mild caramel flavor and a golden color. Use in light lagers and light ales.

	Crystal Malt
	60°
	1.033-35
	Sweet caramel flavor, deep golden to red color. For dark amber and brown ales.

	Crystal Malt
	80°
	1.033-35
	Sweet, smooth caramel flavor and a red to deep red color. For porters, old ales.

	Crystal Malt
	90°
	1.033-35
	Pronounced caramel flavor and a red color. For stouts, porters and black beers.

	Crystal Malt
	120°
	1.033-35
	Pronounced caramel flavor and a red color. For stouts, porters and black beers.

	Black Patent Malt 
	500°
	1.026
	Provides color and sharp flavor in stouts and porters.

	Roasted Barley 
	300°
	1.025
	Sweet, grainy, coffee flavor and a red to deep brown color. For porters and stouts.

	Black Barley
	525°
	1.023-27
	Imparts dryness. Unmalted; use in porters and dry stouts.

	Chocolate Malt
	350°
	1.034
	Use in all types to adjust color and add nutty, toasted flavor. Chocolate flavor.

	Dextrin Malt (carapils)
	1.5°
	1.033
	Balances body and flavor without adding color, aids in head retention. For any beer.

	Pale Malt (Brewers 2-row)
	1.8°
	1.037-1.038
	Smooth, less grainy, moderate malt flavor. Basic malt for all beer styles.

	Pale Malt (Brewers 6-row)
	1.8°
	1.035
	Moderate malt flavor. Basic malt for all beer styles.

	Munich Malt
	10°
	1.034
	Sweet, toasted flavor and aroma. For Oktoberfests and malty styles.

	Special Roast
	50°
	1.035
	Provides a deep golden to brown color for ales. Use in all darker ales.

	Vienna Malt
	3.5-4°
	1.035
	Increases malty flavor, provides balance. Use in Vienna, Märzen and Oktoberfest.

	Victory Malt
	25°
	1.034
	Provides a deep golden to brown color. Use in nut brown ales, IPAs and Scottish ales.

	Wheat Malt 
	2°
	1.038
	Light flavor and creamy head. For American weizenbier, weissbier and dunkelweiss. 

	White Wheat Malt
	2°
	1.037
	Imparts a malty flavor. For American wheat beers, wheat bock and doppel bock.

	Malt
	L
	G
	Decription

	Belgian Grains
	
	
	

	Aromatic Malt
	20-26°
	1.036
	Imparts a big malt aroma. Use in brown ales, Belgian dubbels and tripels.

	Biscuit Malt
	23-25°
	1.035
	Warm baked biscuit flavor and aroma. Increases body. Use in Belgian beers.

	Caramunich Malt
	56°
	1.033
	Caramel, full flavor, copper color. For Belgian ales, German smoked and bocks.

	Caravienne Malt
	21-22°
	1.034
	Belgian light crystal malt. Used in lighter Abbey or Trappist style ales.

	Pale Ale Malt 
	2.7-3.8°
	1.038
	Use as a base malt for any Belgian style beer with full body.

	Pilsen Malt
	1.5°
	1.037
	Light color, malty flavor. For pilsners, dubbels, tripels, whites and specialty ales.

	Special B Malt
	130-220°
	1.030
	Extreme caramel aroma and flavor. For dark Abbey beers and other dark beers.

	 
	 
	 
	 

	Other Malts, Grains and Flaked Grains and Additions
	 
	 
	 

	Scotmalt Golden Promise
	2.4°
	1.038
	Scottish pale ale malt; base malt for all Scottish beers.

	Flaked Barley
	1.5°
	1.032
	Helps head retention, imparts creamy smoothness. For porters and stouts.

	Flaked Maize
	1°
	1.037
	Lightens body and color. For light American pilsners and ales.

	Flaked Oats
	1°
	1.033
	Adds body and creamy head. For stouts and oat ales.

	Flaked Rye
	2°
	1.036
	Imparts a dry, crisp character. Use in rye beers.

	Flaked Wheat
	2°
	1.036
	Imparts a wheat flavor, hazy color. For wheat and Belgian white beers.

	Gambrinus Honey Malt 
	25°
	1.034
	Nutty honey flavor. For brown ales, Belgian wheats, bocks and many other styles.

	Grits
	1-1.5°
	1.037
	Imparts a corn/grain taste. Use in American lagers.

	Irish Moss
	NA
	NA
	Prevents chill haze. Use in all beers except cloudy wheat and white beers.

	Malto Dextrin
	NA
	1.043
	Adds body and mouthfeel. For all extract beers. Does not ferment.

	Oak Chips
	NA
	NA
	Creates cask-conditioned flavor and aroma. Use in IPAs, Belgian ales and Scottish ales. Steam for 15 minutes to sanitize.

	Malt
	L
	G
	Decription

	British Grains
	
	
	

	Amber Malt
	35°
	1.032
	Roasted malt used in British milds, old ales, brown ales, nut brown ales.

	Brown Malt
	65°
	1.032
	Imparts a dry, biscuit flavor. Use in porters, brown, nut brown and Belgian ales.

	Maris Otter Pale Malt 
	3° 
	1.038
	Premium base malt for any beer. Good for pale ales. 

	Pale Ale
	2.2° 
	1.038
	Moderate malt flavor. Used to produce traditional English and Scottish style ales. 

	Lager Malt
	1.6°
	1.038
	Used to make light colored and flavored lagers. 

	Crystal Malt
	55-60°
	1.033-35
	Sweet caramel flavor, adds mouthfeel and head retention. For pale or amber ales. 

	Dark Crystal Malt
	145-188°
	1.033-35
	Sweet caramel flavor, mouthfeel. For porters, stouts, old ales and any dark ale.

	Mild Ale Malt
	2.3-2.7° 
	1.037
	Dry, nutty malty flavor. Promotes body. Use in English mild ales.

	Cara-Pils Dextrin
	10-14° 
	1.033
	Adds body; aids head retention. For porters, stouts and heavier bodied beers.

	Chocolate Malt
	395-475°
	1.034
	Nutty, toasted flavor, brown color. Use in brown ales, porters, stouts and bocks.

	Black Patent Malt
	500-600°
	1.026
	Dry, burnt, chalky character. Use in porters, stouts, brown ales and dark lagers.

	Peat Smoked Malt
	2.8°
	1.034
	Imparts a robust smoky flavor and aroma. For Scottish ales and wee heavies.

	Roasted Barley
	500°
	1.025
	Dry, roasted flavor, amber color. For stouts, porters and Scottish ales.

	Toasted Pale Malt
	25°
	1.038
	Imparts nutty flavor and aroma. Use in IPAs and Scottish ales. 

	Wheat Malt
	2° 
	1.038
	Light flavor, creamy head. For wheat beers, stouts, doppelbocks and alt beers. 

	Torrified Wheat
	1-1.5°
	1.036
	Puffed wheat created by high heat. Use in pale ales, bitters and milds.

	Malt
	L
	G
	Decription

	German Grains
	
	
	

	Acidulated (Sauer) Malt
	1.7-2.8°
	1.033
	High lactic acid. For lambics, sour mash beers, Irish stout, pilsners and wheats. 

	Carafa I
	300-340°
	1.038
	Gives deep aroma and color to dark beers, bocks, stout, alt and schwarzbier. 

	Carafa II
	375-450° 
	1.038
	Carafa I, II and III also are available de-husked. Adds aroma, color and body. 

	Carafa III 
	490-560°
	 
	 

	Chocolate Wheat Malt 
	375-450°
	1.038
	Intensifies aroma; improves color. For dark ales, alt, dark wheat, stout and porter.

	Chocolate Rye Malt
	190-300° 
	1.030
	Enhances aroma of dark ales and improves color. For dunkel rye wheat and ale.

	CaraHell Malt (light crystal) 
	8-12°
	1.033-35
	For light colored beer for body; hefeweizen, pale ale, golden ale, Oktoberfest.

	CaraMunich Malt I 
	30-38° 
	1.033-35
	Provides body. For Oktoberfest, bock, porter, stout, red, amber and brown ales.

	CaraMunich Malt II 
	42-50°
	1.033-35
	CaraMunich Malt III is dark crystal.

	CaraMunich Malt III 
	53-60°
	1.033-35
	 

	Light Munich Malt
	5-6°
	1.034
	For a desired malty, nutty flavor. Lagers, Oktoberfests and bock beer. 

	Dark Munich Malt
	8-10°
	1.034
	Enhances body and aroma. Stout, schwarzbier, brown ale, dark and amber ales.

	Melanoidin Malt 
	23-31°
	1.033
	For amber lagers and ales, dark lagers and ales, Scottish & red ales.

	Rauch Smoked Malt
	2-4°
	1.037
	For rauchbier, kellerbier, smoked porters, Scottish ales and barleywines.

	Rye Malt 
	2.8-4.3°
	1.029
	Dry character. Can use as a base malt. For seasonal beers, roggenbier and ales. 

	Wheat Malt Light
	1.5-2°
	1.039
	Typical top fermented aroma, produces superb wheat beers.

	Wheat Malt Dark 
	6-8°
	1.039
	 

	Caramel Wheat Malt
	38-53°
	1.035
	For dark ales, hefeweizen, dunkelweizen, wheat bocks and double bocks.

	Malt
	L
	G
	Decription

	Sugars
	
	
	

	Belgian Candi Sugar (clear)
	0.5°
	1.036
	Smooth taste, good head retention, sweet aroma and high gravity without being apparent. Use in Belgian and holiday ales. Use clear for tripels, amber for dubbels, and dark is used in brown beer and strong golden ales.

	Candi Sugar (amber)
	75°
	1.036
	

	Candi Sugar (dark)
	275&edg;
	1.036
	

	Brown Sugar
	40°
	1.046
	Imparts rich, sweet flavor. Use in Scottish ales, old ales and holiday beers.

	Dark Brown Sugar
	60°
	1.046
	Imparts rich, sweet flavor. Use in Scottish ales, old ales and holiday beers.

	Corn Sugar
	1°
	1.037
	Use in priming beer or in extract recipes where flaked maize would be used in a mash.

	Demerara Sugar
	1°
	1.041-42
	Imparts mellow, sweet flavor. Use in English ales.

	Dextrose (glucose)
	1°
	1.037
	Imparts a mild sweet taste and smoothness. Use in English beers.

	Dry Malt Extract
	Varies
	1.044
	Extra light (2.5°), Light (3.5°), Amber (10°), Dark (30°), Wheat (3°)

	Honey
	Varies
	1.032
	Imparts sweet and dry taste. For honey and brown ales. Also: specialty ales.

	Invert Sugar 
	NA
	1.046
	Increases alcohol. Use in some Belgian or English ales. Use as an adjunct for priming. Made from sucrose. No dextrins. Use 1 cup for priming. 

	Lactose
	NA
	1.043
	Adds sweetness and body. Use in sweet or milk stouts.

	Licorice Stick
	NA
	NA
	Adds a smooth flavor to stouts, porters, holiday ales and flavored beers.

	Lyle's Golden Syrup 
	0°
	1.036
	Increases alcohol without flavor. Liquid Invert Sugar. Use in English and Belgian (Chimay) ales.

	Maple Syrup
	35°
	1.030
	Imparts a dry, woodsy flavor if used in the boil. If beer is bottled with it, it gives it a smooth sweet, maple taste. Use in maple ales, pale ales, brown ales and porters.

	Maple Sap
	3°
	1.009
	Crisp dry, earthy flavor. Use in pale ales, porters and maple ales.

	Molasses
	80°
	1.036
	Imparts strong sweet flavor. Use in stouts and porters.

	Rice Solids
	0.01°
	1.040
	Lightens flavor without taste. Use in American and Asian lagers.

	Sucrose (white table sugar)
	NA
	1.046
	Increases alcohol. Use in Australian lagers and English bitters.

	Syrup Malt Extract
	Varies
	1.033-1.037
	Extra Light (3.5°), Light (3.5 -5°), Amber (10°), Dark (30°), Wheat (2°).

	Treacle
	100°
	1.036
	Imparts intense, sweet flavor. A British mixture of molasses, invert sugar and golden syrup (corn syrup). Use in dark English ales.
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