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  For the most part, brewing is a series of mundane tasks. From the smallest homebrewer to the biggest commercial producer, the essential brewing tasks are repeated over and over, with each batch that’s brewed. In reality, what makes brewing different from making potato chips or silicon chips is simply the finished product.




  Brewers like to drink beer, of course. But what really gets a brewer out of bed in the morning is the chance to create something new and to share it with the world. At big breweries, only a select few brewers ever get to create a new beer; sometimes the task is farmed out to a consultant. It’s not surprising, then, that those who work at large breweries occasionally envy the small brewer and even the homebrewer.




  Small brewers are oftentimes presented with the opportunity to create new recipes. Once the beer is done, they receive immediate feedback from their customers and often from other brewers as well. Although a portion of the feedback is verbal, more significant indicators are how well and how quickly a beer sells. For those whose livelihood depends upon the production of good beers, every new recipe must be carefully planned and executed to achieve the desired results.




  Homebrewers often develop a new recipe every time they brew. Faced with few economic pressures, they can brew solely for pleasure. Many start in a haphazard way — throwing in a handful of this and an ounce of that — but after a few batches, most homebrewers learn more about the culture of beer. This might start with a bit of tasting and reading about great beers or entering some beers in homebrew competitions. With these events, the homebrewer acquires a new motivation to achieve something with his or her brews: to impart a special flavor, to produce a specific style, or to copy an outstanding commercial example.




  Thus all brewers who formulate their own recipes have a common need for information that will help them produce good beers. Helping you achieve your brewing goals is what Designing Great Beers is all about.




  This book is divided into two parts that cover two types of information necessary for recipe formulation. Part one discusses what various ingredients can do for you and gives you tools to help you achieve your brewing goals. Part two examines specific beer styles to help you understand how they are defined and what special ingredients or techniques must be used to brew a representative example.




  Among the tools included in part one, you’ll find both ingredient catalogs and formulas. The catalogs provide you with resources for understanding the flavor effects of various malts, hops, yeasts, and water salts. These general references are valuable sources of information, no matter what type of beer you are making.




  The formulas will help you to hit target values for qualities such as bitterness and gravity in your beer. If basic algebra makes your knees shake, you might find the text introducing these formulas a bit tedious, but don’t forsake the formulas themselves. They can — and will — help you brew better beer.




  Wherever possible, I have translated formulas into tables that allow you to look up a number instead of calculating it. In most cases, the look-up method will give an answer every bit as good as an exact calculation.




  Part two has a wealth of information about fourteen major style categories, from pale ale to Pilsener and from brown ale to bock. Studying a style provides important information that will guide you in the process of recipe formulation.




  Each chapter in part two includes a style characteristics chart like the one shown in table 0.1. These charts present a shorthand definition of the style. As a starting point, this type of definition helps you to begin creating a recipe from scratch by allowing you to specify many of the details that describe what you are trying to achieve with the beer.




  

    Table 0.1


    Example of a Style Characteristics Chart




    

      

      



      

        	

          Scottish Ale Light (60/-)


        

      




      

        	

          Original gravity


        



        	

          1.035


        

      




      

        	

          Bitterness


        



        	

          9-20


        

      




      

        	

          BU:GU ratio


        



        	

          0.3-0.55


        

      




      

        	

          Hop flavor and aroma


        



        	

          None to low


        

      




      

        	

          Color (SRM)


        



        	

          8-17


        

      




      

        	

          Apparent extract


        



        	

          1.006-1.010


        

      




      

        	

          Alcohol (volume)


        



        	

          3-4


        

      




      

        	

          Esters


        



        	

          None to low


        

      




      

        	

          Diacetyl


        



        	

          Low to medium


        

      


    


  




  Despite the usefulness of such descriptions, they tell little about the actual ingredients and techniques used in making the style. For this reason, the style chapters in part two also outline the ways each style typically has been made, both now and in the past. This information goes a long way in helping you understand how brewers actually achieve the flavors of their beers. Finally, to assist you with your own formulations, each chapter includes analyses of contemporary recipes to show you how other brewers produce a particular style of beer.




  Using the resources, discussions, and tools available in this book, and with a blank sheet of paper, you can write a recipe for the beer of your dreams. In the process, you’ll probably flip back and forth between part one and part two, collecting information on the style you want to produce in part two and consulting the resource charts and calculation guides in part one. This process reflects the reality of recipe formulation, and I think you’ll find it easy to jump back and forth between the two parts — and even between chapters within the parts.




  Today, both homebrewers and a number of small commercial breweries use malt extract in their formulations. I know from my own experience as a homebrewer and as a homebrew judge that beers containing extract can be every bit as outstanding as those made from grain alone. As a result, the use of extract will be considered and addressed throughout this book, beginning with a chapter on extract in part one.




  Finally, you will not find a lot of instruction on brewing techniques in this book — nothing on mashing, aerating, transferring, and so on. Most of these techniques are learned when brewing your first few batches, and more advanced techniques (e.g., decoction mashing) are too involved to cover during the discussion of the formulation process. Instead, you’ll find a guide to essential brewing techniques in appendix 1. It lists the areas critical to brewing and provides information on where to learn more about them.




  A good understanding of basic brewing techniques allows you to produce beers from the recipes created by others. What Designing Great Beers provides are tools you need to go beyond borrowed recipes to creating and perfecting your own great beers. It also will give you the tools needed to tailor the recipes of others to your own brewing equipment and processes.




  You’ll find great satisfaction in mastering recipe design. This is, after all, the creative part of brewing. Once the recipe is written, it’s time for the work and the waiting. And, if you are going to invest your time and energy in brewing, you should produce a product that meets your expectations. Designing Great Beers will help you do this so that you get more satisfaction, enjoyment, and perhaps even more relaxation from brewing.




  Cheers and good brewing!
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  In part one, I focus on the recipe formulation process. To provide a structure for these discussions, I have broken the process into the following six steps:




  

    	Identify and characterize the beer you want to make.




    	Determine malt and extract bill.




    	Determine water quantity and chemistry.




    	Determine hop bill.




    	Select yeast and fermentation plan.




    	Ascertain finishing issues, including clarification and carbonation.


  




  To think through the recipe formulation process, all six elements in the proper order must be considered. Of course, in many situations you won’t make specific decisions about all these questions, you’ll just follow your normal practice. But if you want to think about copying a classic style or matching the flavor of a wonderful beer you have enjoyed, each step will need to be considered.




  Let’s review the six steps so that the issues are clear.




  Six Steps to Successful Beer




  1. Identify your goal and characterize the desired beer. This includes the style of beer to be brewed, commercial example to be copied, ingredient to experiment with, and so on. To characterize your beer, determine the following:




  

    	How much finished beer will you make?




    	Will an ale, lager, or specialty yeast be used?




    	What is the original gravity target or range?




    	What is the approximate bitterness level desired (in IBUs)?



      What approximate color is desired?


    




    	What malt characteristics are appropriate or desired?




    	What hop flavor and aroma characteristics are desired?




    	What special ingredients (fruit, spices, syrups, etc.) will be included, and how will they be added?


  




  2.    Determine the malt and extract bill, both character and quantity.




  

    	What base malt or extract will be used?




    	What specialty malts will be used; what proportion of the mash will they constitute?




    	What type of mash program will be required?


  




  To set quantity, calculate backwards from target gravity to grain and extract bill. Hit your target gravity during brewing.




  3.    Consider water and water treatment.




  

    	
What is the character of the starting water?




    	What concentrations of minerals are desired for the style?




    	What treatment regimen is required to achieve these mineral concentrations?




    	What impact will these additions have on mash chemistry?




    	Any other adjustments needed for mash chemistry?




    	What volume of water is required?


  




  4.    Determine the hop bill, both character and quantity.




  

    	What hop aroma is desired (source and type of hops to be used)?




    	What hop flavor is desired (source and type of hops to be used)?




    	What hop bitterness is desired?


  




  To determine flavor hop additions, calculate likely IBU impact. Subtract flavor hop IBUs from total IBU target; calculate needed bittering hops.




  5.    Determine a fermentation plan.




  

    	What yeast will be used?




    	How much yeast will be required for pitching?




    	What fermentation temperature will be used? How will temperature be controlled and monitored?




    	What fermentation vessel will be used? Airlock or blowtube?




    	Will a diacetyl rest be needed?




    	Will lagering be employed?


  




  6.    Consider clarification and carbonation.




  

    	Does the beer need to be ready by a specific date?




    	What clarification methods will you use (Irish moss in boil, filtration after fermentation, cold settling, other clarifying agents)?




    	How will you carbonate and serve the beer?




    	What quantity of priming sugar or pressure of CO2 will be required to achieve the desired level of carbonation?


  




  The first step — identifying exactly what you want to achieve in a beer — can be quite challenging. There are so many intriguing possibilities that it can be hard to focus on the goals for a single beer. But focus you must so that you can continue the exciting journey from the first thought (or taste!) of a beer you want to emulate to a finished beer that you are happy with.




  Certainly a bit of experimentation will be needed in the brewery, but before you get to that stage, some research can be quite useful. And that, my fellow brewer, is why I have included the information in part two, which details the characteristics and brewing particulars of many different popular styles, reducing the amount of time you must spend thumbing through brewing books and collecting information before you can accurately reproduce either a current or historical beer style.




  But before you get to the specific styles, you need to be thoroughly familiar with the tools available and the processes required for recipe formulation. The following chapters in part one deal with various aspects of the six steps to successful beer, starting with the process of setting goals.
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  Imagine a blank piece of paper. Imagine that you are going to write down a beer recipe on that sheet of paper. How do you decide what to write? If your purpose is just to “make a beer,” then the job is pretty easy. Just write down “malt extract, water, yeast.” Every homebrewer has made beer this way, and the product is drinkable (usually). But, of course, you want to do something more.




  Maybe you just tasted a great beer that you would like to duplicate. Or perhaps you have noticed that other brewers manage to get a lot more hop flavor in their pale ales. Or maybe you have been reading Michael Jackson’s The New World Guide to Beer, and you are fascinated with Düsseldorf-style altbier. Or perhaps you are ready to experiment more with beer ingredients, to understand the real impact of chocolate malt or decoction mashing. All these motivations provide an important starting point for the brewing process — a goal. Only by knowing where you want to go can you actually hope to arrive there.




  So the first thing you need to establish is a goal, a target. If you want, write it down at the top of the recipe to help you better remember what you’re aiming for. Examples might include:




  

    	Brew an authentic Pilsener beer




    	Copy Guinness stout




    	Experiment with rye


  




  Now that you have an overall goal, fill in a few specifics. Every beer can be defined by certain characteristics, starting with specific gravity, color, and bitterness. These three items can be numerically defined for every beer. Descriptions in part two provide appropriate ranges for each style, and the formulas in part one provide the tools needed to hit those target values.




  In addition to these objectively definable characteristics, a beer has other traits that must be recorded descriptively, such as aroma. Do you smell malt or hops in the aroma? What is the character of that aroma? Spicy? Coffeelike? Other traits include flavor, head retention, and finish.




  The more carefully you define what you want in a beer, the more you can tailor the recipe and the brewing process to achieve those ends. One of the greatest tools you can use to help define a beer is established style descriptions. The whole concept of styles and their definition is an important one, so let’s discuss them here.




  Beer Styles




  A beer style comes into being when several brewers, often in close geographic proximity to each other, create beers that share a similar set of distinctive traits. These traits include body, alcohol content, bitterness, color, and flavor profile. In the end, the traits of a style incorporate the variation seen from brewer to brewer while still defining a formulation that is generally distinguishable from other styles of beer.




  Perhaps the most important function of style is beer flavor. The use of a single word, such as “stout,” gives you an immediate idea of what a beer will be like without going through a long description like, “it’s a 1.045 original gravity opaque black ale with roasted malt or coffeelike notes, a hint of diacetyl, and a rich, creamy head.” This shorthand is very useful for communication between brewers, retailers, and consumers. It allows brewers to tell others what they have brewed without long, drawn-out explanations. It allows servers to tell consumers about a menu of products in an equally efficient manner. And finally, it allows consumers to pinpoint the beers they want to drink.




  I often equate styles in beer to breeds in dogs. Every dog or beer is different, but those within the same breed or style have a set of common characteristics. If your dog doesn’t meet the characteristics of its breed, people may confuse it for some other breed. Likewise, a beer that lacks the key characteristics of its designated style may be confused for another style.




  In competition, dogs are judged by breed; beers are judged by style. Judges consider the full range of the category and try to find the entry that best exemplifies it. If you have the world’s most wonderful dog (or beer), but it does not fit within the confines of its category, it is not going to win. (Yes, there are wonderful mongrel beers too!)




  Brewing to meet a style’s specifications will ensure that your beer is well received by consumers and judges alike. After all, if you subdue the IBUs (International Bitterness Units) on a pale ale or put a ton of aroma hops in your stout, people will be surprised. The point of putting a style label on a beer is not to dash expectations, but to meet them.




  When you brew something that’s a little different, you can use a modifier or two with the style name to let people know what they’re getting. Descriptions like “strong mild” and “American-hopped alt” extend the shorthand language of styles in useful ways. Then, if enough brewers make beer in that style, the shorthand itself may become a new style designation as we have seen with American brown ale.




  While styles are important, they are not the be-all and end-all of brewing. Keep your mind (and mouth) open to good beer. A good Pilsener doesn’t have to taste exactly like Pilsener Urquell, and a good stout doesn’t have to taste exactly like Guinness.




  By studying styles, you gather valuable input for the recipe formulation process. Part two provides you with the kind of research and data that accomplished brewers gather when formulating a new recipe. By using this research, as well as your own knowledge of a style, you can devise a good set of goals for your brewing efforts. Once those goals are established, you are ready to devise the details of the recipe by identifying specific ingredients and determining exactly how much of each is needed. With that in mind, chapter 3 begins the discussion of fermentable ingredients along with a look at malt extract.




  [image: Chapter 3: Malt Extracts]




  Malt extracts are a subject of some controversy in the brewing world, no matter what kind of brewing you are doing. Many purists turn up their noses at extracts and refuse to use them for any purpose in their finished beers. However the ranks of experienced and award-winning brewers include many who, by chance or by choice, use extract as a significant source of fermentable material in their beers.




  Most homebrewers start out making beers from extract kits, and many continue to make fine extract-based beers as they gain more experience. Extract breweries are also found in commercial settings. A recent survey by the Institute for Brewing Studies found that 5 percent of the country’s brewpubs have extract brewing systems, some of which are supplemented by a portion of grain.1




  Among homebrewers, the use of extract is inevitable and, indeed, other sources bear this out. Among winners of the annual American Homebrewers Association® National Homebrew Competition, the use of malt extract is common. Four of the seven Homebrewers of the Year between 1988 and 1994 used extract in their recipes, and all but one used 5 pounds or more.2 Similarly, as late as 1994, the First Place recipes from the twenty-four individual style categories included nine (38 percent) that used extract extensively.




  While observing the prevalence of extract in these winning recipes, we must also note that virtually none was made from extract only. Only two winning recipes were made with no grain, an herb beer and a lambic.3 (No doubt other flavors made up for the lack of grain-malt character.)




  Data on winning beers demonstrate that you can make great beer using extract as the base for your creation; however they also tell us that grain plays an important role in virtually every beer recipe. You can certainly make drinkable beer from nothing but extract, but to make truly wonderful beer, you will want to add some grain to the mix.




  How much grain is enough? Well, ultimately that depends upon the recipe and the style you are brewing. In general, however, 25 to 67 percent of the gravity of your beer should come from grain. That equates to 2½ to 5 pounds for a 5-gallon batch of 1.045 to 1.048 beer. The low end of this range can be extracted using a grain bag, but in the long run, you’ll be better off buying or building a small device for conducting appropriate-sized mashes. (See Conducting a Mini-mash in appendix 1 for sources you can consult on this subject.)




  Of course, there are a number of issues beyond quantity that bear on your use of extracts. As you become a more experienced brewer, you will want to consider these issues and the implications they will have on your selection, storage, and use of extract. I present them here for education and reference.




  Characteristics of Malt Extract




  The one authoritative study conducted on malt extracts as they apply to small-scale brewing in North America provides substantial data and some astounding findings but fails to provide data on specific brands of extract.4 This study, conducted at the University of Saskatchewan, evaluated forty-four light lager malt extracts purchased at homebrewing stores, and compared them to the wort produced by one of Molson’s breweries.




  Several studies were performed using these extracts. First, a 1.048 wort was made with each extract, and all were fermented with the same yeast. In addition, several common physical and chemical analyses were performed and a detailed evaluation of the carbohydrate content of each extract was completed using high-performance liquid chromatography (HPLC).




  The type and distribution of sugars, or carbohydrates, contained in malt extract distinguish it from other fermentables (such as corn sugar). Extracts with a sugar profile substantially different from those acquired from freshly mashed grain are likely to have different fermentation and taste characteristics. (See the discussion of sugar chemistry in chapter 5.)




  The findings of the study include the following:




  

    	The color of wort made from extract was substantially darker than the color of wort from the commercial brewery. Although the extracts were called light lager, the authors considered the color too dark for the lager style.




    	“Ninety-three percent of the malt extracts had demonstrably slower fermentation rates than the standard (commercial) wort.” The range of fermentation time for the extracts was 45 hours (1.9 days) to 173 hours (7.2 days). The authors report that this most likely was due to low levels and low utilization of free amino nitrogen, a critical component for yeast metabolism.




    	Several worts would not ferment lower than 1.020 (5.1 °P), while others fermented to less than 1.006 (1.3 °P). This could have resulted from the wide variation in the nonfermentable class of carbohydrates called dextrins, which ranged from 11 percent to 42 percent among the extracts.




    	From the carbohydrate analysis, the authors state that less expensive nonmalt syrups (corn syrup, glucose syrup, etc.) had been added to many of the extracts. In some cases, products contained only a fraction of the desirable maltose, maltotriose, and dextrin carbohydrates found in normal worts. Less desirable glucose and sucrose fractions constituted two to eight times the expected portion of some extracts. Since many of the products were labeled as all malt, this finding indicates some disturbing possibilities about the extracts sold to both home and commercial brewers.


  




  As mentioned earlier, this study did not identify the manufacturers or packagers of these products, which creates a further problem. While some of the extracts were close to fresh wort in their composition, they cannot be identified; therefore, all malt extracts become somewhat suspect.




  Another problem with the study is that it lacked a longitudinal component, where products from one manufacturer were evaluated from batch to batch over time. This would indicate if variations seen in the study reflect practices of specific manufacturers or simply the reality of malt extract production.




  Without additional information, the only reasonable course of action is to select and use a limited number of extract products that have provided good results in the past. To help you do that, let’s discuss the three key issues to consider when selecting an extract: color, and fermentability and flavor.




  Color




  Malt extracts are prone to darkening during production and storage.5 The production of extract requires wort be concentrated to an original gravity of 1.400 to 1.450.6 This means that a great deal of water must be removed by evaporation. Even though this usually is done under vacuum to reduce the required temperature, the wort is heated for a long period of time, which drives the formation of melanoidins.7 Also, extracts that contain higher than normal concentrations of simple sugars may be more prone to darkening during storage, as simple sugars are more readily converted to color pigments via the browning reactions.8




  In addition, color reactions continue, albeit at a much slower rate, once the syrup is packaged.9 Water is required for the browning reactions, and recent literature indicates that liquid malt extract contains the optimal amount of water for these reactions to occur.10




  As a result, liquid extract that spends a long time in storage — whether it be at the distributor’s warehouse, on the retailer’s shelf, or in the brewer’s cabinet — will have darkened considerably. To keep this to a minimum, buy popular products from successful retailers. Products that look like they have been around for a while should probably be avoided; if possible, inquire about product freshness.




  Because they lack the moisture needed to promote browning reactions, dry extracts, when kept dry and cool, are not prone to darkening during storage.11 For this and other reasons, they may be preferred for many homebrewing applications.




  Finally, though all worts darken during boiling, personal experience indicates that those made from extract seem to darken more quickly. Thus, it may be worthwhile to limit the boil time (some sources support this suggestion).12




  Fermentability and Flavor




  The fermentability and flavor produced by extract are influenced by its chemical composition. Many color substances and associated products produced during storage can impact flavor.13 Some authors have referred to the off-flavor produced by old extract as having a “sherry-like oxidized quality.”14 This is another reason to avoid old and light extracts that produce a dark wort.




  Since homebrewers have no way to evaluate the chemical composition of their extracts, they can rely only on their own experience and tests or those of others. Homebrewers also can examine extract recipes that win awards in homebrew competitions — those most popular with good brewers and homebrew judges. Discussions with homebrewers experienced with malt extract also can be helpful.




  Of course, the flavor of your extract can best be assessed by taste tests. Using the extract test described below, you can assess the flavors produced by several different extracts using the same yeast. At the same time, you will gather information about the fermentability these products yield.




  Before I discuss the test method, let’s review a technique called apparent attenuation, which measures the fermentability of a wort. Simply stated, apparent attenuation is the difference between the original gravity (OG) and the final gravity (FG) divided by the original gravity. This gives a decimal result that, when converted to a percentage, gives the apparent attenuation value. This can be calculated by the following equation:




  A = (OG - FG) / (OG - 1) × 100




  OG and FG are specific gravities at the beginning and end of fermentation. With extracts, apparent attenuation values may range between 50 and 80 percent, but most fall in the range of 55 to 65 percent.




  The extent of fermentation is an important factor in defining many beer styles, as it affects the alcohol level and body, or mouthfeel. The percent of apparent attenuation indicates how much of the original gravity of the wort has been fermented. That which is fermented will yield alcohol; thus, the higher the attenuation, the higher the alcohol content for a given original gravity. The gravity that is not fermented remains in the finished beer, providing body and mouthfeel. Thus, the lower the attenuation level, the greater the body and mouthfeel will be.




  In grain brewing, you can manipulate a mash to produce a wort that will have a higher or lower rate of apparent attenuation, but you can’t manipulate malt extract in a similar way. Instead, you have to control extract fermentability through selection of the specific product you buy.




  The Saskatchewan study points out the wide range of fermentability found in extracts. Your challenge is to identify the level of fermentability provided by the extracts you work with so that you can select an extract according to the character you want in the finished beer. The easiest way to do this is by running an extract test.




  The Extract Test




  The basic idea of an extract test is to make a small batch of beer to evaluate its flavor and fermentability before you brew a full batch. This procedure involves a bit of work; therefore, it’s best applied when you work with a new type of extract.




  Basic procedure: (1) make a 1-quart batch of beer using just 5 to 6 ounces of liquid extract or 4 to 5 ounces of dry extract (this doesn’t need to be boiled for long — ten or fifteen minutes will do); (2) when cool, take an OG reading and pitch with an ample quantity of yeast — preferably the yeast you use most often; (3) when fermentation is complete, chill the beer in your refrigerator to help drop the yeast out of suspension; (4) measure the final gravity and calculate the apparent attenuation (see page 13); and (5) taste the “beer” to assess the flavor of the extract.




  For best results, take very careful specific gravity (SG) measurements. This means take the reading with the sample cooled to as close to 60 °F (15.5 °C) as possible, both before and after fermentation. Also, read the hydrometer correctly. (The hydrometer reading should be observed at the top of the small meniscus that forms around the hydrometer shaft.) While this might seem simple, I did it incorrectly for nearly six years!




  To ensure full fermentation of the sample wort and to speed the process, pitch an excess of yeast. In my experiments, I use one 7-gram packet of dry ale yeast in 1 gallon of wort. The resulting fermentation starts within two hours or less and is usually done within twenty-four hours. If you want to use liquid yeast for this test, simply consider this a yeast starter and pitch one or two swollen pouches of liquid yeast into your quart of wort. When the experiment is finished, you can save the yeast in the refrigerator (for up to three weeks) to use in your next full-scale batch.




  Using this technique, you can begin to better understand the differences between available extracts. After a few tests, you should be able to identify one or two extracts that give good flavor and predictable results. I tested several brands of extract using this method; the results are shown in table 3.1.




  Substitution of Extract for Grain




  The remainder of this book primarily focuses on all-grain approaches to recipe development. But take heart! If you are mainly an extract brewer, you still can make virtually every beer that is discussed. The key is intelligent substitution of malt extract for some of the grains in the recipes.




  Generally, extract substitution focuses on what is referred to as the base malt in the recipe. This is the malt that constitutes the majority of the grist — usually under a name such as lager, Pilsener, pale ale, two-row, or six-row malt.




  Substitutions can be made in proportion to the base malt removed, or they can be determined a bit more precisely through extract calculations, such as those shown in chapter 5.




  For a straight substitution, put in a fixed amount of extract for every pound of base malt taken out of the recipe. The amount of extract you add, like most things in brewing, depends on a couple of considerations: (1) dry extract is more concentrated than syrup, so you would add less; and (2) depending on the source of the recipe, you might need to vary the substitution rate based upon the extract efficiency assumed by the recipe to begin with.




  As shown in table 3.2, if an extract efficiency of 65 percent is assumed, substitute about ½ pound of dry or ⅔ pound of syrup extract for 1 pound of grain. If an 80 percent rate is assumed, add more extract: about ¾ pound of syrup or ⅔ pound of dry extract. Most recipes formulated for home or small breweries assume extraction rates of 65 to 75 percent, so use of the 70 percent values would be a good starting point. If this initial assumption is way off, you can adjust the overall gravity during the boil as described in chapter 6.




  

    Table 3.1


    Light, Unhopped Malt Extract Test Worts




    

      

      

      

      



      

        	

          Sample°


        



        	

          Fermentability (%)


        



        	

          Color


        



        	

          Flavor


        

      




      

        	

          Laaglander Dried (Light)


        



        	

          44.4


        



        	

          Amber


        



        	

          C2, O1


        

      




      

        	

          Northwestern (Dry, Gold)


        



        	

          57.1


        



        	

          Amber


        



        	

          M1, C1, S1


        

      




      

        	

          Munton & Fisons Light Syrup


        



        	

          57.5


        



        	

          Lt. Amber


        



        	

          C1, O1


        

      




      

        	

          158 °F (70 ° C) Mash of Two-Row Malt


        



        	

          57.8


        



        	

          Pale-Gold


        



        	

          O3*


        

      




      

        	

          Munton & Fisons Spray-Dried (Light)


        



        	

          59.5


        



        	

          Pale-Gold


        



        	

          S1, M1, O1


        

      




      

        	

          John Bull Unhopped Light Syrup


        



        	

          60.4


        



        	

          Amber


        



        	

          M1, S2, O2


        

      




      

        	

          Alexander's Pale Syrup


        



        	

          61.9


        



        	

          Golden


        



        	

          C1, O1


        

      




      

        	

          Northwestern Syrup (Gold)


        



        	

          61.8


        



        	

          Amber


        



        	

          M2, C1, S1


        

      




      

        	

          Coopers Unhopped Light Syrup


        



        	

          64.1


        



        	

          Amber


        



        	

          S2, C2, O1


        

      




      

        	

          Corn Sugar


        



        	

          88.6


        



        	

          N/A


        



        	

          N/A


        

      


    




    Note: The above results show the range of results you might encounter in evaluating malt extract. These determinations are based upon a single sample of each product and do not necessarily demonstrate the characteristics normally observed with these products. Flavor was assessed by two experienced Beer Judge Certification Program (BJCP) national judges. Common descriptors are given, followed by an intensity ratings. The 158 °F (70 °C) mash and pure corn sugar provide references for the low and high levels of fermentability.




    

      

      



      

        	

          Flavor Key


        



        	

          Flavor Intensity


        

      




      

        	

          C = Caramel




          S = Sweet




          M = Malt




          O = Off-flavor


        



        	

          1 = Faint or slight, not always detectable




          2 = Clearly present, but not strong or overwhelming




          3 = Strong to overwhelming


        

      


    




    * This fermentation had a distinct off-flavor indicating contamination, but the attenuation level turned out as expected.


  




  If you don’t know what efficiency to assume for the grains, don't worry! You can add the lower amounts to begin with. Once this is done, you can live with the results and things will be fine, or you can adjust the overall gravity during the boil as described in chapter 6.




  The total portion of the base malt you can replace with extract depends upon the beer style. A light-colored beer, such as a Munich helles, which relies on malt for the primary flavor component, will not tolerate much extract. To get both the color and the flavor required for good results, the majority of the total extract must come from a grain mash.




  As the target color of the beer gets darker, it generally can sustain larger proportions of extract without detrimental effects. The same is true of beers where hops or spices are the primary flavor components. Good hoppy American pale ales, for instance, can be quite good when made from a recipe that contains a large amount of extract. Also, beer with strong yeast-derived flavors, such as weizen, can be made with a larger portion of extract than grain.




  My general guideline is that every 5-gallon batch should include 3 to 5 pounds of grain. Ideally, this should include the specialty grain as well as some base malt, all processed in a minimash.




  A perfect place to use extract is in high gravity beers. Almost any beer with an intended OG above 1.060 (15 °P) can incorporate extract without any detrimental effects. When you review winning recipes for styles such as doppelbock and barley wine, it is unusual to find one that does not include extract. These recipes usually start with a regular mash of about 10 pounds of grain to get the gravity up to 1.050 or so, then rely on the extract to provide the rest. Using this technique, even brewers with relatively modest mashing capability can produce good high gravity beers.




  

    Table 3.2


    Malt Extraction Substitution Rates




    

      

      

      

      

      



      

        	

          Type


        



        	

          Assumed Mash Efficiency:


        



        	

          65%


        



        	

          70%


        



        	

          75%


        



        	

          80%


        

      




      

        	

          Syrup


        



        	

           


        



        	

          0.63


        



        	

          0.68


        



        	

          0.73


        



        	

          0.78


        

      




      

        	

          Dry


        



        	

           


        



        	

          0.52


        



        	

          0.56


        



        	

          0.60


        



        	

          0.64


        

      


    




    Note: Quantities are in pounds of malt extract per pound of grain replaced.


  




  Extract Types




  When you start looking at the names on extract labels, it can be a bit dizzying. You have to decide between dry and syrup; you have to pick a color (ultralight, light, amber, dark, etc.). Along the way, you run into hopped and unhopped varieties and something called diastatic malt extract (DME). Then there are kits, labeled only by beer style, such as stout or Scotch ale. This multitude of choices is enough to drive anyone to embrace all-grain brewing!




  When selecting extract: I prefer a simple and practical approach. For almost all applications, I use light malt extracts. These usually are labeled as light, gold, pale, or some similar term. This comparative label distinguishes these products from darker-colored varieties sold under the same brand name and bearing labels such as amber and dark.




  If you want color (and the resulting flavor) in your beer, you will be much happier with the results you get using specialty grains to augment light extract as the base ingredient. The darker extracts are intended only for the simplest types of brews and, I believe, are best left to true beginners who are brewing their first three or four batches.




  As a rule, I use dry or powdered extract, for two reasons. First, my use for extract rarely calls for a complete package; instead, a specific amount needs to be measured out — ¾ pound here, 4½ pounds there. In these cases, dry extract products are easier to handle. You can measure them accurately with little fuss and reseal them to use again later. Because of their high viscosity and intense stickiness, syrups tend to be more difficult to handle and store. Second, dry extracts do not darken during storage the way syrups do, which makes their color and flavor more predictable. Also, dry extracts tend to be packaged in clear plastic pouches, so you can see the condition of the product before you buy or use it. I often find that opening a can of syrup is a bit like opening a present wrapped in a shirt box. Even though you have a basic idea of what is inside, what you actually get can still be a surprise — and not always a pleasant one. Even when packaged in opaque foil bags, dry malts are more predictable.




  Having expressed a strong preference for dry malts, I will note that in the extract tests summarized in table 3.1, I found that the syrup products generally had a slightly better flavor. Thus, when using large amounts of extract, you might choose a better-tasting syrup for the majority and employ dry extract for fine tuning. For instance, for 5 gallons of beer at a gravity of 1.053, you might use two 3-pound cans of syrup plus 1 pound of dry extract. If you choose this route, go with fresh, reliable products.




  A handy specialty extract (usually in dry form) is the combined wheat-malt type. These usually contain 45 to 65 percent wheat and the rest regular malted barley. When added to the results of a small mash of wheat and malt and fermented with a proper weizen yeast, such extracts are capable of producing a very drinkable and reasonably authentic weizen.




  DME also can be useful in certain settings. DME contains diastase, the malt enzymes that convert starch into fermentable sugar. It can be used when specialty grains or adjuncts, such as corn or rice, are extracted, without any base malts to provide enzymes. At present, however, these products do not appear to be widely used by homebrewers.




  No matter which extract you use, there are several brands to choose from. There are real differences between brands that can have a considerable affect on the finished beer. Ideally, you should run an extract test on a new brand before using it, as described previously.




  

    Summary of Extract Brewing Guidelines




    

      	Use light extracts only. Add color and flavor through the use of specialty malts.




      	Use dry extracts. They allow accurate measurement, ease of handling, and convenient storage of partially used containers.




      	Use liquid extracts for high-volume brewing and when the flavor quality of syrup is clearly better than that of dry malt alternatives.




      	Run extract tests on products that are new to you in order to assess their fermentability and flavor.




      	
Select and use a limited number of extracts so that you can rely on the results achieved from your brews.




      	Avoid all-extract brews; include at least some specialty grains in every batch.




      	For best results, extract should supplement the proceeds of a mash that contributes 25 to 67 percent of the gravity of the beer. For 5 gallons, this equates to 3 to 5 pounds of grain per batch.




      	As the color and flavor of the beer get lighter, the amount of extract must be reduced and grain increased in order to achieve good results.




      	Beers dominated by hops, spices, dark grains, and even strong yeast-derived flavors (e.g., weizen) can employ a greater amount of extract.




      	Supplement a full mash with extract to reach the higher gravities required by styles such as bock, strong ale, barley wine, and imperial stout.
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  Malt flavors in beer are influenced by more than just the amount of malt you add to the recipe — a fact that is obvious to anyone who has ever used crystal, chocolate, black, or other specialty malts. So, before I discuss calculating the malt bill, let’s examine malted barley and other ingredients that can provide fermentable sugars in beer.




  You could get years of brewing pleasure simply exploring the flavors of malt. First, there are base malts (pale ale and Pilsener malts) that generally make up 80 to 100 percent of the mash. The combination of varieties and products available to brewers from maltsters across Europe and North America provide at least two dozen alternatives to explore.




  When it comes to specialty malts, the variety is even greater. A single maltster can produce as many as ten different crystal or caramel malt products. And, if you think that a 40 °L crystal from one maltster provides the same flavor as that from another, you’ll be pleasantly surprised at how much difference there can be! Other specialties include Munich, Vienna, chocolate, and black malts. Then you have the unusual products like brown malt, mild malt, Special “B,” Victory, Special Roast, rauch malt, peat-smoked malt, and many others (see figure 4.1).




  If those aren’t enough, you can tackle grains other than barley. Wheat is so common that many classic styles can’t be made without it. Then there are oats, rye, sorghum, rice, corn, and, yes, quinoa. (Quinoa is a small, round, ivory-colored food grain grown in Chile and Peru.) You can put all of these in beer, so, sooner or later, you’ll probably try each of them.




  What you get from all these choices is a cornucopia of malt (and other grain) flavors. Whether you brew with extract or not, you’ll have fun exploring and enjoying the flavors these products contribute to your beer.




  Understanding malt flavors also will help you create beers intended to meet certain style characteristics. You’ll find that most styles (and all great commercial beers) have a characteristic grain bill that you must understand in order to approximate the flavor of the beer.




  This chapter discusses the types of malts available and their typical uses. The descriptions will help you understand malt more fully so that you can explore and create knowledgeably. As you review these different types of malt, remember that you don’t have to brew with them to get a sense for their flavors. Just grab a pinch, throw it in your mouth, and chew! This is especially useful when comparing similar products from different vendors, such as pale malts, crystal malts, and so on.




  Base Malts




  

    	Pale ale, lager, Pilsener, two-row, and six-row.




    	Constitute 80 to 100 percent of the mash for most styles.




    	For some styles, includes wheat, Munich, or Vienna malt.




    	For authentic results, use malts from the country where the style originates.


  




  Specialty Malts




  

    	All products not included in the base malt category.




    	Provide character through flavor, body, and color.




    	Examine part two to determine which grains to include and what proportions or amounts to use.


  




  Barley-based Brewing Ingredients




  Aromatic malt: A color malt that undergoes special steeping and germination procedures and is kilned up to 240 °F (115 °C). Much like a darker Munich malt, it provides a high degree of malt aromatics with a color of about 20 °L. It contains low levels of enzymes but can self-convert if given enough time (twenty-five minutes in laboratory settings).




  Amber malt: This type of malt was commonly used by brewers from the late 1700s to mid-1800s, especially in making porters. It can be reproduced today by toasting pale malt in an oven, as described in chapter 22.




  Biscuit malt: A roasted malt, colored to about 25 °L, much lower than chocolate or brown malt. It provides a slightly burned, biscuitlike flavor and light brown color. It contains no enzymes.




  Black barley: Darker than roast barley, it has a sharp, acrid flavor that may be used in stouts. It contains no enzymes.




  Black malt (also called black patent malt, sometimes roasted malt): Malted barley that has been kilned at a high temperature. It may be found in small quantities in styles such as Scotch ales and in larger quantities in porters. In quantity, it contributes a dry, burned bitterness with an ashlike character. Many brewers use it for coloring the beer, as it imparts little color to the head. It contains no enzymes.




  Brown malt: A roasted product that is lighter than chocolate malt, rarely produced by maltsters today. Used in bitter and mild ales, sweet stouts, and London porters, it contributes a light, biscuitlike dry flavor. It contains no enzymes. It can be reproduced by toasting pale malt in an oven, as described in chapter 23.




  Brumalt: See Honey malt.




  Chocolate malt: Malted barley that has been kilned at a high temperature to a rich brown color. Flavors are sometimes described as sharp and acrid, while others find it imparts a nutty, toasted quality in both aroma and flavor. It is often found in porters and some stouts, brown ales, and dunkels. It contains no enzymes.




  Crystal/Caramel/Carastan: These names are used interchangeably for products made in the same general way, although some maltsters use different terms for color values. The terms CaraVienna and CaraMunich can be used to describe different colors of crystal malts. The lightest malt made by the crystal process is CaraPils, which may also be called dextrin malt or light carastan. (See also Dextrin malt.)




  Typically, crystal malts have color ratings between 20 and 120 °L, in 10° units. The flavor imparted depends upon the maltster and, to some degree, the color level. The flavors imparted to the beer may include caramel, toffee, nutty, and/or biscuitlike. These malts also contribute body and mouthfeel. Because of the broad range of colors and flavors offered, these malts appear in many styles of ales and lagers. They contain no enzymes.




  

    Figure 4.1


    Barley-based Brewing Ingredients
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  Dextrin malt (also called CaraPils, sometimes light carastan): This light-colored (about 10 °L) crystal malt product contributes mostly body, with little flavor or color impact, and may be used in light beers, such as Pilseners. Generally, the kernel is very hard and glassy. It contains no enzymes.




  Flaked barley: This is an adjunct that can be added directly to the mash tun. Flaked barley imparts a grainy flavor and assists in head formation and retention. It is used in bitters and, in higher proportions, in milds and stouts.1




  Honey malt: A light-colored (18 to 20 °L) European malt with an intense maltiness.




  Mild malt: A lightly toasted malt with enough diastatic power to serve as the base malt. It is used predominantly in mild ales and has a slight nutty flavor.




  Munich malt: This is a pale malt that is kilned at temperatures just above those used for pale malt to provide body and rich maltiness. Often described as sweet and mellow, this malt lacks the flavors associated with crystal malts. The color may be gold to reddish amber. It lacks the enzymes of pale or Pilsener malt but has adequate diastatic activity to convert its own starch during mashing. In Vienna, Märzen, Oktoberfest, and some bock formulations, it may account for most of the grist. Small amounts may be used to add malt character to other styles as well.




  Peat malt: Like rauch malt, this is a smoked malt, but the smoke comes from a peat fire. It may be used in interpretations of Scottish-style ales. It should contain adequate enzymes for self-conversion, although it is usually used in combination with base malt.




  Rauch malt: A relatively pale malt that has been smoked over a wood fire. It provides the characteristic smoked flavor of Bamburg-style rauchbier and other specialty smoked products. Smokiness may vary from batch to batch, depending on the amount of time that has passed since manufacture.




  Roast barley: This is unmalted barley that has been roasted to near-black at a high temperature. It gives a definite coffeelike roast flavor when used in quantity, primarily in stouts. It can also impart a dry bitterness. As a coloring agent, it will produce a brown head as well as a very dark beer when used in quantity. It is sometimes used in very small quantities in Pilseners and some red beers to provide color adjustment. It contains no enzymes.




  Special Roast: Described by the maltster as “double malted,” this product gives a dark orange color and a biscuitlike flavor. It may be used as a flavor malt in a variety of styles.




  Torrified barley: Unmalted barley that has been heated until it pops. Similar in flavor to flaked barley, but drier. Favored by commercial brewers as an aid to lautering, it also adds body.2




  Victory malt: Described by the maltster as “double processed” providing increased color and a toasted flavor sometimes described as “warm.” It may be used in pale ales at 5 to 15 percent of the mash.




  Vienna malt: Produced in the same way as Munich malt with similar applications. It is lighter in color than Munich malt, which gives it a gold to orange effect. It contains adequate enzymes for conversion of its own starch.




  Additional Brewing Grains




  Wheat malt: Although the color rating of wheat, at 2.5 to 3.5 °L, equals that of base malts, it contributes less color to the finished beer, perhaps because is has no husk. This lack of husk contributes some challenges in mashing and lautering, where runoffs may become slow or stuck.




  Wheat malt accounts for the majority of the grist in German wheat beers, including Berliner weisse, Bavarian weizen, dunkel weizen, and weizenbock. Because it improves head formation and retention, it is often added in small quantities (1 to 5 percent) to a wide variety of styles. Unmalted wheat is a major component in Belgian-style white (wit) beers and is traditionally used in lambics. Its flavor is a sort of malty spiciness, especially under the influence of weizen yeasts.




  Oats: Contribute creaminess and oiliness. High oil and fat content cause a problem whenever oats are processed in any quantity, and they make malting nearly impossible. Often used in Belgian-style white (wit) beer, where it makes up 10 to 11 percent of the grist. In oatmeal stout, it accounts for about 22 percent of grist.3 Some brewers use malted (and unmalted) oats to help counteract the harshness brought on by hard water.4 Unmalted oats tend to produce a haze.




  Rye: Malted, flaked, and torrified rye products are available. Light in color (2 to 4 °L), rye helps to create a creamy head and an oiliness that can become extreme when used in high quantities. It lends a dryness to any recipe and, when used in quantity, has an aroma and flavor reminiscent of ripe apples or calvados, an apple brandy. Some describe it as spicy. High in beta glucans and pectins, as are wheat and oats, it can cause problems in mashing and lautering when used in quantities greater than 20 or 30 percent of the total grist.




  Sorghum: Has a high tannin (polyphenol) content. It tends to create cloudy beers, so much so, in fact, that sorghum beer (indigenous to southern Africa) is known as “opaque beer.” The beers made with this grain are most often described as “sour” but that may be due more to the action of lactic acid bacteria than to the flavors contributed by the grain.5 In recent years, large commercial producers in Africa have managed to make crystal-clear light lagers from this grain.6




  Rice: Doesn’t contribute much flavor, if any, although it can contribute to dryness and thereby accentuate the flavor of the hops. It mostly contributes additional sugars for conversion into alcohol and is more neutral than corn. It is used in American- and Japanese-style lagers, with the most often-cited example being Budweiser. The use of both rice and corn in these beers was adopted, in part, to help dilute the high protein levels of six-row American lager malt.




  Wild rice: Contributes a sweet, nutty flavor.7 Expense prohibits its use in significant quantities.




  Corn: Reported to give a mellow, corny flavor to beers,8 especially those with delicate flavor profiles, but, like rice, it contributes mostly to increased alcohol production. This grain is degerminated before processing to remove the oily embryo. Flakes do not require boiling before addition to the mash. It is used in some English bitters and pale ales and some American-style lagers.




  

    Table 4.1


    Chemical Composition of Brewing Grains




    

      

      

      

      

      

      



      

        	

          Grain


        



        	

          Cellulose (fiber)


        



        	

          Starch & Carbohydrates


        



        	

          Lipids & Fats


        



        	

          Protein


        



        	

          Other


        

      




      

        	

          Barley


        



        	

          5.7


        



        	

          71.0


        



        	

          2.5


        



        	

          11.8


        



        	

          7.1


        

      




      

        	

          Wheat


        



        	

          2.9


        



        	

          76.0


        



        	

          2.0


        



        	

          14.5


        



        	

          5.0


        

      




      

        	

          Rye


        



        	

          2.4


        



        	

          74.0


        



        	

          2.0


        



        	

          13.5


        



        	

          8.2


        

      




      

        	

          Oats


        



        	

          12.4


        



        	

          61.0


        



        	

          6.1


        



        	

          13.4


        



        	

          5.9


        

      




      

        	

          Maize (corn)


        



        	

          2.0


        



        	

          69.2


        



        	

          3.9


        



        	

          8.7


        



        	

          1.2


        

      




      

        	

          Rice


        



        	

          2.3


        



        	

          81.0


        



        	

          0.5


        



        	

          9.0


        



        	

          0.4


        

      




      

        	

          Sorghum


        



        	

          2.3


        



        	

          70.7


        



        	

          3.0


        



        	

          10.9


        



        	

          2.1


        

      


    




    Source: J. S. Hough, D. E. Briggs, R. Stevens, T W Young, Malting and Brewing Science, vol. 1, 2d ed, (London: Chapman and Hall, 1982), 225.


  




  Special Fermentables




  If you are adding fermentables other than malt, you must consider how you will use them and how they will be expressed in the finished beer. Many special items, such as fruit, honey, and molasses, can be added to beer. You can get a lot of good information on how these ingredients behave in beer by talking to other homebrewers. Another good source is Zymurgy, which has had a couple of special issues dealing with nonstandard ingredients (Summer 1992 has information on adding fruit; Special Issue 1994 has information on adding other ingredients). To get you started, the remainder of this chapter provides an overview of the issues that relate to brewing with special fermentables.




  Sugars and Syrups




  Yeast ferments sugar to produce alcohol and CO2. Therefore, it would seem that any sugar would make a perfectly fine addition to beer. But sugar is not one chemical compound, but many different compounds. In addition, many common sources of sugar include not only the sugar, but some portion of nonfermentable compounds as well. Let’s look at the things you should consider when using these sources of fermentable material.




  Sugar Chemistry




  In its simplest form, a sugar is a ringed structure made up of carbon, oxygen, and hydrogen molecules. Common brewing sugars are hexoses, so named because their rings have six members — five carbons and one oxygen. A sixth carbon is attached to the side of the ring at one corner. The simplest sugars consist of a single hexose ring and are called monosaccharides. These include glucose, fructose, galactose, and mannose. The configuration of the oxygen and hydrogen atoms attached to each carbon, as well as other slight structural variations, determine the identity of each of these simple sugar molecules.




  When two monosaccharides join together, they form a two-ringed sugar known as a disaccharide. The monosaccharides involved and their configuration determine the character of these sugars. The three disaccharide rides commonly found in food are sucrose, maltose, and lactose. Sucrose is a combination of glucose and fructose, maltose is a combination of two glucose molecules, and lactose is a combination of glucose and galactose. The first two, sucrose and maltose, are fermentable by yeast; lactose is not.




  Finally, there are trisaccharides — strings of three monosaccharides joined together. The primary molecule of interest here is maltotriose, which consists of three joined glucose molecules. Maltotriose is fully fermentable by all beer yeast, whereas the trisaccharides melitose (also known as raffinose and melitriose) can only be fully fermented by lager yeast.




  When monosaccharides are joined into rings of four or more sugars, the resulting molecules are called dextrins. These are not fermentable by beer yeast.




  While yeast can ferment a wide variety of sugars, the production of beer with a typical “beer” flavor requires a certain balance of these various sugars. Typically, maltose is the most prevalent sugar in wort, accounting for about 40 percent of the total carbohydrates.




  Only three other mono- or disaccharides are found in wort in significant quantities — glucose, fructose, and sucrose. Together they usually account for less than 15 percent of the total carbohydrates in wort. If their proportions increase dramatically, the yeast’s ability to process maltose may be lost or diminished. When this happens, the wort will not be fully fermented, and a variety of problems will ensue.




  Thus, when adding processed sugars of any kind, do so in moderation. Remember that the old Prohibition recipe that called for a lot of table sugar gave a very cidery product. If you add too much processed sugar to any beer, this same flavor will be a part of your finished product.




  Flavor Components




  When looking at alternative sources of fermentable material, remember that the fermentable sugars give you no direct flavor impact. After all, they are fermented into alcohol and CO2. (The cidery flavor that comes from adding too much sugar is the result of yeast function and does not come from the sugar itself.)




  The sources of flavor contributed by sugars and syrups come from the unfermented components. These may include unfermentable sugars, such as lactose, and substances other than sugars that come from the raw material.




  Most of the available sugars have little in the way of flavor components. They have been processed and refined so that they contain little except for fermentable sugar. Examples include:




  

    

    

    



    

      	

        Table sugar


      



      	

        [image: rightarrow]


      



      	

        Sucrose


      

    




    

      	

        Corn sugar
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        Glucose


      

    




    

      	

        Candi sugar
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        Sucrose


      

    




    

      	

        Invert sugar
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        Glucose and fructose


      

    




    

      	

        Corn syrup
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        Glucose


      

    


  




  In general, these sugars should be avoided or restricted as they add little, if anything, to the character of the beer. If used, they should be limited to no more than 10 percent of the total fermentable material in the recipe.




  In order to get some real flavor from a sugar or syrup, it must contain some portion of impurities. The impurities from beet sugar are not desirable, so typically the attractive flavors in processed sugar come from sugar cane. Honey may be another source of flavorful impurities. Alternately, flavor may be created as the result of the heating used to concentrate a sugar solution, for instance when maple syrup is produced.




  

    Table 4.2


    Honey Varieties




    

      

      

      



      

        	

          Mild and Aromatic


        



        	

          Stronger Flavored
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          Buckwheat


        



        	

          Eucalyptus
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          Heather


        



        	

           


        

      




      

        	

          Orange blossom


        



        	

           


        



        	

           


        

      




      

        	

          Sage


        



        	

           


        



        	

           


        

      




      

        	

          Mixed wildflower


        



        	

           


        



        	

           


        

      


    


  




  Brewing Sugars




  Here is a list of potentially flavorful sugars that can be used in brewing. Most should be used sparingly until you become familiar with the character they impart in the beer. All contain fermentable mono- or disaccharides, which can disrupt fermentation if used in excess. In addition, some are strongly flavored and can easily overwhelm the character of the beer. Again, I suggest no more than 10 percent of the fermentables come from a sugar source.




  Brown sugar: Consists of sucrose crystals covered with molasses.9 The molasses itself provides the flavor, and the darker it gets, the more flavorful it will be.




  Caramel: Caramel is formed when sugar is heated to very high temperatures (400/204 °F/ °C). It can provide both flavor and color. You might experiment with the candy type sold in stores, but who knows what they contain. Alternately, you can make up some of your own from corn syrup or table sugar.10




  Honey: Honey is naturally a highly concentrated form of sugar, and it includes a number of impurities that can contribute a distinct flavor and aroma to a beer. Because of its flavor components, it can be used for almost any portion of the fermentables in a beer (although at a certain point you are making mead rather than beer). It requires special handling for best results. (See sidebar, Brewing with Honey.)




  Lactose: Known as milk sugar, this substance is not fermentable by brewing yeasts and therefore will remain in the finished beer to provide some residual sweetness. Traditionally, lactose is used in the production of sweet stouts, and thereby dubbed milk stout.




  Maple syrup: The sap that runs from maple trees contains only about 2 percent solids (mostly sugar), and therefore must be concentrated before use. This is done by boiling off water to bring the concentration of solids up to about 66 percent. As you can imagine, this requires quite a bit of boiling, and in the process, a portion of the sugars are caramelized. Caramelization provides much of the characteristic flavor of maple syrup.




  The sugar in maple syrup is mostly sucrose. In addition, most commercial products are a blend of one part maple syrup plus four to six parts corn syrup.11 Since corn syrup is mostly glucose, it offers little in the way of flavor components. Instead, try getting some raw or unblended maple syrup that has not been diluted in this manner.




  Molasses: When raw sugar cane is processed into sugar, molasses is the residue. This contains the impurities from the sugar cane that are not wanted in refined sugar. As a result, it also contains the most flavor of all the available sugars and syrups. Three grades can be found — light, medium, and blackstrap. The lighter grades are more highly fermentable (90 percent) with fewer flavor components, while the blackstrap grades will be less fermentable (50 to 60 percent) with a much higher flavor impact.12 One cup in 5 gallons gives a discernible flavor.




  Palm sugar: A dark, highly flavored product derived from the sap of palm trees.13 Its flavors and impact on beer are unknown, but if you check out some Asian specialty stores, you might be able to find some to experiment with.




  Raw sugar: Raw sugar is reported to be 97 percent sucrose,14 so it should be highly fermentable and contain little in the way of flavor-producing impurities. If you want to experiment, look for the darkest stuff you can find.




  Treacle (also known as British molasses): There are various colors and grades, as with molasses.




  Turbinado sugar: A form of raw cane sugar sometimes found in the United States. See comments on raw sugar for additional information.




  Fruit: In addition to the many fermentable ingredients discussed in this chapter, fruit is sometimes used in making beer (quantities and methods are discussed in chapter 19).




  

    Sidebar: Brewing with Honey




    Honey has become a popular brewing adjunct in recent years, with even the bigger breweries getting into the act. Still, there is a lot of room for experimentation by home and craft brewers.




    Honey consists of about 95 percent fermentable sugars, including glucose, fructose, sucrose, and maltose.15 When compared to an equal amount of malt, a honey addition will reduce the body of the beer you are making and increase the alcohol content. Also, honey does not contain the essential nitrogen nutrients needed by yeast. Thus, if you experience sluggish fermentation, you should think about adding yeast nutrients.




    The National Honey Board says that adding between 3 and 11 percent will provide a “very subtle honey character to a standard pale ale or lager.” Levels up to 30 percent “should be distinctly noticeable, and stronger hop flavors, caramelized or roasted malts, spices, or other adjuncts should be carefully considered when formulating recipes.” The board considers any beverage that derives more than 30 percent of its fermentable materials from honey to be a beverage other than beer.




    As for honey varieties, most are fairly mild and can be used in the proportions described in the previous paragraph without further caution. Stronger honeys, such as buckwheat and heather, may require some adjustments for an equivalent flavor impact. Finally, eucalyptus honey should be avoided, as even in small proportions it is said to impart a distinct medicinal bitterness.




    Unlike most other sugar sources, honey contains many living organisms. It contains yeast and bacteria and also diastatic enzymes. At the same time, the flavors and aromas of honey are delicate and easily driven off by boiling. These two facts create a dilemma in the use of honey. On the one hand, you don’t want to add honey to your beer without sanitizing it and deactivating the enzymes; on the other hand, why add it at all if you are going to drive off the flavors by boiling?




    The National Honey Board recommends the following process:




    

      	Dilute your honey to the gravity of your wort with water.




      	Conduct a hold for two and one-half hours at 176 °F (80 °C) under a CO2 blanket.




      	Add this preparation directly to the fermenting beer at high kraeusen.


    




    While this exact procedure may be a bit impractical in some settings, you can see the type of compromise you are faced with when handling honey. You may decide just to boil it in your wort for a few minutes as that will probably do the trick, even though you will lose some flavor components. Whatever you do, don't add unpasteurized honey directly to your cool wort — you will have problems if you do.




    For further information, call the National Honey Board in San Francisco (800-356-5941) and ask for their publication about using honey in beer. It includes additional information and several recipes.
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  The malt bill is the heart of any beer. It plays a key role in a number of characteristics of the finished beer, including flavor, color, body, and alcohol content. When finished, the malt bill should list the identity and weight of all fermentable materials used in the beer.




  When preparing the malt bill, keep in mind the flavor attributes desired in the beer. Decide in advance the approximate portion of the total grist to be provided by each ingredient. For instance, in an authentic Bavarian weizen, wheat makes up about two-thirds, or 67 percent, of the total malt bill; a pale or Pilsener malt makes up the remaining one-third.




  Once you have decided on the proportions, you’ll need to know the total amount of malt needed to make the quantity of beer you desire. This is where some basic calculations are useful.




  First Things First




  To determine the total amount of malt (or other fermentable materials) needed for a recipe, you need to know four things.




  1. Target gravity: A given value for the particular style or beer that you are trying to achieve. For a weizen, for instance, the target range is 1.048 to 1.056. (12 to 14 °P).




  2. Finished volume of beer to be produced: Determined by your brewing system, as represented by the finished volume of beer you intend to produce; for example, if you are making 5 gallons, you may have 5.5 gallons in the kettle at the end of the boil.




  3. Fermentable ingredients and their approximate proportions: Create a list of malts and other fermentable materials you will use in the recipe. Then, decide approximately what portion of the total extract or gravity should come from each ingredient. Both the selection of ingredients and their proportions depend upon the style being brewed or the specific ingredients you have decided to work with. (Part two examines these issues for a number of beer styles.) For the weizen example, the two ingredients will be wheat malt and pale malt; the proportions will be 67 and 33 percent.




  4. Efficiency of extraction for the ingredients that you use: This figure may be 100 percent in special cases, but it usually runs in the 60 to 80 percent range. The special cases where efficiency equals 100 percent are those where nongrain fermentable materials are added directly to the boil kettle or fermenter and are not subjected to the mashing process. Malt extract is an example of this, honey is another. When making your calculations, it’s important to remember this difference in utilization. Otherwise, you will wind up with a much higher gravity than you expected.




  Determining mash efficiency can be challenging. Ideally, it is based on past brewing experience with your system; but, for a number of reasons, you may not have established an extract efficiency value for your system. (See sidebar, on page 33.)




  If you are just starting out or if you have never calculated this number, don’t worry. Most home and craft brewers usually get between 65 and 80 percent efficiency from their mash and lauter procedures. For your initial calculations, it’s best to start low, at 68 percent or even 65 percent. If you get better yield than this, you can adjust the gravity of your brew later in the brewing process. For our weizen example, we will assume an efficiency of 68 percent.




  Also, extract efficiency will vary from batch to batch, even on the same system. Changes in recipe or in the basic raw materials themselves can cause these differences. (chapter 6 discusses how to correct for variations in your extraction efficiency during the brewing process.)




  Determining the Grain Bill




  Once you have established your parameters, it’s time to crunch some numbers. Using three easy steps, you can calculate the total amount of extract needed for the batch, the amount that should come from each source, and the actual amount of each type of grain needed in the recipe. But first, you need to understand the concept of gravity units, or GUs.




  Most calculations in this book that involve beer gravity use GUs, which are simply the nonzero digits to the right of the decimal place in a specific gravity (SG) reading. Mathematically, you can convert an SG reading to GUs by subtracting 1 and multiplying by 1,000 as shown in the following equation:




  GU = (SG - 1) × 1,000




  Thus, 1.050 equals 50 GUs; 1.038 equals 38, and 1.105 equals 105. Pretty simple stuff, I hope you’ll agree. The equation simply shows you the math; I don’t expect you’ll need it, unless you are writing a computer program to do your calculations for you.




  If you work in degrees Balling or Plato, you can substitute either reading at any time with the GU measure. Also, barrels can be substituted for gallons, as long as you do it consistently.




  Now let’s look at the three steps of calculating your bill of fermentable materials.




  1.    Determine the total amount of extract needed for the batch. This is equal to the final volume of beer multiplied by the gravity. For our weizen example, we’ll shoot for a final gravity of 1.052, or 52 GUs. This is then multiplied by the 5.5-gallon volume. Thus




  52 × 5.5 = 286 GU of total gravity




  This total gravity tells you how much extract you need to get from all of the fermentable ingredients used in this brew. In addition, this number will serve as a means for monitoring and hitting the target gravity of the beer during the brewing process.




  2.    Calculate the amount of extract that should come from each fermentable source. Previously, you decided the proportions of each malt you will use in the recipe. Now that you know the total extract you need, it is a simple matter to multiply that total by the relative proportions of each ingredient. This will tell you the extract required from each ingredient. Thus




  Ingredient gravity = Ingredient (% of total grist) × Total gravity




  For example wheat malt:




  0.67 × 286 = 191 GU of ingredient gravity




  And for pale malt:




  0.33 × 286 = 95 GU of ingredient gravity




  3. Calculate the number of pounds of each ingredient needed. To determine this, divide the ingredient gravity (GU) by the amount of extract that can be gotten from each pound of malt. Thus




  

    

    



    

      	

        Lbs. needed =


      



      	

        Ingredient gravity


        Gravity per lb. malt


      

    


  




  Gravity per pound of malt is, in turn, the product of two factors: (1) mash efficiency, as discussed previously, and (2) a number that represents the ideal, or maximum extract, that might be derived from the particular grain in question. This maximum extract is driven by the accessible starch content of the grain as a percentage of total grain weight.1




  Figures for the maximum extract available from specific malts can be read from a table of common extract values (table 5.1). This table gives the expected extract for each type of malt in specific gravity per pound, per gallon. If all of the extract derived from mashing 1 pound of grain were contained in 1 gallon of water, it would have an OG in the range given.




  Since the values in table 5.1 represent the maximum extract potential of each grain, they must be adjusted to reflect the extract that you are likely to get during your brewing process. This is where the mash efficiency number comes in. Simply multiply the value from table 5.1 by the mash efficiency to get the effective gravity you can expect from each type of malt.




  Let’s go through this process for the weizen recipe. We know the ingredient gravity is 191, calculated with




  Ingredient gravity = Ingredient (% of total grist) × Total gravity




  Next, determine gravity per pound of malt by multiplying the potential extract value (from table 5.1) by your expected mash efficiency (as a decimal)




  Gravity per lb. of malt = (Value from table 6) × Mash efficiency




  For example, the table 5.1 value for malted wheat is 1.037 to 1.040; use 1.038, or 38 after converting it to GUs. Mash efficiency (calculated previously) was 68 percent. Putting it all together, divide the ingredient gravity (as calculated in step 2) by the product of potential extract (from table 5.1) and expected mash efficiency (expressed as a decimal). Thus




  191 ÷ (38 × 0.68) = 7.39




  or (more simply)




  191 ÷ 38 ÷ 0.68 = 7.39




  So, for this recipe, you need 7⅓ pounds of wheat malt!




  To determine how much pale malt you will need, use the same equation. Thus




  95 ÷ 36 ÷ 0.68 = 3.88




  We have successfully calculated the complete malt bill for a weizen beer recipe.




  Because I had to explain a lot of things along the way, it probably seemed complicated. In reality, it’s quite simple and wonderfully quick. Once you go through it once or twice, you’ll find you can do it without even looking at the book.




  A Second Example




  Let’s run through one more example. This time, with a honey wheat recipe. The fermentables will include wheat (20 percent), two-row malt (60 percent), and honey (20 percent). Since volumes and efficiencies don’t change much from batch to batch, we’ll use the same assumptions given before: 5.5 gallons and 68 percent efficiency. The target gravity will be a bit lower: 1.044, or 44 GU. Ready to calculate?




  

    	

      Total gravity



      5.5 gal. × 44 = 242 GU


    




    	

      Proportion amounts



      Wheat: 242 × 0.20 = 48.4 GU


      Honey: 242 × 0.20 = 48.4 GU


      Two-row: 242 × 0.60 = 145 GU


    




    	

      Pounds needed



      Wheat: 48.4 ÷ 38 ÷ 0.68 = 1.87


      Honey: 48.4 ÷ 33 ÷ 1.00 = 1.46


      Two-row: 145 ÷ 36 ÷ 0.68 = 5.92


    


  




  Now wasn’t that quick? I even added a third item to the bill of fermentables, and it still went fast.




  Did you notice what happened with the honey? Even though both the wheat and the honey make up 20 percent of the extract, you wind up with different weights for the two ingredients. The difference is extraction. The wheat gets mashed and the honey doesn’t. As a result, I use an extract efficiency of 100 percent, or 1.00, when doing the calculations for honey. This also would be true for malt extract and other items listed in the third section of table 5.2.




  

    Table 5.1


    Extract Potential of Fermentable Materials




    Specifications for a series of common craft-brewing malts, extracts, and adjuncts. They are sorted into two types of materials: (1) those that must be mashed or extracted, and (2) those that can be directly added to the boiling kettle.




    

      

      



      

        	

          Mash Ingredients


        



        	

          Extract Potential


        

      




      

        	

          Standard Ingredients


        



        	

          1 lb. in 1 gallon


        

      




      

        	

          Chocolate/black/roast


        



        	

          1.025-1.030


        

      




      

        	

          Crystal and Cara malts


        



        	

          1.033-1.035 (darker = lower extract)


        

      




      

        	

          Munich/Vienna/mild/biscuit


        



        	

          1.035-1.036


        

      




      

        	

          Pale or Pilsener malt


        



        	

          1.035-1.037


        

      




      

        	

          Other Ingredients


        



        	

           


        

      




      

        	

          Corn


        



        	

          1.037-1.039


        

      




      

        	

          Oats


        



        	

          1.033


        

      




      

        	

          Rye malt


        



        	

          1.029


        

      




      

        	

          Wheat (malted)


        



        	

          1.037-1.040


        

      




      

        	

          Wheat/rye (unmalted raw or flakes)


        



        	

          1.036


        

      




      

        	

          Boil Kettle Fermentables*


        



        	

           


        

      




      

        	

          Cane sugar


        



        	

          1.046


        

      




      

        	

          Corn sugar


        



        	

          1.037


        

      




      

        	

          Dry extract


        



        	

          1.045


        

      




      

        	

          Honey


        



        	

          1.030-1.035


        

      




      

        	

          Liquid extract


        



        	

          1.037-1.039


        

      




      

        	

          Maple syrup


        



        	

          1.030


        

      




      

        	

          Molasses


        



        	

          1.036


        

      


    




    * Add directly to kettle, efficiency factor = 1.00.


  




  Accuracy in Potential Extract




  You may notice that the numbers given in table 5.1 show a range for each type of malt. This is the result of natural variation in the available supplies of malted barley and other fermentable ingredients. In larger commercial settings, the number for potential extract would be determined by a laboratory mash on the actual lot of malt being used. Maltsters perform this analysis on every lot and supply the information to breweries and large distributors who buy their products. (If you have access to this information [usually reported as a percentage], appendix 2 shows how to precisely determine the specific gravity of your potential extract.)




  The ranges given in table 5.1 provide the highest level of accuracy you will be able to achieve without the laboratory analysis figures. This is important to remember because you can find other published sources that give more precise extract figures associated with specific types of malt (e.g., Belgian Pilsener malt quoted at 1.037). Such figures are a bit misleading. They do not indicate the batch-to-batch or year-to-year variation found even in products that come from a single maltster. (See table 5.1 for some examples.)




  The ranges given in table 5.1 should constantly remind you that the actual potential extract of the malt you are working with may fall anywhere within that range.




  Continuing the Process




  This chapter has presented the process for calculating the bill of fermentable materials before you brew. These calculations help you hit your brewing targets by providing a prebrew review of what you want to happen. However, as in life, the best-laid plans often go awry.




  For a variety of reasons, you can expect the actual brew to turn out a bit differently than you had planned. I have already discussed the range of potential extract seen in malts between suppliers and between years, so you know that the calculations might be off by a percent or two. In addition, the value used for extract efficiency may turn out to be different from what actually is encountered.




  For all these reasons, your efforts to manage the brewing process cannot end with the completion of the brewing calculations. In the next chapter, I discuss how some simple steps during the brewing process can help you follow through on your calculations and achieve your brewing goals.




  

    Table 5.2


    Variation in the Potential Extract of Brewing Malts




    

      

        	

           


        



        	

          Coarse, as is, Extracts*


        



        	

          Wort Gravity (GU), 1 lb./gal.


        

      




      

        	

          Grain


        



        	

          1990 (%)


        



        	

          1994 (%)


        



        	

          1990 (%)


        



        	

          1994 (%)


        

      




      

        	

          European pale ale


        



        	

          76.2


        



        	

          78.6


        



        	

          35.2


        



        	

          36.3


        

      




      

        	

          European Pilsener


        



        	

          75.4


        



        	

          78.1


        



        	

          34.8


        



        	

          36.0


        

      




      

        	

          U.S. two-row


        



        	

          79.6


        



        	

          77.2


        



        	

          36.8


        



        	

          35.6


        

      


    




    Note: GU = (specific gravity -1) × 1000




    * See appendix 2 for a detailed discussion of this measure.


  




  

    Sidebar Calculating Mash Efficiency




    The efficiency of your mash is equal to the total gravity you actually get in your wort, divided by the potential gravity available from your grains. This can be expressed as




    

      

        	

          Efficiency =


        



        	

          Total gravity of wort


          Total potential gravity of grains


        

      


    




    From here, it is simply a matter of determining the two total gravity numbers so that you can complete the calculation. For simplicity, both measures can be expressed as gravity units (GU).




    Total gravity of the wort is equal to GU multiplied by volume. This may be determined any time after mash runoff is completed and before any other fermentable materials, such as extract, honey, and so on, have been added to the wort. Obviously, the accuracy of this figure will depend on the accuracy of your specific gravity and volume readings, so you should determine these values at a time when you can read both items most accurately. (See table 6.1 in chapter 6 for temperature correction of SG.)




    To determine the total gravity of the grain, you basically reverse the third calculation involved in determining the grain bill. The two important differences are: (1) completely exclude any nonmashed materials, and (2) eliminate the efficiency factor.




    Let’s look at how these calculations would work for a pale ale using 8 pounds of pale ale malt and K pound of crystal malt.




    After the mash, the brewer collected 6 gallons of wort at 1.036 SG. This gives a total gravity of wort of 216: 1.036 = 36 GU; 36 GU × 6 gal. = 216.




    The total potential gravity of the grains is equal to the sum of the total potential gravity for each grain, which is equal to the weight in pounds multiplied by potential extract. For the pale ale recipe:




    

      

        	

          Pale ale malt:


        



        	

          8 lbs. x 36 GU =


        



        	

          288 GU


        

      




      

        	

          Crystal malt:


        



        	

          0.5 lb. x 32 GU =


        



        	

          16 GU


        

      




      

        	

          Total:


        



        	

           


        



        	

          304 GU


        

      


    




    Now, using the original equation




    

      

        	

          Efficiency =


        



        	

          Total gravity of wort


          Total potential gravity of grains


        

      


    




    Efficiency is then




    216 ÷ 304 = 0.71 (71%) efficiency


  




  [image: Chapter 6: Hitting Target Gravity]




  Hitting the gravity you plan for your brew is important because it will affect your happiness with the beer you produce. The OG affects the amount of alcohol in the beer and also influences your perception of the balance between its maltiness and bitterness. If you decide to make a 1.045 beer with 35 IBUs of bitterness but the beer only winds up with an OG of 1.035, you will have made a very different beer from the one you set out to create.




  I have found that target gravity can be hit to within 0.005 SG easily and to within 0.002 SG without much difficulty when the techniques outlined in this chapter are used. They rely on measurements and adjustments during the course of brewing — generally in the time after the mash and before the addition of the first hops. Let’s look at how to measure gravity during the brewing process and also at how to take some corrective steps, if necessary.




  Assessing Gravity During Brewing




  The calculations in the last chapter show what the expected gravity of your recipe should be when the brewing is completed. But don’t wait until the end of the brewing process to find out if you really hit it or not, for you may be considerably off the mark and suddenly facing several problems that might not be easily rectified.




  To avoid this, evaluate the total gravity during the brewing process and use it as a guide in adjusting the wort to the exact gravity you want. Remember that total gravity is the product of wort volume multiplied by its measured gravity in gravity units. As an equation, it is stated thus:




  Total gravity = GU × Volumegallons




  An important characteristic of total gravity is that it doesn’t change as you boil or dilute your wort. The only way to change the total gravity is to add fermentable materials such as malt extract, honey, or sugar to the wort. Knowing this, you can begin to get a handle on what the finished gravity of the beer will be long before the boil is finished and usually before it begins.




  To assess total gravity, measure both the gravity and volume of your beer or wort. Often you will need to do this with hot wort that is in a boiling pot or any container other than a fermenter.




  For measuring gravity, a hydrometer will be perfectly suitable. If you don’t have one, it’s time to invest the ten bucks. And in order to pinpoint OG, a thermometer will help you correct the specific gravity of hot wort samples.




  You can assess the specific gravity of hot wort at temperatures up to boiling, but it is usually preferable to draw a sample and measure it at a lower temperature. Glass hydrometers dropped into boiling wort can break, and plastic hydrometer tubes may soften or even melt in such heat.




  Stir the wort well before sampling (the runoff tends to stratify, with the first, heaviest fluid at the bottom and later, lighter fluid at the top). Unless it is an unusual one, your hydrometer tube will hold about 6 ounces of fluid; so draw about a cup of wort from the sample vessel.




  If the sample is boiling, let it cool in the measuring cup — you can even pop it in the freezer for a few minutes if you desire. Wort running out of a lauter tun will usually have cooled to no more than 150 °F (66 °C) by the time you sample it, so you needn’t worry about cooling it first.




  If your thermometer will fit down the side of the hydrometer tube while you take a specific gravity reading, you can read temperature and gravity at the same time. If you have a large thermometer, take a temperature reading in the hydrometer tube before you insert the hydrometer to check the specific gravity. After you read the specific gravity, put the thermometer in the hydrometer tube again for a second temperature check. The average of these two values will be the temperature you should use in adjusting the specific gravity.




  Table 6.1 provides gravity correction factors for temperatures up to boiling in 10-degree (F) increments. Choose the temperature closest to your temperature readings and add the corresponding figure to the SG reading to get the actual SG of the wort. For example:




  First temperature reading: 128 °F (53 °C)




  Gravity reading: 1.042




  Second temperature reading: 126 °F (52 °C)




  From these data, you can estimate that the actual temperature during the hydrometer reading was about 127 °F (53 °C) — or about one-third of the way between 130 °F (54 °C) and 120 °F (49 °C). Add the adjustment factor for 130 °F (54 °C) to get 1.042 + 0.013 = 1.055 corrected specific gravity. Alternatively, reduce the correction factor by 0.001 to reflect the temperature reading at 127 °F (53 °C).




  Measuring volume is easy if your brewing vessels are calibrated. Most people don’t buy calibrated pots, but if you’re in the market for a big pot anyway, some restaurant pots are calibrated on the inside by quarts or gallons to make this kind of measurement easy. But you will need to calibrate your equipment in some way. This involves pouring measured amounts of water into each of your brewing pots and sparge collection vessels to quantify them in gallons. If you mark them on the inside, the marks will wash away in your first brew. Better to mark on the outside. On plastic vessels this is easy to do, because you can see the liquid level.




  

    Table 6.1


    Gravity Correction Chart




    

      

      

      

      

      

      



      

        	

          Temp °F


        



        	

          (°C)


        



        	

          Add SG


        



        	

          Temp, °F


        



        	

          (°C)


        



        	

          Add SG


        

      




      

        	

          80


        



        	

          (27)


        



        	

          0.002


        



        	

          140


        



        	

          (60)


        



        	

          0.016


        

      




      

        	

          90


        



        	

          (32)


        



        	

          0.004


        



        	

          150


        



        	

          (66)


        



        	

          0.018


        

      




      

        	

          100


        



        	

          (38)


        



        	

          0.006


        



        	

          160


        



        	

          (71)


        



        	

          0.022


        

      




      

        	

          110


        



        	

          (43)


        



        	

          0.008


        



        	

          170


        



        	

          (77)


        



        	

          0.025


        

      




      

        	

          120


        



        	

          (49)


        



        	

          0.010


        



        	

          190


        



        	

          (88)


        



        	

          0.033


        

      




      

        	

          130


        



        	

          (54)


        



        	

          0.013


        



        	

          212


        



        	

          (100)


        



        	

          0.040


        

      


    




    Note: Specific gravity is based on the density of a liquid at 60 °F. When gravity is read at warmer temperatures a correction factor must be added to the value you read on the hydrometer.


  




  For measuring and marking metal pots, use a wooden-spoon handle for help. Pour the amount of water you want to measure into the pot. Lower the handle of the spoon until it barely touches the water. With your thumb, mark the spot on the handle that is level with the rim of the pot. Now move the handle to the outside of the pot, keeping your thumb in place and lining it up with the outside rim. Mark the pot, perhaps by etching it in some way, at the point or end of the spoon handle, which will correspond to the water level inside the pot. You’ll need to repeat this process for each measurement level you want to record.




  To avoid marking your pots altogether, use a calibrated stick, spoon, or rod that either hangs from the top edge of the pot or can be set against the bottom of the pot when you need to take a measurement. Mark various volumes on this instrument and use it in the way automobile oil dipsticks are used.




  One final issue is the expansion and contraction of wort at various temperatures. Water of a given weight occupies 4 percent more volume at boiling point than at 60 °F (16 °C). Thus, if your method of measurement allows you the precision to account for this, you may want to do so. In practice, however, few systems can account for this effect accurately.




  Using Total Gravity Values




  To see how you might use total gravity values, let’s use an all-grain example. At the end of your mash, you run off sweet wort that will go into the boil pot. For an all-grain brew, the volume of runoff will be greater than your expected finished volume. During the boil, water evaporates, and the total gravity of the wort is concentrated into a smaller volume of water. By knowing the volume and gravity of the starting wort and the expected final volume of the boil, you can tell what the gravity of the wort will be at the end of the boil. Thus:




  Total gravity(beg. of boil) — Total gravity(end of boil)




  Because this is true, you can also say that




  GU(beg.) × Volume(beg.) — GU(end) × Volume(end)




  This restates total gravity in terms of the factors that determine it. If you now divide both sides of this equation by volume (end), you get an equation for estimating the final gravity of the brew. Thus




  

    

    



    

      	

        GU(beg.) x Volume(beg.)


        Volume(end)


      



      	

        = GU(end)


      

    


  




  Say you have 8 gallons of runoff from the mash. The specific gravity of this wort is 1.038. You plan to boil long enough to yield 5.5 gallons of finished beer. Because the total gravity will not change during the boil, you can calculate the finishing gravity of the boil:




  (38 GU × 8 gallons) ÷ 5.5 gallons — 55.3 GU




  This calculation tells you that this wort will have a gravity of 1.055 when boiled down to 5.5 gallons.




  In this example, I have set the terms “beginning” and “end” according to a specific brewing process that starts with excess volume and reduces it during the boil. In practice, other definitions of beginning and end can be used to suit your own brewing practices. For example, you may have a boiling pot that is big enough to contain only 4 gallons of wort. At the end of the boil you chill the wort, add it to the fermenter, and then top off the fermenter with water to achieve a final volume of 5 gallons. In this case, “beginning” would be the volume and gravity of the wort in your boil pot, and “end” would be the volume and gravity of the liquid in your fermenter.




  If you begin your boil with 4 gallons of wort with a specific gravity of 1.060, what will the specific gravity of the wort be once it is added to the fermenter and diluted to 5 gallons? Use the same equation:




  [GU(beg) × Volume(beg)] * Volume(end) = GU(end)




  but define “beginning” as the conditions in the boil pot and “end” as those in the fermenter. Thus




  [60 × 4] ÷ 5 = 48 GU or 1.048




  Hitting Target Gravity




  Once you have assessed the total gravity of your wort, you can determine whether the original gravity at the volume you intended to make is what you planned. If it is not, you can then make adjustments to hit that gravity.




  To adjust the original gravity of your finished beer, you can take three or maybe four courses of action.




  If the gravity is lower than your target, you can: (1) boil longer to produce a smaller volume of finished beer that has the gravity you want, or (2) add sufficient malt extract to bring the gravity up to the expected value.




  If the gravity is higher than your target, you can: (1) produce a larger volume of beer so that the finished beer has the gravity you desire, or (2) remove a portion of the wort from the boil pot and use it for another purpose, such as for yeast starters or a separate small batch of beer.




  When working on gravity adjustment, it is easiest to think in terms of total gravity. Say you are brewing 6 gallons of bock beer for which you want an OG of 1.068. Multiplying that (6 × 68), you find that you need a total gravity of 408 GU.




  If you perform a mash that gives you a total gravity of 355 GU, you are 53 GU short of where you need to be. If you want to adjust with extract, you’ll need to know how much extract it will take to reach your target gravity.




  To find the weight of extract needed, divide the difference between your target gravity and the actual total gravity by the extract/pound value for the type of extract you will use. Thus




  

    

    



    

      	

        Extract(lbs.) =


      



      	

        [(Target GU x Target vol.) – (GU x Vol.) from mash]


        (Extract/lb./gal. value)


      

    


  




  or more simply:




  

    

    



    

      	

        Extract(lbs.) =


      



      	

        (Total GravityTarget – Total Gravityfrom mash)


        (Extract/lb. value)


      

    


  




  Generally, the extract potential for dry extract is 45 GU per pound, and for liquid extract it is about 38 GU per pound (see table 5.1 in chapter 5). If you want to calculate the amount of dry extract needed to bring your 6-gallon batch of bock to the desired gravity, follow this formula:




  

    

    



    

      	

        Extract(lbs.)


      



      	

        = (408 GU - 355 GU) ÷ 45 GU/lb.


      

    




    

      	

         


      



      	

        = 53 GU ÷ 45 GU/lb.


      

    




    

      	

         


      



      	

        = 1.2 lbs.


      

    


  




  For liquid malt extract, simply divide 53 GU by 38 GU per pound to get 1.4 pounds.




  Use the same calculation to determine the right amount of extract to add when you use specialty grains or a minimash but rely on extract for the bulk of the fermentable material.




  To determine what volume of beer you would have if you boiled the mash proceeds to a gravity of 1.068, simply divide the total gravity of the mash runoff by the desired gravity units, in this case 68. Thus




  355 ÷ 68 = 5.22 gal.




  If you are willing to give up ¾ gallon of finished product, you can still hit your target gravity. The full equation for this would be:




  Volumefinal = (GU × Vol.)from mash ÷ Target GU




  If you have too much gravity (lucky you!), use this same equation to find out how much more beer you’ll need to make to hit your target gravity. Thus, if you did a small mash and supplemented it with three cans of malt extract, you might find that the total gravity of the wort in the boil pot is 470. Divide that by 68 to find that you can make 6.9 gallons of wort with an OG of 1.068.




  Additional Thoughts on Working with Gravity




  I hope the detailed equations provided after the examples are becoming superfluous by now. In order for you to use these concepts to your advantage, they need to become intuitive so that you can quickly determine what is going on with your brew and adjust it accordingly.




  Basically, you are working with just two terms: specific gravity (as expressed in gravity units) and volume. Multiply them and you get total gravity. Because total gravity doesn’t change during the boil, you can predict the gravity you will have at the end of the boil by assuming the final volume, or vice versa.




  Let’s look at two more examples, one for extract brewing and one for all-grain brewing. Both start simply and become more complicated.




  Extract Example




  Let’s say you plan a beer with a starting gravity of 1.042. Following a minimash of 3 pounds of grain, you have 2 gallons of runoff at 1.034. This equals a total gravity of 68 GU, and your final target for 5.5 gallons of finished wort is 231 GU (5.5 gallons × 42 GU). Thus, you need 231 GU - 68 GU, or 163 GU, from the extract.




  If you are using liquid extract, find the number of pounds you need by dividing 163 GU by 38 GU per pound to get 4.2 pounds. The liquid extract you have is in 3-pound containers, and you don’t want to leave a partially used container sitting around. So, you decide you’ll use dry extract, and you calculate that it would require 163 GU ÷ 45 GU per pound, or 3.6 pounds. But you only have 2.5 pounds of dry extract on hand. Now you have two problems: You don’t want to use part of a can of liquid extract, and you don’t have enough dry extract to do the job.




  Finally, you hit upon the solution: You’ll add one can of syrup and then just enough dry extract to hit the desired gravity. This sounds like a great idea, but first you need to determine how much dry extract to add. You can do this using a tally method:




  

    

    



    

      	

        Target total gravity: 231 GU


      



      	

        231 GU


      

    




    

      	

        Less minimash: 68 GU


      



      	

        - 68 GU


      

    




    

      	

        Still need: 163 GU


      



      	

        163 GU


      

    


  




  Then the next step is




  

    

    



    

      	

        GUs needed:


      



      	

        163 GU


      

    




    

      	

        Less 1 can extract:(3 lbs. × 38 GU/lb.)
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