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			There’s no shortage of scientific (or pseudoscientific) discussion about alcohol in our world. Pick up any bar guide or talk to any barfly, and eventually a theory of solution chemistry or human ethanol metabolism will be trotted out for your benefit. Sometimes these claims are even true—though it can be hard to tell which ones. Consider:

			“You should never add water to whiskey.” (False.)

			“Carbonated mixers get you drunker.” (True.)

			“A hangover is a dehydrated brain.” (Partially.) (Sometimes.) (A hangover is a lot of things.)

			The maddening thing is, all the information you could want about drinking is out there. Scientists and industry professionals have done the research, but it’s hard to know where to look to get the answers—particularly if you have a lot of questions.

			I know this from experience. Drinking has a remarkable ability to stimulate my academic interest (along with conversation and the desire to drink more). I’ve been geeking out about cocktail recipes and booze history since college; it was only a matter of time before I started looking into the science.

			Off and on, at odd hours over the course of several years, I tried to dig up information on alcohol “facts” I’d never heard substantiated. Most of the time I was researching things that supposedly affect how drunk you get—carbonation, heat, the gold flakes in Goldschläger, and so on. It surprised me that there was no one-stop shop where I could get my questions answered.

			That was the kernel that germinated into this book. It took a couple of years and a fortuitous conversation with a dear friend before “Somebody should write a book about that” finally turned into “I should write a book about that”—and so Distilled Knowledge was born. If it saves even one person a few hours of frustrated Googling, I’ll be happy.

			What Is This Book?

			Distilled Knowledge is a compendium of basic scientific information that pertains to alcohol at all stages—from first fermentation to the last dregs of your hangover. I hope to answer common questions, put disputes to rest, and perhaps prompt some of you to further research on your own.

			What Isn’t This Book?

			Oh, so many things. It isn’t a work of original scientific scholarship. I am not a scientist; I come at this topic from the other side—I’m a barfly, like you. What you’re holding is my best understanding of the science that’s already out there. If you’re obsessive enough, you can find all this information yourself, by digging through library stacks and scouring the Internet—believe me, I know. I wrote this book so you won’t have to do all that.

			It isn’t a cocktail book or a guide to bar techniques. There are no recipes in these pages (not even as Easter eggs for those of you who assume I’m being facetious—you know who you are). If you’re looking for recipes presented with a scientific flair, I recommend Dave Arnold’s Liquid Intelligence or Kevin Liu’s Craft Cocktails at Home.

			It also isn’t the only book in the world that looks at alcohol from a scientific perspective. If you’d like to read more on the topic but don’t want to dive directly into the technical literature, Adam Rogers’s Proof is an excellent next move. If you’re one of those people who enjoys eating as well as drinking, Harold McGee’s magisterial On Food and Cooking is an invaluable reference to the whats and hows of both.

			How Do I Use This Book?

			Distilled Knowledge is structured so that it can be read straight through or consulted as a reference text. Each chapter is divided into sections that address particular topics. Where necessary, they’re cross-referenced with other sections or the Appendix for further reading—just follow the martini glasses.[image: cocktail.jpg] Bottoms up!

			I’ve tried to include at least a quick-and-dirty version of whatever background explanation you may need in each section. That way, if you’re jumping around, you won’t have to go back and read prior sections to understand what you’re looking at; and if you’re going straight through, you’ll know which of the things you’ve already learned will be specifically relevant to what you’re reading. You’ll also find a handy list of references in the back of this book, as well as footnotes that point you toward specific studies I mention.

			Who Should Read This Book?

			Everyone, naturally! My goal is for people at all levels of expertise to find something to appreciate. But Distilled Knowledge will probably be most helpful to the curious amateur, the person who knows just enough about science or alcohol to know that there’s much more to learn.

		

	
		
			Introduction

			Everything You Need to Know about Alcohol, in about Twelve Hundred Words

			If you’re reading this book, you’ve probably had an adult beverage or two in your lifetime. Maybe you’ve even taken the time to read the labels on your bottles or to chat with your bartender. In other words, there’s a pretty good chance you know the basics of what alcohol is, how it’s made, and so on. If you feel confident in your background knowledge, feel free to skip ahead to chapter 1.[image: cocktail.jpg]

			If, however, you want to brush up on the fundamentals before moving on, this introduction should get you up to speed.

			What Is Alcohol?

			Chemically, an alcohol is an organic molecule that has a hydroxyl group (an oxygen atom connected to a hydrogen atom) attached to a saturated carbon atom:

			[image: ]

			Methanol: The simplest alcohol.

			(You can forget that definition right away if you like—we’re not going to bother with it again.) In organic chemistry, you can tell which kind of chemical something is by its suffix; alcohols have names that end in -ol.

			When we talk about alcohol in our daily lives, we’re pretty much always referring to ethanol, a structurally simple alcohol that makes us feel nice when we drink it:

			[image: ]

			Ethanol: The second-simplest alcohol.

			Ethanol mixes with water in any proportion—and since you’re mostly water, it spreads throughout your entire body pretty quickly. Ethanol does some funny things to your body and your mind along the way, and it’s particularly mischievous in its dealings with your central nervous system. You know this as “getting drunk.”

			Ethanol is naturally produced by a variety of microorganisms, most of which are yeasts. These microorganisms consume sugars and they produce, among other things, both ethanol and carbon dioxide. This process is one example of the broader suite of microbial activities that we call fermentation. Leavened bread, vinegar, and many other nonalcoholic products are made by different kinds of fermentation, but let’s leave those aside for now.

			Alcoholic beverages made by fermentation include wine (made from grapes), beer (made from cereal grains, especially barley), cider (made from apples), sake (made from rice), and mead (made from honey). Anything that contains sugar can be fermented under the right circumstances—carrots, milk, palm tree sap, you name it.

			Humans have been taking advantage of fermentation for thousands of years. More recently, people figured out that they could separate the liquids in a fermented mixture by boiling and recondensing them, resulting in a finished product with a higher concentration of alcohol. This process is called distillation. The tool we use for distilling is a still.

			Alcoholic beverages made by distillation are often referred to as hard liquors, a category that includes brandy (made from grapes), whiskey (made from cereal grains), rum (made from sugarcane and its derivatives), and tequila (made from blue agave—which is not, as some people seem to think, a cactus). Vodka and gin (generally, but not necessarily, made from grains) also fall under this heading.

			Ethanol usually makes up between 5 and 15 percent of the volume of a fermented drink. This measurement is commonly expressed as alcohol by volume, or ABV. It means exactly the same thing either way—about 14 percent of the liquid in a 14 percent ABV bottle of wine is ethanol.

			Another measurement of ethanol content in alcoholic beverages is proof. It’s usually used to describe distilled spirits, and is represented by the degree symbol (°). The simplest way to remember what proof means is to think of it as twice the ABV of a given spirit. A vodka that is 40 percent alcohol by volume would be 80 proof, which might be written on the bottle as 80°. That’s a standard proof for distilled spirits, though hard liquors are often bottled as low as 70° or as high as 120°, and there’s a whole class of rums bottled at 151° specifically.

			Hard liquor comes in bottles of various sizes; two of the most common are the fifth and the handle.

			A fifth is a 750-milliliter (mL) bottle. Spirits used to be sold in bottles that held one-fifth of a gallon; these were sensibly, if unimaginatively, called fifths. A 750 mL bottle holds just slightly less than one-fifth of a gallon, so the name stuck even as the measurements changed. A standard wine bottle holds the same volume, but it’s usually referred to as a bottle rather than a fifth.

			A handle is a 1.75-liter (L) bottle. Bottles this size are often, but not always, designed with a handle to make them easier to carry—which is how we get the name.

			There are other categories of alcoholic beverages we haven’t yet mentioned. Port, sherry, and vermouth are fortified wines, or wines to which a distilled spirit has been added.

			Liqueurs are distilled spirits to which sugar and flavorings (usually fruit or spices) have been added. This is a very broad category. It contains purpose-made liqueurs, as varied as Chartreuse, triple sec, and Irish cream, as well as flavored versions of familiar spirits, like Plymouth’s sloe gin or Patrón’s tequila-based Citrónge. In the United States, if something is labeled as a cordial, schnapps, flavored brandy, cream liqueur, or crème liqueur (crème de menthe, crème de cacao, etc.), chances are it belongs in this group.

			Bitters are a class of drink that is made by adding highly aromatic herbs and spices to distilled spirits (or, very occasionally, to glycerin). They tend to be quite bitter. Potable bitters, such as Campari, are consumed either mixed or on their own, while nonpotable bitters, like Angostura and Peychaud’s, are used a few drops at a time to add flavor to other drinks. Bitters is both singular and plural.

			Then of course there are cocktails, which are combinations of the various liquids I’ve mentioned thus far with fruits, herbs, syrups, nonalcoholic beverages, and each other. Cocktails usually have a hard liquor as their primary ingredient (often called the base spirit), as is the case with the whiskey in an Old Fashioned or the gin in a Martini. A cocktail is a single-serving drink; a similar beverage made in much larger quantities would be a punch.

			Finally, a note on terminology: spirits and liquor have slightly fluid meanings. Most of the time, they specifically imply hard liquor; but they can also be used to refer to the whole universe of alcoholic beverages. To spare us all the trouble of endlessly repeating the phrase, “beer, wine, and spirits,” which is also not comprehensive, I’ll use these terms in their more inclusive sense from time to time throughout the book. The meaning should always be clear from the context.

			If you would like a more detailed taxonomy of spirits, and don’t mind getting it from an erudite curmudgeon whose brand recommendations are half a century old, I suggest you pick up a copy of David Embury’s The Fine Art of Mixing Drinks—a classic in the field of cocktail literature. David Wondrich’s Imbibe! also includes an excellent rundown, and I highly recommend it if you’re looking for something a bit more contemporary.

			Congratulations! You should now be ready to take on what the rest of this book throws at you. But if you do find yourself feeling lost or confused at any point, you can always turn to the glossary or the appendix[image: cocktail.jpg][image: cocktail.jpg] for further clarification.

			Now, pour yourself a nice cold drink (or top off the one you already have), and enjoy Distilled Knowledge!
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			What Is Fermentation?

			Strange as it may seem, given how common fermentation is and its importance in human history, we have no precise, universally agreed upon definition of what fermentation is. Scientific, commercial, and common-parlance definitions don’t overlap perfectly; our working definition here will be a bit of a compromise among the three.

			Fermentation, of course, isn’t limited to the production of alcohol—if it were we’d have to exclude vinegar from the category of fermented goods. But regardless of the final product, fermentation definitely does require the action of a microorganism, such as a yeast or bacterium. It often takes place in the absence of oxygen, although the most common strains of yeast used in ethanol production will happily keep fermenting in an oxygen-rich environment.

			What do all types of fermentation have in common? They’re all the result of microorganisms breaking down chemicals, from large molecules to simpler ones, in order to provide energy for themselves.

			In other words, fermentation is essentially a digestive process. The main ingredient in these reactions is always some kind of organic molecule—often a sugar or a starch, sometimes an alcohol—that is reduced to smaller components to release energy. The end results of fermentation are generally acids, alcohols, or gases.

			The yeasts and bacteria responsible for providing us with alcohol have no knowledge of the brewing process and limited interest in it. From their perspective, the chemicals we consider desirable, such as ethanol and acetic acid, are either waste by-products or defensive secretions meant to make the local environment hostile to every organism but them. In other words, for yeasts and bacteria it’s a fight for survival—which, though microscopic, is playing out constantly in all corners of the world, yielding all the fascinating flavors of fermentation and, of course, the alcohol itself.

			Yeast Fermentation

			Ethanol can be produced synthetically from petroleum products, but the overwhelming majority of ethanol in the world (including every drop you drink) is still made by microorganisms and mostly by yeast.

			Yeasts are single-celled fungi. There are hundreds of species of yeasts, and they’re absolutely everywhere. Some juices will ferment naturally if you just leave them out; palm sap, for instance, becomes palm wine within hours of harvesting due to the actions of airborne yeasts.

			Yeasts used in the commercial production of alcohol are most often carefully cultivated strains with known characteristics. They are almost invariably members of the genus Saccharomyces and often varieties of the species cerevisiae.

			
				Countertop Fermentation
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			In a low- or no-oxygen environment these yeasts will ferment glucose (C6H12O6) into carbon dioxide (CO2) and ethanol (CH3CH2OH), releasing energy that the yeasts can then use. The chemical formula for this process is:

			C6H12O6 [image: ] 2 CH3CH2OH + 2 CO2

			These yeasts are also capable of a related process called respiration, which turns glucose into water and carbon dioxide. This also provides the yeast with energy, but requires oxygen to work, as we can see in this formula:

			C6H12O6 + 6 O2 [image: ] 6 H2O + 6 CO2

			Respiration is more efficient at generating energy than fermentation is, but several Saccharomyces species prefer fermentation even when oxygen is available, because the resulting ethanol slows the growth of other competing organisms. S. cerevisiae is particularly well suited to living with a slight buzz and will tend to outlast other species of ethanol-tolerant yeast.

			Yeasts get energy from fermentation, but like all living things they have other biological processes and need various nutrients to survive. This is a very good thing for the brewer, vintner, or spirits producer, because those other processes are what produce fermentation’s flavors.

			Think of rum, made from a source as close to pure glucose as any in the world. How do some rums end up with banana flavors? It’s not quite as simple as “The yeast made them!” But what you’re tasting (isoamyl acetate, chemically speaking) is in there only because of the biological needs and processes of the particular microbes working on the juice.

			Stopping Yeast Fermentation

			Fermentation will end naturally if the yeast runs out of sugar or other essential nutrients, or produces enough ethanol to make the mixture toxic to itself (around 14 to 18 percent by volume, depending on the strain). It’s sometimes desirable to cut the process short sooner, usually to retain some unfermented sugars or to control which yeast-produced flavors are in the final product.

			One of the easiest ways to put the brakes on fermentation is to adjust the temperature of the mixture. Depending on the desired product and the strain of yeast, the ideal fermenting temperature may be anywhere from fifty to eighty degrees Fahrenheit.

			While yeasts will continue to work under hotter conditions than they prefer, the particular flavors they produce may change, and these variations are usually undesirable. S. cerevisiae can still grow in conditions above one hundred degrees Fahrenheit—the species is very heat-tolerant as well as very ethanol-tolerant—but temperatures well below boiling are still hot enough to kill it.

			Chilling, on the other hand, can slow or stop fermentation without reaching a temperature that kills the microorganisms. S. cerevisiae can even survive being frozen.

			The difficulty from the brewer’s perspective is that chilled yeasts are only dormant, and an increase in temperature can reactivate them. If you want to stop the fermentation permanently, you’ll need to incorporate some kind of filtration process or keep your beer just above freezing forever.[image: cocktail.jpg]

			Most fun of all is arresting by fortification, or adding distilled liquor before the fermentation finishes. This stops the process while some of the sugars have yet to be fermented, and is the reason that port wine, which is fortified with a neutral spirit made from grapes, is both stronger and sweeter than an ordinary wine.

			Other Fermenting Agents

			Ethanol is primarily a yeast derivative, and S. cerevisiae is a particularly prominent yeast species, but we’ve by no means exhausted the list of organisms involved in fermentation.

			To begin with, Saccharomyces refers to an entire genus of yeasts that, in addition to S. cerevisiae, contains several other species that are important in fermentation. S. florentinus is involved in naturally fermenting ginger beer. S. pastorianus is commonly used in brewing lager beer. S. bayanus, with its naturally high alcohol tolerance, is a favorite in the production of stronger wines and ciders.

			
				Fermentation Flavor Wheel
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			Expanding our view, we encounter genera of wild yeasts like Kloeckera and Brettanomyces. Both are involved in the production of Belgian lambic beers, and Kloeckera can be desirable in wild-fermented wine. Brettanomyces bruxellensis, which produces aromas reminiscent of a barnyard, is either important to the character of certain European red wines or a scourge that must be wiped off the face of the earth, depending on which vintner you ask.

			Then there are the bacteria. Zymomonas mobilis, for instance, shares with yeasts the ability to turn glucose into ethanol and carbon dioxide. Along with S. cerevisiae, it is involved in the production of pulque, the fermented agave sap that is to tequila what wine is to brandy. In the making of palm wine, Zymomonas mobilis is actually a more effective agent of fermentation than yeasts.

			Some bacteria, including members of the genera Lactobacillus and Oenococcus, are known for producing lactic acid by fermentation. They’re involved in the production of everything from yogurt to sake to sauerkraut. The species Oenococcus oeni is important in wine production, in which it is responsible for turning malic acid into the less-sour lactic acid. It also contributes diacetyl, the organic compound that gives Chardonnay its distinctive buttery flavor.

			But the king of bacterial fermenters would have to be Acetobacter, known and named for producing acetic acid, the distinctive ingredient in vinegar. Species of Acetobacter are present in most alcoholic fermentations, for the very good reason that Acetobacter can survive in and metabolize ethanol. Ethanol is, in fact, what these bacteria process to make acetic acid, which is why you can make cider and wine into vinegar over time. The word vinegar even derives from the Old French for “sour wine.”

			Malting and Starch Breakdown

			Yeast fermentation requires simple sugars, which are the raw materials that the yeast will turn into ethanol. If you’re making wines that isn’t a problem, because grapes contain sugars to begin with. Fruits are generally an easy starting point for fermentation because of their sugar content, as are honey and molasses.

			But some of the world’s favorite drinks are made from cereal grains, which are densely packed with long starch molecules and low on simple sugars. Corn, wheat, and rye all fall into this category, as does barley, which is the main ingredient in Scotch and Irish whiskey and a major component of many other whiskeys and many beers. So how do these starches go from grain to bottle?

			Here’s where we get a little lucky. First, keep in mind that sugars and starches are the same kind of molecule, carbohydrates. Sugars are simply shorter chains than starches are; turning one into the other just requires the right digestive enzyme.

			Second, note that a cereal grain is a seed. Under the right conditions, it wants to try to grow a new plant. And that plant can’t use complex carbohydrates for energy any better than the yeast can.

			To unlock the sugars, grains that will be used to make beer and whiskey are malted before being fermented. What this means is that the seeds are put in water and allowed to sprout. As the plant emerges from the seed, it produces enzymes that break down those starches into the sugars (a process called “saccharification”) it needs to grow. Barley’s high enzyme activity is the reason it’s so often used to make alcoholic beverages.

			Once the desired balance of sugar and starch is reached, the malted grains are kilned—that is, heated and dried. This process kills the sprouts, halts the saccharification of the starches, and adds a few flavors of its own by browning the sugars. The enzymes are still in there, though; if the malt is mixed with water and other grains, they’ll float around, converting starches into sugars. The resulting mixture is the “mash,” and the step of creating it (“mashing”) comes between malting and fermentation.

			If you’re drinking a commercially made beer or whiskey, you can be confident that the starches used to produce your beverage were broken down by malting before reaching your glass. But this isn’t the only way to saccharify a grain.

			In sake production, for instance, another microorganism, the koji mold, breaks down the starch in rice both before and during the yeast fermentation. And in the traditional way of preparing chicha, a South American drink made from fermented corn, the brewers chew the grains and contribute their salivary enzymes to the saccharification process. Unlike malting and koji, this method has proven difficult to industrialize.

			Hops

			Most fermented beverages are made from one thing—wine from grapes, hard cider from apples, sake from rice, and so on. Why, then, can’t we leave well enough alone with barley in beer? Why add hops?

			It’s important to recognize that hops haven’t always been part of beer. Their addition seems to have begun about twelve hundred years ago, and they didn’t become a staple until the seventeenth century. We’ve been drinking beer for thousands of years longer than that.

			However, throughout that whole history of beer drinking, people have been flavoring their fermented barley malt with something, be it honey, fruit, or spices. Medieval European beer was flavored with gruit, a mixture of cold-weather herbs that one might also find in gin. Sahti, beer’s distinctive Finnish cousin, is still flavored with juniper berries today.

			These various traditional ingredients have often been added because of medicinal properties they were believed to possess, but regardless of their efficacy they have always served to improve the drink’s taste. Fermented malt is like dried pasta: heavenly with the right complements but not great on its own.

			
				How Beer Is Made
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			Whether hopped beer tastes better than gruitbier is a matter of personal preference, but hops came to predominate because of their effectiveness as a preservative. Hops are a source of fairly potent antimicrobial chemicals that are easily extracted in ethanol. Two of them, humulone and lupulone, actually get their names from the hop plant, which is called Humulus lupulus in scientific parlance.

			That natural preservation translated into a significantly longer shelf life for the medievals’ beer, which didn’t have the benefit of modern pasteurization and bottling techniques. Since then hops have become a part of the tradition and canon of beer.

			We could absolutely make un-hopped beer today without fear of spoilage. A handful of producers have begun that very experiment, although they generally replace the hops with gruit or some other flavoring used in pre-hops recipes. After all, brewers have been flavoring their fermented barley for six thousand years. Why stop now?

			Carbonation and Bottle Fermentation

			Carbon dioxide gas gets into your glass or bottle in one of two ways. If you’ve read the section on yeast fermentation, this might seem strange.[image: cocktail.jpg] CO2 is a product of fermentation—shouldn’t that be an adequate source of carbon dioxide in your final beverage? Actually, the carbonation in your glass of bubbly isn’t even from the initial fermentation. What happened to it?

			In short, it escaped. Not in the jailbreak sense, either—the brewer almost certainly allowed it to.

			Fermentation produces a lot of gas, and, particularly for large operations, it’s often not practical to try to retain that CO2. Adding to the difficulty of preserving the original carbon dioxide gas is the fact that fermentation also produces a lot of heat, and gases don’t like to stay dissolved in hot liquids. Imagine heating a pot of ginger ale on your stove and trying to keep it from going flat—doesn’t sound so easy, does it?

			Another challenge is the pressure.
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Atits simplest, fermentation is yeast eating sugar and producing carbon dioxide and
ethanol as by-products. You can easily undertake fermentation at home. Leave a glass of
juice out for a few days, and you may even do it by accident!
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