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Dedication




Dedicated to Lyra and Finn, who wholeheartedly embraced sticky beans and fuzzy rice. And to all the children who dive into fermented foods with abandon because they understand instinctually that it is good food. The ­little humans and their parents of this time face tougher environmental challenges than our generation, who inherited a more polluted and played-out world than our parents. What we all worried about, you have to adapt to and hopefully begin to heal. The ­planet’s future rests on your continued brave food choices. We hope this book plays a small part in that work.
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Foreword




By David Zilber, coauthor of The Noma Guide to Fermentation




“Fermentation and civilization are inseparable.” These words, penned by the American poet John Ciardi, will stay with me forever.


I was 18 and still in high school when I first stepped into a professional kitchen, a forward-­thinking and inventive restaurant whose style was self-described as pan-Asian fusion (it was the early 2000s, after all). I found myself surrounded by unusual and unfamiliar ingredients — fermented tofu, shiro shoyu, hatcho miso, natto, nam pla, and rice wine vinegar, to name but a few. These products were far from the mash-up of Caribbean and Jewish food culture I’d known at home. I learned of whole new worlds of flavor and toured many aisles inside dubious downstairs grocery stores in Chinatown, shopping for strange jars whose labels I couldn’t read. It was a fascinating headfirst dive into the world of fermented food, and while I appreciated these ingredients for their novelty, functionally, I thought of them as just that: ingredients.


A decade later, after cooking my way through top restaurants, I landed at Noma and took yet another deep dive into the world of fermented food, but the approach this time was different. I had to leave my preconceptions at the door and relearn how to cook. At Noma, everything is considered . . . and then reconsidered. The very notion of edibility is challenged, and through that pursuit, new techniques and flavors are discovered and put to use. In the fermentation lab, ferments aren’t just a set of novel ingredients; they’re tools. Instead of using traditional fermented foods to remix recipes and create new and exciting dishes, as I had at the beginning of my career, I was remixing traditional fermentation techniques to create exciting ferments that would then be used to make even more progressive and exciting dishes. We do this to improve flavor, but other benefits are improved digestion and microbiotic health, and even a philosophically grander view of life. We are creating food on a deeper level than what has come before, and that deeper level can only happen through education and knowledge.


The Shockeys have put together a thorough and masterful work that builds on that same theme — that education and knowledge are essential. Though our daily lives are very different, in many ways, we work in parallel track. But if there’s one thing I know about fermenters and their world, it’s that they only ever want it to grow. They seek to share their microbial cultures, the bits and bobs, the know-how; and in doing so, they hope to enlarge the community of it all. While cooking might bring people together, fermentation weaves those people into a common tapestry. All life comes from life, all cells from cells, and all culture from culture. As the authors will explain, fermentation has persisted for so long because it has helped civilizations the world over to sustain themselves and thrive.


There’s beauty in the idea that you have to share ferments to make them. Because you have to share knowledge, too, to create it. And within these pages, you’ll find a wealth of it.




	


Preface




Food is a tool for exchange of culture.


David Zilber




We each grew up with the standard Western plate — meat, starch, and side of veggies. It varied for Kirsten when her family lived in Southeast Asia and the time her mom ventured off to hummus sandwiches before anyone else had heard of hummus, but those were fleeting. Christopher would eat a total of three vegetables when he met Kirsten, and one of those was iceberg lettuce, but only if it was drenched in blue cheese dressing. The other two — corn on the cob and potatoes — were closer to starches than vegetables, Kirsten argued. When we were in college, the one meal Christopher cooked was a Frito taco casserole; Kirsten made a lot of stroganoff or other meals that softened cheap round steak, but really, we ate mostly quesadillas.


Then a couple about five years older than us (old in our 20-year-old eyes) moved in next door. They were vegetarians. We started experimenting with our core meals, and honestly, we had no place to go but up. Our budget was limited, and at first, saving money by not buying meat — combined with enjoying more interesting flavors — was fun. Okay, we also enjoyed watching people squirm when we told them that the chocolate pie in their mouth was really tofu (it was the 1980s and tofu was still unconventional). As we went deeper into our vegetarian diet, we loved that we were eating better food that also had a smaller ecological footprint.


We don’t remember when we transitioned from having a few vegetarian meals a week to being subscribers to Vegetarian Times, nor do we remember whether this shift was a gradual progression or a lofty declaration. We wore our vegetarian identity like young adults rebelling from the life they were raised with. Sometimes that made traveling difficult. Kirsten, who’d been raised as the daughter of an anthropologist (which meant accepting all food that is offered, for food is the host’s greatest gift of self), felt conflicted: what was more important, self-­imposed ideals or building relationships through meals? As Christopher worked worldwide in developing rural areas, he too was faced with this collision of culture. When he was invited to a meal where the household had fried their one piece of bologna for him, he ate it with gratitude. We began to see that most of the world does not have the luxury of grinding up 10 pounds of carrots to drink. Food, and protein especially, must be eaten as it is available. These thoughts were cracks in our armor but by no means the end of our journey toward high-­quality, ecologically sustainable food.




Ten years and four children later, pregnancy and nursing had depleted Kirsten; most notably, she was anemic. Wheat and soy took the edge off Kirsten’s constant hunger, but they made her feel chronically achy and fatigued; she was gluten intolerant and suspected a soy intolerance as well. Because Kirsten needed protein, we added meat back into our diet. It was at this time that we moved to our homestead, where we could ethically and sustainably raise our own dairy and meat animals. Living as stewards of the land, our understanding of what was sustainable and ecological became more complex and nuanced (like our understanding of fermentation). We found that we could feed a family of six over the course of two years with the gift of life from one steer. We grew fruit and vegetables, milked cows and goats, made jam and cheese and cider, and began to ferment vegetables.


In deference to Kirsten’s situation, we avoided soy at our table, except for naturally fermented soy sauce and the occasional miso or tempeh meal (fermented soy did not seem to have any negative effects for her). And then life had a beautiful (cosmically comical) way of making us grow: Storey Publishing asked us to write a book on fermenting legumes and grains — including soybeans. Our first thought was that we — who generally avoid soy — were not the people to write this, and then we realized that maybe our own relationship with soy was perfect.


A few things have happened while we wrote this book — we turned 50, our last child moved away, we ate more soy (fermented) than we had in the last 20 years, and we started growing rows and rows of heirloom beans. And we feel great. Our focus on good food and fermentation — even with a boost in our soy consumption — is treating us well. (We both took blood tests and microbiome samples, because you can now, and found no evidence of sensitivities or worrisome factors.)


We share our food story to show that it is a progression — a continuing fluid journey of trying to navigate feeling good and doing the best we can do. We would be lying if we said we didn’t have moments of way too much dogma, but that rigidity has given way to an appreciation for balance. With this book, we hope to share a well-researched, unbiased perspective on fermented foods and how they can contribute to the health and wellness of both humans and the planet. We don’t advocate any one diet, and we understand how confusing food choices are at this time. We don’t want to add to the confusion but instead to help you understand, appreciate, and enjoy these superfoods just as much as we do.







Introduction




Food systems have the potential to nurture human health and support environmental sustainability; however, they are currently threatening both. Providing a growing global population with healthy diets from sustainable food systems is an immediate challenge.


The EAT-Lancet Commission on Food, Planet, and Health




We wrote this book to introduce you to foods, both ancient and ultramodern, that come from fermenting legumes and grains. Historically, grains are the most important food to humans, followed closely by legumes. These foods are inexpensive, easy to grow, and easy on the planet, and most of humanity still relies on them for the majority of their nutrition.


Here is the thing — when fermented, these humble ingredients are transformed, becoming more delicious and nutritionally charged. In fact, their benefits can go beyond basic nutrition to positive effects on our health in other ways, making them functional foods. The first step to appreciating what they have to offer is understanding how the microbes responsible for fermentation alter the foods right down to the molecules they are made of. Fermentation is all about breaking down the big molecules of proteins, starches, and fats. Why? Because as Harold McGee, author of On Food and Cooking, pointed out, big molecules don’t have much flavor, but the smaller ones do. We see this when we turn grain into bread or beer, when we make wine out of fruit juices, when we turn cabbage into sauerkraut, and when we transform soy beans into miso. It is really that simple — ­fermentation makes flavor.


In the pages ahead, you will get to know and appreciate foods produced by the fermentation of legumes and grains, like miso, tempeh, natto, amazake, koji, and more. There are many reasons to get to know these foods. For some it is that flavor we just talked about, for many it is about eating more sustainable foods, and for all of us it should be about health: fermentation makes food a whole lot better for us. Even if you come to these foods only because you’ve heard that they’re good for you, the flavors will surprise you; you will fall in love, and so will your gut — you may even begin to crave them.


We want to help you enjoy these foods regularly. Our hope is that you will be inspired to make or buy some miso, tempeh, natto, or amazake and get to know these foods. If you are lucky enough to have grown up with these fermented foods as part of your food heritage, we hope our recipes will provide a new twist to some of the standards and perhaps give you a reason to appreciate some long-forgotten flavors from your childhood. For everyone else, we hope you get curious about these foods and learn more. Pick a recipe that looks interesting and give it a try.
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You can generally buy traditional ferments like soy sauce, miso, and tempeh at the grocery store, and you’ll find recipes for using these foods to make delicious dishes in part III. For those of you who want to ferment these foods yourselves, we’ve got you covered. Whether you’re an experienced fermenter or this is your first foray into the field, this book will give you comprehensive step-by-step instructions and troubleshooting sections. We not only include traditional recipes but also invite you to choose your own adventure by taking the concepts and using nontraditional ingredients to create unique and modern flavors. In short, it’s time to play with your food.






It’s About the Planet


“Eat food. Not too much. Mostly plants.” With these words, food author Michael Pollan famously summed up his eating advice in his book In Defense of Food: An Eater’s Manifesto, published in 2008. The next year chef Dan Barber, one of the originators of the farm-to-table culinary movement, was anointed one of Time magazine’s 100 most influential people in the world. In the decade that followed, green smoothies, farm-to-table salads, and other trendy plant-based dishes featuring the superfood veggie du jour reigned supreme in the American food scene. In the middle of all this, however, Barber fired a shot over the revolution that he had championed by essentially exposing the mounting environmental costs to the planet of our A-list-vegetable desires. His radical solution? We all need to eat plants that are restorative to the farmer’s soil, so that our appetites are good for the farms and the environment.


If you have ever planted a row of greens and nursed them through summer’s heat, when all they really want to do is lie down under the scorching sun and die, you understand the intense labor required for growing many vegetables. To produce them again and again from the same land, farmers need to continually replenish their soil with nutrients because nearly all vegetables are takers — not givers — of nutrients from soil. When there was more land and time available, farmers could plant restorative nitrogen-fixing legumes in a field and give that field a year off from production. Today, when time and costs are paramount, feeding the soil is accomplished by bringing in fertilizers between each planting, and sometimes during the planting when fields are completely played out.


In 1967 there were 3.5 billion people on the planet. In 2018 there were well over 7.6 billion — that is, twice as many humans needing to be fed. During the same period, scientists estimate we lost one-third of our arable land to erosion or pollution. Much of the arable land in agricultural production today is being used to support the demands of our growing global meat consumption. Taken in composite, the need to feed rising populations with decreasing arable lands (which are increasingly used for animal production) is hardly sustainable.


There are things we can do. One of the best is to bring into our diets the economical, nutritious, soil-replenishing plants in the legume family. Like most plants, legumes pull nutrients from the soil as they grow, but they also pull nitrogen from the air and put it back into the soil, leaving it a bit more fertile for the next crop. They also contain high levels of vitamins, minerals, and protein. They are the nutritional workhorses of the plant world. In some cases, like with soybeans, they also have constituents that are not good for us when we digest them. However, the process of fermentation reduces or entirely removes these antinutrients and toxins while also unlocking the nutrients for us.




Sounds great, right? It is! But many of us did not grow up eating these foods. We don’t know how to make them, use them, or enjoy them. We don’t crave them. That can change. And we can make a big difference for ourselves and our planet beginning with that first bite.






How Does Blood Sugar Work?




When we eat food, our bodies convert it into sugar (glucose), which goes to our cells to provide them with energy. Ideally, the food-to-­energy coming in matches our body’s need for fuel, but that’s usually not the case. When we eat more food than we can use, producing more blood sugar than our cells need at that time, it gets stored for later use. The storage and the delivery to our cells are managed by the dynamic duo of our liver and pancreas. Our liver both stores and makes glucose. Our pancreas secretes the hormone insulin into our bloodstream, which helps ferry the sugars to the awaiting cells. The rate at which food is converted to glucose differs from food to food; some foods are quickly converted into glucose, spiking glucose levels in our blood, and others have a slower, more sustained rate of conversion.


Good fats, proteins, and fiber all help reduce the rate of glucose conversion. High-sugar and refined carbohydrate foods are quickly converted into sugar, demanding comparable high levels of insulin. High insulin levels over prolonged periods of time can cause our insulin to begin to lose its ability to convince our cells to accept the glucose. They become insulin resistant. Type 2 diabetes may result.







It’s About Culture


What foods do you crave? Why do you crave them and not something else, perhaps something healthier? One answer is that we learn to love the foods we are given from a young age. Think about it. From your first bites of solid food through your rebellious toddler food fights and on to grade-school lunches, it’s a journey that starts pretty much out of our control. The culture we were raised in, and the socialization we received from our families, told us what we should eat. Then we grow up and gain our freedom over this important decision we make multiple times a day. Or do we?


Leading science now suggests that our cravings come not from our heads but from our guts.1 More specifically, from the microbes that live in our guts. It turns out these bacteria have their own cravings and use our 100 million nerve cells between our digestive tract and our brain to place their orders, all while we — their hosts — think it’s us making that decision. Bacteria prefer to eat a wide range of foods, from the worst junk food to raw veggies not yet out of the ground.


Why do the bacteria in our gut matter? Because the food choices we make affect our gut, our health, and the health of our environment. If you have ever tried to change your diet only to revert back to your old habits in a few weeks or months, you know how daunting dietary changes can be. The good news is that if the science is true, our cravings mostly come from our gut microbes. Gut microbes crave all kinds of things, good and bad. If you want to change what you are eating, change your gut. How can you do this? One way is by bringing more fermented foods into your diet.




It’s About You


A number of major chronic diseases like obesity, type 2 diabetes, cardiovascular disease, and cancer share physiological aberrations and stressors — things like inflammation, oxidative stress, and alterations in the body’s metabolism. Fermented legumes and grains have high levels of several bioactive compounds that appear to combat these conditions. Their actions are multi­faceted and not easily reduced to simple if-you-eat-this-it-will-cure-that formulas. Our individual diets, microbiome composition, genes, and lifestyle choices all play a part as well. Still, there is mounting evidence from recent studies2 that the consumption of fermented legumes is a contributing factor in the reduction of obesity, reduced risk of cardiovascular disease, lower cholesterol levels, improved calcium uptake in postmenopausal women, and improved glucose control and reduced insulin resistance in prediabetic and diabetic populations.


Fermentation techniques have been around for as long as humans have had too much food to eat all at once and needed to preserve it for another day. For some cultures, the day’s diet is made up of barely 5 percent fermented foods, but for many cultures, as much as 40 percent of the daily diet comes from fermentation. That’s just shy of 1 pound of cheeses, breads, pickles, hot sauces, tempeh, charcuterie, miso, beer, wine, cider, sake, salads, soups, fermented legumes, curries, stews, and yes, even fermented desserts consumed every day by over 7 billion people on this planet.


As we’ve discussed, we find these foods tasty because microbes in us think the same thing and signal us to eat those foods. With probiotics and prebiotics, we can “cultivate” our gut microbial population to support healthy dietary preferences. Studies show that we can make measurable microbial changes in just 24 hours.3


The live microbes we ingest, whether in fermented foods or in a probiotic pill, go on one of three possible journeys within us. Some pass right through us, like tourists checking off sites as they pass by them while speeding down the highway. Some slow down, stop, and stick around in our digestive system for a while, like those tourists who actually want to experience a place. The last group tests our tourist metaphor a bit because they become food for the microbes in our gut — their tour ends when they are consumed. This last group is referred to as prebiotics — food for probiotic microbes in us. If we think of probiotics like the schoolkids in the Magic School Bus series, magically shrinking in order to adventure through our digestive system, then prebiotics would be the lunches they pack for themselves for the journey.




It’s About Flavor


It is an exciting time for food. The pendulum is swinging in favor of diverse flavors, small-batch production, local and wild sourcing, employing microbes and pairing ancient wisdom with science to unlock myriad tastes and techniques, and with them, nutrients. People all over the world are freely exchanging recipes and methods and layering on local traditions and ingredients to create entirely new foodways. (In this book, you will meet just a few of these pioneers.)


With this global exchange of information comes a new vernacular. What do we call these new foods? The dairy industry’s insistence that the term cheese be used only on dairy cheeses and not on dairy-free cheese like “cheezes” is a contentious but very real example of this struggle over what to call “new” food. We experienced a similar struggle when trying to name our own recipes in this book and our two previous books, Fermented Vegetables and Fiery Ferments. At some point it made no sense to call everything we made using traditional sauerkraut techniques (dry brining) a sauerkraut (soured cabbage). For a while we used the term kraut to describe these foods, but that wasn’t enough when we needed to describe the complex, rich, thick condiments that were fermented with a dry brine but in no way resembled a sauerkraut. The word ferments is taking the forefront now; it is perhaps way too broad and far from perfect, but it’s a generally accepted name for fermented foods in all forms. In this book, we were stumped several times. What, for instance, is a sauce that is flavorful and full of ­character but not a soy-based sauce? What is a tasty paste that is made like miso but is in no way traditional miso?






Core-Legume-Fringe




The concept of core-legume-fringe eating was developed by the late anthropologist Sidney Mintz. Mintz believed that the meals of people living in agrarian societies around the world were once basically the same, being constructed of three components: core carbohydrates, accompanying legumes, and fringe condiments to help them get through the blandness of the first two. The carbohydrates provided most of their calories and came from wheat, rice, corn, and millet — half the cast of chapter 3. The legumes provided the majority of their protein and fat and came from soybeans, chickpeas, lentils, black-eyed peas, and common beans — also in chapter 3. The fringe were powerful flavor-­enhancing condiments and sides. These tasty, small-but-robust sides were often fermented for higher nutrition, flavor, and preservation. In Asia, these included many of the legume-based ferments in this book: misos, soy sauces, tempeh, and natto.


Mintz went on to say that our diets become socially reinforced through habit; we come to expect our diet to always be the way it always was. When things around us change, our diets lag. We can be reluctant to try new foods to fill these core-legume-fringe categories. We hope to help change that pattern with this book.







While it may be hard to find the right names for these new ferments, one thing they all have in common is this: they are darn tasty. Deliciousness, of course, has driven humankind’s food choices since the beginning. We describe the taste sensation of savory deliciousness with the Japanese word umami. It is the concept of the fifth taste, or fifth flavor (the others being sweet, sour, bitter, and salty). It denotes savory — think of rich broths, mushrooms, sautéed onions, aged cheeses, and so on — and it fulfills our deep, primal desire for satisfying food.


There is so much we could say about the neurology of taste (and we encourage you to explore the many fascinating books and articles on the subject), but for this book the important piece is that proteins and amino acids are the primary source of umami. When we ferment legumes and grain proteins, we are breaking down these proteins and freeing the amino acids to release flavors. One amino acid in particular, called glutamic acid, is umami’s superpower. Along with taste receptors for sweet, sour, salty, and bitter, we have one for umami. It lights up when in the presence of glutamate, a salt formed from glutamic acid. When glutamic acid is bound up in a protein, we cannot detect it, so it has no flavor to us. To be tasted, it needs to be liberated from protein through a process like fermentation, which allows the acid to combine with other compounds that can be dissolved in our mouths and enjoyed as umami flavor. Enter the ferments in this book . . .




All of the ferments (in a very generic sense) have amazing, albeit very different, umami qualities. The toasted nuttiness of natto has big umami and very little in common with the velvety smooth, sweet, textural taste of white miso, which doesn’t offer the same sensory pleasures as its longer-aged cousin red miso. Tempeh, nukadoko-fermented pickles, and koji-aged meats all share umami, yet this descriptor, which only recently entered Western vocabulary, can fall short of adequately capturing the boldness, intensity, and savory quality of these dishes. Rich Shih of Our Cook Quest, a culinary education website, likes the term umptious to describe these flavors that leave a residual texture lingering on the tongue. Celebrity chef David Chang uses the word “Hozon,” but at this writing it hasn’t become the general term. In these pages, taking the lead from chef Jeremy Umansky, we are going to refer to foods built on the backbone of miso as “amino pastes” or our own moniker, “tasty pastes.”




It’s About the Journey


If there were an elephant in the room, er . . . book . . . it is that the recipes in this book are almost plant-based, but not entirely. We aren’t telling you not to eat meat, nor are we saying that you should eat meat; that is a personal decision. We think being plant-centered — that is, taking meat off the center and putting it on the side of the plate as a savory fringe — makes the most sense for us. A young man told us recently that he thought that opinions and judgments about people’s food choices were becoming just as polarizing as politics and race. We do not wish to contribute to this polarization. This book is not about judgment.


This book is about flavor, and about ways to eat a little healthier for you and the planet. It is not about preaching; it is about feeling good in a busy and confusing world. It is about playing with your food.


Food is life. We are what we (with “we” being ourselves and our microbes) eat.


Food is incredibly personal, and so incredibly social. It is what binds us; we all need to eat. When we break bread with strangers, we leave the table friends.


In closing, foods — both ingredients and techniques — travel with people. Remember the telephone game, in which the story passes from one teller to the next, changing and evolving with each person’s understanding until the story barely resembles the one that was first told? Food makes the same journey through kitchens. The form, presentation, and ingredients of our favorite dishes transform as they move down the road. Many of the ferments in this book are rooted in ancient China yet are solidly Korean, Japanese, or Indonesian now. These particular foods are more important than ever. We think that each and every one of us holds a piece of the puzzle to solve some of the challenges we all share as residents of one planet. This work seeks to honor ancient food traditions, while introducing and demystifying food that is beyond delicious, is lighter on the planet, and has the potential to alleviate some of the health crises many of us face. We believe that these foods deserve a wider audience. We want this to be the beginning of a conversation, a sharing, and a journey.







Part ILearning




This is a tale of two families: grasses and legumes. There are thousands of different species in each family, but we are going to zero in on the plants that humans have been consuming for thousands of years and fermenting for nearly as long.


The grass family (Poaceae) includes not only the grasses of your lawn but also those grasses grown for their edible grains — that is, cereal grains. The legume family (Fabaceae) includes beans, peas, and lentils.


While grain fermentation has been utilized worldwide for a long time, the same cannot be said for legume fermentation, which has been all but absent in much of the world until recent years. Why? It’s hard to say. Modern Western cuisine has a long (melting pot) tradition of borrowing and modifying exotic foods and flavors — think bagels, pizza, or quesadillas. Could miso, tempeh, and natto be next?
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Chapter 1Fermentation Fundamentals
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Whether you are new to fermentation or a veteran of sauerkrauts, pickles, and kombucha, legume and grain fermentation is in a league of its own. The cast of microbes is more diverse, their interplay is more complex, and the potential flavors they can create is richer than with other fermentation techniques. In this chapter, we will survey the state of food fermentation to put the techniques of this book in perspective.




Transformation through Collaboration


Microbes are with us all the time. They are with our food all the time. Okay, let’s be honest, they are really running the show here on Earth, never resting, always eating, splitting, and transforming. We are only going to scratch the surface of the microbial world by discussing a very few of the players that affect our food: yeasts, bacteria, and molds. At the most basic level, fermentation happens when these yeasts, molds, and bacteria begin to break down food.


Let’s back up a moment. What is fermentation? Fermentation is the chemical breakdown of a substance by bacteria, yeasts, or other microorganisms, often resulting in effervescence and the release of heat. In this book, we will expand the definition of fermentation to include reactions induced by microorganisms or enzymes that split complex organic compounds into simpler substances. Put more plainly, these fermentation microorganisms — be they bacteria or yeasts or molds — digest these foods first and what is left after they are finished is more easily digested by the microbes in our bodies. The fermentation microbes do some of the heavy lifting so that the microbes in our gut can focus on taking up the vitamins and minerals for our bodies to use.


As you will learn, some foods are transformed by the cooperative effort of a complex community comprising all three types of microbes. The CliffsNotes (so you can sound smart in casual conversation) are as follows: Yeasts digest carbohydrates, including sugars, and make alcohol in the process. When we’re using yeasts to ferment foods, sometimes we stop the yeasts before they make alcohol (as in the case of bread), sometimes that alcohol shows up in the end product (such as wine), and if allowed to continue the alcohol is just a player along the way. When you’re making vinegar, for example, you use yeast to transform juice into alcohol and then let bacteria take over to turn the alcohol into vinegar.




Bacteria take center stage in many fermentations. To continue the example above, vinegar makers love acetic bacteria and vintners avoid it like the plague because they cannot allow the microbes to complete their natural progression. Lactic acid bacteria is used to make cheese, yogurt, charcuterie, sauerkraut, kimchi, and pickles. These bacteria acidify foods and lower the pH in the process of fermentation, usually through a series of lactic acid teams that take their respective turns in lowering the food’s pH, creating an environment that is inhospitable to undesirable bacteria that we don’t want in our foods. Some other kinds of fermentation bacteria work from the opposite end of the pH scale, driving up the pH and alkalizing food rather than acidifying it.


Molds, which are a type of fungi, are multi­cellular and characterized by growing in a cobweb of filaments (often called a filamentous fungi). They are also a tool in the culinary artist’s toolbox. You’re probably familiar with what mold looks like, but we’re talking here about edible molds, many of which are highly prized in culinary traditions. We will introduce you to culinary molds to make tempeh and koji, not unlike the manner in which cheesemakers use mold (Penicillium candidum) to make Brie, in which the mold produces not only the tasty rind but also enzymes that soften the curd to the creamy texture. Tempeh is a one-step mold fermentation. Once inoculated with mold spores (Rhizopus) and incubated, the resulting tempeh is the end product.


Koji is the Japanese name for the fungus Aspergillus oryzae. In contrast to rhizopus, koji spores are only the first step for creating many diverse ferments. Koji is grown on soy, rice, barley, and other legumes and cereals. Remember our yeasty friends that happily turn fruits into alcohol? Well, they don’t do so well with grains and legumes because, unlike fruits, these foods don’t have a ready amount of sugar for the yeasts. When koji grows, it releases enzymes that break down starches into sugars (a process called saccharification) like sucrose, which both yeasts and bacteria gladly consume. These more complex sugars are then further broken down into simpler glucose and fructose. Glucose is pure energy for bacteria and for humans. Koji sets the stage for ferments that are wonderfully complex with likely dramatic interactions between enzymes, yeasts, molds, and bacteria.


If the saccharification process sounds familiar to you, maybe it’s because you know something about a more Western version of this process: making beer or whiskey from malt, or germinated cereal grains. Just like koji, sprouting the grain creates natural enzymes, and their role is to break down the starches in the grain into simpler sugar forms. In the final stages of malting, the grains are heated to a temperature high enough to stop the sprouting process while preserving the enzymes.


Many traditionally fermented foods have become victims of industrialization, subject to production shortcuts that reduce the time it might take microbes to transform our food from fresh perishable ingredients into delicious stable comestibles. Industrialized methods include adding enzymes, boosting temperature to speed up the process, or skipping fermentation altogether and achieving flavor through highly processed sugars or additives. However, we are now in a time of rediscovery and a food renaissance as we come full circle, embracing the microbes we so recently denigrated as “germs.” Because although Louis Pasteur explained a lot about the microbes to avoid, we are learning now that “germ theory” isn’t the full story.






Top Four Roles of Fermentation






	
1. Flavor. As we will see later, fermentation changes the flavors, aromas, and textures of the food.


	
2. Preservation. Whether it be through lactic acid, acetic acid, or alkaline fermentation, in the end we ferment foods to prevent spoilage.


	
3. Enrichment. Fermentation improves the nutritional value of cereal grains, legumes, and vegetables by doing such things as increasing the protein content or increasing the availability of essential amino acids, essential fatty acids, and vitamins.


	
4. Detoxification. “Detoxing” our bodies has become a fashionable undertaking complete with celebrity-touted programs, but our bodies are actually designed to eliminate toxic wastes just fine on their own, thank you very much. Fermented foods repair and feed our gut biota, giving our ­natural detoxification abilities a needed boost.












Not All Fermented Foods Are Probiotic


In our fervor to embrace fermented foods, especially as probiotic, there is often some confusion about fermented foods that contain probiotics versus those that do not. Probiotics are live microorganisms, usually bacteria, that when eaten can help maintain or restore the beneficial bacteria we need in our digestive tract. Many fermented foods are rife with live probiotics. When we consume these foods, the microbes that can make it past our stomach acids (and we need to be honest here that the percentage is small) reach our gut — the center of our microbiome. Our microbiome is the entire community of microorganisms that live in and on our bodies. Understanding how these microbes (and there are many) that make up our microbiome affect our well-being is currently the most mind-­boggling and exciting research on understanding our health. Even though relatively few microbes make it “still alive” into the gut, research keeps showing that eating foods rich in probiotics is good for our health, though we don’t completely understand how it all plays out.


However, fermented foods are not beneficial to human health solely due to their probiotics. They are also important because fermentation transforms food in a way that makes it more digestible. In some cases, it even makes foods that were inedible now edible. Think about fermented foods that do not contain probiotics, like sourdough bread, coffee, and chocolate. These foods are produced by fermentation of their raw ingredients, but at some point in their production, they undergo processing — often the application of heat — that destroys any microbes in them. These foods are healthier, more digestible, and tastier because of the actions of the microbes, but they no longer contain live, active probiotics. (We feel you — oh for a world where a strong cup of coffee and a big chocolate bar provided us all the probiotics our bodies needed for the day. It just doesn’t work that way.)







Origins of Starch and Legume Fermentation




Shen Nung was a legendary mythical emperor who purportedly reigned from 2898 to 2698 BCE, which if you are counting is two hundred years. He is sometimes referred to as the god of agriculture. Age and celestial placement aside, he is credited with introducing the Chinese people to the five sacred grains. The term wu ku, “five grains,” is believed to be the oldest recorded classification for grain. They are generally thought to be:




	Rice


	Wheat and barley


	Millet


	Glutinous millet


	Soybeans







Soybeans are a legume, of course, so why are they included with these grains? The reason probably lies in the translation; many scholars agree that the original intent behind wu ku was to list the five most important foods grown in the valleys.


Within these five grains, we might surmise the beginnings of culinary fermentations in the East. As you can see, people have been eating rice for a very long time. Steaming became the preferred cooking method. As steamed rice ages, spores begin to thrive upon its surface, creating sugar, then yeast, then alcohol. In ancient times, with that happy discovery, this mold might suddenly have become a good thing, something to be kept and tended and improved over the years in the making of rice wine. From there, it’s easy to imagine someone (now lost to history) making a leap in wondering whether this mold could be used on other grains.


Soybeans in ancient times would have been prepared by boiling. If you haven’t had the pleasure of tasting freshly boiled soybeans, it is not a taste that makes you happy to be alive; rather, it is one that makes you think life is hard and gray and joyless. Soy then would have been a perfect candidate for innovative fermentations, leading to new flavors and foods that would come to define the cuisine of China for thousands of years.







Tempeh, for example, does not have live probiotics yet it is touted as a food that helps strengthen digestion. It is not fully clear why this is so, but scientists agree that tempeh positively benefits gut health. Also, it is not eaten raw. It is easy to digest and contains heat-stable antibiotic agents that act against some diseases. In areas in Indonesia where there is a high consumption rate of tempeh, there is a low incidence of dysentery, despite constant exposure.




In this book, we will discuss both types of fermented foods: those with and those without probiotics.
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When horse gram beans are left to ferment without inoculation, diverse microbes move in and sour the paste for Pone Yay Gyi. This wild style fermentation has worked reliably for thousands of years.






Spontaneous (Wild) vs. Cultured Ferments


Microbes are so ubiquitous on our foods that in many cases when we leave food alone under ideal conditions — like setting up shredded cabbage in a slightly salty anaerobic brine — we will have fermented food in a week or two. This is called spontaneous fermentation, or wild fermentation, because we didn’t add anything; we just set up the right environment to make the existing microbes feel at home. Technically, however, “spontaneous” is a bit of a misnomer, since the microbes don’t spontaneously appear but most often were already present on the ingredients or in the air surrounding the foods in question. For this reason, many folks prefer to describe this type of fermentation as wild fermentation.


For many ferments, however, the type of microbe that does the work of fermentation is important, and for this reason we add a microbial inoculant (commonly called a culture) to the food to jump-start fermentation. These cultured fermentations harness the various microbes to create the results and flavors we want in a pretty consistent manner. Of course, despite our intent to control the fermentation, these are live foods that respond to the conditions around the ferment, so there is often batch-to-batch variation.


In this book we will explore a few simple spontaneous fermentations and many cultured ones.






Meet the Maker




Betty Stechmeyer




GEM Cultures




The year was 1979 and Jimmy Carter was president, a total solar eclipse had passed over the Lower 48, and Bill Shurtleff and Akiko Aoyagi’s book The Book of Tempeh had just come out (see more on Bill Shurtleff). They were on tour promoting tempeh as a fantastic source of protein to feed the ever-growing worldwide population. Their work furthered the idea, introduced 10 years earlier by Frances Moore Lappé in her classic work Diet for a Small Planet, that our only chance at sustainability on this planet was to fully use protein, not to run it through animals first. Betty likened Bill and Akiko’s passion and mission to that of Sandor Katz, calling him the Pied Piper of “fermentation fervor.” Their audiences (mostly university students) were equally inspired.


When Bill and Akiko came to the University of Michigan, Betty Stechmeyer and Gordon McBride were in the audience. Gordon’s contract as a botanist at the university hadn’t been renewed, and he and Betty were looking to move back to his family’s farm in Fort Bragg, California. Call it synchronicity, call it chance, call it simply a series of events, but this was the evening they would begin their long-term relationship with microbes.


During the talk, Bill shared his frustration that there was no reliable source of tempeh starter in the United States. Betty and Gordon thought that producing tempeh culture could be a way they could make a living in Fort Bragg without debt. Since the startup costs would be minimal (they converted a closet in an old farmhouse to an incubation chamber by painting the walls with smooth white paint), they knew they could quit anytime. The running joke was that they’d moved to Fort Bragg to grow mold in a closet.


Soon, Betty and Gordon started GEM Cultures (GEM being Gordon’s intials). The timing was good, as Americans were exploring Eastern thoughts and healthful diets from Ayurveda to macrobiotics. They were also moving “back to the land” and baking their own bread, and making tempeh a good fit for this ethos. For the first five years, GEM Cultures’ only product was its tempeh spores. Interest was growing, and after a conversation with Westbrae, a producer of vegetarian food products, Betty and Gordon began to import koji-kin (Aspergillus oryzae spores) to resell as well. Soon they added a culture for making tofu, and then they began to think that people might be interested in some of the cultures that their own family had tended to for years, including a family sourdough that had been kept alive since 1868 and a viili-soured milk starter from Finland that came over with Gordon’s family more than 100 years ago.


Betty and Gordon hit on a trend. To this day, GEM Cultures, now run by their daughter Lisa, still produces tofu coagulants, sourdough starters, and dairy cultures, as well as soy cultures, water kefir, and kombucha starters (though no longer tempeh starter).








Fermentation and Safety




When basic production standards are followed, fermented foods in general, and the ferments in this book specifically, are quite safe. That’s more impressive than it might sound because many of these foods have historically been produced by people with no formal training in microbiology or chemistry and often in unhygienic environments. Still, if you are like us, you want to go a little deeper than that simple reassurance. For that, we need to first understand what is happening in the different methods of fermentation. In this book, we focus on lactic acid, alkaline, and mold fermentations. Let’s look at how each of these works so that you understand how, alone or together, they provide the protection and safety we want.
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Dosas are a good example of lactic acid fermen­tation working simultaneously on legumes and grains.







Lactic Acid Fermentation


Lactic acid fermentation is all about lactic acid bacteria (LAB) converting fermentable sugars into lactic acid, which lowers the pH of the food. This type of fermentation is responsible for yogurt and cheese, sauerkraut, kimchi, and so many other vegetable ferments, as well as salami and cold cured meats. In this book, a few of the spontaneous ferments that sour quickly, such as injera, rely on lactic acid bacteria to do their magic. Lactic acid fermentation is also a player in everything from soy sauce and kombucha to beer and other alcohols. For example, in its purest form, a lactic acid vegetable fermentation lowers the pH level to 4.0 or below and creates an anaerobic environment below the brine, both of which safely preserve the food.




Alkaline Fermentation


Alkaline fermentation is all about the bacteria of the genus Bacillus, and specifically Bacillus subtilis, which is commonly found in the upper layers of soil and in our guts. This bacterium secretes enzymes that break down the protein in legumes into peptides and amino acids, while also producing compounds that inhibit the growth of pathogens. Ammonia is created and released in this process, which raises the pH very quickly to levels of 8.0 or higher. Most pathogens and spoilage microbes, like salmonella and shigella, cannot survive at these pH levels. E. coli is a little tougher but will die at pH levels of 9.0 or higher.




Another key to safety in alkaline fermentation in legumes is that the legumes often have a hard outer shell that must be soaked for many hours and then boiled for many minutes to break this armor. The soaking creates a lactic acid fermentation first, to combat spoilage, then the boiling kills those lactic acid bacteria and other bacteria and molds. At this point Bacillus subtilis can move in — either naturally from the air, as you’ll see in cheonggukjang, or with a culture, as in natto. B. subtilis is competitive and tough — it can take temperatures over 100°F/38°C — so it begins its work when other bacteria cannot, effectively giving it the head start it needs to outcompete all others.
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Natto is an alkaline ferment that creates a biofilm that also helps keep other microbes away.








Mold Fermentation


In this book, mold fermentation undergoes a very similar process to alkaline fermentation. A substrate, be it beans or grains, is soaked in water and then boiled — again, the acidification and softening of the skins is important. This time, a species of edible mold is introduced — a rhizopus species for tempeh or aspergillus for koji. These molds take in oxygen and transpire carbon dioxide. Sounds like us, right? That CO2 inhibits other microorganisms. To outcompete other mold species, the rhizopus or aspergillus species produces a lot of filaments, which quickly cover the beans to such a degree that the beans are protected from any other molds. Finally, as if just to make sure, the rhizopus or aspergillus expresses some antibacterial activity to inhibit other molds. If the temperatures are kept in the right range and the mold is strong, it will also inhibit other microbes, like bacteria and yeast, from growing. However, all of these microbes are opportunistic, and if the balance is thrown off — with the most common cause being overheating — the molds will die off and Bacillus will move in, in this case where it is not wanted.
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As the mold moves across the substrate, it knits it together and transforms it.







Keeping House


When you are preparing any type of food, it’s important to keep a certain level of cleanliness. With many of the ferments in this book, it’s important that you take cleaning to the next level — sanitation — to avoid spoilage as well as cross contamination if you’re making a number of different recipes. This isn’t as difficult as it may sound. We have made all of the ferments in this book in our farmhouse kitchen, using the same fermentation chambers to make different recipes with no cross contamination.


As you will read, the most important control you have in the incubation phase is the temperature. If the ferments are warm enough and don’t get too hot, they will thrive, outcompeting the competition. You’ll want to keep your incubation chamber sanitary, as well as the vessels and utensils that you use. We often use the same casserole trays for koji, tempeh, and natto. The trick is to clean them well. Given that many folks have dishwashers, that first step is easy. Some ferments will require an extra step of sanitization, which can be as simple as using a spray of 190-proof alcohol (like Everclear) and allowing to air dry, a brewer’s sanitizer (like Star San), or good old-fashioned hot water. In many cases, pouring boiling water from a kettle into your dish and keeping it there for 30 seconds is perfect.


Finally, it’s important to monitor the temperature of your beans or grains during the period leading up to inoculation. The microbes need specific temperature ranges for inoculation, and your substrate will be the “cleanest” as it moves into that temperature range. If you allow your substrate to cool before you inoculate it, you will give other microbes a chance to move in. Don’t fret, however. This is supposed to be fun, and there is some leeway. Remember that folks have been fermenting throughout the world for thousands of years.




Salt


Misos, tasty pastes (fermented foods built on the backbone of the miso technique), and amino sauces depend upon a relatively high salt content (3 to 20 percent), depending upon how long the ferment will be in the crock (or jar), to control the breakdown of protein and protect the food from putrefaction. The longer the ferment sits at room temperature in a crock, the more protection it will need. That’s why white miso, which has a relatively short fermentation from a few weeks to 3 months, has much less salt than soybean hatcho miso, which has a long fermentation of 2 to 3 years or more.


As you explore modern misos, or tasty pastes, you will see that salt percentages may be much lower than in traditional recipes. This is because traditional fermentations must take into account the potential vagaries of the weather. Outside of temperature-­controlled spaces, salt is key in controlling the fermentation because the temperature is out of the maker’s control. The ferment is traditionally started in the fall, when temperatures are cooler, to give the yeasts and bacteria a slow thriving start. They then begin to become more active in the spring and get very busy in the summer, when it is warm. Modern, small-scale makers are making miso in the fairly steady ambient temperatures of a home or commercial kitchen, so the salt can be adjusted according to taste preference. (You will read more about this in chapter 9.)




We also want to note that the super-high salt levels of some of the ferments of the past can dull the nuanced and exciting flavors that are produced by the yeasts and bacteria, creating a flat saltiness. But ultimately the value of saltiness is a tool and personal decision. We heard one chef extol the benefits of a high-salt amino sauce as a much cleaner flavor — so it depends what you are after.


We also depend on salt to arrest the growth of the koji fungus to prevent it from reproducing through spores (which add dank, musty, or bitter flavors) while still preserving the active enzymes that produce amazing flavors by breaking down the proteins, fats, and carbohydrates of the legumes or grains being fermented. (Though as is the case with everything else, there are exceptions; Chinese douchi, or fermented black beans, for example, allow koji to sporulate to take advantage of those flavors.)


Not too long ago, salt choices were limited to mainly table salt, kosher pickling salt, and sea salt. Now we can taste our way around the planet with the salts of the earth and sea. Salts of all colors and flavors are available in even the most common grocery stores. We can choose white, red, pink, or black salts; finishing, milling, or cooking salts; and small crystals, flakes, or large blocks. Because not all salts are the same, their density (and therefore weight) will vary according to their mineral content and coarseness. The measurements in this book are based on regular finely ground salt, like you would find in most table salts, and are given in grams for consistency.


We use natural salts in the recipes in this book and that’s our preference for all ferments, be they vegetable, legume, or grain. Natural salts come from the earth or sea, are relatively unprocessed, and have healthful trace minerals and lower levels of sodium chloride. If you have a favorite rock salt, pink salt, sea salt, gray Celtic salt, or something similar, go right ahead and use that. We tend to use Redmond Real Salt fine grain because of its high mineral content, discernable sweetness in taste, and wide availability in the U.S. Himalayan Pink salt is a good choice, but make sure it is from Pakistan and does not contain added fillers and ingredients.


We avoid most refined salts because the minerals are removed in the refinement process, which increases the percentage of sodium chloride and we think leads to a sharper salty taste. Avoid salts that have added ingredients such as anti-caking agents and iodine (the trace amounts found in natural salts are fine), which in higher levels can inhibit fermentation. Most inexpensive sea salts are refined (instead of evaporated), but they work well if there are no additives. We love evaporated sea salts, especially the grey sea salts which are harvested from the bottom of the evaporation pools, for flavor and mineral content, but they have become of victims of our times. These salts can also contain heavy metals and microplastics due to due to high levels of pollution in our oceans.




The ability to salt food properly is the single most important skill in cooking.


Thomas Keller
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Chapter 2Fermentation Equipment What You Need
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Unlike simple lactic acid fermentation (think sauerkraut, pickles, and kimchi), where the ambient temperature of your kitchen counter is usually within the wide range needed for successful fermenting, the types of fermentation in this book require a narrower range of conditions for success. Because of this, each type of ferment requires a controlled environment. In this chapter, we will help you navigate the options for keeping your microbes happy as they work for you. Remember that people have been fermenting with the simplest of tools and vessels, figuring out what works best for them, for thousands of years. We invite you to adopt a similar adventurous spirit as you explore the tools and vessels available to you.




Creating the Perfect Microbial Home


Every ferment needs an incubation space — a spot where conditions are right to foster the microbes that will do the fermenting. We like to think of it as a fermentation womb, but you can call it an incubation chamber if you like. Here we present an overview of many of the options you can use to create this space, so that you can start to think about what will work for your own situation. We will go into detail about each microbe’s specific requirements in part II.


The Merriam-Webster definition of incubate (right after “to sit on eggs”) is “to maintain something (such as an embryo or a chemically active system) under conditions favorable for hatching, development, or reaction.” For the incubation of bacteria, yeasts, and molds, success depends on getting these conditions right. Truly, your success and your fun depend on a reliable system that works for you and promotes the development of the microbes you desire. Since each microbe has preferred conditions, you can keep the right microbe growing — and the wrong microbes out — by controlling the temperature and humidity of the environment. For example, Aspergillus oryzae, the fungus we use to make koji, needs a comfortable 88°F/31°C to thrive. Bacillus subtilis, the bacteria we use to make natto, needs a much warmer climate. If the koji gets too hot, the aspergillus dies and the bacillus, now in its ideal environment, begins to thrive.


There are a lot of ways to control the environment of the ferment, on the cheap and not-so-cheap. We will share the insights we have gained from our experiences in order to help you find a system that works for you. The frustration of not being able to maintain a cozy environment can make what could be an easy process unsatisfying and difficult — and it all comes down to your incubation setup. Learning how to keep a consistent temperature-­controlled, humidity-controlled home for these ferments is the difference between thinking fermenting is fun and thinking it isn’t at all.




Some of these setups may require a modest investment. We get it; you may not know if you are going to become a regular natto or tempeh maker. You may just want to give it a try. Clearly it would be silly to invest in a special piece of equipment just for a curious flirt with these fermentations. Luckily, many incubators are multifunctional, like bread proofing boxes and dehydrators, so you can use them for more than one purpose. We’ve also included popular fermentation hacks for items most people already have, like a heating pad or oven, that we’ve discovered from others and used ourselves. All of these methods have their drawbacks, and we don’t want you to give up before you even know whether you take pleasure in the process or the foods you might have created. So please, be patient and enjoy the journey. Trust us: once you have the right incubation setup, the rest is pretty simple.
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Your Oven




The good news is that you likely already have one and they are made to hold heat. An oven with good temperature control (or an oven operated by a patient person) can be made hospitable to all the ferments in this book. Most ovens can’t be set as low as is needed for fermentation, but there are workarounds. For example, the culinary molds (tempeh and koji) will need to be held at a temperature between 85°F/30°C and 90°F/32°C. Ovens that are turned off but have an interior light left on and gas ovens with a pilot light often come really close to these temperatures. The downside is that your oven is off-limits to baking while you are fermenting. To save yourself the barrage of profanity that will surely issue when you preheat the oven to bake cookies and smell the melting ferment, put a piece of painter’s tape over the knob after setting your ferment inside. You will be surprised by how many times you go to preheat your oven and look at the tape and wonder, “Now why did someone leave that there?” before you remember your ferment within.


Before you start fermenting in your oven, test it. Turn on the oven light (or, if you have a pilot light, do nothing) and place a thermometer where you would place a tray. After 15 to 20 minutes, check the temperature. Do this again a few times over the next hour. These readings will give you a sense of how warm the oven stays. If it gets too warm, you can turn off the light periodically or prop open the door with a wooden spoon. If the temperature is too low, you could try putting a heating pad or a pot of hot water in the oven (periodically replacing the hot water, as needed). Keep taking readings after making adjustments until you have established a good system for keeping the temperature where you need it.


Be aware that the oven light can cause one part of the oven to be hotter than another part. We used to ferment yogurt in our oven, for instance, and the jars nearest the bulb always got too hot. Another issue is that the heat from the bulb or the pilot light can be drying; it may dry out your substrate before the fermentation can happen.




Heating Pad


A heating pad is the most common setup suggested to beginners. We are going to share tips for making it work, but we must say right off the bat: it is cheap but frustrating.


The first source of potential frustration is that heating pads vary in quality, and newer pads have a safety feature that makes them shut off automatically after a certain period of time. If you are going to try using a heating pad, find the old-school variety that doesn’t turn off if left on for hours.


Another option is to use a seed-starting mat. This type of mat doesn’t get as warm as a heating pad, which in our experience meant we didn’t overheat anything, but in some cases, it had trouble maintaining the temperature we needed.


Set up your heating pad or mat in a box or, for better insulation, a cooler. Set your fermentation inside, and wrap everything with thick layers of towels and blankets. If you can add a thermostat to that cooler, place it in the wrappings near the ferment, and you will have more control and get better results for the more particular mold ferments. (See photo.)


We have found that it is possible to make all the ferments using a heating pad, but we had the most success with natto and much more frustration with tempeh and koji. That said, many a first tempeh has been made inside a cooler with a heating pad.







Yogurt Maker


A yogurt maker usually operates steadily between 110°F/43°C and 115°F/46°C, which is too hot for koji and tempeh. It can be a little high for natto, too, though we have gotten good results anyway. There are some yogurt makers that are designed to also make natto, and some natto makers that claim they also make yogurt. If you already own a yogurt maker, it’s worth your time investigating if it will work for you.
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The heating pad is set in a cooler and controlled by a thermostat that is tucked into the ferment.







Electric Pressure Cooker


An electric pressure cooker or Instant Pot is a wonderful invention when it comes to cooking beans quickly — especially soybeans. We initially bought our Instant Pot thinking we would use it as an incubation chamber, but we soon realized that while it has a number of great settings, it didn’t quite have manual temperature controls for the specific temperature needs of many of these ferments. The Instant Pot yogurt setting has three different fermentation temperatures:




	
The “Less” mode runs right around 95°F/35°C and is for fermenting glutinous sweet rice (jiu niang). It can also be used to keep a dosa or idli batter warm. If doing this, use a lid from another pot or a cloth to cover — this will help keep the temperature in balance.


	
The “Normal” mode for making yogurt runs right around 109°F–115°F/43°C–46°C. This is a little warm for natto, but it seems to work well nonetheless. It is not quite warm enough for amazake.


	
The “More” mode is for pasteurization and is set to 180°F/82°C, which is too high for fermentation.







The cooker has proven invaluable in preparing beans and grains for fermentation.




Dehydrator


Dehydrators are a natural choice for a fermentation incubation chamber. The biggest challenge is that the fans are constantly blowing, which can be drying; you will have to make sure that your ferments are covered and protected yet still provided with some airflow. This is as simple as covering the ferment with aluminum foil or plastic wrap with perforations. Take care when you make the holes (see photo) — if your holes are too large or too numerous, your ferment will dry out. Sometimes adding a bowl of water to the dehydrator can help keep the humidity a little higher. We know folks who have found ways to cover the fan, which is usually encased in a metal mesh safety cage of some kind, in order to stop the airflow without impeding or damaging the fan.




We have found that the cabinet-type dehydrator with shelves, a door, and an electronic thermostat control has more consistent heat than the type that has trays that need to be shuffled. We have also found that they are well insulated and don’t blow hot air throughout the room, which makes them more efficient. While dehydrators have temperature settings, many do not have a thermostat, but you can hook one up in order to control the temperature. Some dehydrators are preprogrammed to specific temperatures and do not allow you to choose other temperatures, which can be a problem for ferments with narrow temperature ranges. Like with the oven, you may want to use a thermometer to check your dehydrator’s and ferment’s actual temperature and consistency. It is disheartening to set the temperature for 85°F/30°C only to come back and find that your ferment is over 100°F/38°C. An external thermostat can be a workaround.


We have used our cabinet dehydrator with a built-in thermostat for all of the ferments in this book. However, it is a large and loud piece of equipment. Ours happily lives in the fermentation kitchen away from our home space, but if you have tight quarters and plan on fermenting in your living space, consider whether the ambient white noise of a dehydrator running through the night will work for everyone in the house.






Lab Incubator




A lab incubator is similar to a dehydrator, but it doesn’t have a fan drying out your ferments. The downside is that it is a considerable investment; a small one is in the same price range as a high-end dehydrator, and it doesn’t give you the option of using it for dehydrating. We have not used one, but we have heard good things about these and assume that the temperature control is much more advanced than in a consumer dehydrator.







Bread Proofing Box


A little folding bread proofer will work for many of the ferments in this book. The design is quite impressive, allowing you to fold up the box for flat storage. The chamber is not airtight, so we have not found a lack of airflow to be a problem. It is a bit of an initial investment, but it is considerably less expensive than a good dehydrator.


Along the bottom is an aluminum heating plate, which is the sole source of heat for the device. Note that many proofing boxes also function as slow cookers. Be sure to use the proofing setting for fermenting. This setting makes use of the wire rack that fits above the heating plate, which heats the surrounding air through convection. The proofer should come with a shallow aluminum water pan, which you can fill with a small amount of water and place in the center of the heating plate and below the wire rack to increase the humidty. Another reason to use the proofing mode is that you can adjust the temperature in 1-degree increments, so making natto at 106°F/41°C is no problem (the slow cooker mode has temperature increments of 5 degrees). Be sure to always place your ferments on the wire rack and not directly on the heating plate.




The downside is that some proofing boxes aren’t big enough to hold large fermenting vessels (in our case, casserole dishes full of natto). In a pinch, we have stacked up to three smaller containers by placing some grating between each layer and offsetting them as much as possible to help with airflow.




Ferment Terrarium


For this setup, you are just using an aquarium heater and bubbler inside a cooler to create a nice humid incubation environment. You’ll fill the cooler with water, and the aquarium heater will keep it warm, the bubbler will help circulate the water so that the temperature stays even, and the insulation of the cooler will make the whole thing very efficient.


A ferment terrarium is perhaps the easiest system for managing mold ferments because the water bath enveloping the floating fermentation tray not only keeps the substrate warm in the beginning but also works at cooling the growing mycelium as it begins to grow and create its own heat. It is inexpensive to set up and perfect for making small quantities. Because the humidity is perfect, you can avoid the single-­use coverings of plastic wrap, or in the case of tempeh, plastic bags. The downside is that you are limited by the size of the stainless-steel pan that will fit in the cooler. The great thing about the aquarium heater is that it won’t overheat the mold ferments (it was built to keep fish alive, after all); however, this also means it won’t generate enough heat for natto or other warmth-­loving ferments.


Gunter Pfaff, husband of Betsy Shipley of the company Betsy’s Tempeh, pioneered this method of fermentation for tempeh. Betsy spent a lot of time researching more information for us, for which we are extremely grateful, and we are honored to share Gunter’s method. You will find Betsy’s recipe for tempeh panini here.






Pro Tip




If you have hard water, add 1⁄4 to 1⁄2 cup white vinegar to the water bath of your ferment terrarium. This will keep your pump or circulator from calcifying and the sides of the tub or cooler from having a white bathtub ring of residue. We’ve found that the water can be used for two batches of tempeh in a row or one batch of koji before the water must be changed and the cooler or basin cleaned.












Step-by-StepBuild Gunter’s Ferment Terrarium




Materials






	Cooler (see note below)


	Aquarium heater


	Aquarium bubbler (air pump and stone)


	Small tube of silicone kitchen and bath caulk







Tools




	Electric drill


	11⁄4-inch drill bit


	Permanent marker


	Duct tape or electrical tape







Note: For the terrarium, you’ll need a large insulated container big enough to contain your preferred tray and available to be a forever ­ferment terrarium. An 8-inch-deep Cambro insulated food carrier works well. Note that the more insulated the cooler, the less condensation on the inside of the lid. You can use an upcycled old picnic cooler.




Keep the stone that comes with your bubbler wet. If it dries out, minerals will deposit in the small holes and not let air through. If your bubbler doesn’t come with a stone, see the hack here.


For fermenting in the terrarium, you’ll also need pans that can fit inside the cooler. Ideally you will find one with a high rim that can be floated on the water; this is your fermentation tray. You can use full- or half-size steam table food pans with 4-inch sides that float and not need to use supports. We also tested glass casserole dishes, which to our excitement not only floated but produced some excellent koji and tempeh. Alternatively, if you find you want or need support, your fermentation tray can be held up by four 6-inch water glasses.




Instructions




	
1.Drill a 11⁄4-inch hole in the side of your cooler, 2 to 3 inches from the top. The hole should be big enough to allow the cord for the aquarium heater plug as well as the air pump tubing to pass through.



[image: Step 1 demonstrated]







	
2.Place the heater in the bottom of the cooler and pass the cord for its plug through the hole. Place the air pump on the outside of the cooler, pass the air tubing through the hole to the inside of the container, and connect the tubing to the stone. Secure both the heater and stone, if necessary.



[image: Step 2 demonstrated]







	
3.Set a small piece of tape so that its top edge is 2 inches below the bottom of the hole. Fill your cooler with water to the top of the tape.



[image: Step 3 demonstrated]







	
4.Place your empty fermentation tray (the pan with a high rim) in the incubator. Add more water to the cooler until the tray floats up slightly (about 1⁄10 inch). Slowly remove the tray. When the water is calm, set a new piece of tape so that its bottom edge marks the water line. Drain the cooler, then draw a line with a permanent marker where the final water line was. This will be the water level from now on. Remove both pieces of tape. Use the caulking to fill up the hole.



[image: Step 4 demonstrated]














Pro Tip




If your air pump does not come with an air stone, you can crimp the end of the air tube and poke it with holes, about every inch or so, using a pin. Arrange the tube at the bottom of the cooler, weight the end with a rock, and place another rock about 12 inches down the line.







That’s it — now you have a proven and reliable fermentation incubator. Fill the cooler with water to the line, put the lid on it, set the heater to your desired temperature, and let it run for 24 hours, taking regular readings, to make sure the water temperature stays constant and that the heater is accurate. (Our aquarium heater keeps the water at a consistent 89°F/32°C when it is set to 84°F/29°C.)








Immersion Circulator




An immersion circulator is basically a device that heats and circulates water, keeping the temperature at a precise number. It works just like the ferment terrarium. As the price of immersion circulators has dropped in recent years, more and more folks are discovering them for home cooking.


You can attach an immersion circulator to the side of a pot or pan filled with water to create a very hospitable fermentation environment. Then you put your ferment on a stainless-steel tray and float it in the warm water. Be sure to cover the entire tub with a lid. Note: You can get specific tubs and lids for this purpose, but these lids create a lot of condensation and can drip into your ferment. We found that placing a clean kitchen towel over the tub and pulling it tightly under the lid will fix this. This is less of a problem with the insulated lids of a upcycled cooler. This setup (like the terrarium) works well because the temperature and humidity are constant. The ferment is kept warm while it is nascent, and once it starts metabolizing, the steady temperature of the water will act to keep it from overheating.


Natto works well in an immersion circulator incubation setup (and it’s the only setup that avoids the use of one-time plastic and aluminum foil). We have found that it is especially effective for making tempeh and koji in a tray. It is also amazing for any of the amazake or koji-type marinades when done under sous vide. In sous vide (French for “under vacuum”), food is dropped into airtight plastic bags and placed in this controlled chamber of circulating water for long and slow cooking. For fermentation, vegetables or meat are joined with a particular microbe, like amazake or shio koji, and the cozy “chamber” of warm water keeps the microbes happy and perfectly preserves the active enzymes. Some people have used this method to speed up a tasty paste (see nut tasty pastes, or modern miso.


The shortcoming of this system is that the batch size is limited — you can usually only make one tray at a time. But again, storage is easy, so its size can be an advantage in small ­living situations.
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This immersion circulator is set on a bin ready to float a tray for fermentation.







Retrofitted Refrigerator


This is for the do-it-yourselfer and those who want to make big batches of ferments for family and friends. Keep your eye out for a nonoperational refrigerator (there are a lot out there). The smaller dorm-style refrigerators as well as wine refrigerators are perfect for a small incubator. Using a full-sized fridge may be your best, most inexpensive option for large batches, as you can fit a lot of trays of koji, natto, or tempeh in this setup. You are basically recycling a very well-insulated box with shelves. You can also build something similar with a cooler.




The simplest way to convert an old fridge is to install an incandescent lightbulb and a thermostat to turn the lightbulb on and off to regulate the interior temperature. You will also want to drill a small hole in opposite corners to allow for natural passive circulating airflow. (For example, if you drill one hole in the front right bottom corner, you should put the other hole in the top left back corner of the fridge.)


This setup works well for most ferments. It may work for amazake if you can bring the internal temperature up to the necessary level.
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Fermentation Vessels


The vessels that are used to make the recipes in this book range from flat open trays to wooden vats, ceramic crocks, and glass jars. You will see that once again this ancient art uses humble tools that work.


Some kinds of ferments require you to set a weight on top of the fermenting ingredients. For traditional brine-based ferments, the weight keeps the ingredients submerged in brine. For the misos and tasty pastes in this book, a weight is used to press out liquid and gases. For these ferments, an important question when selecting a vessel is: Will your vat, crock, or jar allow you to get a significant amount of weight on top of the paste? In an ideal world, your weight would be equal to, or even up to 25 percent more than, the weight of your paste. In other words, if you are making 8 pounds of miso, you need to weight it down with 8 pounds, or even better 10 pounds, of weight. This can be difficult to achieve with a small batch, but as you will read below, with some creativity you should be able to weight down your ferments.


Casserole dishes. Inexpensive glass casserole dishes work well for the incubation phase of making natto, koji, and tempeh. The best size is dependent on your batch size and incubation space.


Crocks and lids. Crocks are the traditional vessel of choice for fermentation because they are sturdy, they easily accommodate weights, and the ceramic material has micropores that let the ferment breathe a tiny bit. They work well for ferments that need a longer fermentation and weights on top, like miso and tasty pastes. A drop-style lid that drops down into the crock allows the weight to push the lid down through the crock at any level. In the same vein, a crock with straight sides will ensure that the lid and the weights stay level as they drop in the crock.




Jars. Amazake and shio koji ferment well in glass canning jars. It is a little more challenging to ferment miso or tasty pastes in them because the glass does not have micropores that let the ferment breathe, and fitting heavy amounts of weights on top can be difficult. However, jars will work in a pinch, though they may take some stirring and a little more monitoring than a crock. Be sure to choose jars that are much larger than you need so that you have room to pile on weight. Glass canning jars are great for storing finished ferments like miso, stinky tofu, and natto in the refrigerator.






[image: An assortment of equipment including crock and lid, steamer pan, casserole dish, and glass jars of various sizes]





Pans. We’re talking here about the stainless-­steel steamer pans used to hold hot buffet items. You want the 4-inch-deep pans, which usually measure 12 inches by 20 inches (full size) or 12 inches by 10 inches (half size). The half size should fit in a bread proofer or immersion circulator tub, and both sizes should fit in a full-size cooler that has been retrofitted to be an incubator.




Plastic bags. Quart-size BPA-free ziplock bags are one option for fermenting tempeh. Vacuum-sealed bags can be used for koji, shio koji, and amazake marinades.


Weights. Weights go hand in hand with crocks and jars. As we mentioned above, weights are very important when you are making miso and tasty pastes. Weights will help push out the excess liquid and gases produced by the fermenting carbohydrates, preventing the ferment from becoming too sour or burdened with undesirable ethanol flavors. Weights can be just about anything. Traditional vats are often piled with stones. We have used marbles, ceramic or glass weights, and salt-filled plastic bags. Your goal is to pile on as much weight as you can.




Other Equipment


Aluminum foil and plastic wrap. To make some of the ferments in this book, and especially natto and koji, you will need to control the humidity in your fermentation vessel with some kind of covering. Perforated aluminum foil or BPA-free plastic wrap will do the job in most situations.


Meat grinder or other masher. This is not a necessary piece of equipment, but a grinder of some kind can be very useful for making miso, especially if you want a smoother, pastelike texture. Some misos are best ground before being aged, and others are blended when they are done fermenting.


Scale. For the types of ferments in this book, a gram scale is nice to have, especially if you start creating your own recipes. It will make calculating salt percentages and koji-to-bean ratios much simpler when you are making miso and tasty pastes. Many ingredients, most notably salt, will vary widely in weight depending on type (a tablespoon of one type of salt may be half the weight of a tablespoon of another salt, for instance). For this reason, we give you both volume and weight measurements for our ferment recipes. Digital scales are inexpensive and easy to find, and most can switch from measuring ounces to measuring grams quite readily. Be sure that your scale will allow you to calculate and deduct the weight of your measuring container (called the tare).
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Digital kitchen scale







Thermometer. All of these ferments require a certain temperature range. Most of the incubation systems have some sort of temperature control, but in our experience, all of them are off in some way or another. It’s for this reason that we recommend that you have a secondary thermometer. Remote-read probe-type thermometers work best because you can leave them in place and read them without disturbing your ferment. They have become quite common and inexpensive.
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Digital instant-read thermometer







A basic instant-read thermometer will also work quite well and captures the temperature inside your ferment. The downside is that every time you check the temperature, you run the risk of disturbing the environment and the ferment as you poke into it.


Another popular choice is an infared thermomenter that works by aiming a “gun” at the outside of the ferment. It is quick and doesn’t disturb the ferment in any way, but it only gives you the temperature of the surface of the vessel, not what is going on inside. And it doesn’t work well on shiny metal surfaces.




Thermostat. A thermostat is a device that controls the temperature, turning on and off the electricity that powers the heater in order to maintain the temperature you set. Some incubation setups come with a built-in thermostat. If yours does not, you may want to plug your heat source, be it a lightbulb or heating pad, into an external thermostat to help you keep a stable temperature. Make sure you find a thermostat that fits your needs — some are more precise and can be set to temperatures to within one-tenth of a degree, while others are accurate only within a couple of degrees.


Pressure cooker. Both electric and stovetop pressure cookers will make cooking beans and grains prior to fermentation so much more energy efficient — not to mention easier and faster. The electric cookers allow for maximum control and are generally foolproof. If you do use a manual pressure pot, it is a good idea to have your cooker checked once a year. Most university extension offices will do this for free.






Measuring pH




Acidity and alkalinity are measured by pH, which stands for potential of hydrogen. Simply put, pH compares the relationship of hydrogen ions with hydroxide ions. Acidic substances have a pH between 0 and 7, alkaline substances fall between 7 and 14, and distilled water is in balance with a pH of 7. It is easy to tell by tasting if a ferment is acidic or alkaline, so in general, we let taste, not measurements, be our guide, especially since we are after flavor anyway.


However, if you want more precision or are just curious, you can measure pH quite simply by using pH test strips. These reactive strips change color according to the pH of your solution. Or use a pH meter, which requires dipping into a calibration solution to work properly.












Chapter 3A Guide to Legumes and Cereal Grains for Fermentation
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This chapter is just the beginning of what is possible with the fermentation of some legumes and cereal grains. There are so many more varieties out there, but we hope this overview not only will give you plenty to work with but will pique your curiosity for the vast world of bean and legume nutrition.




If you think that legumes is a fancy name for beans and that beans are boring, we hope this chapter will change your perspective. There are 13,000 species of legumes, but humans have chosen to eat only about two dozen of them. All beans are legumes, but not all legumes are beans. Legumes include the entire bean family plus other ferment-friendlies like chickpeas, lentils, mesquite, soybeans, and peanuts — all covered in this book. Soybeans are the main traditional legume in most of these fermentations, so we’ll dig a little deeper into this bean.


If all you can think of when you hear “fermented grains” is beer, well, fair enough, that’s a pretty popular one. We humans are pretty selective; there are more than 50,000 known edible plants on this planet, yet two-thirds of our plant-derived nutrition comes from only three plants, all of which are cereals: corn, wheat, and rice. Rice has traditionally been the dominant grain for many Asian fermentations. However, that hasn’t stopped us and many others from exploring many more cereal grains worthy of adding to your fermentation crock.







Resistant Starches


We were introduced to the concept of resistant starches, a type of prebiotic, by Dr. Art Ayers, a longtime friend who happened to also be a biomedical researcher. We wrote about them in our second book, Fiery Ferments on page 221:


You may have seen (and been confused by) the word prebiotic. Looks like probiotic, sounds like probiotic, but it’s not. A prebiotic is a nondigestible (by us) food component that promotes the growth and health of beneficial organisms. An example is resistant starch, found in foods such as potatoes, rice, and plantains — but only when they are cold. What? We know you don’t want your potatoes cold, but stick with us. When this coil-shaped starch is heated, it melts into a blob, but as it cools it slowly recoils, becoming once again resistant to digestion. And why, you ask, is this a good thing?


When resistant starch lands in the large intestine, it meets a group of bacteria waiting for dinner. As they break it down, they release small carbohydrate molecules (waste) that neighboring bacteria consume. They then secrete even smaller waste molecules called short-chain fatty acids. The most important of these fatty acids are butyrates, which are happily absorbed by the colon’s lining, encouraging blood flow, keeping tissues healthy, and providing an energy source for your body.


Resistant starch has three main health benefits: First, it delivers fermentable carbs to bacteria in the colon to help prevent colon cancer. Second, it helps us better regulate the levels of fat in our blood, which aids in the prevention of heart disease. Third, it helps us absorb minerals, which otherwise would just pass through us and give us no benefits. Beans are an important source of resistant starch. Fermented beans are 8 to 15 percent resistant starch, making them an excellent source for us and a much more palatable and enjoyable option than cold potatoes!








Why Eat Legumes?


Legumes are good for the soil and good for our bodies. They are suited for growing in a wide range of climates. They give back to the soil by pulling nitrogen from the air and burying it into the soil through their roots. Legumes are an excellent source of protein, carbohydrates, fiber, vitamins, minerals, and phytochemicals. That’s a lot to claim, so let’s unpack each one of these benefits.




Protein. When they are eaten with grains, legumes provide us with high-quality complete protein, meaning that they provide us with all of the nine essential amino acids our bodies cannot create themselves.


Carbohydrates. Legumes are 25 percent or more energy-giving carbohydrates by weight. These are complex carbohydrates, meaning that they are made up of simple carbohydrates (sugars) that are woven together in chains. It takes our bodies a while to process them and release the sugar, so we don’t get blood sugar spikes like we do with refined carbohydrates. Some of the bean starches are so resistant to digestion that they make it all the way to our colons, bringing plenty of carbohydrates for our resident microflora. In other words, these resistant starches (see box) are prebiotics, and they are just as important to us as probiotics.




Fiber. At some point in your life, someone has likely recommended that you eat more fiber — even if that someone was just an actor wearing a generic white lab coat and pitching some fiber mix in a pleasing fruit flavor. The advice is good, but there is a better way to get your fiber. When dietary fiber reaches our colon, our beneficial bacteria happily digest it into short-chain fatty acids, which are associated with a reduced risk of colon cancer. A diet rich in fiber also reduces the risk of diabetes, heart disease, irritable bowel syndrome, and obesity. Most Americans get less than half of their daily recommended dietary fiber, which is 25 grams for women and 35 to 40 grams for men. Legumes are one of the best sources of soluble dietary fiber, and many of the recipes in this book will easily give you 15 or more grams of fiber with a single serving.


Vitamins and minerals. Legumes have substantial amounts of vitamins A, B, and E. They also contain a number of essential minerals, including significant levels of potassium, which increases insulin secretion in the pancreas. All this and they have low sodium levels as well. Note that while legumes do contain iron, zinc, and calcium, these minerals are not fully available to us due to other legume constitutents, called phytates, which are especially prevalent in soybeans (we’ll talk more about them). The good news is that fermentation makes these minerals more available.


Phytochemicals. Lastly, legumes are a good source of phytochemicals called phenols, which protect the plants from oxidation and do basically the same thing for us when we eat them. Studies have shown that consuming foods that contain these phenolic compounds is correlated with a reduced risk of cardiovascular disease, inflammation, and death by cancer.


In summary, beans are really good for us. There are just a few issues: They can be hard to digest, they are not always so tasty, and much of the nutrition is locked away by those pesky phytates. What is to be done, you ask? Fermentation, we answer. Fermentation turns these healthy foods into top-notch, stellar fare that helps prevent diseases while boosting our health.




Out of the thirty thousand types of edible plants thought to exist on Earth, just eleven — corn, rice, wheat, potatoes, cassava, sorghum, millet, beans, barley, rye, and oats — account for 93 percent of all that humans eat, and every one of them was first cultivated by our Neolithic ancestors.


Bill Bryson, At Home: A Short History of Private Life





Soybeans




This bean goes by several names, including soybean, soya bean, or just plain soy. Soybean (Glycine max) has the highest protein levels of any plant and grows in many soil conditions. It has been consumed by people in Asian countries for centuries, perhaps playing a key role in their lower incidence of chronic diseases. And it’s controversial on many levels.


Through the three thousand years that humans have been consuming soy, we have both changed, though the soybean has arguably been altered more by us than we have been changed by it. Some argue that when you weigh the economic, medical, and political factors, no other food plant has coevolved to support mankind as much as the soybean, which is interesting for a bean that is not easily digested in its natural form.
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There are many varieties of soybeans, but these three are the most available.







Soybean is the legume most improved as a human food by fermentation.


Sidney W. Mintz






Meet the Maker





Bill Shurtleff




It was the end of summer, yet the day was hotter than it should have been. Distant mountain fires filled the air of the San Francisco Bay Area with oppressive smoke as we drove up to the SoyInfo Center, which is also Bill Shurtleff and Akiko Aoyagi’s residence. Bill met us outside and ushered us in, quickly closing the doors to keep the cooler, more comfortable air inside. We sat in the living room, surrounded by shelves heavy with books. More books and files crammed the upstairs library. While the SoyInfo Center supports a rich database of free downloadable information, it was awe inspiring to see so much knowledge represented in material form.


People write cookbooks for different reasons. Some are following a passion, some want to preserve and share their heritage through recipes, and others are mired in obligation, paychecks, or whatever. For Bill, who with Akiko wrote the cornerstone works that introduced the United States to powerful traditional soy foods — The Book of Miso, The Book of Tempeh, The Book of Tofu, and others — the reason was a steadfast commitment to solve world hunger. He was initially influenced by the 1971 work Diet for a Small Planet, in which Frances Moore Lappé argues that world hunger results not from a lack of food, but from poor food policy and an inefficient use of food. Rather than running about 85 percent of the world’s total crops through animals that we will eventually eat, Bill argues, there is a more efficient way to get our protein: from soybeans and grains grown not for herbivores but for humans. By bypassing the animal, we avoid the dramatic environmental toll that global livestock production makes upon our planet.


Decades before Internet resources, Bill and Akiko went to the countries where these fermented food traditions and techniques could only be learned by experiencing them in person. Rather than capturing techniques in photos, they chose, through Akiko’s talent, to hand illustrate these processes in a simple yet eloquent way.


Bill and Akiko’s books, which have been (and likely still will be) updated as new studies are published, present soy foods as a practical, low-cost source of protein for underdeveloped countries. “I am not a seller of soybeans — I am a seller of vegetarianism. I want soy food to be the most important protein in the world,” Bill told us emphatically. “It’s not about me. I am just a conduit.”








Judgment of the Bean




We need to come clean about something. During our vegetarian/vegan years we were big consumers of soy, and especially tofu, but then something happened: We read about the dark side of unfermented soy. And for a while thereafter, soy left our diet completely.


You may have heard about some of the dark side: Rain forests in Brazil are being leveled in the country’s race with the United States to become the world’s largest grower of soybeans. Soybeans contain antinutrients, which from their name says it all, as well as phytoestrogens, which can impair the thyroid and cause fatigue, infertility, and even breast cancer. Finally, there is the fact that the majority of soybeans grown in the United States are genetically modified.


As we eventually learned, fermenting soybeans makes these legumes not only safe to eat but incredibly healthy. And organic regulations now prohibit genetic modification. So, eat your soybeans — fermented!






GMO Soy




More than 99 percent of the soybeans grown in the United States are genetically modified organisms (GMOs), and they have one of the highest pesticide contamination rates of any crop. While we found research suggesting that GMO soybeans are safe for human consumption, we also found research that suggests quite the opposite. In the end, you need to decide for yourself what you believe to be true. In our case, we only purchase USDA-certified organic soybeans, which are pesticide- and GMO-free, because we believe there is enough evidence to warrant it.







Trypsin Inhibitors


As we’ve established, the soybean is extremely nutritious. The problem for humans is that it also contains antinutritional factors that prevent us from properly digesting it and absorbing the nutrition it has locked within. Take, for example, the soybean’s high levels of protein. In order for our bodies to use protein for tissue growth and body maintenance, we need to break it down into amino acids, which our bodies can absorb. We do that through enzymes like trypsin, which are excreted by our pancreas into our small intestine. Once there, trypsin activates other enzymes that digest protein into small amino acids.


Now imagine that you just ate a tofu salad or drank a glass of cold soy milk. Your body’s digestive process kicks in and the trypsin is there and waiting, but unfermented soybeans contain trypsin inhibitors. The inhibitors glom on to the trypsin, preventing it from processing the proteins into simpler amino acids. The proteins pass through in a form our bodies cannot easily metabolize, and we lose the nutrition. The good news is that a thorough soak and boil or steam, followed by fermentation, deactivates most of these inhibitors.





Phytates




To understand what phytates are, we need to start with the mineral phosphorus, which is a vital nutrient not only for plants but also for animals like us. In fact, it comes in second behind calcium as the most abundant mineral in our bodies, making up 85 percent of our bones and teeth. Phosphorus keeps our kidneys functioning and our teeth and bones strong, and it helps bring energy to our body’s cells. It is even in our DNA and our RNA. Plants store phosphorus as a compound called phytic acid. So far, so good. If phytic acid kept to itself the story would end here, but it doesn’t do that. Phytic acid is a strong chelator, which means it binds with other minerals. Once those minerals are bound, it becomes a phytate and those minerals, including the original phosphorus, are locked away inside. To free them we need a key, and that key is a phytase. Phytases are enzymes that break apart the phytate, freeing not only the original phosphorus but also other minerals like calcium, magnesium, and iron. Go phytases!


Plants naturally have some phytases and we have phytases in our guts, though at pretty insignificant levels. To break down our food into its nutritional components, we need the help of microbes, which are nature’s most important source of phytases. Processing our food becomes a relay race — first the phytases in the plants go to work, then the phytases in the microbes, and finally those in our guts as we digest the food. Along the way phytates are broken up in a process called phytate dephosphorylation. Let’s look at each leg of the race and what is happening:


Soaking beans at room temperature for 18 to 24 hours reduces phytates in two ways. First, because phytates are water soluble, many will dissolve into the soaking water. This is why it is important to drain the water and replace it with fresh water a few times during the soaking period. The second thing soaking does is to provide a supportive environment for the plant’s natural phytases to work on the phytates. Research has shown that the optimal environment is water that is at a pH of 5.0–6.0. This pH happens naturally over a long soaking period as lactic acid moves in. In a pinch, it can be reached by the addition of a tablespoon of vinegar to 4 to 5 cups of soaking water.


Germinating beans is simply following the plant’s design for their seeds — to prepare them to be plants. Naturally occurring phytases break down the phytates to release phosphorus, which the beans use as energy for their germination process.


Cooking beans doesn’t have as much effect on phytates as you might think, and that’s due to the fact that most phytates are heat stable. Our friends the phytases, however, like all enzymes, are heat sensitive, so when you cook your beans, their lap is done, and you are taking those plant phytases out of the race.


Fermenting further degrades the remaining phytates and provides the microbes in our guts, which represent the last leg of our phytase relay team, a big lead to finish the race.




Allergens


Food allergies have likely been with us since the earliest days of humankind, but they have gotten worse in recent years. According to the World Allergy Organization’s latest White Book on Allergy, it’s estimated that the number of people globally with food allergies has risen from between 1 and 2 percent in the early 2000s to 3 to 7 percent in 2017, or between 240 million and 550 million people.




Of the 170 foods that have been documented to cause food allergies, soybeans are one of the eight most common, according to the Food and Agriculture Organization of the United Nations. The other seven are cow’s milk, eggs, fish, crustaceans, tree nuts, peanuts, and wheat. Approximately 2 percent of all food allergies are soybean related. We will do the math for you. In the United States, approximately 196,000 to 457,000 Americans are allergic to soybeans. That’s somewhere between the population of Grand Rapids, Michigan, and Colorado Springs, Colorado. Another way to visualize the statistic is to line up a thousand people, in ten rows of one hundred people. The last person in the last row will be truly allergic to soybeans. However, if you ask this group how many people feel that they are allergic to soybeans, one-quarter to one-half of the front row might raise their hands. What these people likely have is an intolerance or sensitivity, not a true allergy.


Food allergies are an abnormal response by our immune system to components, typically naturally occurring proteins, in our food. People have one of two reactions: immediate (within minutes) or delayed (a day or more), and the severity of the reaction is typically much stronger for the immediate reaction.


With food intolerances and sensitivities, symptoms can be quite uncomfortable but are not as serious. Milk is a good example. Some people have lactose intolerance, which means they lack the necessary enzymes in their small intestines to adequately process lactose. While lactose intolerance can cause uncomfortable gastrointestinal symptoms, there is not an immune response from the body. By contrast, people with a milk allergy need to avoid it completely, because even small amounts will cause their bodies to take systemic actions that can be quite serious.


Some good news for allergy sufferers is that fermentation appears to make a considerable difference. In one study conducted in 1993, where soy-allergic adults were exposed to a number of soybean products and tested for the immunoglobulin E (IgE) antibodies in their blood, researchers found that “fermentation appears to be particularly effective in reducing allergens present in a soy product” and “fermentation may alter or destroy allergenic epitomes.”4It is unclear to us why this is the case, but research in this area continues. While this is promising research, if you are an allergy sufferer, please consult your health care practitioner before exploring soy-based ferments. And don’t worry — everything in this book can be made soy-free.
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