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PRAISE FOR KOJI ALCHEMY

“They say a gram of koji contains millions of spores. Shih and Umansky equal that with insights, bringing scientific understanding to koji’s magical powers of transformation (without spoiling any of the magic). Koji Alchemy is an immensely informative read.”

—DAN BARBER, chef/co-owner, Blue Hill and Blue Hill at Stone Barns; author of The Third Plate

“I have always been intrigued by the technical and thoughtful fermentation practices of many cultures. Reading Koji Alchemy has opened my eyes to how simple working with koji can actually be, while remaining incredibly innovative and exciting. This book is not only full of information, it’s scientific, and most of all thrilling. It’s a great reminder that we all have a lot to learn about the art of fermentation.”

—DANIEL BOULUD, chef and restaurateur, Daniel

“Before this book, what Jeremy and Rich have done with food I would’ve thought impossible. As someone who has always had a deep love for the curing, brining, aging, and smoking of meat, I would have never thought these time-honored processes could be sped up without producing lesser results. Well, was I ever proven wrong. To take an ingredient like koji, which has been available and used for hundreds of years, and use it to speed up processes like pastrami and still maintain its integrity is truly astonishing. In Koji Alchemy, they show you what to me feels like magic, and guide you through every step so you can now make dishes at home or at your restaurants that would have previously taken not only lots of time but also space. They have opened my mind to koji’s limitless uses and will do the same for you. Jeremy and Rich, thank you for always pushing culinary boundaries and reminding us all that there is something new to learn and be inspired by every day.”

—CHEF MICHAEL SYMON

“Science is a very useful resource for understanding food, and, very importantly, it shows us how to make better food. This book succeeds in ‘translating’ the language of science and its practical applications to everyday users. Exploiting and harnessing the effects that microorganisms have on food is a great tool that any cook can add to their repertoire, and Koji Alchemy will show you how. I hope Merriam-Webster adds the word ‘kojify’ to the dictionary soon.”

—FRANCISCO MIGOYA, head chef, Modernist Cuisine

“Koji Alchemy is the most in-depth study on the subject that I’ve ever seen. As someone basically starting at zero, I’m inspired to dig in and learn from the masters.”

—JEREMY FOX, author of On Vegetables

“Rich and Jeremy have dedicated years to researching and experimenting with both traditional and utterly novel uses for koji. With Koji Alchemy, they open their notebooks to the rest of us, sharing their deep knowledge and infectious enthusiasm for this remarkable mold. This book, at once comprehensive and approachable, will prove invaluable to any curious cook looking to make more flavorful food, reduce kitchen waste, or experiment at the frontier of an exciting world of fermentation.”

—DAN SOUZA, editor-in-chief, Cook’s Illustrated

“Alchemist, chef, and master charcutier, Jeremy Umansky is the Albert Einstein of koji. Koji Alchemy—his book with Rich Shih, a first-rate koji explorer—is fascinating, hunger-inducing, and the final word on the spore responsible for miso, soy sauce, sake, and so much more.”

—STEVEN RAICHLEN, host, PBS’s Project Fire and Project Smoke

“Like a magician revealing their tricks, Koji Alchemy has lifted the veil on the complex nature of some of the world’s most beloved foods. The authors brilliantly demystify the ‘alchemy,’ giving the reader a straightforward view into the world of koji’s secrets. Never before has a book broken down the building blocks of koji and its products so completely and in such a useful way in the kitchen.”

—KYLE CONNAUGHTON, chef and owner, SingleThread Farms

“Rich and Jeremy have done an amazing job in creating an indispensable manual for both home cooks and pro chefs. Koji Alchemy offers a fresh set of transformative cooking fundamentals and a master class on fermentation.”

—RICK TRAMONTO, executive chef and vice president of culinary operations, Tramonto Cuisine Group

“It’s not every day that deeply passionate, creative, and collaborative people take on the demystification of a revered ingredient. But herein lies just that: a truly educational, comprehensive, and delicious exploration of one of the most versatile molds out there. So grateful for this book.”

—CORTNEY BURNS, chef; author of Nourish Me Home and coauthor of Bar Tartine

“Koji Alchemy will make you want to immediately start experimenting. The fungus behind koji—Aspergillus oryzae—is one of the top three most important transformative organisms in food, and this is the only book devoted to it. Shih and Umansky have put in years of intensive learning and testing of all aspects, both traditional and new, of this magical mold and have generously shared their insights and given us a roadmap to follow.”

—DAVE ARNOLD, author of Liquid Intelligence; Museum of Food and Drink

“Koji Alchemy is ideally suited to this moment in food history when the nutritive and ecological benefits of fermentation as a means of processing food to greater edibility have become baldly apparent. This is a handbook explaining how the distinctive enzymatic effects of koji, a mold domesticated in Asia in deep antiquity, produce richer flavor (more than just umami), easier digestibility, and more beneficial interactions with gut microbes than other cooking agents. You learn how to grow it, apply it, and think about the possible interactions with different grains and starches. The authors explain how koji performs its transformations in all of the traditional Asian categories of fermented food—the amino pastes, alcohols, meat cures, and pickles—then venture into transformations of eggs and dairy and western foodstuffs. More an invitation to work with koji to blaze creative paths in cooking than orders about how to ferment using Aspergillus oryzae, this book stresses the wonder of this fungus’s ability to give rise to subtle fragrances, comforting tastes, and a feeling of wholesome repleteness in food.”

—DAVID S. SHIELDS, Carolina Distinguished Professor, University of South Carolina; chair, Carolina Gold Rice Foundation

“Koji Alchemy opens up a whole new world of endless gastronomic possibilities. Koji will be the next great wave for fermentation enthusiasts, and these authors are its heralds. I have watched from the sidelines with great anticipation and am now ready to dive in myself with this book as my guide.”

—KEN ALBALA, professor of history, University of the Pacific

“In Koji Alchemy, Umansky and Shih have amassed and arranged koji’s mystifying powers into an easily digestible reference for the whole world to use! Both seasoned veterans in the field of fermentation, they speak to enchanted newcomers and inquisitive professionals with the certain euphoria that Aspergillus oryzae has long-deserved. Koji Alchemy gives praise to past and present traditions, while bringing modern concepts forward. This book, like koji itself, will turn the confounding into commonplace, blandness into flavorsome, emboldening your appetite for more umami.”

—MICHAEL HARLAN TURKELL, author of Acid Trip

“Koji Alchemy is about discovery. It is about collaboration with microbes and humans. It is about cultural exchange, and most importantly, it is about making flavor. Jeremy and Rich gracefully navigate this ancient art and its modern renaissance that breaks from tradition, bringing us a complete look at this versatile domesticated fungus.”

—KIRSTEN K. SHOCKEY, coauthor of Miso, Tempeh, Natto and Other Tasty Ferments and Fermented Vegetables

“Koji Alchemy is part science experiment, part history book, part love letter to the art and skill of using koji to elevate food both humble and refined. Shih and Umansky make the world of koji accessible to cooks at every level with this in-depth manual that shares their immense knowledge and passion with readers.”

—LEE WOLEN, chef and partner, Boka and Somerset restaurants

“Rich and Jeremy have dedicated their lives to the art of making koji, and it shows very evidently in their work. Koji Alchemy is one of the most comprehensive pieces of literature regarding this amazing mold in the industry today. This book is a tool every kitchen should be using.”

—CHEF RYAN POLI

“In an ever-evolving culinary world, Koji Alchemy will help define the next generation of cooks and eventually become a timeless resource for both those who are beginning their journey and those looking to add and improve on an existing skill set. An ancient technique broken down for the modern age. Old school flavor, new school style.”

—CARLO G. LAMAGNA, chef and owner, Magna Kusina

“When I first met and became friends with Jeremy Umansky in 2014, he exposed me to what he had been working on with regard to koji. It was the kind of culinary awakening that opened my eyes to what is possible with food in order to create deliciousness, and this has carried over into everything that I do in the kitchen to this day. I couldn’t be more excited for the knowledge in his and Rich Shih’s beautiful book to be widely available. Koji Alchemy will change you.”

—KEVIN SOUSA, chef and owner, Superior Motors

“What an extraordinary book Koji Alchemy is. I leapt headfirst into the section on vinegar, but from there couldn’t resist discovering all the other ways that Shih and Umansky expound on the flavour impact of koji. It’s a book for ingredient geeks, for sure (which I mean as a compliment), but written engagingly enough to appeal to anyone with a serious interest in food. My culinary mind is blown.”

—ANGELA CLUTTON, author of The Vinegar Cupboard

“Koji Alchemy is a great, well-written book that draws you in from the start, equipping readers with the knowledge needed to discover more about this mysterious ingredient. Koji is well-documented as a core ingredient in Japanese cooking, a starting point with plenty more to be discovered. I love that this book demonstrates how its use for imparting and discovering flavour can be continuously explored in all cuisines. Koji Alchemy is the road map that sets you on that journey.”

—YUKI GOMI, Yuki’s Kitchen; author of Sushi at Home

“Koji Alchemy dissolves the boundaries of traditional koji methods, while still heeding the wisdom and power of cultures who have collaborated with these microbes to develop unparalleled flavors. Put koji on it.”

—LINDSAY WHITEAKER, Harvest Roots Ferments
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FOREWORD

Koji is a mold with great transformative powers. It is Aspergillus oryzae along with a few other related fungi, which, when grown on grains or other nutritive substrates, produce a treasure trove of digestive enzymes. Koji, in many varied forms, has been used by humans for thousands of years. In sake and other alcoholic beverages produced across Asia from rice, other grains, and starchy tubers, koji’s amylase enzymes break down complex carbohydrates into simple sugars that yeast can ferment into alcohol. In soy sauce, miso, and other fermented pastes and sauces, koji’s protease enzymes break down proteins into amino acids, including glutamates with powerful umami flavor. Koji also has traditional applications in vegetable pickling, sweets, fish sauce, and undoubtedly other foods and drinks that I have not seen or heard about. But as koji and its equivalents in other cultures have become more known beyond the lands where they are traditional, and as interest in fermentation has been experiencing a broad revival, experimentation has exploded, and exciting new applications of koji abound.

For the first decade of my fermentation journey, even after the publication of my first book, Wild Fermentation, in 2003, I was intimidated by the prospect of making koji. From The Book of Miso by William Shurtleff and Akiko Aoyagi, I know that growing koji from spores requires up to forty-eight hours of warm, humid conditions. I had made lots of tempeh using an oven with a pilot light to maintain similar conditions, but only for twenty-four hours, which was plenty challenging. Because the oven pilot slightly overheated the oven if the door was tightly shut, I generally left it ajar and needed to monitor the temperature and adjust the opening every few hours. Also, I lived in a community where I shared a kitchen with a dozen or more people, and commandeering the oven for two days seemed likely to inconvenience people. And because we were living off the electrical grid with a somewhat unreliable solar system, I was reluctant to use electrical means of regulating temperature.

I’ve been working with purchased koji since 1993, when my burgeoning interest in fermentation led me to my first experiments making miso and amazake. When I called the American Miso Company in North Carolina (which has since become Miso Master) to ask if they would sell me some koji, they were so amused I was making miso that they sent me that first koji free of charge, as a gift for the novelty of making my own miso. As miso making became an annual ritual in my life, I continued to purchase koji from American Miso Company and later from South River Miso Company in Massachusetts.

Finally, around 2005, I decided I was ready to try making my own koji. I ordered spores from GEM Cultures. I soaked barley and steamed it. I cooled the steamed barley to body temperature, introduced the spores, distributed them, transferred the inoculated barley into a cloth-lined hotel pan, and incubated it in the oven with the pilot light on. By the next morning the whole kitchen was engulfed in the sweet aroma of the koji, the mold seducing me with its intoxicating smell and the promise of incredible flavors to come.

Over the years I figured out other incubation systems that were more self-regulating and less inconveniencing. I wrote about making koji in The Art of Fermentation and have made koji with hundreds of people in my workshops. Ever since koji making came into my life, it has been a special event I always look forward to, a ritual marked by the sweet aroma that overtakes the whole house. Koji making has also become something I love to share, to demystify the process while enabling people to experience its magic.

I have grown koji on pearled barley more than on any other substrate. It’s so delicious and so consistently easy, meaning that steamed pearled barley has enough moisture for the mold to develop quickly and luxuriantly every time without fuss. I have also made koji on different types of rice, millet, soybeans (with and without wheat), and fava beans (with and without wheat), and have even experimented with growing koji on sweet potatoes and chestnuts, both of which I grow. The major way I’ve mixed it up in miso making has been to replace soybeans with different beans such as chickpeas, limas, pintos, cowpeas, lentils, and mayocoba beans. But although I like to experiment, in the end I possess a pretty limited culinary imagination.

In my travels I’ve encountered people with extraordinary culinary imaginations who experiment with very exciting, visionary uses of koji. I loved Momofuku’s incredible pistachio and pine nut misos. At the Noma test kitchen in Copenhagen, I tasted rich, delicious koji-digested grasshopper “garum.” In Boston, Rich Shih collaborated on a fermentation-themed meal that I participated in, and blew my mind with popcorn koji. And via social media I watched as chef Jeremy Umansky—whom I had met and taught when he was a culinary student—documented his wild experiments applying koji to meat curing, vegetable curing, and other unprecedented applications.

Shih and Umansky’s Koji Alchemy is a book that lives up to its title. Koji is extremely versatile and has varied applications, many as yet unimagined. The authors are both mad experimentalists, and Koji Alchemy features more ways of using koji than I have ever seen or heard of before, including groundbreaking ideas for growing koji on cured vegetables in order to create vegetable charcuterie with incredible flavor and texture; koji cultured butter and cheeses, as well as cheese miso; and much, much more—even puffed koji for crispy rice treats. But at every juncture in the book, after explaining their methods, and letting some of their featured collaborators explain theirs, Jeremy and Rich offer ideas for how you might vary the process. They encourage further exploration and personal alchemy, working with the fungus and developing a relationship with it, as you, and we all, learn how very versatile it is.

Koji Alchemy already has me experimenting with things I wouldn’t have thought I could do. It is empowering and inspiring, and does much to open the door to further creativity and innovation. Throughout the book Jeremy and Rich repeat the mantra and hashtag #kojibuildscommunity. It does, and this book will surely expand the koji making community. I can’t wait to see and taste some of the next wave of koji experimentation that it is likely to inspire.

—SANDOR ELLIX KATZ





 

INTRODUCTION

Why Koji?

There was a time when sitting down with family and friends at a table to share a meal was commonplace. It was a communal table where you could enjoy others’ company without feeling like you had to do anything else; a time you looked forward to because you were welcomed by nourishment and people who cared; a daily forum to talk about anything you liked—from who you met that day to the deepest personal revelation; a place where you were comfortable sharing your emotions knowing that even if things got heated with disagreement, at the core everyone sitting at the table had your back. This may seem a romantic notion for most of us, but it’s not. This is where we’re headed with this book, so pull up a chair and join us.

Yes, it’s become rare to sit at a table and enjoy a meal together. Most times folks are engaged in looking at a screen while wolfing down something out of a take-out container or plastic wrapper more for fuel than for joy. Somehow the industrial and green revolutions convinced many of us that cooking a meal is a burden. But there’s a community starving for something more: the amazing food revolution—still in its infancy—of people who are fermenting vegetables (sauerkraut, kimchi, hot sauce, and the like), making their own charcuterie, raising chickens, learning whole-animal butchery, and foraging. An interest in koji has been running alongside this fermentation fever and is becoming more and more mainstream. We’re here to show you the significance of this food revolution.

Koji is a specific mold grown on a starch medium that can make food extraordinarily tasty if you simply mix a few ingredients together and wait. Alchemy is a power or process that changes or transforms something in a mysterious or impressive way. Given koji’s almost mystical abilities to create what seems like something out of nothing, we decided to name this book Koji Alchemy.

As you begin your journey with us, you may not know what koji is, but you’re intrigued by what you’ve heard it can do. Maybe you’ve been told that it smells like the most intoxicating combination of grapefruit, chestnuts, honeysuckle, and mushrooms. It may sound hard to believe, and you want to taste what’s actually possible. Well, it’s likely you already have. You probably even have a bottle of it in your pantry right now. We’re talking about soy sauce, a widely enjoyed condiment that is part of the common culinary language practically everywhere in the world, a familiar friend and a known tasty quantity that you’ve been dipping dumplings and sushi in longer than you can remember. Let’s not forget the countless splashes you’ve added to marinades as a tried-and-true accent to make whatever you grill, sauté, or roast shine. As delicious as soy sauce is, we’ll show you that it only scratches the surface of what can be done with koji.

To help make it easier to understand in application, we like to describe koji as a seasoning. Consider salt—the most basic seasoning that makes everything taste better. We’ve all experienced food that lacks the right amount—and we also quickly understand when there’s too much. Think about a tomato at peak ripeness to be sliced and eaten. Now remember when you tasted the mind-blowing flavor of that tomato when you sprinkled a touch of salt over it; it’s possible you can’t imagine eating it any other way. The same goes for the primary driver of koji, umami (flavor body). Have you ever tried making a sauce without the bits of meat stuck to the pan after searing, aged cheese, mushrooms, tomato, seaweed, miso, or the like? The results will be missing depth of flavor, one that cannot be realized without amino acids, the fundamental components of proteins. We are wired to taste umami and feel satisfaction, because it’s an indicator of nutrition. When food lacks this savory taste, our bodies tell us it’s not fulfilling. That’s why we simmer water with bones to create a stock that ultimately makes a soup more satisfying, which doesn’t take much protein to achieve. However, the ability to coax the flavor and nutrition out of protein requires cooking skills and/or preservation methods driven by heat, microbes, and time. The magic of koji is its ability to give us delicious foods with less effort and time. In some cases it works overnight. Simply applying koji to foods ahead of cooking leverages enzymes (which will be described in detail later) to accelerate the flavor generation process; the food is already delicious before you start. Koji works in concert with practically any food preparation technique you know, with very little adjustment.

On the sweet side of things, we are forever chasing ultimate fruit ripeness for the sugars. Sweetness is another flavor element that is an indicator of essential nutrition, and one that we are always craving. Picking and eating berries at the peak of flavor in the summer is the best. However, it’s uncommon to constantly have access to fruit at its optimal ripeness. As a result, we make adjustments by adding a touch of sweetness, sprinkling a touch of sugar or drizzling a little honey to bring balance. What if there was a seasoning that would allow you to sweeten the fruit with its inherent starch? If it’s not quite ripe, a touch of koji will soften and sweeten it up to be just right. If fruits happen to be on the way out, a purée with koji will yield a sweet porridge that can be spun into a vegan ice cream. Sugar is enjoyable in itself—but the importance of kojifying food goes way beyond that. We’ll show you how it can kick-start all the delicious fermentation processes we know and love.

Why Isn’t Koji Already Well Known?

Regional differences in our grain and starch staples is one of the key reasons why koji has not spread around the globe by now. Wheat, corn, and rice are the three primary cereals that have powered human life since the beginning of agriculture. Once these nutritional bases were established in their respective civilizations, no one felt any desire or need to change. Also, consider the challenges of cross-country transportation prior to steam and internal combustion engines. At that time, the best form of long-distance travel was by boat; introducing new foods and products rarely reached beyond port cities. Adding seeds for growing another starch staple to overseas cargoes wasn’t a priority. In addition Japanese trade, and therefore exposure to delicious koji products, was closed off for two centuries prior to Commodore Perry’s visit in 1853.

Aspergillus oryzae is quite unique when it comes to being harnessed for fermentation. It’s not as simple as other wild ferments, where you can easily capture microbes from your surroundings. Only a few very specific isolated species out of hundreds in the genus Aspergillus can be used for koji; most of the rest are generally categorized as harmful to humans. It also requires very specific conditions on cooked whole grains in order to grow efficiently. That koji was originally discovered growing on cooked rice and not on corn or wheat makes sense, as the latter would have been ground and therefore difficult for the mold to grow on. However, the sprouting of wheat and corn did eventually lead to the discovery of malting to yield sugars to power alcohol production, a necessity to provide potable water. On the other side of the world with rice, koji provided the starch-to-sugar conversion necessary for making rice alcohol, toward the same end. This further reinforced the establishment of staple grain preferences that still exist around the world.


[image: ]

Aspergillus oryzae conidiophore. Illustration by Max Hull, based on a Scott Chimileski microscopy image.



Koji Is Bewitching

What is it that makes koji so attractive to a chef or other culinarian? For starters, koji is bewitching: Its life cycle is fascinating, and its aroma is intoxicating. Think for a moment about some of the other molds used in food production. Would you describe the aroma of a piece of charcuterie or a hunk of blue cheese as intoxicating, mimicking honeysuckle and tropical fruits? We think not. Molds used to make cured meats and cheeses often reek of such dank aromas as wet dog or basement, or carry the pungency of hard-cooked eggs or even chemical cleaners. Just based on this comparison, it is easy to see why so many people become captivated by koji—and we haven’t even gotten to describing the seemingly magical qualities that koji imparts to nearly every food it touches.

Koji’s alchemical abilities come from the many different enzymes that it produces. Enzymes are defined as substances produced by living organisms that act as catalysts to bring about specific biochemical reactions. The following are the main and most important enzymes you should become familiar with as you read this book and then venture off to begin working with koji.

Amylase. This enzyme breaks down the complex polysaccharide amylose into simple sugars such as maltose, glucose, and oligo sugar. There are many types of amylase such as glucoamylase and alpha-amylase. Koji also produces a lot of other enzymes that break down sugars called saccharases. While amylase may play a large role in fermentation, there are also polysaccharide-degrading enzymes that can produce sweet tastes beyond the basic “sugar.” These sugars taste sweet on your tongue and are easily fermented with the aid of yeasts into alcohol, which can in turn be fermented into acetic acid (vinegar).

Protease. This enzyme breaks proteins into the amino acids that make them up. The most prevalent of the amino acids created is glutamic acid, especially when the food source is rich in proteins containing the amino acid glutamine. Glutamic acid and its derivative MSG are incredibly delicious and the backbone of the “fifth” taste (in addition to sweet, sour, salty, and bitter) known as umami. Umami provides a deep, rich, unctuous flavor to foods that leaves us satiated and fulfilled as we eat.

Lipase. This enzyme breaks fats into the fatty acids, esters, and alcohols that make them up. These are instrumental in the creation of the highly volatile aromatic compounds that give our foods the fantastic array of aromas that we encounter when eating.

Take a moment and think of a plainly roasted chicken thigh. Its dark meat and golden crispy skin are pretty delicious. Now imagine that you’ve used koji to unlock a tsunami of intensely flavored amino acids and sugars along with a plethora of fantastically pleasing aromas from that chicken thigh. It transforms from pretty delicious to the best-tasting piece of chicken you have ever eaten. Its flavor is so deep with umami that it feels as if it has become a permanent addition to your tongue. The aroma has transformed from simple roast chicken to one reminiscent of Parmesan cheese, toasted yeast, and aged meats. This transformative alchemy is what makes koji so enthralling. By simply marinating the chicken in a koji-derived ingredient such as amazake or shio koji (we’ll go into great depth about these later on), you’ve transformed something from mundane to memorable. Your whole understanding of what delicious means has now been upended.

Koji Is Universal

Functionally, koji is not tied to Japanese or any other Asian cuisine that uses it. It doesn’t matter what the base ingredient is. It only happens that the microbe with this functionality, Aspergillus oryzae, was domesticated by humans for preserving food in Asia thousands of years ago. It does not taste like soy sauce, miso, or sake. It tastes like the flavor components of whatever you apply it to. Granted, there can be a hint of the distinct character of koji on the back end of the flavor in specific circumstances. When you think about the range of flavors found in a mold rind cheese, you can start to get an idea what we are referring to.

Practically every region in the world has a method of preservation that makes food more delicious as well as nutritious. No matter who you are, there’s at least one preserved food, fermented or not, that you love. This was born out of necessity. For context, think about the last time the power went out for a few days and you had to figure out what to do with all the food in your refrigerator and freezer. You cooked what you could, held on to what you knew would be fine, and probably ended up tossing the rest. Likely some of things that you knew would be fine were preserves of some sort. Hmm … Now consider a time not that long ago when there was no refrigeration and people had to preserve large volumes of food seasonally to sustain life. It was a completely different food landscape back then. Preserves—specifically ferments—were required for survival; no one had the luxury of throwing anything away.

Then consider how long humans have been on the Earth. It was not that long ago that we were hunter-gatherers without agriculture. Preservation of found foods was essential. Simply drying and salting meat to keep it longer eventually led to the product becoming more delicious. This happened through naturally occurring microbes that brought enzymes along for the ride to break proteins down into amino acids. Nowadays people inoculate charcuterie with very specific strains of microbes to yield a desired flavor that’s consistent and well known.

So, you might be asking, how does this tie into the whole koji thing? Any process that develops flavor takes time. One key factor that drives the duration is the enzyme loading. Whether it be naturally occurring or specifically selected for a food application, every common microbe used to generate amino acids pales in comparison with Aspergillus oryzae. Koji is the powerhouse of enzymes. Aside from traditional methods of applying a koji marinade to meat and katsuobushi, an aged smoked fish, we have discovered that you can accelerate the aging of animal-based proteins. Applying koji to charcuterie allows the drying process to yield the standard water loss (or activity) in as little as one-third of the traditional time. When you consider the standard one-year minimum for a prosciutto, it really makes you think. You can also develop aged cheese flavors in two months instead of having to wait an entire year.

The Authors’ Flavor Adventure Together

Both of us have loved food since birth and developed adventurous appetites as a result of the wonderful home cooking we enjoyed in our families. These experiences throughout our formative years made us understand the importance of nourishing the people you love. The faces smiling at gatherings as a result of eating well and being taken care of are the definition of soul food. This is the core of our drive to bring a community together to share and support one another. At the forefront of this movement is spreading the magic of koji. Each of us has a strong fundamental understanding of what’s possible as a result of years of practice and experimentation, but we come at it from completely different perspectives. Jeremy, a fearless professional chef who runs a delicatessen, is constantly looking at the practicality of serving quality and innovative food. Rich, an adventurous cook, is forever interchanging techniques and ingredients to find tasty combinations that simultaneously respect and challenge tradition.

Whenever we come across a new ingredient, technique, or process, we start by getting to know what’s possible based on what’s been done before. At the beginning of our adventure, countless traditional makes all over Asia had our heads spinning, as did glimpses into applications in the fine dining scene. However, the more we began to experiment with koji, the more we saw the unlimited potential of how koji can be applied to any food preparation. To this day, both of us are still deep down the rabbit hole of experimentation and haven’t yet found any sign of an end to our flavor journey. Koji is an unparalleled seasoning that can be used as simply or complexly as the cook who wields it, no matter the experience level. It’s a true secret sauce—that won’t be so secret after you read this book.

Before we knew each other, when we each independently realized how amazing koji was, the first thing we did was start to share with the culinary community. We wanted to know who else was out there diving deep; who could we share our experiences and ideas with; what more could we learn by connecting with the vast network of chefs, cooks, farmers, scientists, journalists, historians, craftspeople, and artists from all over the world. How could we all help one another grow in koji?


About This Book

Koji Alchemy is a comprehensive primer for anyone who wants to understand the fundamentals of koji: how to make it and how to use it in a whole host of applications, ranging from savory to sweet. Our intention is for you to use this book as the sounding board for your most imaginative gastronomic innovations. We want you to take all that is in these pages and expound upon it, transform it, turn it into your own. Our endeavors with koji started with our own investigations and led us here. We can only begin to imagine what fantastical workings and explorations you will discover with this book at your side.

The journey we are on is driven by our desire to encourage people to make better food for one another. We hope this book helps you to understand the fundamentals without feeling daunted. In fact, if you look at the core of the recipes for each koji application, it’s pretty much just mixing things together and waiting. Granted, there can be a whole lot more … but there doesn’t have to be. We want you to see the beauty in marrying ingredients with technique and process, without the boundaries of following strict rules. And more than just making tasty food, we hope this encourages you to build strong communities and support one another when you’re stuck, struggling, suffering, or you need that glimpse to get to the next level. Because when we recognize we’re all in this together, we are all better off.

As you make your way through this book, be mindful that what we present is what has worked for us and the wonderful contributors who have generously shared. We have gathered our understanding of how to use this magical ingredient based on ancient preservation practices and collective experiences. This is not to say that there aren’t a multitude of other ways to work with koji. Part of our journey has been taking not only what we want to understand more about and investigating it further, but also finding ways that koji fits into each of our styles of cooking. In this spirit we want you to use this book as a launching pad for your own ideas. Take what you find inspiring and experiment with it, craft and transmute, and allow it to evolve to suit your needs. Create your own magnum opus. There is no right or wrong way to express yourself and your likes in the kitchen. If you find something to be delicious and it brings you joy, then by all means embrace it.

In the following chapters we’ll be discussing the many ways you can use koji in your kitchen—from amino pastes and sauces to an age accelerant for meats. Nearly everything you could want to know about the current applied uses of koji can be found. One thing to note is that our metric conversions are approximate and not exact—we often round the conversions to the closest whole number. With this book and a basic understanding of cooking, you will immediately be able to make your food tastier by incorporating koji. Okay, let’s make some magic.

Welcome to the passionate obsession.


KOJI ALCHEMY HAS ARRIVED

Coral Lee

As a result of all the amazing connections we have made in the koji and fermentation community, we are sure that koji is not just a passing craze but in fact something much bigger. Coral Lee, our food-minded friend, gets it. Here’s her introduction to who we are and where this is going.

Koji Alchemy has arrived, as if on cue. We now feast on keto jerky and chug adaptogen sodas in the hope of facing the drudgery of life as our best possible selves. We’ve grown to expect maximal flavor with minimal effort, willingly sacrificing what’s true, natural, authentic for the sake of the hyper.

We’re also all getting tired of being made to feel bad for making food that will never be as good or as true as our grandmothers’; and of overpaying for “fancy” food that leaves us wanting more (heart? soul? … satiation?). We all know that the future of our food needs to be equitable, accessible, and sustainable, but aren’t totally sold on eating bugs or seaweed.

Koji is proof that good food isn’t exclusive to the French-cottage-chic kitchens of culinary Luddites, nor the confines of an Instant Pot. There is no romantic stirring over a Dutch oven for hours; a $19.99 bag of sushi rice from your grocer’s “ethnic line” not required. In existence before the delineation of geopolitical borders, koji grows on whatever you have, wherever you are, whoever you are. It simultaneously magnifies and celebrates familiar aromas alongside funk. And with the volume turned up across the board, Rich and Jeremy change how we feel about funk, mold growing on our food, “off-cuts” (hint: there are none), and free glutamates.

I was introduced to Jeremy at a time in my life when I was especially concerned with the hard-and-fast boundaries of (in)authenticity. He was the guest on the pilot episode of my podcast, Meant to Be Eaten, a show on Heritage Radio Network that explores cross-cultural exchange as afforded by food (or, why we eat, how we eat, and what we eat). When Jeremy explained that his eatery Larder Delicatessen & Bakery had not only had all of Japan’s, but even its koji mascot’s, stamp of approval, I took a step back. I believed, so much, in the just wielding of the word authenticity (and even more so, inauthenticity). I conflated authenticity with goodness, truth, and honesty. I wanted retribution for all those tossed lunches. Growing up alongside Jeremy and Larder these past two years, I’ve come to understand the conversation is not black and white but, really, infinite shades of gray.

I first heard about JD, or Jean Dough, or the brains and brawn behind OurCookQuest, while deep in the /koji Reddit-hole. I was looking at extreme close-ups of meat and sinewy squash innards, hoping for answers. “I know a guy,” a user pm’d me. And so began my frantic pen-pal-ship with Rich.

Rich came armed to our first in-person meeting with at least twenty vac-packs. There was the usual spread—cheese and crackers—but also gochujang umeboshi and a Coca-Cola, and then the former plopped into the latter. What was supposed to be an interview—about him, his work, his belief that all anyone curious needs is the method—ended up being an hour of me tasting things. Before we parted, he handed me his last apple hoshigaki—so green-apple-tart it tasted like the color green. “How long did this take you?” I asked, cradling the baggie in both hands, unbelieving that anyone would part with such an involved project. Rich looked at me like I was crazy and shoved it back my way. Cooking in kitchens has taught me that those who hustle harder, guard their hearts, and only care about themselves and their wants are rewarded. The air-dried fruit was a physical reminder that there still are good people out there: who have studied and respect the past, but also are deeply anxious about how we move on from here. And who don’t just want to gouge you.

Jeremy and Rich prove, with koji, that studying and understanding the flavorscape native to our foods is still relevant and revelatory, that there is still much magic to unpack and tinkering to be done. That you can make food instantly more tasty but also truthfully. When working with koji, wherever your ancestral roots with food lie is beside the point. What’s more “authentic” to an ingredient than allowing it to taste more like, well, itself? We are all so very touchy and nostalgic when it comes to foods and memory. But nostalgia for that elusive something that needs to be preserved—as is, just so—can become dangerous, limiting, a hardening of and retreating within our shells.

Jeremy and Rich are lifelong learners and proof that earnestness is not dead, and neither is generosity. They are critical without being cynical. They expect the same curiosity and heart, if not more, in their co-travelers; and they foster both by encouraging experimentation along with failure. That is how #KojiBuildsCommunity. Jeremy and Rich foresee a future of food that is equitable, accessible, environmentally sustainable, and fun and delicious.

Fad foods remain as such because of cost, ineffectiveness, or both. What makes koji more than just another umami-bomb fad? Its application across cultures, ingredients, and methods. Pickles, naturally leavened breads, cured meats, and alcoholic beverages to name a few—all complicated processes relegated to “the pros,” aka machines, are reclaimed for the home by the home cook made confident and empowered by koji. Pre-koji, my experiences with charcuterie (consuming, definitely not creating) had felt so fleeting, so wispy, so salty. With the help of koji, I slapped some dust onto a pork loin, and three weeks later not only tried lomo for the first time but shared that perfectly malty meltiness with over thirty friends on my holiday gift list (and still have chunks in my freezer saved for emergency amatriciana). To understand and properly leverage koji—its processes and flavors—is not at all difficult to do. Koji does not foster dependence or persistent, very good rule following but teaches home cooks to observe for themselves, reflect, and break some things some more.







 

CHAPTER 1

What Is Koji?

You’re likely reading this book for one of two related reasons. Either you don’t know what koji is and you want to learn more about it, or you do know what it is and want to learn more about it. We don’t blame you, as we are learning more about it every day. Indeed, koji is an amazingly transformative and seemingly magical ingredient that has bewitched many people over thousands of years. As you’ll discover in this book, one of the many things koji does is turn complex carbohydrates into simple sugars via powerful enzymes it produces in order to feed itself. It is a type of mold used in the production of many foods such as miso, soy sauce, sake, jiang, douchi, amazake, makgeolli, meju, and tapai just to name some. Koji has been used for millennia throughout Asia and most recently, in the past 150 years or so, has been slowly conquering the rest of the world in ways that the people who first domesticated it could hardly conceive. Take the charcuterie that Jeremy makes at Larder Delicatessen & Bakery. After the meat is cured and inoculated with koji, the drying time is cut by as much as 60 percent. Imagine being able to make a prosciutto in six months instead of two years.

Koji is an extremely powerful organic technology that has not only shaped the foods of various peoples but also ingrained and transformed their very cultures. Actually, virtually every culture that encounters koji or a food made with or from it becomes entranced by its transformative power. The Japanese have declared it their National Mold and have even created comic books in which it is featured as a cartoon character! We feel that in order to truly understand what it is and what it’s capable of, we must know a little about how, where, when, and why it came to be. When investigating these matters, it’s always best to start at the beginning in order to give a complete understanding. That beginning would be koji’s evolution.

The Origins of Aspergillus oryzae (aka Koji)

The koji mold, Aspergillus oryzae (or, as we will refer to it going forward, simply koji), has a bit of mystique surrounding its origins. Due to rigorous scientific research, we know that koji evolved when it was domesticated from the highly toxic A. flavus. Dr. John Gibbons at Clark University in Worcester, Massachusetts, is currently leading the way in research related to how koji evolved away from its toxic ancestor, by identifying the traits and genetic changes that accompanied the domestication of A. oryzae. To address this topic he and his team sequence and compare the genomes of A. oryzae and its toxic progenitor species, A. flavus. They then use computational genomics, evolutionary biology, and population genetics to pinpoint genetic differences between domesticated and wild genomes. When the genetic differences are present in genes whose functions are known, they design laboratory experiments to test how these genetic differences change the characteristics of A. oryzae. They’re essentially attempting to use biology to understand the traits that ancient artisans selected for when they domesticated A. oryzae. These findings have evolutionary, cultural, historical, and applied significance, which makes this system so exciting to many of us.

Why would an individual decide to conduct research on something so specific as koji? Well, when Dr. Gibbons went to college, he wasn’t fully aware of filamentous molds and their uses. He had always been a big-picture person and applied to graduate school knowing that he wanted to study genomics, indifferent as to what his specific organism would be. After interviewing with labs that studied fruit flies, humans, yeast, plants, and molds, Gibbons ended up joining Dr. Antonis Rokas’s lab at Vanderbilt University, where one of the major research areas was Aspergillus (the koji genus) genomics. Gibbons was given a stack of papers to read when he started at the Rokas Lab so that he could see which areas would be of most interest for him to research. One paper he read completely blew him away. He had assumed that only plants and animals had been domesticated by humans, but a number of papers called A. oryzae “domesticated.”1 One particular paper detailed how the publishing group used a combination of chemistry and archaeology to determine the contents of a nine-thousand-year-old pottery jar from China. They were able to show that the pottery held a fermented drink composed of rice, honey, and fruit, and that this type of fermentation required a mold that was really good at breaking down starches into sugar. It confirmed that humans have been making rice-based alcohol for nine thousand years through the help of filamentous fungi! The biology and genomics, cultural aspects, and applied side of this topic were exciting for Gibbons.

With the promise of potential research ahead, Gibbons dove in on a quest to unlock the how, why, when, and where of koji’s domestication. For more than ten thousand years, humans have been taming plants and animals for particular characteristics. For example, domesticated plants usually produce more fruits or seeds than their wild progenitors thanks to selective breeding. Domestication has a profound impact on the genome of any given organism, and koji is no exception. Specific mutations underlie many of the traits selected for in domestication. For example, a single change in the genetic code of maize (corn) from its progenitor teosinte led to “naked grains” as opposed to the nearly impenetrable kernels of teosinte that are encased with silica and lignin. These mutations were shaped by selective breeding over long periods of time; when you simply compare the phenotype (essentially the way something looks) of teosinte with that of maize, you can easily observe these changes. And while plants and animals primarily shape our collective knowledge of the genomic and phenotypic effects of domestication, a number of bacteria, yeasts, and molds were also domesticated.

We’ve read some of Dr. Gibbons’s papers about koji and its pathway to domestication, and they are nothing short of fascinating! To understand koji’s impact on various cuisines and cultures, we felt it important to establish an understandable timeline for its evolution and domestication. Dr. Gibbons points out that we define domestication as “the genetic modification of a species by breeding it in isolation from its ancestral population in an effort to enhance its utility to humans.” As we’ve noted, the domestication of koji occurred at least nine thousand years ago. Noncoincidentally, according to Dr. Gibbons, this is roughly the same time rice was domesticated (the two often go hand in hand). It makes sense that as rice was domesticated, the mold that eats it, koji, would follow suit in its new agricultural home. He also points out that people have been selling koji dating back to the thirteenth through the fifteenth centuries in China, a considerable amount of time before Western science even knew what microbes were.2 To put this into relative perspective, it would still be roughly three hundred years before Robert Hooke would first observe dead plant cells under a microscope, followed by others observing living organisms.

The exact answers to the questions surrounding koji’s evolution and domestication are yet to be found, and the process is quite puzzling due to the fact that koji and its toxic ancestor, Aspergillus flavus, share 99.5 percent of their genome. But the important point is that koji has been used in food production in China since at least 7000 BCE, making it one of the oldest domesticated foods on the planet.



Koji and Clean Water

As with the domestication of many grains and fruits, koji can trace part of its pathway to domestication to people’s need for safe drinking water. Humans have been evolving for millions of years, and at some point during the course of our evolution, we lost the ability (one that many other animals retained) to avoid getting sick from ingesting contaminated water. Many pathogenic microbes exist in fresh water that can sicken us severely and in many instances lead to death. And one of the many things that sets us apart from other animals is the amount of waste we generate. From excrement to food scraps, agricultural runoff to industrial waste, we produce a large amount of trash wherever we settle. Even our prehistoric ancestors generated waste on a level that made water sources in their settlements dirty. As soon as humans settled an area, it was virtually guaranteed that there would be contamination issues with the water they needed to ingest daily.

While water treatment and purification technologies have ancient roots, it wasn’t until fairly recently that we learned about how microbes behave and how they can make us sick. During an outbreak of cholera in 1854, for example, British scientist John Snow realized that areas sourcing from well water had a lower incidence of contamination compared with areas drawing their water straight from the River Thames, which was constantly being polluted with large amounts of raw sewage.3 A few years later Louis Pasteur proposed what we now call germ theory, changing our understanding of not just pathogens but all microbes, leading us to find ways to combat the pathogens. Snow’s observations on the cholera outbreak eventually led to the addition of chlorine to public water supplies in order to keep pathogenic microbes at bay. But how is koji involved in water purification? The answer to that is simple. Booze.

For most of prehistoric and civilized history, humans have made drinking water safe by turning it into fermented beverages (otherwise known as alcohol). But the brews that were widely consumed historically were fairly different from the ones we have today, which are consumed for gastronomic, cultural, and religious reasons, and recreational pleasures, as opposed to necessity. These historic brews, such as wine, beer, cider, or mead, were much lower in their overall alcohol content than the ones we see today and were mainly brewed spirits. No higher than 1.5 percent ABV, these brews were consumed by people of all ages whenever thirst needed to be quenched. The alcohol present was enough, for the most part, to keep dangerous microbes at bay and prevent them from killing us. Author Michael Pollan addresses this head-on in his book The Botany of Desire when he traces the history of the seemingly mythical John Chapman (aka Johnny Appleseed). Pollan points out that during the westward expansion of America, its new inhabitants found that safe drinking water was rare. John Chapman sold apple trees to settlers to take with them so that they could press the apples into safe and shelf-stable cider, and thus have clean water to aid in their conquest.

As previously metioned, the earliest evidence of koji’s use comes from archaeological discoveries from the early Neolithic village of Jiahu in Henan province in China from the seventh millennium BCE, in the form of clay pottery that had residual chemical evidence showing it contained alcohol made from rice, honey, and fruit.4 We know this because only koji (and a few other molds that can equally be referred to as koji) can safely convert the starches in rice into fermentable sugars. Preserved liquids inside bronze vessels, whose lids had corroded around the edges and created an airtight seal, were found later in the record, dating back to the second millennium BCE. Upon laboratory and chemical analysis, it was discovered that this liquid was actually alcohol made from rice. This was a monumental discovery: In fact, one of the most efficient ways to convert the long-chain carbohydrates in rice into simple fermentable sugars is to use a saccharifying filamentous mold such as koji.



KOJI FOR ALCOHOL

Stephen Lyman

Stephen Lyman is one of a few Americans to apprentice at various Japanese breweries and distilleries, and he has also authored a comprehensive book, The Complete Guide to Japanese Drinks, on the alcoholic beverages of Japan. Stephen is a shochu ambassador who works with all aspects of these beverages from education to production. His knowledge of shochu and sake is, in our opinion, unparalleled.

Koji may not have originated in Japan as an organism, but its use was arguably perfected by the Japanese. In fact, koji is used to make so many Japanese food and beverage staples that the common name for Aspergillus oryzae is the Japanese word koji with no independent translation into any other language. It’s often mistranslated as “malt,” but that’s incorrect; malting is the process of tricking a grain into converting its stored starch into sugars so the seed can germinate and then killing it before it can sprout, whereas koji uses an entirely different process to saccharify stored complex carbohydrates. In Japan soy sauce, miso, mirin, rice vinegar, kasuzuke (a sake lees pickling method), amazake (a sweet non-alcoholic rice beverage), sake, shochu, and awamori are all made using koji during the production process. And this represents only the more common uses of the organism.

There are two working theories about how koji arrived in Japan, and the mystery will likely never be resolved. The prevailing theory in Japan (where the local origin myths suggest that the people were descendants of the gods rather than immigrants from China) is that ancient Japanese discovered that steamed rice left in a hot, humid place grew a fuzzy mold that made the rice sweeter than usual. The next step in that narrative is that if the mold was left in some water, it would turn into a weak rice wine. While that may be true, there is an alternative theory that makes a bit more sense when trading patterns are taken into account. The second theory is that the Japanese acquired jiuqu (Chinese “yeast balls”) from Chinese traders sometime during the Asuka period (538–710 CE). Modern microbiological analyses of these yeast balls have revealed forty or more molds, bacteria, and yeasts all living together. These are most often used in other Asian alcohol traditions. For example, in the production of Chinese baijiu, some grains or other fermentable starches, water, and yeast balls are all mixed together and left to ferment. The resulting alcohol mash makes a wild, funky, and thoroughly unique distilled alcohol by the end of the process.




What Is Mold?

Koji is a type of fungus known as a mold, one of the most culinarily important and ancient types of fungi. It’s important to know what molds, and all other fungi for that matter, are and how they act, if you want a firm working knowledge of what is happening when you work with koji. Knowing about molds will also help you understand the potential applied uses for koji.

Molds are microscopic fungi that grow in multicellular filaments called hyphae. These hyphae grow over the surface of a mold’s food source and secrete a host of different enzymes in a process called extracellular digestion, which predigests the substrate so that the hyphae can easily absorb the nutrients it needs to survive












	First, it starts off as a spore. This spore can be loosely compared to the seed of a plant or the sperm and egg of an animal.

	The spore then finds its way, typically via winds and air currents, to a substrate on which it can start to grow.

	If conditions related to available moisture and temperature are favorable, the spore will grow into multicellular filaments called hyphae. These hyphae can visually be compared to the roots of a plant and functionally compared to our vascular and digestive systems.

	As the hyphae grow over the substrate, they secrete powerful enzymes (which are types of proteins that we’ll discuss later), which break the substrate down into nutrients that are easily absorbed into the hyphae.

	Once enough nutrients have been consumed and the hyphae have formed a dense mat known as mycelium, the mold is ready to move into its reproductive phase.

	During reproduction the mycelium produces conidiophores. These can be grossly compared to our reproductive organs, and somewhat resemble a lollipop or balloon on a string. The head of the conidiophore is, depending on the mold, covered with the next generation of spores.

	Once the spores are mature, they are expelled from the mold via various mechanical processes and the whole life cycle starts over again.











	They’re durable, non-reactive, and have very little of their own taste or aroma especially when compared with other woods such as oak or apple.

	They’re porous, which allows surfaces to maintain moisture without condensation and in turn retards pathogenic contamination.

	They’re poor conductors of heat compared with other materials, which in turn makes them good insulators for keeping koji at the desired temperatures.

	They develop their own terroir in much the same way that a cheesemaker’s milk buckets or butcher’s charcuterie cave does.
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