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Introduction


Like the changing seasons, the tides of the ocean, the migrations of birds, evolution and extinction, and so many more natural phenomena, fermentation is a rhythm of the earth. Fermentation is an irrepressible life force, the transformative power of microorganisms, a manifestation of the fact of biodiversity, specifically, the inevitable presence of vast communities of microorganisms in and upon all macroorganisms. While certain microorganisms can cause the dead tissue of their host to decompose in most unappealing ways, many other microorganisms can elevate that same substrate, increasing its utility in some way. Humans around the world have long worked with this invisible force (as have other life-forms*), and fermentation is and has been practiced in myriad ways in the vast majority of cultural traditions around the world.

Fermentation is part of the rhythm of subsistence. When the fruit is ripe is the time to make wine or cider. The cabbage harvest is the time to make kraut or kimchi. Cheesemaking is driven first and foremost by the daily and seasonal rhythms of dairy animals, as well as the many-faceted and ever-shifting rhythms of making and then aging the cheese. Breadmaking is all about rhythm, necessary for effective collaboration with yeast and bacteria. Between the garden, daily cooking, and my fermentation practice, my domestic life is quite heavily structured by rhythms like these.

[image: Illustration of a vineyard with rows of plants and flowers, lined by trellises. Birds are depicted flying in the sky above the field.]
[image: Illustration of a wooden barrel filled with grapeskins to the top. The barrel has metal bands and wooden grain patterns on its surface.]
Grapeskins in their juice fermenting


The steady gurgling sound of the bubbles releasing from the fermenting mead is reassuring. The sight of the dough rising tells me that it is almost ready to bake, and that the loaves will be pleasingly light and toothsome. The smell of the fermenting sauerkraut and kimchi make my mouth water with anticipation. My fingers gauge the temperature of the developing koji (a Japanese fungal fermentation starter), and when they feel that it has begun generating its own warmth, they break it up to release heat. Fermented foods can taste uniquely delicious, but the process of fermentation engages all the senses.

Fermentation is no arbitrary twist of human culinary imagination and ingenuity, like, say, soufflés or donuts. It is practiced across human cultures, an essential part of how people in every part of the world make effective use of food resources, and so it has been since long before the dawn of history. We now recognize the ubiquitous presence of microorganisms, but until recent times they were invisible to us. Although we have long worked with this invisible force and have increasingly come to recognize it, we cannot be said to have “discovered” it. This force and these organisms have been with us all along on our evolutionary journey. In fact, you could even say that fermentation created us.

In these pages, we will delve into this important life force, defining the meaning of fermentation, surveying and roughly grouping manifestations of fermentation, exploring ways in which fermentation has been understood and conceptualized, introducing foundational fermentation concepts, and finally addressing how fermentation figures into the evolution of life.

I call myself a “fermentation revivalist” because my personal obsession with fermentation, and later my workshops and books, has gradually led me to recognize how much curiosity exists about this phenomenon and what a hunger there is for more information about it. Although fermentation is ubiquitous around the world, almost everywhere many or most people have lost their connection to it, like every other aspect of food production. Magnifying this disconnection is the pervasive fear that has developed around bacteria and other microorganisms, which makes it easy to imagine that fermentation is dangerous, which it is not. Like growing food or saving seeds, fermentation techniques are essential cultural information that must be valued, safeguarded, and, most importantly, used.

[image: Illustration depicting bacteria and yeast. Bacteria are shown as elongated shapes, while yeast appears as rounder forms. Labels indicate ‘Bacteria’ and ‘Yeast.’]
A microbial community


I became fully obsessed more than thirty years ago, when I moved from my native New York City to a commune in rural Tennessee. I was gardening and learning other skills of subsistence, and fermentation seemed inevitable as part of it—what with fleeting periods of vegetable and fruit overabundance and the milk from our community’s herd of goats. But the seeds of my interest were planted long before.

I have loved to eat pickles for as long as I can remember. Just thinking about them as I write this activates my salivary glands as I imagine the intense sour saltiness and the satisfyingly crisp texture. Where I grew up in New York City, pickles were a prominent part of the culinary landscape, and we always had a jar in our refrigerator. Even though I wasn’t thinking about fermentation or how the pickles were made, I was very strongly drawn, always, to certain flavors of fermentation.

[image: Illustration of a cutting board with a knife, two cucumbers, and a sliced cucumber, alongside a jar filled with pickled cucumbers.]
My gateway to fermentation


What first got me thinking about fermentation was experimenting with diet, specifically the influence of the macrobiotic food movement that originated in Japan, which emphasizes the digestive benefit of eating pickles and other live-culture foods. I began seeking out ferments and eating them regularly for good health. Still, I was living in New York and buying my ferments. Only when I started gardening in Tennessee did I recognize the practical aspect of fermentation as a strategy for preservation. I started fermenting the first year I started gardening, and thirty-some years later, I haven’t stopped practicing either.

My work as a fermentation educator has brought me to dozens of countries around the world. I’ve had the great pleasure of sampling a vast array of different traditional fermentations as well as many others that are boldly experimental, meeting the people who fermented them, and learning about their processes. The possibilities of fermentation are quite nearly infinite.



Footnotes



* For instance, leafcutter ants transport fragments of leaves down trees and through forests to their underground chambers. Though the ants cannot eat the leaves, they cultivate a fungus upon them, which the ants do eat. The relationship is obligate: the ants can’t live without the fungus, and the fungus isn’t found except where cultivated by the ants.







What Is Fermentation?


The answer depends on who you ask.

In the food and beverage context, fermentation generally refers to transformations resulting from the metabolic activities of microorganisms. The word derives from the Latin fervere, which means “to boil.” Many common fermentation processes, such as those that produce alcohol and bread, produce bubbles, just as boiling liquids do. In fact, fermentation has long been recognized and characterized by the presence of bubbles.

Biologists generally understand fermentation as “cellular anaerobic metabolism,” the production of energy without oxygen. Anaerobic metabolism is not limited to microorganisms; in fact, the cells of our bodies are capable of fermentation. Our bodily cells generally function using respiration, but if cells need to produce more energy than the supply of oxygen allows, they can switch to a less efficient fermentative mode of metabolism.


[image: Illustration of plate filled with fermented yeast. The substance appears bubbly.]
Foamy yeast


Most of the foods and beverages that we describe as fermented meet the biologist’s definition of fermentation and do not require oxygen. For example, the fermentation of grapes into wine, wheat into bread, cabbage into sauerkraut, and milk into yogurt are all anaerobic processes. These fermentation organisms do not require the total absence of oxygen (as do “obligate” anaerobes, such as the notorious Clostridium botulinum); they simply do not need oxygen. However, a large handful of microbial transformations used in foods and beverages do involve organisms that require oxygen, among them vinegar, kombucha, and molds such as those used in tempeh, koji, and some cheeses and cured meats. These aerobic processes are universally understood to be fermentations, even though they contradict the biologists’ definition.

I generally work with a broad lay definition of fermentation as the “transformative action of microorganisms.” Yet not every transformative action of microorganisms results in something that we are prepared to eat. In fact, the transformative action of microorganisms is one of the major reasons why we discard food when we clean our refrigerators and pantries. We do not regard the decomposing onion, potato, or parsley as fit for consumption, and the transformation has not rendered it more desirable. Because of the diversity of organisms in our environments and on our foods, a variety of potential microbial transformations are possible, and some of them are not so pretty. In the realm of foods and beverages, we usually reserve the word “fermentation” to describe intentional or desirable transformations.


[image: A close-up view of a sliced tempeh, revealing a mixture of ingredients including beans.]
In tempeh, oxygen is required for the mycelia of the filamentous fungus (mold) Rhizopus oligosporus to bind cooked beans and sometimes grains into a cohesive mat.


Not everyone necessarily agrees on what is or isn’t desirable, however. To some degree this can be due to cultural socialization, and to some degree it can be highly personal. Some people are very, very picky about the foods they are willing to eat; others (including myself) are food adventurers, excited to expand the boundaries of flavor and sensory experience, and fermented foods and beverages vastly expand the realm of possibilities. Certain products of fermentation can be quite polarizing, inspiring desire in some and horrified disgust in others, among them strong cheeses, natto, stinky tofu, surströmming (Swedish fermented herring), and quite a few other foods.

In the context of the biodiversity that is present in and on all products of nature and agriculture, the practice of fermentation is all about manipulating environmental conditions, such as access to or protection from air or water, specific temperature or humidity ranges, and salting. These simple actions have the effect of encouraging the growth of certain organisms while simultaneously discouraging others. Some organisms can decompose or spoil food; others can potentially make people sick. Our clever ancestors observed that under certain conditions, rather than decomposing, our food could stay safe and become alcoholic, could be preserved for long periods, could taste especially delicious, could be more easily digestible, and/or could become less toxic. Cultural traditions everywhere developed techniques that accomplished these objectives. Fermentation is an investment in the future, and there is always practical benefit from it.

No definitive list exists regarding which foods are fermented and which are not, and the inclusion of certain foods can be debatable. Microorganisms, like other cells, metabolize available nutrients via the enzymes they produce, and in some fermentations, mostly those involving koji and related molds, the mold is no longer growing (or even alive) during the fermentation process but the enzymes it has produced are still active. For example, in the short term, typically warm (as high as 140°F/60°C) fermentation of Japanese amazake, amylase enzymes in the koji rapidly break down complex carbohydrates into simple sugars and transform rice into a sweet porridge or beverage. At such high temperatures, the fungus that produces the koji cannot survive, yet amazake is fermented, since it requires the enzymes that remain in the koji, even though the fungus is no longer alive.

[image: Three conical molds of cheese stacked on a wooden surface, showcasing their texture and intricate patterns on their surfaces.]
Not everyone loves every cheese. The taste for more extreme cheeses is generally “acquired” from a willingness to try them and repeated exposure.


[image: Close-up of blocks of molded tofu on a rack, showcasing a fibrous texture on their surface .]
Fuzzy edges on Chinese maodofu, molded tofu, used in cooking and pickling


Some other food processes rely upon enzymes that are produced by cells within the foods themselves, rather than added. For example, the process used to create black garlic and similar products requires the same temperature range used for amazake, but what sweetens and darkens the garlic are enzymes within, as well as the chemical reaction (called the Maillard reaction) between sugars and amino acids. Is black garlic fermented? I think not, because it seems that microbes play no role, but the question seems open to interpretation. What about foods that are preserved by salting and drying, and any fermentation is incidental, such as cured hams? The precise limits of fermentation are not particularly well-defined. But then, why should they be? The whole phenomenon is due to the biological reality that edges are complex and textured, membranes are porous, and boundaries are fuzzy.

None of the people who figured out fermentation processes could think about them in terms of microorganisms. For them, the conditions they created led
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