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				Plant root hairs (left) and intestinal villi (right) have a large surface area that greatly increases nutrient absorption capacity from the soil and intestinal contents, respectively.
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			Preface: An Epiphany About Health
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			One day, a scientific paper crossed my desk at Organic Gardening magazine describing how certain plots of land produced scabby potatoes—caused by a soil-borne fungus—while other fields were scab-free. In an experiment, soil from the healthy field was mixed into the scab-producing soil, and that immediately cured the problem. The reason, the scientists reported, was that a strong mix of microorganisms in the healthy soil literally ate up the fungus that produced scab. In the soil, it turns out, possession is nine-tenths of the law, and soils colonized by overwhelmingly large numbers of beneficial bacteria and other good microbes just don’t leave much room for disease-causing organisms to get a toehold.

			Not only that, but I discovered that a wide range of soil microorganisms inhibit or kill other microbes—especially pathogenic ones that cause rot and disease in plants. This piqued my interest because it was fungus control naturally, without chemical fungicides, and fit right in with the organic method. At the same time, I was teaching myself soil science by reading Nyle Brady’s standard textbook on the subject, The Nature and Properties of Soils. Brady was writing about how soil microbes are intimately involved in the decomposition of organic matter. “In addition to their direct attack on plant tissue, they are active within the digestive tracts of some animals,” he wrote.

			Well, sure, I thought. Fruits and vegetables, green leaves, nuts, and other organic matter are not only digested by the microbes in the compost pile and in the soil, but also by the microorganisms that inhabit every healthy human intestine and actually are ubiquitous all over the planet. In fact, all the plants and animals in the world weigh about the same as the world’s total microbial biomass. I did some further reading on the subject and was astonished to find that nine out of every ten cells in our bodies are intestinal microorganisms, and that those cells contain 99 percent of the DNA in our bodies. They live in our gut and decompose organic matter exactly the same way they do in the compost pile. When scientists looked at a healthy human intestinal flora, they found more than four hundred species of bacteria, thirty to forty of which compose about 99 percent of the flora. (Now we know that every gram of our intestinal contents contains somewhere in the neighborhood of a trillion bacteria, and that the gastrointestinal tract is the most densely colonized region of the human body.)

			Longtime organic gardeners know that good, healthy compost contains similar numbers of microorganisms in each spoonful, and that rich organic soil is even more diverse than our gut bacteria, with somewhere in the neighborhood of ten thousand species of microbes. By one estimate, there may be 150 million species of microbes in the world, almost all as yet unclassified. These myriad bacteria and fungi are at the very root of health—of the soil, of plants, and of animal and human health. Maybe, I thought, a healthy mix of the proper intestinal microorganisms builds our natural good health the way it does in the soil.

			This was an exciting idea. I found out several things that supported it. Our intestinal flora is indeed a source of good health. Intestinal bacteria such as Lactobacillus acidophilus not only decompose our food, rendering it into forms our intestines can absorb to feed our bodies, but in doing so they themselves actually manufacture vitamins such as vitamin K and many of the B vitamins—including B12. Further, they thrive in the acid conditions of our digestive tract, hence their species name (acidophilus means “acid-loving”). Disease-causing organisms prefer pH neutral conditions and have a hard time getting established in acid conditions. I asked a nutritional researcher which foods most strongly promote the establishment of a healthy intestinal flora, and he said, “If half your diet is fresh, raw fruits and vegetables, the other half can be Twinkies and you’ll be healthy.” In other words, the same thing that supports the proper nutrition of plants—actively decaying organic matter—is the same thing that supports the proper nutrition of human beings.

			Then I had an epiphany—one of those visions that throws such a strong light on a subject that it changes the way you look at the world forever. I thought of a plant root and how at the small tips of the root, microscopic root hairs extend out into the soil to absorb the nutrients that microorganisms produce there. And then I thought of a human intestine and how it’s lined with microscopic villi—tiny projections much like root hairs—that point inward into the intestine and absorb nutrients from the decomposing elements of last night’s dinner.

			
				[image: Art_2.jpg]
			

			I got it! An intestine is a root turned inside out! It carries its soil within it. This is the adaptation that eons ago separated animals from plants. It’s as if animals learned how to pull their roots out of the soil and turn them inside out so that they could walk around instead of being anchored to one spot.

			This was an important insight for me, both in my job communicating the value of organic culture to a million readers and to me personally, as it showed me the way forward to a healthy diet. Practicing organic agriculture and eating fermented foods both result in health—organic agriculture yields a healthy farm ecosystem, and fermented food yields health in the gut ecosystem. The same processes are at work, with the same and similar microorganisms in many cases giving the same result: healthy food and healthy people.

			The key here is the concept of an ecosystem: a network or web of interconnected and interdependent life forms that support one another. The study of ecology is a relatively new science, with many fathers and mothers, perhaps none as important as Howard Thomas Odum and his brother Eugene, who first synthesized many loosely affiliated ideas into the study of ecosystem ecology, which then developed into the science of ecology. Of course, pieces of the puzzle had been formulated as long ago as ancient Greece, where Aristotle and Theophrastus studied animals and their relationships. Darwin’s ideas were an important advance, and many others developed insights that finally clicked into place in the 1960s when the culture at large became concerned with the environment, and the science of ecology was born in its modern form.

			The key concept is that everything is in some way connected to everything else, or as Francis Thompson, the British poet, put it:

			All things by immortal power,

			Near and Far

			Hiddenly

			To each other linked are,

			That thou canst not stir a flower

			Without troubling of a star.

			This transcendental thought is not only undergirded by the study of ecology, but also by quantum mechanics, where two discrete atomic particles can affect each other simultaneously at a distance, with no apparent connection between them.

			A second key concept is that when it comes to the health of an ecosystem, the more varied the life forms in it, the healthier it is, and that health is defined by the system’s stability; that is, its resistance to abrupt dislocation and change, as by a disease sweeping through, or by the sudden population explosion of a single species that swamps other members of the ecosystem. Rabbits overran Australia because there were no foxes or other predators to keep them in check. The phylloxera louse that attacks the roots of European varieties of grapevines nearly wiped out the French vineyards in the late nineteenth century, which were saved only when phylloxera-resistant native American grape rootstock was rushed to France and the European vines were grafted on it. Deadly lionfish escaped their aquariums in Florida not long ago, and now are found in the Atlantic all along the East Coast of the United States, again because their natural predators did not colonize the Atlantic with them. In a healthy ecosystem, there are adequate numbers of predators and prey, making the system stable. In any indigenous ecosystem, predators and prey have coevolved. The prey are a trophic niche that calls forth a predator to fill it. The ultimate prey animal is the plant-eating rodent—mouse, shrew, vole, rabbit, gopher, and many others—and predators from raptors to foxes to cats use rodents for food. This great diversity helps the stability of the ecosystem in which these animals are found. If an epidemic of disease knocks out an area’s foxes, raptors and cats will take up the slack. Diversity means that natural backup systems are in place, if and when needed.

			A third concept is that ecosystem diversity is enhanced by recycling of the system’s nutrients by the fermentative process. In the wild, this happens naturally as each year’s tree leaves and herbaceous plants decay into the soil. In a forest managed for timber or firewood, cutting down the trees and carting them away without returning nutrients to the soil will eventually produce depleted soil that’s prone to erosion and wind damage and becomes increasingly devoid of life. The need for recycling is even more urgent on a farm. One of the big problems with conventional farms is that little waste is recycled. Soil becomes simply a means of propping up crops. Fertilizers are applied as soluble nitrogen, phosphorus, and potassium compounds made in factories.

			On the organic farm, however, farm wastes and manures are composted. What nutrients and elements are taken off the land and sold as farm products are more than replaced by the sheer proliferating biomass of microbes produced in the composting process. Finished compost has much more fertilizing power than the raw ingredients that went into the compost pile.

			And so, in the human gut, the nutrients that are eliminated from your body in bowel movements are more than compensated for by the healthy ecosystem that digests the raw materials (your food). The gut is an internalized composting facility, feeding you exactly what nature intends for your health, when you need it, and in the forms that will do you the most good. Like any healthy ecosystem, the presence of a diverse mix of bacteria and yeasts is stable and disease-resistant, and in fact goes further in its protective function by bolstering your immune system.

			Look to the organic garden for a clear outward depiction of what goes on inside you. There are no “bad” insects and “good” insects—only a healthy mix of plant-eating insects and insect-eating insects. Garden plants actually grow better when nibbled by insects because the nibbling stimulates the production of plant hormones, which support better growth and greater production of fruits and seeds. And the nibblers provide food for the insect eaters, and so the system is balanced and healthy. Now if you poison the insects, it’s the insect-eating bugs that are most susceptible to the pesticides. These chemicals reduce the system’s diversity in a selective way, killing off the most susceptible insects first. This makes it much more likely for plant eaters to proliferate and cause problems. And so it is with the use of antibiotics. If you are really being overwhelmed by an infection, antibiotics can be a lifesaver. But the routine use of antibiotics or their presence in your food will damage your intestinal ecosystem, making it much more likely for one or another pathogen to proliferate in your gut and cause further illness. The best way to prevent that is to maintain healthy gut ecology to begin with, or, if you must take an antibiotic, drink kefir and kombucha, eat fermented vegetables, and replenish the gut dwellers as fast as the antibiotics can kill them off.

			These correspondences are manifold. The web of life is complicated in that picking that flower does indeed trouble that star. Consequences are hard to predict because the system is so complex. But that doesn’t mean it’s fruitless to try.

			Let’s take a look at a rigorous and peer-reviewed scientific study to see if organic agriculture really works, and if it’s validated, what that might mean for our ingestion of probiotic foods. One such study was done in 2010 on a multi-university level that included private and public teams of scientists.1 They found that the organic farms had strawberries with longer shelf life, greater dry matter (meaning that when the water was removed, there was more substance to the berries), and higher antioxidant activity and concentrations of ascorbic acid (vitamin C) and phenolic compounds, but lower concentrations of phosphorus and potassium. “In one variety,” the scientists reported, “sensory panels judged organic strawberries to be sweeter and have better flavor, overall acceptance, and appearance than their conventional counterparts.” The organic farm soils had more biodiversity, took more nitrogen from the air and fed it to the plants, and degraded residual chemical pesticides; that is, the soils were healthier.

			Here are the paper’s conclusions in its own words:

			“Our findings show that the organic strawberry farms produced higher quality fruit and that their higher quality soils may have greater microbial functional capability and resilience to stress.”

			You’ll have to forgive me a personal note here. After listening to apologists for the chemical agriculture industry deride organics for the last forty years, after hearing that half the population would have to starve if we went organic, and that there are no studies that show organic crops are in any way superior to those grown conventionally, I must say that this one study—joined by many, many others—should silence the critics. But of course it won’t. Press releases from agribusiness flacks and hacks continue.

			The “strawberry fields” study implies something else: that just as a diversity of microbes is important in promoting positive health, so is diversity in foodstuffs. Our government suggests we eat at least three to five different kinds of fruits and vegetables a day. Many European countries suggest from seven to nine of these foods, and in Japan, citizens are advised to eat eleven or more different foods each day. It’s not the quantities that count, it’s the diversity of foods that produce a well-rounded diet. The food diversity supplies many different nutrients and substances that not only feed us directly, but that also stimulate a diversity of microbes in the gut, with each tasked to disassemble a different food.

			Just as compost—a veritable seething pile of microscopic life—is the beating heart that feeds nutrients to the healthy organic garden, so is our intestine an internalized compost pile that feeds nutrients to our bodies.

			The point of this book is that the same natural energies, processes, laws, tendencies, and holistic approaches to food production that reveal the superiority of organic agriculture are applicable to nutrition as augmented by fermented foods. In both cases, it’s working with nature’s ecosystems of microbes that produces the amazing results.

			Our body is like a garden that needs organic care to thrive. That means avoiding toxic chemicals in our food, but it also means avoiding antibacterial soap when we wash. Scientists today are finding that the steep rise in autoimmune diseases among children may be due in large part to the fact that kids today spend a lot more time indoors with their computers and video games, are washed with antibacterial soaps, have their hands wiped frequently with hand sanitizer, and are watched over by parents who are concerned about ill effects from germs.

			But this approach is backward. The scientists now say that it’s a lack of exposure to a wide variety of microbes that leads to compromised and underdeveloped immune systems; that the immune system needs lots of contact with germs to develop a diverse immune response. There was a time, not long ago, when kids got plenty dirty playing outside or working and helping around the family farm. The world outside is absolutely alive with microbes everywhere. In the organic garden, microbes are cherished, put to work recycling nutrients; they are like a flame in the soil, with the gardener heaping more fuel on this living fire with every shovelful of compost. The same approach to what we eat translates into a world of good health for us, and the way to that result is through the ingestion of fermented and fermenting foods.

			And so our health is in some measure predicated on the health of our gut ecology, just as plant health is predicated on the health of soil ecology. It seemed right then and still seems right that nature builds the health of her advanced children (large plants and animals) on the strong ecological health of her smallest creatures: the fungi, yeasts, bacteria, actinomycetes, and other microorganisms that decompose organic matter. They are, after all, the destiny and source of all life.

			Shakespeare, of course, said it all centuries ago when the friar in Romeo and Juliet remarks:

			What’s Nature’s mother is her tomb.
What is her burying grave, that is her womb.
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			Within these regions, battles rage; populations rise and fall; affected just as we are by local environmental conditions. Industry thrives and constant defense is exercised against interlopers and dangerous aliens who may enter unannounced. Colonists roam and settle—some permanently, some only briefly. In general we have in miniature many of terrestrial life’s vicissitudes, problems, and solutions.

			—LEON CHAITOW AND NATASHA TRENEV, Probiotics

			What is fermentation? It’s the process whereby microbes turn the stuff of one generation of plants and animals into food for the next generation of plants and animals. They do this by decomposing once living matter into its constituent nutrients to be taken up by living creatures, but also by enriching the plant and animal matter with their own bodies and metabolites.

			Maybe a more appropriate question for us as humans is, Why not fermentation? As a way to preserve food and improve its nutritional qualities, the technique has been around for thousands of years. Actually, it’s been around for billions of years in wild nature. You can’t stop it. Milk curdles into cheese, grape juice turns into wine, and a mixture of flour and water rises—all on their own. Or, rather, by the action of unseen microbes.

			When it comes to microbes, we’ve generally thrown the baby out with the bathwater. We pasteurize, sterilize, and can food by killing all the microbes that could spoil the food. These processes eliminate the microbes that spoil food, but also kill the microbes that improve the taste and nutrition of that food. My decades of experience learning about, writing about, and practicing organic gardening have convinced me that our lives are inextricably bound up with the lives of microbes, and that when their health is factored into our decisions, we all thrive.

			You will find, as you read this book, that I often make reference to organic agriculture and gardening as a way to understand fermentation. Through my long association with organics, I’ve come to see profound similarities between what happens on the organic farm and in the organic garden and what happens in the fermenting vessel.

			Canning food to preserve it is all about killing microbes and disease-causing organisms. Fermentation may involve some processes that resemble canning techniques, but it is a fundamentally different approach to food that encourages microbial growth rather than trying to squelch it. Conventional farming and gardening is all about killing, too, using pesticides, herbicides, fungicides, and antibiotics. Organic culture, on the other hand, is all about stimulating diversity—the realization that good health in the garden or on the farm is a result of a strong and diverse web of life in the soil. The very word “health” comes from an Anglo-Saxon root meaning “whole,” and the whole system most definitely includes the microbes. Fermenting food for its health benefits is all about promoting a diverse ecosystem, too, only one that exists within us. Organic gardeners and farmers know that health is built from the ground up. They understand that if you feed the soil, the soil will feed the plants. This book extends that insight to say: Feed your intestinal flora and your intestinal flora will feed you.

			The trick is to know how to produce fermented foods that are good for you, while preventing the growth of organisms that are bad for you. That’s relatively simple, as you’ll find out in this book.
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			First of all, knowing how to safely ferment foods is fun. It’s easy to find others who have this knowledge and share this passion (start online at www.fermentersclub.com). It’s geeky and it’s cool. But above all, it’s tasty and it’s good for you.

			How good? Very, very good, in some surprising ways. The microbes that ferment foods not only make raw ingredients taste better and become more nutritious, they participate in the healthy web of life that lives within us and on us and coats every surface we touch. They float in the air and enter us with each breath we take, every swallow we make, and each bite of food we eat. And when they are happy, so are we. Many of the most delicious foods are fermented. Think of bread, cheese, and wine as examples. All are fermented and together they make a fine meal indeed.

			More than that, fermentation involves fundamental processes that are at the heart of life itself in all its diverse functions. When leaves fall in the forest, they ferment and mold into soil-building humus. Yesterday’s leaves feed today’s trees, which produce tomorrow’s leaves, and so life begets life.

			In nature, the whole is contained in every part, like fractals, which are shapes that can be repeatedly divided into parts that are smaller copies of the original shape. Think of the way water swirls down a drain and the arms of a spiral galaxy. A natural law or tendency is repeated through all creation, from the microscopic to the macroscopic. The laws and tendencies that create health in the soil of an organic garden or farm apply equally to human health, and to the health of the wild places, and even the health of the planet as a whole, and it has to do with the life that’s invisible to us because it’s too small—the world of one-celled microbes. We can see their effects in the bubbling of a fermenting tank of wine or in the blackening and steaming ingredients of a well-made compost pile, but they are out of our range of sight.

			These laws begin with the simple recognition that all life must nourish itself. There are a few forms of life that find nourishment in inorganic chemicals—one thinks of the tube worms feeding on the ammonia and methane that erupt from volcanic vents in the deep sea floor—but almost all life feeds on the animal or vegetable flesh of other life forms that have decomposed through the fermenting action of microbes.

			The greater the number and kinds of microbes in a soil, the healthier that soil is and the more able it is to promote the health of the plants and animals that live from that soil. That’s because in a natural ecosystem, all the available environmental and food niches tend to be filled. The organisms that fill those niches coevolved over millions of years, and their lives are tied together like parts in a complicated machine. When a natural ecosystem reaches its climax state, it is sustainable in perpetuity as long as the environment doesn’t change. It functions to its maximum. In other words, the more diverse the ecosystem, the more closely it approaches its climax state, giving the soil more fermentation power than a state where the soil is disturbed and damaged by the application of toxic chemicals. The more fermentation power in the soil, the more dead plant and animal matter will be thoroughly decomposed into its nutritive elements, and the plants that grow there will consequently be better fed and healthier. The more fermentation power in the guts of animals, the healthier those animals will be. And that includes us. And as we saw in the preface to this book, the more biodiversity in the soil, the harder it will be for disease organisms to break out and do damage.

			That insight spawned the modern organic movement when Sir Albert Howard published An Agricultural Testament in 1940. Howard made the discovery that cattle grazing on compost-fertilized pasture avoided diseases that afflicted cattle grazing on land fertilized with factory-made chemical compounds—fertilizers that did nothing to add actively decaying organic matter to the soil. The key to soil health and the health of the life that derives from it, he said, was this actively decaying organic matter, or, as we identify the essential process in this book, fermentation.

			In 1960, most fermented foods found in the United States were ethnic specialties, such as the sauerkraut found among the German enclaves of the Pennsylvania Dutch farmers in Pennsylvania. If you wanted to eat organic food, you pretty much had to grow it yourself, and if you wanted to eat fermented organic food, you pretty much had to ferment it yourself. But by 1970, a huge shift in public awareness had occurred. The National Environmental Policy Act had recently passed. The first Earth Day was held on April 22 of that year. The Greening of America, by Charles Reich, would soon top the charts of best-sellers. The back-to-the-land movement took off, aided by the digest-sized magazine Organic Gardening & Farming. From 225,000 subscribers in 1970, the magazine reached 1.2 million subscribers in 1980, and the folks who put out the magazine threw themselves a big party when it finally, after forty years, turned a profit. Fortunately for me, I was in the middle of all this as the magazine’s managing editor.

			If I was going to write intelligently about organic gardening techniques and back-to-the-land skills, I realized that I needed to learn them. We back-to-the-landers also did some fermenting, learning to make beer and wine, cheese, tofu, and sauerkraut, and learning that farming was hard work and serious business, requiring knowledge of a wide range of disciplines such as botany, soil science, entomology, ecology, plant pathology, meteorology, and more, all overseen by a knowledge of how to turn a profit. Most of us eventually scurried back to the city, where we bought business attire and engaged for the next twenty-five to thirty years in making money and raising families. I was doubly fortunate in that my paying job was to preach what I practiced at home on my two acres in the deep country.

			And now the great wheel of time has turned some more, and the helix of life is welcoming a new generation of people back to nature. This time the entry point is less pie in the sky and more actual pie on the plate. Here is nature’s grand scheme writ small and doable. An ever-increasing number of people are finding that nature works her wonders in the kitchen and in the basement, in jars and tubs and crocks, and that the very air is charged with sparkling bits of life looking for raw materials to turn into edible gold.

			You can build your own health one delicious swallow at a time, strengthening your immune system, working with nature to enhance the quality of your food. There’s little you have to buy to achieve this, but quite a lot to learn. Hence this book.
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			The What and Why of Fermentation

			In this section, we discover the world of microbes and how fermentation is one of their most central functions for the support and enhancement of life. We see how we are connected to all of nature through the operation of microbes and cells. We gain a new perspective on the health of nature and the nature of our own health. And we discover the amazing roles played by microbes within us and on us.

		

	
		
			CHAPTER 1

			Fermentation—The Engine of Life
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			Nature uses the nutrients from past life to create new life for the future using the technique of decomposition.

			With the fermented foods we humans enjoy so much, we catch the process of decomposition while it is still new and fresh and wholesome, at its most delicious, nutritious, and healthful for us. Not only are the ingredients in our fermented foods being opened up so their nutrients are more easily available to us, but the bloom of microbes in the fermented foods provide added nutrients as their bodies finish their work and spill their nutritional cell contents into our intestines. They do this at a furious rate. One bacterium can split into two bacteria and the two can split into four, and so on, so that within twenty-four hours, there can be millions and billions of bacteria from just that one cell alone. Many of these bacterial cells take a beneficial place within our digestive tracts for more or less time, depending on the type of microorganism supporting our digestive function where the process of decomposition into usable nutrients is completed.

			As we make our fermented foods, let’s realize that the process we are working with is the very engine of life. Pay attention to its transformative power and imbibe its goodness with thanks. An example of this transformative power is that fermented foods improve digestion. That’s because fermentation is, in one sense, the predigestion of food, arrested as the food becomes more nutritious and better tasting, but before the digestion proceeds to decomposition. People who are lactose intolerant, for instance, can sometimes eat yogurt. That’s because lactose, the compound that people can’t tolerate, is predigested by enzymes produced by microbes in the yogurt. The action of the microbes that cause predigestion is arrested by the refrigerator. The cold conditions in a fridge don’t stop the microbes completely—freezing does that—but it slows them enough for our food to stay safe and tasty much longer than if it were sitting out on the counter. The microbes that make kefir, for example, work twice as fast at 85ºF as they do at 70ºF.
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					Without decomposition, we’d be slogging through millions of years of dead plants and animals piled way up over our heads.

				

			

			As fermentation progresses, it becomes central to the decomposition of organic matter. Decomposition is nature’s janitorial function, ridding the world of old organic matter through the action of microorganisms. Without this process, we’d be slogging through millions of years of dead plants and animals piled up way over our heads. Fermentation is one of the factors in decomposition, but it’s also something central to how life works. It is nature’s all-important method of recycling nutrients through plants and animals. However, it works in tiny ways, so small that the fermentation actors are out of our sight. But given the impact of this infinitesimal world on our health and the health of the planet, these actors are worth a closer look.

			If we could reduce ourselves in size by a factor of a thousand, we could see microbes and discover that they coat everything, inside and out. They are everywhere. Forest soil rich in organic matter is fairly made from them. They cover our bodies and the bodies of every other creature on earth, plant and animal. They are a part of us. They make up 90 percent of the cells and more than 99 percent of the genes and DNA in our bodies. “Don’t assume microbes are simple,” says Dimitar Sasselov, an astrobiologist at the Harvard-Smithsonian Center for Astrophysics. Paul Falkowski, a biophysicist and biologist from Rutgers, adds, “Animals are overgrown microbes. We are here to ferry microbes around the planet. Plants and animals are an afterthought of microbes.”
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					“We are here to ferry microbes around the planet.”

				

			

			The invisible inhabitants of the microbial world rule this planet. They have been here for billions of years and are exquisitely and successfully adapted to life on earth. Try as we might to wipe them out with antibiotics, antimicrobial gels, and bactericidal soaps, all we succeed in doing is selecting for resistant strains that quickly reproduce, presenting us with super-strong versions of themselves. It’s the same reason that pesticides don’t work. They may curtail various insects’ activities in the short run, but soon new and improved versions of those insects will come storming back, able to ignore those pesticides. It’s nature’s way. She has strength in numbers, and evolves resilient populations of microbes that overcome whatever we humans, in our shortsighted attempts at control, throw at them.

			As on the organic farm, the best strategy is to work with nature, not against her. If nature wins, we all win. If nature loses to our biocidal and aggressive tactics, we all lose. And so we welcome the bacteria and yeasts of nature’s invisible world into our lives. We understand what her little minions need and what they do that benefits us.

			While we can’t see this minuscule world directly with the naked eye, we can see the results they produce as easily as we see the invisible wind fluttering through a field of wheat or flapping laundry on a clothesline. A vat of wine grape juice seems to boil with bubbling billows of carbon dioxide as yeast consumes sugar. A dish of flour and water set on a kitchen counter soon becomes alive with microorganisms that will happily leaven our bread. The carcass of a dead animal slowly disappears into the environment—eaten by vultures, decomposed by microbes, its bones scattered by hungry dogs or covered with a blanket of forest leaves that eventually turn to soil that buries the evidence.

			
				ON THE HEAD OF A PIN

				In the Middle Ages, theologians argued over how many angels could dance on the head of a pin. Today, we fermenters might consider how many bacteria and yeast cells could fit on that pinhead.

				Figure a pinhead is about two millimeters in diameter. A micrometer is one thousandth of a millimeter, so creatures a few micrometers in size are too small to be seen with the naked eye. An average bacterium is about two micrometers long and half a micrometer wide, while yeast cells are circular and about six micrometers in diameter. So the answer to our question is that about 10,000 bacteria or 3,000 to 4,000 yeast cells can fit on the head of a pin.
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			If we could see the microbial world, we’d also notice that these specks of life form colonies and that the colonies form mutually beneficial or antagonistic ecologies. And these ecosystems follow the same laws that govern the ecosystems here on our macro level. As ecosystems mature, they become more diverse. As they become more diverse, they build a healthy, interconnected web of life among the participants. Eventually they reach what’s called a climax ecosystem, which changes slowly as the participants evolve. A climax ecosystem has reached its destiny and, if not disturbed, is the definition of sustainable. This is as true of a microbial ecosystem as of an old-growth forest ecosystem.

			Without microbial life, the plants and animals we know in our macro world would not—could not—exist, for there would be no way for them to get nourishment. With no microorganisms to turn sunlight into sugar, to turn the nitrogen gas in the atmosphere into nitrate fertilizers, to dismantle dead organic matter and turn it into life-giving nutrients, life as we know it would be impossible.

			When microbial ecosystems are diverse, strong, and healthy, the plants and animals in our macro world that depend on them partake of that health, too. Our human-level ecosystems flourish when we stop the destruction of life caused by industrial and agricultural chemicals. Health is built from the ground up—literally—and fermentation has a huge role to play in a more sensible future.

			Imagine what would happen if we as a society mimicked nature’s role in turning dead organic matter into plant food. Every year in the United States, many billions of tons of clean organic waste are mixed with toxic wastes and indigestible plastics, glass, and metals and dumped into landfills. We call it waste, and its potential is certainly wasted because there is a world of nutrition in that organic waste that could be recovered. Imagine if municipalities had a collection day for clean, organic waste—no toxics and no indigestibles allowed. If this waste was fermented by microorganisms, it would enormously enrich the waste. Enzymes change starches like paper, wood, and garbage into sugars that produce alcohol when fermented. In the process, the waste becomes enriched with the bodies of the cells doing the fermenting—it’s more nutritious coming out of the fermentation than going in. Sound familiar? The resulting mass of digested waste would be high-class fertilizer. Instead of being buried in landfills where it putrefies and contaminates groundwater, the waste could enrich the soil on the farms in the food sheds surrounding our cities and the alcohol could help power our vehicles or be burned to power generators that make electricity. Even now, fermenting garbage and organic waste in the Puente Hills landfill near Los Angeles produces landfill gas, mostly methane, that’s being captured and burned to boil water to make steam to drive turbines that produce 46 megawatts of electricity that’s sold to Southern California Edison, enough to meet the power needs of nearly 70,000 homes. While this is commendable, controlling the fermentation in large vessels could yield a wide range of useful products along with electricity.

			We are in the vanguard of those who know the potential of fermenting, not only in our personal lives through the probiotics we ingest, but in the potential enhancement of the health of the farmland that grows our food and supports our own health even further. This is good, environmentally sound, sustainable, organic, and positive thinking that needs translation into action. We are the people who can push to bring it about.

			Let’s take a quick look at the overall process of decomposition of dead plant and animal tissue. The tiniest single-celled microbes, like any living thing, need to eat. And what they like to eat is organic matter; that is, anything that was once alive or, in the case of some microbes that cause infections, that is still alive. As microbes decompose organic matter, they tear apart old cells and turn rigid cell walls and cell contents that are often in unusable form into liquid nutrients that seep into the soil, where living plant roots absorb them and build new tissue. Where plants grow and die, season after season, the soil is enriched by this recycling method. Where plants are eaten by animals, the same process of decomposition happens, only it happens internally in the gut and the nutrients are recycled into bone and muscle and blood and all the rest of the animal’s organs. If a carnivore eats an herbivore, the nutrients are recycled once again into the tissues of the carnivore’s body. And when the carnivore dies, its body is once again recycled back into its constituent nutrients by microbes, and the wheel of life continues to turn.

			That’s the big picture. Nature, in her intricate way, has assigned types of microbes different roles in this process of decomposition and recycling. Plant nutrients are classified as macronutrients—elements that plants need in quantity to grow—and micronutrients, no less important for healthy growth but needed in far fewer quantities. The macronutrients are nitrogen, phosphorus, and potassium. The following are some of the chief types of microbes assigned to these nutrients and their duties.

			The Nitrogen Recyclers

			Some microbes are the recyclers of nitrogen in what soil scientists call the nitrogen cycle, turning yesterday’s plants and animals into food for tomorrow’s plants and animals. All life depends on their work dismantling old organic matter. Microbiologists know about tens of thousands of these bacteria and other microbes, but there may be many thousands and maybe millions as yet undiscovered and named. Most of them fall into five overall functional classifications:

			  1.  Living tissue contains proteins that are composed of nitrogen-containing molecules. When tissue dies, certain microbes use the carbon and water in it as their food, while its nitrogen is a waste product of their metabolism that is converted to ammonium salts and then into ammonia. Nitrifying bacteria grab the nitrogen from the ammonia and link it with oxygen atoms to form soluble nitrates that plants absorb through their roots to make new living tissue.

			  2.  Nitrogen-fixing bacteria colonize certain plants’ roots. They take molecules of nitrogen from the air (N2) and split them apart by rearranging their electrons, like taking apart a Chinese wire puzzle. These freestanding atoms of nitrogen are then reassembled by the bacteria with oxygen atoms to form soluble nitrates, which plants absorb to make new living tissue. The end result is the same as with nitrifying bacteria but by a different process.

			  3.  Denitrifying bacteria are usually anaerobic, meaning they operate without the presence of air. They convert the nitrogen in dead plant tissue to nitrogen gas molecules (N2) that are given off into the air. Remember that the air we breathe is four-fifths nitrogen, some of which is recycled back into plant nutrients by the nitrogen-fixing bacteria. Instead of aerobic decomposition, anaerobes cause putrefaction—the reason putrid piles of wet plants smell.

			  4.  Actinobacteria are aerobic microbes that are central to the process of decomposing dead plants’ nitrogen-rich amino acids into ammonium salts, which are further converted to ammonia. Their activity turns dead plant tissue into sweet-smelling humus, which is a critical component of healthy soil.

			  5.  Fungi are also important in decomposing organic matter into nitrates that living plants can use as food. A succession of fungal species colonizes organic matter during its decomposition, beginning with those that decompose sugars and starches, succeeded by those that are able to break down the tough materials of cellulose and lignin, releasing the nitrogen from their proteins.

			The Phosphorus Scavengers
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					A bacillus is a rod-shaped bacterium (left). A coccus is round (right).   

				

			

			A special type of fungus called mycorrhizal fungi has a symbiotic relationship with its host plants. It lives in the soil and colonizes the roots of plants. Their plant hosts exude sweet syrup through their roots that the fungus uses for food. In return, the fungus sends long, threadlike strings called hyphae far into the surrounding soil to gather phosphorus and transport it back to the plant roots, where it’s absorbed. Phosphorus, a macronutrient essential for plant health, is often in short supply in many soils, so you can see the valuable service mycorrhizal fungi play in the natural ecosystem. If the plants are harvested and removed, then the phosphorus will eventually be depleted in that soil and must be added back as fertilizer. If the plants are growing wild, the phosphorus will be recycled back into the soil through decomposition.

			The Carbon Managers

			Then there is the genus Lactobacillus, which includes the microbes at the heart of the fermentations that do so much for our health. They turn sugars into lactic acid, an acid that links carbon with hydrogen and oxygen to form the molecules of adenosine triphosphate (ATP) in our bodies that provide us with energy as it is broken down into its constituent pieces. We have only about eighty-five grams (about three ounces) of ATP in our bodies at any one time, and when exercising we’d soon use it all up, but the body is a marvelous piece of work and has several systems for resynthesizing ATP from its breakdown products. One of those systems depends on lactic acid, and lactobacilli move the carbon from sugars to lactic acid in our intestines, so you can see their importance. This genus is composed of at least 120 species, with possibly more as yet undiscovered.

			The lactobacilli operate under a variety of conditions. When working under the brine in our fermentations, they are anaerobes that don’t need air to function. Yet they also work in the presence of air, where they play a major role in the decomposition of plant organic matter. They are rod-shaped eukaryotes; that is, they have nuclei inside their cell walls that contain their genetic material. On the human body, they are found primarily in the digestive tract and in the vagina. Lucky that they live there, too, for the vagina is the birth canal, and baby’s trip out into the world seeds its little gut with these benign, essential bacteria. But lactobacilli presence in the vagina is good for women, too. They maintain balance in the vaginal ecosystem, and they protect the lining of the vagina by producing a thick layer of cells that are a barrier to pathogens—including Candida albicans, the pesky yeast that causes yeast infections. They maintain the vagina’s pH at an acidic 4.5. And they generate H2O2—hydrogen peroxide—which carries that extra oxygen atom to a pathogen or parasite, where the oxygen combines with and kills the offender. They protect against various kinds of pathogens. They are symbiotic with their human hosts in both these places, living off the human body and in turn giving the human beneficial substances like lactic acid and performing a wide range of health-promoting activities.

			Of course, nobody’s perfect, and that includes the lactobacilli. A high count of lactobacilli in the mouth has been a standard test for dental caries for many years. It seems that they promote the progression of tooth decay by turning sugar into lactic acid—normally a good thing, but when it happens in the plaque clinging to your teeth, the lactic acid tends to dissolve the minerals in the teeth, leading to cavities. So brush your teeth, and don’t forget to floss. But forget the antibacterial mouthwashes, which have the same effect on the healthy bacteria in the mouth as fungicides do on soil microorganisms. A potent strain of Streptococcus salivarius, found in the mouths of healthy humans, is called BLIS K12, and it fights pathogens that cause bad breath, among other maladies. Antibacterial mouthwashes wreak wholesale havoc on bacterial ecologies in the mouth and kill off S. salivarius and beneficial lactobacilli.

			Besides lowering pH and inhibiting pathogens, the lactobacilli can reduce inflammation and fight cancer. A 2009 study by researchers at Beth Israel Deaconess Medical Center and UCLA showed that some strains of these bacteria help the body fight off cancer and prevent tumor formation. Animal studies have shown inhibition of liver, colon, bladder, and mammary tumors when lactobacilli were added to the animals’ diet.

			For the chemists among us (and you know who you are), here’s the reaction where glucose is reduced to lactic acid in a process called homofermentation (because only one compound is produced):

			C6H12O6 [image: arrow] 2 CH3CHOHCOOH

			Some strains of lactobacilli produce what’s called a heterofermentation, because more than one compound is produced. Here’s a formula for the reduction of glucose into one molecule of lactic acid, one molecule of ethanol, and one molecule of carbon dioxide:

			C6H12O6 [image: arrow] CH3CHOHCOOH + C2H5OH + CO2

			In both cases, the lactobacilli turn the sugar molecule into either one or two molecules of lactic acid. And as we just found out, lactic acid is part of one of the ways the body resynthesizes ATP to power our systems.

			The primary mechanism of ATP production is a reduction of glucose in the blood into pyruvate, a process called glycolysis that is facilitated by lactic acid, which acts like an enzyme. One of the results of glycolysis is the release of hydrogen ions (protons). It’s not the lactic acid that causes the pain in muscles when they are worked really hard, but rather the buildup of protons in the cells, causing the pH of the cells to drop and turn acidic.

			ATP production in the cells happens by an electron transport chain. Just picture a molecule of glucose coming apart into pyruvate molecules, and energy jumping from electron to electron, producing ATP’s precursors, and finally, with the help of lactic acid, producing ATP itself. To power the body’s cells in their many functions—working muscles, active digestive system, firing of nerve cells—the cells disassemble ATP back into its precursors, and the lactic acid is there to reassemble it for further energy. In effect, in the anaerobic conditions inside the cell, glucose is effectively undergoing lactic acid fermentation.

			If we turn now to the organic garden or farm, we find that plants, too, use ATP to energize their systems. During the production of ATP in plant cells, hydrogen atoms (each is a proton and an electron) are stripped of their electrons, leaving positively charged protons—and in effect, the synthesis of ATP in root hairs creates proton pumps that send protons into the soil solution, as groundwater is called. Proton pumps are simply membranes that enclose the cell’s nucleus and mitochondrion and form the whole cell’s walls. They collect protons and store them to be used as an energy source in a wide range of cell functions in both plants and animals. Plants seeking nutrients release stored protons through the cell walls of root hairs into the groundwater. These protons find their way to humus particles in the soil. Humus is what’s left after the decomposition of once living tissue is completed. Humus is marvelous stuff, and soils handled organically are full of it. Its surfaces are negatively charged and hold positively charged ions of plant nutrients to themselves: ammonium, calcium, magnesium, and potassium, among others, which prevents these plant foods from being washed away by rain or irrigation.

			As the protons from the plant root hairs reach the humus particles, they kick the plant nutrients loose from the humus and replace them at the humus surface attachment sites. The plant nutrients then float back to the plant roots and feed the plants. This function is called the Cation Exchange Capacity of a soil, and the more humus, the more energetic the soil’s Cation Exchange Capacity. This is one reason organic soils have it all over soils fertilized with chemicals. The latter are soluble and wash away, where they can cause environmental damage due to flooding groundwater with overloads of soluble nutrients.

			Why do I bring this up in a book on fermentation and human nutrition? Because we also have proton pumps in our gastrointestinal
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