


THE SILENT GARDENERS

Whenever I prepare a handful of peppers for the cooking pot, I feel that living history rests in my hands. I marvel at the course of events that brought these beautiful creations to my kitchen, thankful that the many mysteries of their birth, spread, and domestication in the Americas are gradually yielding to the work of dedicated researchers. Without detailing the complexities of this real-life detective story, retracing peppers’ pathways to our kitchens has been more involved than I ever expected, and a window into the whole panorama of Latin American cooking from prehistoric times forward.

Like me, the “peppers” of this book are Latin American natives. I am not talking about black or white peppercorns or any unrelated spice that happens to share the “pepper” name (for example, pink peppercorns or Sichuan peppercorns). What I mean by “peppers” are the pods born by plants (mostly perennial) of the genus Capsicum, a member of the Solanaceae, or nightshade family.

“Nightshade” may be a byword for “poison,” but in the New World some very ancient nightshade predecessor gave rise to several of the world’s most nourishing food plants—potatoes, tomatoes, and tomatoes’ closest botanical cousin, peppers. (Scientists who study plant relationships believe that the forebears of today’s peppers and tomatoes split off from a common ancestor about twenty million years ago in South America.) All three would later travel around the globe. But to this day, all yield their most telling insights when you travel to them—that is, if you become acquainted with them in their original New World ecological and cultural contexts, voyaging to their homes either in person or via the printed page. This is especially true of peppers.

About twenty miles from the city of Trujillo in northwestern Peru stands a narrow wedge-shaped strip of plateau sandwiched between green sugarcane fields and the Pacific Ocean. This site, El Brujo (the shaman), has been continuously occupied almost as long as we have evidence of human beings in western South America. Temples, burial chambers, subterranean dwellings, and other remnants of successive civilizations, both before and after the Spanish conquest, have yielded remarkable discoveries for archaeologists. Possibly the most important of all is a huge, sprawling heap close to the southern tip of the wedge. Its name, Huaca Prieta, means “dark-colored mound,” and that is what it looks like. Here, in 1946 through 1947, Junius Bird led an American Museum of Natural History archaeology team. Along with dwellings and kitchens they found ancient garbage dumps and latrines laid down in stages, layer by layer, over many thousands of years.

This refuse heap was a discovery more exciting than the gold ornaments and jewelry that fill many archaeological museums. Why? The simplest answer is that the refuse is more difficult to come by. Gold can survive all kinds of climatic conditions unharmed. This is not so for food and other organic remains, which rapidly break down and disappear in all but the driest climates—and El Brujo happens to have a very dry climate. Digging through successive strata from the outer layers of the mound, Bird and his associates found recognizable evidence of what prehistoric and indeed preceramic peoples ate, in an extraordinary state of preservation. Among the still-recognizable remnants were a few whole peppers and other fragments, along with close to one hundred pepper seeds.
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Peppers’ First Spread

Peppers were not native to this small corner of South America. By studying patterns of species distribution throughout the continent, botanical sleuths have concluded that the first ancestral wild capsicums appeared between 15,000 BP and 20,000 BP somewhere in central Bolivia—more precisely, the piedmont region between Bolivian Amazonia and the eastern slopes of the Andes. The climate there is moist, with cloud forests covering the uplands, lowlands, and rain forests. (Today’s archaeologists and archeobotanists generally use a scale for dating plant and other remains on which they count backward from 1950 AD to a fairly precise number of years “before present,” or BP. As of approximately 1950, radiocarbon dating—based on the rate at which certain radioisotopes decay—has made it possible to measure the passage of time over millennia with some accuracy. Unless otherwise stated, BP dates in this book are based on sources’ use of this now widely accepted system.)

Eventually prehistoric peoples carried peppers across the Bolivian and Peruvian cordillera (mountain ranges) as far as the arid Pacific Coast. By a fluke of climate, identifiable remains of peppers survived at Huaca Prieta, while corresponding evidence in their place of origin east of the mountains was quickly lost to cycles of decay. This same divide between dry and moist regions is one of the long-standing frustrations of all research on ancient civilizations throughout the Latin American tropics, with new technologies only now beginning to mitigate the challenges. This is the reason that scientists understand so little of how peppers—which flourished along with all the great pre-Hispanic civilizations—spread from their Bolivian birthplace to nearly every part of South America, Mesoamerica, and the Caribbean.

Some facts are beyond question. The wild Bolivian Capsicum ancestors, like all later peppers, were perennial, but unable to survive frost. They bore tiny fruits like scintillas of brilliant scarlet. These might have been a magnet for hungry mammals, except that every fruit contained the basic Capsicum defense strategy: a devilish though non-poisonous sting in the form of capsaicin, an alkaloid so painful to most animals’ taste buds that they avoided the fruits like hornets’ nests. (Begin on this page for more about capsaicin chemistry.) Birds, however, were unaffected. They could happily eat their fill of tiny hot peppers before excreting the seeds whole and still viable. In other words, from the start, peppers had adapted in ways that would enable the colonization of new territories through aerial dispersal while repelling animals whose more complex digestive systems were likely to break down the seeds.

How did humans first realize that the superhot ancestral mini-fruits held any potential as food? This, too, is still unknown. But over several millennia, the first parent diversified into many wild species scattered throughout the Bolivian piedmont and some neighboring regions. The sight of the widespread plants must have been familiar to prehistoric hunter-gatherers, giving them ample opportunity to experiment with specimens close to their own settlements and discover that eating the jewel-bright fruit didn’t kill anyone.

It’s a safe bet that, after this, peppers followed the same course as other major food plants—that is, people first encouraged the wild plants to grow in dedicated sites, and then cultivated them through simple measures like seeding and weeding. Last came true domestication, which created five species wholly dependent on human skills. Many people in different locations independently practiced cultivation, and most scholars believe that domestication took place at various centers rather than spreading out from one definitive point of origin. In any case, many wild and domesticated members of the Capsicum clan proved remarkably able to adapt to either lowland or moderate highland altitudes, semi-desert or rain forest conditions, and a wide range of temperatures (with frost as the limiting factor). Over millennia, variant forms with different colors or particular flavor notes appeared. Even capsaicin, the plant’s default defense, sometimes was absent. These lucky genetic accidents would be skillfully exploited by both prehistoric and modern growers to produce a rainbow of possible colors and a range of hotter, milder, and sweeter flavors.

In pre-Hispanic times, the amazing, intelligent Capsicum plant had already spread throughout huge swaths of South America, from the eastern foothills of the Andes to the Pacific and Atlantic Oceans and throughout the Amazon and Orinoco basins, the Caribbean islands, and every part of Mesoamerica between Mexico and the Isthmus of Panama. Peppers even reached the deserts of what we know today as Arizona and New Mexico. Still more surprising, one wild species, C. galapagoense, grows on only two of the twenty-plus Galapagos Islands—a fact that surely would have fascinated Charles Darwin.
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To this day, more wild Capsicum species flourish closer to their ancestral Bolivian homeland than anywhere else. And though the peppers originally domesticated in South America were slow to receive detailed English-language coverage and adoption, they are now starting to enter US kitchens thanks to immigrants from Peru, Ecuador, Colombia, Brazil, and other parts of the continent, as well as the Caribbean.

It is astonishing to realize that some of these “new” hot peppers were being eaten at Huaca Prieta by at least 6500 BP or perhaps even earlier. Nowhere else have I experienced a more powerful sense of the past and present of Latin America meshing through the magic of food. On different visits I walked through the complex of ruins at El Brujo, feeling bones crunch under my feet and glimpsing still-familiar kitchen objects like a batán (stone grinding slab) or lapa (hollowed-out half gourd shell used as a food vessel) protruding from the earth. At the Huaca Prieta mound I gazed at the traces of past excavations before strolling a few hundred feet to a neighboring cluster of shacks by the ocean to watch fully dressed women gathering fish or shellfish by hand in the breakers. Propped up to dry against walls were the graceful caballitos (“little horses,” small floating crafts made of dried bulrushes), astride which the men of the village ventured into deeper waters in search of larger fish. It was as if no time had passed since their predecessors fished the same spots.

Freshwater canals run past this tiny hamlet. Between the nearest canal and the backs of the houses, people grow food plants identified as ancient staples by archaeologists.The canals of the region still support the highly prized life, a member of the South American “pencil catfish” group (Trichomycterus spp.), which appears on the Moche period murals of Huaca Cao Viejo, elsewhere at El Brujo. In the villagers’ homes I watched families preparing simple dishes based on corn, sweet potatoes, other root vegetables, shellfish, and little else. It struck me that what elevated this cooking from subsistence rations to a true cuisine was the skilled use of peppers, the beautiful local ajíes that I’d seen the women crushing into sauces on the batán. It was a permanent enlargement of flavor that first began at Huaca Prieta more than seven thousand years ago. This wasn’t the only evidence of prehistoric Latin American foodways transformed by the invention of pepper-based seasonings. Later, in other South American centers of pepper cultivation and cooking, I would have the same realization.
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      Huaca Prieta mound and the dwellings of the neighboring fishing village.

    

    
Huaca Prieta: Food Archaeology Game Changer

The 1946 to 1947 expedition to Huaca Prieta was a turning point in food archaeology. Junius Bird and his associates had the luck not only to find one of the longest unbroken records of food use anywhere in the Americas but also to start working with it just as a revolution in the tools of archaeological analysis was dawning. Seventy years later, the huge mass of materials that they collected and brought to New York is still yielding priceless discoveries about peppers and many other things, thanks to a deluge of new analytical methods in the last few decades.

When Bird’s party pitched their tents by the Huaca Prieta mound, the field of systematic archaeology was about sixty years old and already depended on many advanced skills that are still the backbone of investigation. The primary job was usually to uncover buried remains of structures (such as walls belonging to residences, temples, tombs, or whole cities), artifacts (anything from clay tablets to gold rings), or natural objects (for example, bones). In some sites, such as caves used as dwellings or camps, artifacts and bones might be left on or close to the surface. Otherwise, it was necessary to excavate the soil stratigraphically—that is, carefully cutting down from the surface through upper and lower layers of deposits belonging to successive groups of inhabitants until the bottom (the oldest) layer of remains had been reached.

The pioneer archaeologists had only occasionally focused on food (as opposed to clues about ruling dynasties and monuments) and had few specialized tools for analyzing it. Huaca Prieta would inspire a cascade of changes. Bird himself was more interested in textiles than food. But sets of fine-mesh screens that he had designed for sifting through soil samples proved excellent at catching small food remnants, such as pepper seeds.

After the team returned to New York, Bird sent some of the expedition’s findings for analysis using the new technique of carbon-14 dating, which was starting to replace guesswork about the true age of samples with objective evidence based on rates of decay in radioactive isotopes. It was soon clear that the earliest Huaca Prieta remains must be many millennia older than anything else at El Brujo. The most recent estimates, based on more refined technology, suggest that humans had colonized the site as early as the late Pleistocene epoch, and dated the first evidence of pepper use circa 7600 BP.

Bird also turned over other acquisitions to Eric O. Callen, the founding father of coprolite analysis, a new branch of research based on the study of desiccated or fossilized feces. Still regarded as on the fringe in the 1940s, this line of investigation has turned out to be one of the essential tools for any serious study of ancient diets today. (If you think about it, examining the contents of people’s digestive tracts is a foolproof way to tell which specific foods were eaten—not thrown out uneaten—and how individual items were combined at meals.) Examining several Huaca Prieta coprolites as well as specimens collected from the abdomen of a mummified body at the site, Callen concluded that people were eating several kinds of peppers (though usually discarding the seeds first) together with seafood.

The Bird expedition broke new ground. It was the start of a revolution in methods of analysis that has gained momentum in the seventy years since. In fact, every year or so another technique or way of combining techniques forces plant-history sleuths to adjust previous beliefs. We are now experiencing a golden age of food-focused archaeology that yields new branches and sub-branches of investigation, like a young tree growing in speeded-up motion. One advance leads to another in the blink of an eye. For instance, the technique of flotation, using the water to isolate tiny and light materials and passing soil samples or lake-bottom sediments through a series of increasingly finer screens to obtain smaller particles of organic or nonorganic matter, are enhanced versions of Bird’s sifting methods. Carbon-14 dating quickly gave way to accelerator mass spectrometry (AMS), a far more precise way of estimating the age of samples.

The Miracles of Microremains Analysis

I can only touch on some—by no means all—of the many analytical tools that today’s bioarchaeologists, paleoethnobotanists, archaeological chemists, and others are bringing to pepper history and prehistory.

Some of the most advanced methods involve microremains, or bits of matter too small to see with the naked eye. Using electron microscopes, scientists can now directly examine pollen grains recovered from soil or lake-bottom samples. They can study phytoliths, microscopic silica-based structures found in the tissues of some plants. And they can search ancient cooking pots or grinding stones for evidence of fossilized starch granules.

Microremains of these kinds have two huge advantages over macroremains, meaning those large enough to be seen without a microscope. First of all, they are unique fingerprints establishing the species identity of a plant beyond any doubt. Second, they do not decay in any climate. This means that they can provide conclusive evidence about peppers’ origin and development in the steamy regions east of the Andes where experts once thought all plant remains must decompose in a few years. As a result, the long-standing imbalance between arid-climate and moist-climate pepper research is starting to be righted. And by the same token, all parts of the New World tropics are yielding a stream of discoveries about other foods that peoples of the Americas have prepared, cooked, and eaten with peppers.

With such archaeological context, we can begin to understand the solid pre-Hispanic culinary underpinnings that I have found again and again surviving in today’s Latin American kitchens. Take the example of starch granules: Under the microscope, starch is not one undifferentiated substance. It occurs in granules of particular shapes and sizes that are unique to each starch-containing food—and though plants of the Capsicum genus don’t contain much starch by comparison with potatoes or wheat berries, they do have small amounts that can’t be confused with starch from any other source. Dolores Piperno, Linda Perry, and other pioneers of starch-grain analysis are conducting exciting research at sites with crucial evidence of pepper use. Repeatedly, they mention a pattern that I noticed when I was invited into indigenous peoples’ kitchens to see how they worked with ingredients. Almost invariably, I found cooks grinding a staple starchy food like maize or yuca with some preferred local tool—a heavy stone rubbed like a pestle over a batán or other stone mortar, or a handmade wooden grater studded with quartz or metal teeth—that also was used for grating or grinding peppers. So it did not surprise me when archaeologists reported often finding pepper starch granules on the same grinding stones or graters as starch from the great root crops of the Andes and the tropical lowlands: yuca, potatoes, sweet potatoes, and other root vegetables, such as achira (Canna edulis, a classic coastal Peruvian crop that is still being grown on canal banks next to El Brujo).

Another analytic method also confirms that peppers had commonly kept the same company in ancient as in modern kitchens. The wizardry of high-performance or ultra-high-performance liquid chromatography makes it possible to identify the separate components in traces of food found in vessels—for instance, a sauce or beverage with residues including capsaicin with boiled-down, fermented yuca juice, or with theobromine (the chemical marker for cacao, from which chocolate is made). For me, all of these methods shine a direct light on the hands of cooks at work in past centuries or millennia.

Grinding was the foundation of serious food processing for major staples in all pre-Hispanic civilizations. The pairing of certain foods with certain flavorings shows cooks thinking like cooks. When I learn that microremains of squash, maize, sweet potatoes, yuca, malanga, or achira have been found somewhere in company with one of the capsicums, in my mind I see generations of women wielding their remarkably efficient crushing or grinding tools to extract maximum pepper flavor for a sauce or to bring bland staple foods to life with pepper heat.

Microscopic study can also be applied to macroremains, as in a novel technique devised by Katherine L. Chiou and Christine A. Hastorf of the UCLA anthropology department. While examining pepper seeds under a scanning electron microscope, they found that the characteristic shapes and proportions of seeds vary by Capsicum species. The measurement system they worked out promises to be an invaluable tool for tracking the early movements of the five domesticated species through the Americas—better evidence than the main techniques of microremains analysis, which are only sometimes able to narrow down identity beyond the Capsicum genus.

Fittingly enough, seeds from Huaca Prieta and Paredones, a site less than a mile north of Huaca Prieta, were among the first archaeological samples that Chiou and Hastorf examined. It appeared that at an early date (more than 8000 BP), local people were using the four species Capsicum baccatum, C. chinense, C. frutescens, and C. pubescens with some frequency, but that by 4500 BP the baccatum—a star pepper in today’s Peruvian cuisine—already outshone all the rest. This is the kind of evidence that needs to be applied to every archaeological site of the New World tropics to tell us how and when different peppers took root in regional cuisines.

Eclectic Use of Techniques

Broadly speaking, all archaeological research on native New World food crops has moved from complete reliance on macroremains to a strong—not exclusive—focus on microremains. At the same time, completely different lines of investigation are opening other vistas. Genome sequencing has been performed on several wild and domesticated species as well as some individual cultivars.

A striking feature of twenty-first-century archaeologists’ mentality is a multidisciplinary approach that brings many detective tools to bear on the lives—and food culture—of ancient peoples. One example is a 2013 paper by an international team of plant scientists, anthropologists, and other researchers of prehistoric foodways and food crops; they used C. annuum peppers in Mexico to demonstrate the advantages of a multipronged effort to pin down the first area of domestication. Some of their evidence came from the various archaeobotanical methods described previously, as well as comparative DNA analysis of wild and domesticated pepper populations. But they also used a technique known as species distribution modeling to predict the statistically most likely parameters of ecological factors, such as local temperatures and rainfall, for early domestication efforts. An entirely different kind of evidence was sketched by Cecil H. Brown, one of the founders of the new field of paleobiolinguistics, which applies comparative linguistic analysis to the challenges of reconstructing the names of food plants and animals in the extinct ancestors of known languages.

In the researchers’ opinion, the most likely site of origin for domesticated C. annuum is an area of east-central Mexico between southern Puebla and southern Veracruz State. They presented this conclusion as the explanation most consistent with a careful weighing of all these clues. To me, this is a perfect example of the directions in which modern pepper research is going, giving us incomplete answers to all questions about capsicums through the ages while continually evolving bits and pieces of answers that show how archaeology itself is a living, ever-changing fusion of disciplines.
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PEPPER ANATOMY AND HEAT

Pepper plants defy quick generalizations based on appearance. The more than thirty-five wild and domesticated species grow in a fantastic range of forms. They can be spindly stalks less than 2 feet/.60 meters high, many-branched and woody like small trees, or dense bushes. The peppers that they bear can be equally confusing to the eye. Lookalikes are often only distantly related. If you have ever had trouble sorting out the kinds in a market display, you are not alone. Nevertheless, wild and domesticated peppers of all species have certain ancient structural traits in common in contrast to more recently acquired features that differentiate, say, a poblano from a habanero. Though we eat them as vegetables or condiments, all are technically fruits or, more specifically, berries, with small seeds borne inside a fleshy envelope. In everyday usage, the fruits are called pods.




Pepper Anatomy: Pod, Calyx, Flower, Seed

In all pepper plants, from tall old shrubs to tender garden specimens, the flowers and, later, the fruits are attached to the branching stems by pedicels (the botanical term for short individual stems) in either erect, pendant (hanging), or intermediate positions. A green calyx first encloses the flower bud, and remains around the base of the opened blossom and then the fruit when it develops. Both flower and calyx display particular features that differ by species. These have been of great importance to botanists who study wild or domesticated peppers in tracking the New World travels of the Capsicum genus’s individual members.

Pepper pods can have remarkably diverse shapes, resembling string beans or diminutive bananas, cherry tomatoes, or miniature lanterns, and botanists have selected particularly illustrative pod types from known cultivars as examples. The kinds closest to the original wild prototype always look like tiny beads. But all peppers, both wild and domesticated, retain parts of the same ancestral anatomy. Their kinship is clear when you compare cross sections or lengthwise sections of different kinds.

Every pepper contains a fleshy outer structure called the pericarp, which you will recognize as the only part of a bell pepper (and some other large peppers) that is eaten. It consists of three layers: the exocarp (skin), the thicker and meatier mesocarp, and the thin, membranous endocarp. On the inner side, the pericarp has two, three, or four lengthwise ridges called ribs, or more precisely septa (from the Latin for “partitions”). These run down all or part of the pod and loosely divide the interior into chambers, or in botanical terms locules or lobes. (In very small, skinny peppers, the ribs may be colloquially called veins.) The chambers that they form are partly hollow, which makes some peppers (especially large ones) ideal for stuffing.

The crucial contents of the pod’s interior are the reproductive organs of the fruit. Starting from the top end, the most conspicuous feature is a pulpy structure called the placenta, which supplies nourishment to the developing seeds just as a mammalian placenta nourishes the fetus. In some kinds, such as the familiar bell pepper, the placenta-seed complex may look like a whitish plug attached to the top; in others, as for the Peruvian ají amarillo, it runs the entire length of the pepper. The number of seeds carried on the placenta varies strikingly between different kinds of peppers, from about a dozen to more than two hundred per fruit.

In every wild species and almost all domesticated cultivars, tiny cells lying close under the surface of the placenta secrete a unique chemical weapon. This fiery substance, produced by capsicums and no other plants, has often been labeled capsaicin. Today it is known to be a complex of several alkaloids more correctly called capsaicinoids. (The pericarp contains another group of related compounds called capsinoids, responsible for the nonhot flavors that are most pronounced in “sweet” cultivars.) It used to be thought that the placenta was the only source of true pepper heat, partly communicating its fierceness to the flesh, veins, and seeds. However, recent research by horticulturist Paul Bosland at the Chile Pepper Institute in New Mexico, has established that in a few superhot cultivars, capsaicin secretion also occurs in the pericarp, meaning that every bit of the flesh can be as incredibly searing as the placenta itself (see more information on capsaicin beginning on this page).
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These physical structures are universal features of pepper fruits, though it may take a careful eye to recognize them in examples as different as a tiny chiltepín and a cubanelle. But when experts try to distinguish among different species, they generally concentrate not on the fruit but on two other sources of information: One is the blossom. The other is the calyx, the green “cap” that covers the top of the blossom and remains attached to the pod, where it joins the pedicel. There may be other clues, such as whether the pedicel attachment is flush with the top of the fruit, or (as in bell peppers) somewhat sunken; some pedicels also are enlarged toward the attachment point. The shape of the calyx, however, usually produces better evidence of species identity than the shape of the pod.

In many members of the C. annuum species (which includes bell peppers and nearly all the varieties first developed in Mexico), the outer margin of the calyx is marked into five or more oblique angles like a pentagon or other polygon, with a small rib running to the pointed tip of each angle. In others, it shows a few rounded or blunt projections. In the South American C. pubescens, the calyx is conspicuously dentate—that is, it has long, sharp teeth extending beyond the rim. The pretty calyx of C. baccatum (also from South America) is also dentate, but the shape is more like the outside of a miniature parasol with delicately marked rib tips instead of toothlike projections. C. frutescens, a species with members widely distributed throughout the New World tropics, has a nearly circular calyx with less evidence of teeth. That of the more narrowly distributed South American and Caribbean C. chinense (whose most famous members are habanero and Scotch bonnet peppers, found in the United States) displays a narrow constriction where the pedicel meets the calyx.

Pepper flowers also show some clear differentiation by species. Each contains a corolla (Latin for “little garland”) of five to seven petals arranged in a circle around the stamens and pistil in the center. C. pubescens is distinguished by a purple corolla, sometimes with a narrow white border around the edges of the petals. C. baccatum has characteristic tan spots at the base of its white petals. The C. chinense corolla is a slight greenish white; that of C. frutescens is a clearer, more definite white. Most C. annuums have white flowers, though some are purple. These details are better markers of identity than other aspects of pepper morphology (that is, form and structure), but there is one additional major source of clues to species identity: the seeds.

Until very recently, researchers paid scant attention to distinctions between the seeds of different species other than noting that C. pubescens has black (sometimes dark brown) seeds with a rough, wrinkled exterior, while the seeds of other species are smooth coated and never darker than light tan, yellow, or off-white. But in the last few years, some pioneering work has been done on systematic measurement of seed shapes and proportions that has furnished new tools for identification—a very important development because seeds are often the only recognizable evidence remaining at archaeological sites when other plant matter has decayed.

In 2012, a pair of archaeobotanists at the University of California, Berkeley, developed a system of measuring features, including shape, proportions, seed coat texture, the tiny protrusion called the beak, and the scar indicating the point where a seed detached from the placenta, to identify the species to which seeds belong.
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What Makes Peppers Hot

Forty years ago, fans of pepper heat got very simple answers to questions about its source. They were told that their favorite Mexican chiles were hot because of a substance called capsaicin, an alkaloid located in pepper seeds and ribs. At that time, we were just learning to roughly measure amounts of this substance in Scoville units, tallying degrees of zero pepper hotness along a scale (established in 1912 by pharmacist Wilbur Scoville), starting with bell peppers and rising to stratospheric heights for the then newly popular habanero. At that point, “stratospheric” probably meant less than 500,000 units.

How much has changed since then! The more I learn about capsaicin, the more I realize how much there is still to know and the more convinced I become that cooking with peppers is one of the most important ways to understand their heat. And growing them in my own garden has taught me even more. Tasting hundreds of peppers at various stages of growth and taking notes on their development through the years has given me an increased sense of the plants’ intelligent survival strategies. I am sensitive now to the ways in which weather fluctuations and even minor details, such as where a certain pepper is planted in the garden, will affect its pungency.

I believe that the best way to tackle this very intricate subject is to begin by thinking not about capsaicin chemistry but about the living plants of the Capsicum genus in their South American place of origin. Their capacity to secrete capsaicin is unique, shared by no other member of the plant kingdom. Though destined to become an attraction for humans, capsaicin paradoxically started out as a repellent for other creatures—a powerful irritant. The original evolutionary strategy of capsicums in the wild depended on driving away potential eaters whose teeth and digestive systems would damage the seeds and hinder the plant from reproducing. But the savage bite that fended off mammals was not at all repellent to birds, whose wings could carry them for miles and whose simpler digestive tracts excreted the seeds intact, allowing them to germinate and take root across a wide range.

But a pepper plant doesn’t just pump a precise, uniform dose of capsaicin into each fruit like an injection on an assembly line. The plants respond flexibly to different environmental factors by secreting varying amounts, a fact well recognized by gardeners.

In 2008, researcher Joshua Tewksbury was able to document surprising variations in capsaicin production by the wild South American species C. chacoense. When attacked by insects that bore into the fruit and leave it open to invasion by the fungus Fusarium, it mounts a direct counterattack by ramping up capsaicin production in Fusarium-affected areas. But capsaicin production can deplete the plant’s energy. In other settings, where drought replaces fungi as the main environmental threat, the same species is capable of shutting off capsaicin production altogether while altering the distribution of stomata—the pores of the leaves through which transpiration takes place—in order to conserve water. The domesticated capsicum plants can’t match these drastic, purposeful switches in pungency, but within narrower limits, they can swap one quality or function for another.

It is known that factors like altitude, ambient heat, sunlight exposure, drought, excessive rain, and stress also affect capsaicin levels in domesticated peppers. For instance, the higher the altitude, the higher the capsaicin content in some Himalayan chinense cultivars. Frutescens peppers grown in the torrid climate of eastern Africa develop much more intense heat than anywhere else. The Padrón, an annuum cultivar, is far hotter when grown in Florida than when grown in Palo Alto, California.

The original balance of environmental influences in the wild was altered with domestication, and even more so with the change from perennial to annual growth when three of the domesticated species (C. annuum, C. frutescens, and C. chinense) were successfully transferred from the tropics to temperate zones with strongly marked seasonal growth limits. Having to grow each year from seed introduced more generation-to-generation variables. And having to flower and fruit within a certain time range imposes serious constraints. Simply put, the plants need to manage the energy that goes into making capsaicin. They can’t dole out equal amounts of capsaicin to every pepper at every stage of the growing season.

I see some of the resulting variations in all my hot pepper plants. The first flowers to develop will yield hotter peppers than the later ones. In fact, something red-hot close to the stem end may be noticeably cooler a knuckle’s length or two farther toward the tip. Contrary to popular belief, the true source of heat is not the seeds but the placenta. This is where the capsaicin is actually secreted, though the seeds may pick it up through contact.




NATURAL INTELLIGENCE

Researchers have found that seeds of the wild C. chacoense excreted by birds such the Bolivian short-billed elaenia are endowed with further protection against insects and fungi. Passage through the bird’s intestinal tract not only changes the volatile compounds that normally make Capsicum seeds attractive to seed-eating insects like ants but also reduces the load of fungus, such as Fusarium semitectum, on the seed, thus doubling its chances of survival. C. chacoense’s evolutionary strategy in response to ecological challenges and its special relationship with birds is a remarkable example of the genus’s flexible intelligence.
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More Than Capsaicin

As with everything about peppers, the properties of heat are also complex. Anyone who learns to appreciate the spectrum of flavors that the many different hot peppers bring to sauces and soups also appreciates that their heat has many nuances. So it should come as no surprise to learn that the single term “capsaicin” long ago became inadequate.

Beginning with improved analysis in 1961, it has been conclusively established that the hotness of chiles and other pungent peppers actually comes from a cluster of closely related compounds officially known as capsaicinoids. Although more than twenty have been isolated, the principal five are capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homodihydrocapsaicin, and homocapsaicin. For the sake of convenience, writers still loosely use the term “capsaicin” for the total package, but at times it’s necessary to refer more precisely to capsaicinoids. What’s important to know is that each contributes different notes to the sensation of hotness, and that their overall balance can vary greatly in individual cultivars. Our understanding of the genetic variables behind these factors is still fairly rudimentary. Whole genome sequencing has been done on several C. annuum cultivars and at least one C. chinense landrace (the term for when a species has been developed over many years in a specific area through traditional farming practices, not agricultural science). But given the notorious talent of annuums for producing mutations to aid survival through switching the position of transposons (short segments of DNA) on a chromosome, and the huge mild-to-superhot range of chinenses, these are only baby steps in understanding the subtle intricacies of pepper heat.

Tables of average capsaicinoid content generally list the relative amounts of capsaicin and dihydrocapsaicin at respectively about 69 and 22 percent of the total, with nordihydrocapsaicin a distant third at 7 percent and each of the last two registering only 1 percent or less. But these are only averages that don’t really tell us much.

Researchers are just starting to grapple with two important facts: first, that each of the principal five capcasinoids registers in a different way on the palate; and second, that the balance of capsaicin, dihydrocapsaicin, and nordihydrocapsaicin can be as sharply affected as total capsaicinoid content by environmental factors. And even the tiny amounts contributed by homodihydrocapsaicin and homocapsaicin are likely to be crucial to the overall sensory effect. We perceive pepper heat not just in one big blast, but as an intricate blend of sensations. Depending on the pepper in question, the heat may be either quickly dissipating or lingering, most strongly felt on the tip of the tongue or the back of the throat, delivered evenly throughout the tasting process or gradually blossoming in the mouth. These are the kind of mysteries that further capsaicinoid research promises to unlock.



PEPPERS AND NUTRITION

Peppers are an excellent addition to any diet aimed at making the most of fresh vegetables. Very low in calories, they contain small amounts of a few minerals, including calcium, phosphorus, and zinc, but considerably more significant amounts of several vitamins. The most important are vitamin C, vitamin E, and vitamin A in the precursor form of beta-carotene and other carotenoids. Green bell or hot peppers have enough of all three to supply substantial percentages of the adult recommended daily allowances; note, however, that some of the vitamin C will be destroyed by cooking.

The picture for yellow and (especially) red peppers is similar, except that the amounts of all three vitamins are much greater. All raw red peppers are among the richest sources of vitamin C known, and a good amount remains even after cooking or processing in such forms as canned roasted red peppers. Both vitamin A activity and vitamin E content are multiplied several times and are not affected by cooking. In fact, ground dried red pepper in the forms enjoyed by many of the world’s peoples from Spain and Hungary to Turkey and Korea can be a significant dietary source of vitamin A.



The Science of Tasting

We’ve come a long way since fans first started using Scoville readings like baseball scores. For the record, the scale that Wilbur Scoville devised involves diluting alcohol extracts of dried peppers in progressively larger amounts of a water-based sugar solution until a panel of tasters can detect no heat. If it sounds a little unscientific, it is. Getting human tasters to quantify their sensations by exact numbers is like herding a pack of Shiba Inus. Meanwhile, we’ve seen the Scoville scores of the 1970s eclipsed by a generation of carefully bred superhot peppers that keep revving up the voltage. The current record-holder (but for how long?) is a cultivar called the Carolina Reaper, coming in at more than 2 million











	

RESOURCES

GENERAL INFORMATION AND ADDITIONAL SOURCES

Peppers of the Americas

peppersoftheamericas.com

This is my online supplement to this book, with links to additional sources for supplies, tools for the pepper kitchen, updates on current research, and travel highlights.

SEEDLINGS

The Chile Woman

thechilewoman.com

Hoosier Susan Wasland (aka the Chile Woman) has been in the pepper-growing business for 25 years, growing her plants organically with a method that she describes as Hoosierorganic. I especially love the Latin American selection, which shows her penchant for flavorful as opposed to overly hot peppers. I have had excellent late-season results with her panca and ají amarillo peppers (as good as any that you can buy in the Andean region). She is meticulous in her packing, so plants arrive strong, healthy, and ready for battle.

Cross Country Nurseries

chileplants.com

Owner Janie Lamson was my first pepper- gardening inspiration. Her vigorous seedlings consistently arrive in perfect shape and are carefully labeled, with clear instructions on how to best start the plants in the ground or transplant them into bigger pots. She also sells fresh peppers beginning in September each year (check for availability).

First Coast Technical College AgriScience

fctc.edu/news/peppers-for-sale 

To order dátil plants for shipment during the growing season, contact the dedicated gardeners of this agricultural college.

SEEDS

The Chile Pepper Institute

chile.nmsu.edu

This celebrated center, devoted to chile breeding and improvement as well as genetic research, has an online shop that offers books and seeds of Suave Habanero and other NuMex varieties developed at the institute.

Native Seeds/SEARCH

nativeseeds.org

The Tucson-based Native Seeds/SEARCH is a heritage seed bank founded by plant researcher and environmentalist Gary Paul Nabhan. If you are interested in starting chiltepines from reliable seed, this is an excellent source. The enticing, informative catalog also offers seeds of various Mexican and Southwestern chiles as well as a fascinating range of other desert food plants.

Pepper Joe’s, Inc.

pepperjoe.com

Pepper Joe’s is a reliable source that focuses on exotic peppers and superhot varieties such as Bhut Jolokia and Carolina Reaper.

Refining Fire Chiles

superhotchiles.com

This is the site of Jim Duffy, a grower who achieved cult status among fans of superhot peppers by introducing horticulturist Paul Bosland of the Chile Pepper Institute to seeds of the fabled Trinidad Moruga Scorpion, a 2012 Guinness World Record–breaker. Specializing in superhots, Jim sells both quality seeds and seedlings.

Seed Savers Exchange

seedsavers.org

Seed Savers is a purveyor of heritage seeds with a mission to preserve bio-diversity though a process of participatory preservation. They are an excellent source for the hard-to-find heirloom Bull Nose Pepper seeds.

FRESH PEPPERS

Happy Quail Farms

happyquailfarms.com

Farmer David Winsberg is passionate about peppers and sells his crops at several San Francisco Bay Area farmers’ markets and online. This is my favorite long-time source for high-quality various- colored bell peppers, Padrón peppers, chile manzano, red rocotos, and the best fresh ají amarillo I have found in the US (check late in the season). A pioneer in Padrón pepper cultivation, he grows them in large quantities for retail stores and restaurants, though you can order just a couple of pounds (or a kilo) for home use.

DRIED PEPPERS/PEPPER POWDER

Despaña

despanabrandfoods.com

Spanish pimientos choriceros, ñora peppers, jarred guindillas in vinegar, Spanish paprika, paella pans, and more are available at Despana’s Soho-neighborhood retail shop and online.

La Tienda

tienda.com

La Tienda sells a range of Spanish peppers, jarred guindillas and pimientos del piquillo, dried ñora peppers, and quality Spanish paprika. They are also a good source for traditional paella pans and accessories and short-grain rice for arroz a banda and paellas.

Zocalito Latin Bistro

zocalito.com

Zocalito is a source for high-quality rare Oaxacan chiles—chilhuacle, smoked pasilla de Oaxaca, chilcostle, taviche, and more—personally sourced by chef/owner Michael Beary.
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