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PREFACE

AT THE END OF MY BOOK ANCIENT WINE, I posed a question: Why have cultures around the world had a millennia-long love affair with wine? My short answer then was that alcohol has been the universal drug, and that wine provides the highest concentration of this simple organic compound (ethanol) available in nature. Humans throughout history have been astounded by alcohol’s effects, whether it is imbibed as a beverage or applied to the skin. The health benefits are obvious—alcohol relieves pain, stops infection, and seems to cure diseases. Its psychological and social benefits are equally apparent—alcohol eases the difficulties of everyday life, lubricates social exchanges, and contributes to a joy in being alive.

Perhaps most profoundly, alcohol’s mind-altering effects tap into mystical, unseen realms of the human brain. Wherever we look in the ancient or modern world, we see that the principal way to communicate with the gods or the ancestors involves an alcoholic beverage, whether it is the wine of the Eucharist, the beer presented to the Sumerian goddess Ninkasi, the mead of the Vikings, or the elixir of an Amazonian or African tribe.

Briefly put, alcoholic beverages are unique among all the drugs that humans and our early hominid ancestors have exploited on this planet for more than four million years. Their preeminence and universal allure—what might be called their biological, social, and religious imperatives—make them significant in understanding the development of our species and its cultures.

To appreciate this strong coupling between alcoholic beverages and human bioculture, I propose a journey of exploration that extends farther back than the beginnings of grape wine in the Middle East. We will start out at the center of our galaxy, move on to the beginnings of life on this planet, and then follow humankind’s preoccupation with and ingenious concoction of alcoholic beverages from continent to continent, as our species spread out from Africa across the Earth. We will examine the most recent archaeological discoveries, chemical analyses of residues on ancient pottery, and advances in the analysis of DNA. These new findings can be interpreted by drawing on ancient art and writings, the ethnography of more recent traditional beverage making, and experimental archaeology, in which we attempt to re-create the ancient beverages. The result is a rewriting of the prehistory and history of ancient alcoholic beverages, including wine, beer, and some strange mixtures I call “extreme beverages” that combine many different ingredients. Because this book picks up where Ancient Wine left off, the interested reader should consult it for more details of archaeological excavations and finds related to wine.

Some readers might already be thinking that my approach to alcoholic beverages does not take account of their darker side. The initial stimulant effect of an alcoholic beverage, as exhibited by euphoria or easy sociability, can of course turn into anger or self-hatred with excessive drinking. The depressant properties of the drug then kick in, as a person loses balance, slurs speech, and may even begin to hallucinate; the world spins out of control, and the expressions on the faces of one’s drinking companions take on a strange remoteness. The drinker may finally succumb to unconsciousness, with only disjointed fragments of the episode remembered the next day amid a ferocious hangover.

The naysayers and prohibitionists tell us that alcoholic beverages have been an unmitigated blight on humanity. They have caused untold property damage, disrupted families, led to every kind of vice and violence, and destroyed individuals’ lives. I agree that alcohol consumed in excess can be extremely detrimental to the individual and community. But any substance (especially food), activity (such as running, dancing, music making, or sex), or powerful idea (such as religious conviction) can activate appetitive and pleasure centers in our brains (see chapter 9) and lead to compulsive, addictive behavior. Because drugs such as alcohol impinge directly on the brain, they are particularly potent and need to be used with caution.

Despite its risks, few substances have earned the praise that alcohol has. The psychologist William James perhaps expressed it best in his landmark book, The Varieties of Religious Experience:

The sway of alcohol over mankind is unquestionably due to its power to stimulate the mystical faculties of human nature, usually crushed to earth by the cold facts and dry criticisms of the sober hour. Sobriety diminishes, discriminates, and says no; drunkenness expands, unites, and says yes. It is in fact the great exciter of the Yes function in man. It brings its votary from the chill periphery of things to the radiant core. It makes him for the moment one with truth. Not through mere perversity do men run after it . . . it is part of the deeper mystery and tragedy of life that whiffs and gleams of something we immediately recognise as excellent. (377–78)

Accolades from famous artists, musicians, writers, and scholars through the ages echo James’s sentiments. Louis Pasteur, who first observed wine yeast and tartaric acid crystals under the microscope, rhapsodized that “the flavor of wine is like delicate poetry,” picking up on the sentiments of the Roman poet Horace (Epode 11), who wrote that wine “brings to light the hidden secrets of the soul.”

So, is wine a mocker or does it gladden the heart of man? Have so many exceptional people simply been deluded about how alcohol fueled their creativity? Did Dylan Thomas, Jackson Pollock, Janis Joplin, and Jack Kerouac drink themselves into their graves in vain?

To be sure, much remains to be discovered on every front, from understanding the effects of alcohol on the human brain to filling out the history of ancient alcoholic beverages around the world. I have only touched on some of the high points in this millennia-long quest, as occasioned by the accidents of discovery and sampling. We still know little about the early use of alcohol in vast areas of Central Asia, India, Southeast Asia, the Pacific islands, Amazonia, Australia, and even some areas of Europe and North America, and we can expect surprises. For example, it has often been claimed that, among all animals, only humans overindulge in alcoholic beverages. Recently, however, it has been shown that Malaysian tree shrews, among the earliest primates on the planet, binge each night on fermented palm nectar.

The title of this book might be viewed as something of a misnomer. After all, our earliest evidence for the use of cork to seal a container of an alcoholic beverage—grape wine in this instance—is early fifth-century B.C. Athens, where a neatly rounded and beveled piece, looking much like the corks we are accustomed to, was wedged into the mouth of a wine jug and made flush with the top of the rim. A hole through the center of the cork might appear to have defeated the purpose, but perhaps it had already been removed, with some forerunner of the corkscrew, and then reinserted before the jar came to rest in the ancient well of the Agora. The excavator believed that a string had been tied through the hole so that the jar could be lowered into the well and the wine cooled.

About the same time that the Athenian wine was being drunk, an Etruscan ship went down off the coast of the French Riviera, near the island of Grand Ribaud. Its hull was filled with hundreds of wine amphoras, stacked at least five layers deep. When found recently, many of these vessels, cushioned by grapevines, were still stoppered with their original cork closures. The corks were inserted into the narrow mouths of the jars as proficiently as any modern corking machine could do it.

But the substance first known to have been stored in a vessel stoppered with cork is honey, the principal concentrated source of sugar in nature. A bronze amphora, dated ca. 540–30 B.C., was filled with liquid honey (still sticky and redolent of its characteristic aromas when it was found), closed up with cork, and deposited in a completely walled-up subterranean chamber in the ancient Italian city of Paestum, in Campania. It was intended not for making mead but as an offering to the chief goddess of the city and of the Greek pantheon, Hera, with one of the valued healing substances of antiquity. A couch at the center of the chamber might have represented the sacred marriage of the goddess, who was associated with the underworld, to her consort and brother, Zeus. As we will see later, the sacred marriage (hieros gamos) ceremony was a long-standing tradition in the Near East and was often preceded by the sharing of an alcoholic beverage.

It seems likely that earlier examples of vessels sealed with cork existed, especially in the parts of the western Mediterranean where the cork oak thrives. Wherever the practice originated, however, the goal was generally to preserve a precious liquid for future quaffing. Before the cork took on this role, our human ancestors had to make do with wood, stone, vegetal matter, or leather. With the advent of pottery around 10,000 B.C. in east Asia, raw clay began to be molded into stoppers. If a vessel was stored on its side, as was happening as early as 3500 B.C. in the Zagros Mountains of Iran, the clay absorbed liquid from the contents and expanded to keep out oxygen, just like cork, and prevented the wine from turning to vinegar. As Pliny the Elder so eloquently observed of methods to prevent wine disease in his Natural History of the first century A.D., “There is no department of man’s life on which more labor is spent.”

Uncorking the bottle represents the grand finale to the preservation and aging process—whether that entails pulling away a heavy slate stone covering a hollow tree trunk full of prehistoric fermented grape juice or honey mead, chopping off the clay stopper of an ancient Egyptian wine jar with a carefully placed blow so as to not contaminate the elixir, or opening a vintage port by searing off the neck of the glass bottle with hot tongs. As the champagne cork pops or the hollow tree trunk bubbles over, we anticipate celebratory, exuberant sensations.


ONE
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HOMO IMBIBENS

I Drink, Therefore I Am

ASTRONOMERS PROBING OUR GALAXY WITH powerful radio waves have discovered that alcohol does not exist only on the Earth. Massive clouds of methanol, ethanol, and vinyl ethanol—measuring billions of kilometers across—have been located in interstellar space and surrounding new star systems. One cloud, denoted Sagittarius B2N, is located near the center of the Milky Way, some 26,000 light-years or 150 quadrillion miles away from the Earth. While the distant location ensures that humans will not be exploiting extraterrestrial ethanol any time soon, the magnitude of this phenomenon has excited speculation about how the complex carbon molecules of life on Earth were first formed.

Scientists hypothesize that the vinyl ethanol molecules in particular, with their more chemically reactive double bonds, might have been held in place on interstellar dust particles. As in making a vinyl plastic, one vinyl ethanol molecule would couple to another, gradually building up ever more complex organic compounds that are the stuff of life. Dust particles, with their loads of these new carbon polymers, might have been transported through the universe in the icy heads of comets. At high velocities, the ice would melt, releasing the dust to seed a planet like Earth with a kind of organic soup, out of which primitive life forms emerged. It is a gigantic leap from the formation of ethanol to the evolution of the intricate biochemical machinery of the simplest bacteria, not to mention the human organism. But as we peer into the night sky, we might ask why there is an alcoholic haze at the center of our galaxy, and what role alcohol played in jump-starting and sustaining life on our planet.

CREATING A FERMENT

If alcohol permeates our galaxy and universe, it should come as no surprise that sugar fermentation (or glycolysis) is thought to be the earliest form of energy production used by life on Earth. Some four billion years ago, primitive single-celled microbes are hypothesized to have dined on simple sugars in the primordial soup and excreted ethanol and carbon dioxide. A kind of carbonated alcoholic beverage would thus have been available right from the beginning.

Today, two species of single-celled yeasts (Saccharomyces cerevisiae and S. bayanus), encompassing a large group of wild and domesticated strains, carry on in this grand tradition and serve as the workhorses that produce the alcohol in fermented beverages around the world. Although hardly primitive—they have most of the same specialized organelles as multicellular plants and animals, including a central nucleus which contains the chromosomal DNA—these yeast thrive in oxygen-free environments, such as we imagine existed on Earth when life began.

If we accept this scenario, then the alcohol generated by these first organisms must have been wafting across the planet for millennia. It and other short-chained carbon compounds eventually came to signal the presence of a convenient, high-energy sugar resource. The pungent, enticing aroma of alcohol announced to later sugar-loving animals of the world, ranging from fruit flies to elephants, where the banquet was to be found. When fruit-bearing trees appeared around 100 million years ago (mya), during the Cretaceous period, they offered an abundance of both sugar and alcohol. The sweet liquid that oozes out of ruptured, ripened fruit provides the ideal combination of water and nutrients that allows yeast to multiply and convert the sugar into alcohol.

Animals became superbly adept at exploiting the sugary cocktail of fruit trees, which in turn benefited from the animals’ dispersal of their seed. The close symbiosis between a tree and the animals that pollinate its flowers, eat its fruit, and carry out a host of other mutually advantageous functions is astonishing. Take the fig tree, with some eight hundred species spread throughout the world. These trees do not bloom in the conventional sense: instead, they have male and female inflorescences that are tightly encased in a succulent-tasting sac called the syconium, and they cannot be pollinated directly because they flower at different times on the same tree. A species of wasp unique to each fig species must carry out this task. The female adult wasp bores through the tip of the syconium, ruining her wings and eventually dying. She lives long enough, however, to deposit her eggs and transfer the pollen from another tree to the female flowers. When the wasp eggs hatch, the wingless male, trapped within the syconium and eventually dying there, impregnates the female and chomps an opening with his powerful jaws for her to escape with another load of eggs. Sustained by sucking alcoholic nectar through her long, strawlike proboscis from the deep corollas of the fig flowers, she goes on to pollinate another fig tree.

While the fig wasps carry on with their secret sex life, air flowing into the hole created by the escaping female causes the syconium to ripen into the fig “fruit.” The yeast goes to work and generates the alcoholic fragrances that alert animals to the potential feast. As many as one hundred thousand figs on a large tree can be devoured by birds, bats, monkeys, pigs, and even dragonflies and geckos in a feeding frenzy.

The fig tree illustrates the intricacy and specificity of the web of life. Other plant sugars, such as evergreen saps and flower nectars, have their own stories to tell. A much sought-after and luscious honey in Turkey, for example, is made from pine honeydew. This is a sugar-rich secretion produced by a scale insect, Marchalina hellenica, which lives in cracks in the bark of the red pine tree (Pinus brutia) and feeds exclusively on the resinous sap. Bees collect the honeydew, and with a specific enzyme, invertase, break down its sugar (sucrose) into simpler glucose and fructose. The final product, honey, is the most concentrated simple sugar source in nature, with the specific plant species from which it derives, red pine in this instance, contributing special flavors and aromas.

Entomologists have exploited insects’ taste for fermented beverages by smearing the substances on the bases of trees in order to capture them. Charles Darwin employed a similar tactic: when he set out a bowl of beer at night, a tribe of African baboons were lured in and were easily gathered up as specimens the next morning in their inebriated state. Intemperate slugs—mollusks lacking shells—are less fortunate, as they self-indulgently drown in beer traps. In one carefully constructed set of experiments, it was shown that common fruit flies (Drosophila melanogaster) lay their eggs where there are intense odors of ethanol and acetaldehyde, another by-product of alcohol metabolism. The fermenting fruit guarantees that their larvae will be well-fed with sugar and high-protein yeast, as well as alcohol, for which they have highly efficient energy pathways.

Nature’s hidden rationale and complex ecological interplay centered on sugar and alcohol resources can have a seriocomic side. Elephants, which consume fifty thousand calories a day, sometimes overindulge in their consumption of fermenting fruit. They can perhaps be excused, as they work hard for their pleasure: they have to remember where to find the trees and travel many miles to reach them at the time of ripening. Unfortunately, they also have a weakness for the human-produced equivalent. In 1985, about 150 elephants forced their way into a moonshine operation in West Bengal, ate all the sweet mash, and then rampaged across the country, trampling five people to death and knocking down seven concrete buildings. This episode highlights problem drinking in higher mammals, including humans.

Birds are also known to gorge themselves on fermenting fruit. Cedar waxwings feasting on hawthorn fruit have suffered ethanol poisoning and even death. Robins fall off their perches. Maturing fruits concentrate sugar, flavor and aroma compounds, and colorants that announce to birds and mammals that they are ripe for eating. As the fruit passes its prime, however, it becomes the target of a host of microorganisms, including yeasts and bacteria, that can threaten the plants. Ominously, the plants defend themselves by generating poisonous compounds. The manufactured plant toxins, including alkaloids and terpenoids, inhibit the growth of virulent microorganisms, as well as fending off noxious insects. A placid-looking apple orchard or idyllic vineyard may not look like a battleground, but a host of creatures are vying for supremacy and defining the balance of power through chemical compounds.

Sometimes, one creature unwittingly steps on a chemical landmine intended for another. If alcohol is dangerous when consumed in excess, plant toxins can be lethal. In one well-documented incident near Walnut Creek, California, thousands of robins and cedar waxwings apparently found the scarlet, mildly sweet berries of holly (Ilex spp.) and firethorn bush (Pyracantha) too good to pass up. Over a three-week period, the birds overdosed on the berries and their toxins and began crashing into cars and windows. Autopsies revealed that their gullets were bursting with the fruit. (By contrast, the normal, demure courtship behavior of cedar waxwings involves passing a single berry back and forth between the male and female until the gift is finally accepted and the pair copulate.)

As with the West Bengal elephants, the California birds’ drunken behavior was due to the excessive consumption of a mind-altering compound. Intriguingly, the compounds in holly berries—caffeine and theobromine—are the same ones humans enjoy today in coffee, tea, and chocolate. Native Americans in the woodlands of the north and the jungles of Amazonia also showed their appreciation for these substances: Spanish colonists observed that they brewed up a bitter but aromatic “black drink” by steeping toasted holly leaves in hot water.

A VERY PECULIAR YEAST

Just as a plant will defend its territory with a chemical arsenal, the invisible world of microorganisms engages in a similar struggle for supremacy and survival. A finely tuned enzymatic system and the production of alcohol are the weapons of choice for S. cerevisiae, the principal yeast used by humans in making alcoholic beverages. About the same time that fruit trees were proliferating around the globe, S. cerevisiae appears to have acquired an extra copy of its entire genome. Further rearrangements enabled it to proliferate in the absence of oxygen, and the alcohol it produced destroyed much of its competition. Other microorganisms, including many spoilage- and disease-causing yeasts and bacteria, simply cannot tolerate alcohol in concentrations above 5 percent, but S. cerevisiae survives in fermenting substances with more than twice this concentration of alcohol.

The yeast pays a cost for its success. In producing more alcohol, it forgoes making more of the compound adenosine triphosphate (ATP), which provides living organisms with the energy for essential biological processes. Pure aerobic metabolism yields thirty-six molecules of ATP from glucose. S. cerevisiae makes only two molecules of ATP in air, channeling the rest of the glucose into the production of alcohol to be deployed against its competitors.

S. cerevisiae’s apparent loss later becomes its gain. Because of the doubling of its genome, each yeast cell develops two versions of the gene that controls the production of alcohol dehydrogenase (ADH). This enzyme converts acetaldehyde, an end product of glycolysis, into alcohol. One version of the enzyme (ADH1) reliably processes sugar into alcohol in an oxygen-free environment, whereas the other (ADH2) is activated only after most of the sugar has been consumed and oxygen levels start to rise again. For S. cerevisiae, this happens after many competing microbes have been destroyed. Then ADH2 springs into action, converting alcohol back into acetaldehyde and ultimately generating more ATP. Of course, other microorganisms, such as acetic acid–producing bacteria, which can tolerate high alcohol levels, wait in the wings. They are ready to turn any remaining alcohol into vinegar unless another hungry organism acts faster or is able, like a human, to improvise a way to preserve the alcohol.

It is still a mystery why varieties of S. cerevisiae live on the skins of certain fruits, especially grapes, or in honey, where they are able to tolerate high sugar levels. This yeast is not airborne but can take up residence in special microclimates, like the breweries around Brussels, with their lambic beers, or the rice-wine factories of Shaoxing in China (see chapter 2): both beverages are fermented without intentionally adding yeast. The yeast apparently lives in the rafters of the old buildings, from where it falls into the brew; when the rafters have been covered during renovations, brewers have been unable to start their fermentations. The yeast most likely was carried there by insects, especially bees and wasps, who inadvertently picked it up when they fed on the sweet juice oozing out of damaged fruit, and were drawn to the buildings by the aromas of the sweet worts and juices or musts.

ENTER HOMO IMBIBENS: MAN, THE DRINKER

Our world is awash in ethanol. In 2003, some 150 billion liters of beer, 27 billion liters of wine, and 2 billion liters of distilled spirits (mainly vodka) were produced worldwide. This amounts to about 8 billion liters of pure alcohol, representing about 20 percent of the world’s total ethanol production of 40 billion liters. Now that alternative energy sources are a priority, fuel ethanol, made mainly from sugar cane and corn, accounts for the lion’s share (70 percent in 2003, and more today). The industrial sector of chemicals and pharmaceuticals produces the remaining 10 percent. For the foreseeable future, the fuel sector will probably continue to expand, while the production of alcoholic beverages will show only modest gains to keep pace with the world’s population. The world’s total annual production of pure alcohol for beverages now exceeds 15 billion liters and is projected to reach 20 billion liters by 2012.

Fifteen billion liters of pure alcohol in naturally fermented and distilled beverages would provide every man, woman, and child on Earth with more than two liters a year. This estimate is likely too low, as illegal production is widespread and traditional home-brewed beverages, consumed globally in great quantities, are not included. Considering that most fermented beverages have an alcohol content of 5 to 10 percent and children generally do not imbibe, there is obviously plenty of alcohol to go around.

How has it come about that humans everywhere drink so much alcohol? Practically speaking, alcoholic beverages supply some of the water that we need to survive. Our bodies are two-thirds water, and the average adult needs to drink about two liters daily to stay hydrated and functioning. Untreated water supplies, however, can be infected with harmful microorganisms and parasites. Alcohol kills many of these pathogens, and humans must have recognized at an early date that those who drank alcohol were generally healthier than others.

Alcoholic beverages have other advantages. Alcohol spurs the appetite, and in liquid form, it also satiates feelings of hunger. The process of fermentation enhances the protein, vitamin, and nutritional content of the natural product, adds flavor and aroma, and contributes to preservation. Fermented foods and beverages cook faster because complex molecules have been broken down, saving time and fuel. Finally, as we have learned from numerous medical studies, moderate consumption of alcohol lowers cardiovascular and cancer risks. People consequently live longer and reproduce more. This was crucially important in antiquity, when life spans were generally short.

Drinking an alcoholic beverage, however, has meant much more to humankind than gains in physical health and longevity. To understand its broader biological and cultural dimensions, we must travel back to the period when Homo imbibens first walked the planet. By necessity, our tour guides are archaeologists, DNA researchers, and other detectives of the past, who have patiently excavated and studied the fragmentary remains of our ancestors and the genetic evidence encoded in our bodies today.

By examining the skeletal and dental evidence from early hominid fossils, dating from between about 4.5 to 2 mya, inferences can be drawn about how they lived and what foods they ate as they traversed the African jungle and savannah. Many of the fossils come from the Great Rift Valley of East Africa, including Australopithecus afarensis, best represented by the skeleton known as Lucy. Her forty-seven bones show that she could walk on two legs as well as climb trees. These traits would have served her and the rest of her “first family” well, enabling them to stretch tall and clamber through branches to reach sweet fruit.

The smaller molars and canines of early hominids (and the great apes), going as far back as Proconsul and other fossils around 24 mya, are also well adapted to consuming soft, fleshy foods like fruit. These dentitions are broadly comparable to those of modern apes, including gibbons, orangutans, and lowland gorillas, who get most of their calories from fruit. Chimpanzees, whose genome is the closest to our own, have a diet consisting of more than 90 percent plants, of which more than 75 percent is fruit. In other words, early hominids and their descendants have favored fresh fruit for millions of years.

If fruit was the food of choice at the beginning of the hominid odyssey, alcoholic beverages were probably not far behind. Especially in warm tropical climates, as the fruit matured, it would have fermented on the tree, bush, and vine. Fruits with broken skins, oozing liquid, would have been attacked by yeast and the sugars converted into alcohol. Such a fruit slurry can reach an alcohol content of 5 percent or more.

Visually oriented creatures that we are, we can imagine that the bright colors of the fermenting fruit, often red or yellow, would have attracted hominid interest. As our early ancestors approached the ripe fruit, other senses would have come into play. The intense aroma of alcohol from the fermenting fruit would have alerted them to the source of nourishment, and tasting it would have brought new and enticing sensations.

We cannot be sure how close to reality such a reconstruction is, since the ancient fossils tell us nothing about the easily degradable sensory-organ tissues. The taste and smell sensitivity of modern humans does not rate particularly high in the animal kingdom, despite the occasional super-taster among us. Early hominids might have had much more acute senses than ours, like the macaque, an Old World monkey, which has exquisite sensitivity to alcohol and other smells.

THE DRUNKEN MONKEY HYPOTHESIS

The biologist Robert Dudley has proposed that alcoholism among humans is rooted in the evolutionary history of primates. This thought-provoking hypothesis, dubbed the drunken monkey hypothesis, draws on the often fragmented and debatable pieces of the archaeological record and what is known about modern primate diets. If we grant that early hominids were primarily fruit eaters, at least up until about 1–2 mya, when they began consuming more tubers and animal fat and protein, then perhaps our early ancestors gained an advantage from imbibing moderate amounts of alcohol, whose benefits have been shown by recent medical research, and adapted biologically to it. On average, both abstainers and bingers have shorter, harsher life spans. The human liver is specially equipped to metabolize alcohol, with about 10 percent of its enzyme machinery, including alcohol dehydrogenase, devoted to generating energy from alcohol. Our organs of smell can pick up wafting alcoholic aromas, and our other senses detect the myriad compounds that permeate ripe fruit.

Among modern humans and other primates, the thirst for alcohol sometimes far exceeds any obvious nutritional or medical benefit (see plate 1). On the remote tropical island of Barro Colorado in Panama, Dudley reports, howler monkeys could not get enough of the ripe fruit of a palm (Astrocaryum standleyanum). You might think that monkeys would know better than to binge, in the same way that they avoid unsafe, even poisonous, plants in the natural world, but these monkeys gorged themselves on the bright orange fruit, ingesting the equivalent of about ten standard drinks, or two bottles of 12 percent wine, in twenty minutes. Obviously, there are diminishing returns to life and health if a monkey gets too drunk, misses a leap from one branch to another, and falls or is impaled by a sharp palm spine.

Malaysian tree shrews, who belong to a family dating back more than 55 mya that is believed to be ancestral to all living primates, have a similar penchant for fermented palm nectar. As documented by Frank Wiens and colleagues, they provide elegant testimony in support of Dudley’s hypothesis. These small creatures, resembling flying squirrels, often lap up alcohol in excess of the cross-species benchmark for intoxication (1.4 grams pure alcohol per kilogram weight) over the course of a night. That equates to about nine glasses of wine for the average-sized human. Yet the shrews show no signs of intoxication as they make their way deftly through the sharp spines of the palm trees to one oozing flower bud after another. The inflorescences of the bertam palm (Eugeissona tristis) are like miniature fermenting vessels where nectar accumulates year-round. In the tropical climate, the resident yeast rapidly converts it to a frothy, strongly scented palm wine with an alcohol content as high as 3.8 percent. The symbiotic relationship between palm and shrew is remarkable: while the animal guzzles, it pollinates the plant. Humans may have lost some of the genetic machinery to metabolize alcohol as efficiently as the tree shrew, but they have emulated its behavior by fermenting the sugar-rich saps and nectars of numerous palm tree species in Africa (chapter 8) and elsewhere.

Ape behavior in the artificial environment of a laboratory cage is equally illuminating. According to Ronald Siegel, chimpanzees given unlimited access to alcohol—an “open bar”—will at first guzzle the equivalent of three or four bottles of wine. Males outdrink the smaller females and get intoxicated twice as often. Over time, their consumption falls into a more restrained pattern, but the chimpanzees still imbibe enough to stay permanently drunk. Such behavior has no apparent evolutionary benefit: intoxication seems to be an end in itself. By experimenting with a range of offerings at the bar, the researchers also noted that their chimpanzees generally favored sweet wines over dry and flavored vodka over pure alcohol.

Rats showed greater restraint than the chimpanzees under comparable experimental conditions. Outfitted with spacious underground quarters and a twenty-four-hour “bar,” their drinking patterns assumed a regularity that many of us would immediately recognize. The colony avidly congregated around the drinking hole just before the main feeding time. The predinner cocktail, perhaps to whet the appetite, was followed several hours later by a nightcap before sleep. Every three to four days, the colony drank more than usual, as if they were partying.

DRIVEN BY DRINK

Early hominids and apes had a powerful incentive to overindulge in fermented fruits and other high-sugar resources, such as honey: these foods are only available in season. It might have been possible to store seeds or nuts in a dark, cool cave for a future repast, but tactics had not yet been devised to protect sweet, alcoholic delights from marauders and microorganisms. To tide themselves over the lean seasons, it made sense for our ancestors to eat and drink as much as they could when it could be had.

Gorging on energy-rich sugar and alcohol was an excellent solution for surviving in an often resource-poor and hostile environment. Extra calories could be converted to fat for future use, then gradually burned off in harsher times. For an early hominid, most of this energy was probably channeled into walking considerable distances in search of ripe fruit, nuts and other foods, hunting game, and evading predators. The hominid body, with its powerful leg muscles and generous gluteus maximus behind to balance forward thrust, can achieve relatively high running speeds of up to 48 kilometers an hour. Any overweight individuals were likely quickly weeded out by lions traveling at more than 120 kilometers an hour.

Drunkenness places individual organisms at greater risk of attack by a hostile species, as their reflexes and physical prowess are inhibited. Social animals, including birds and monkeys, have a distinct advantage when engaging in a bout of gluttony. As their muscular coordination and mental acuity decrease, their large numbers help ward off any party crasher in the neighborhood. Before lapsing into oblivion, these animals also usually send up a collective alarm or battle en masse against the intruder. A location safe from attack also facilitates binging, whether by default (if, for example, the inebriating substance is found at the top of a tall tree) or by design, if the fermented food and drink are carried to a mountaintop or into a cave before the festivities begin.

The reasons for alcohol consumption in the animal world are invisible to the observer. Specialists in animal behavior cannot read the “thoughts” of fruit flies or chimpanzees, let alone extinct hominids, to understand what might compel them to eat a batch of fermenting fruit. Although geneticists and neuroscientists have begun to elucidate the molecular mechanisms by which organisms sense, respond to, and metabolize alcohol, any comprehensive explanation of this phenomenon is still a long way off.

THE PALAEOLITHIC HYPOTHESIS

How far back in the mists of archaeological time have humans savored alcohol, and how has it shaped us as a biological species and contributed to our cultures? The drunken monkey hypothesis explores the biological side of the question. The Neolithic period, beginning around 8000 B.C. in the Near East and China (chapters 2 and 3), provides a rich trove of archaeological material to mine for answers to the cultural questions. Humans were then settling down into the first permanent settlements, and they left abundant traces of their architecture, jewelry, painted frescoes, and newly invented pottery filled with fermented beverages. For the Palaeolithic period, beginning hundreds of thousands of years earlier, we are on much shakier ground. Yet this is undoubtedly the time when humans first experimented with alcoholic beverages, as they relished their fermented fruit juices and came to apprehend their ecstasies and dangers.

The evidence from Palaeolithic archaeology is scant, and it is easy to overinterpret and read modern notions into this fragmented past. Archaeologists once thought that early humans were meat eaters on a grand order because their encampments were littered with animal bones. Then it dawned on someone that the remains of any fruits or vegetables simply had not survived, and that the abundance of bones, which were infinitely better preserved, indicated only that meat constituted some portion, possibly minor, of the early human diet.
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Figure 1. © The New Yorker Collection 2005, Leo Cullum from cartoonbank.com. All rights reserved.

In Ancient Wine I outlined a plausible scenario, which I refer to as the Palaeolithic hypothesis, explaining how Palaeolithic humans might have discovered how to make grape wine. In brief, this hypothesis posits that at some point in early human prehistory, a creature not so different from ourselves—with an eye for brightly colored fruit, a taste for sugar and alcohol, and a brain attuned to alcohol’s psychotropic effects (see chapter 9)—would have moved beyond the unconscious craving of a slug or a drunken monkey for fermented fruit to the much more conscious, intentional production and consumption of a fermented beverage.

In an upland climate where the wild Eurasian grape (Vitis vinifera ssp. sylvestris) has thrived for millions of years, such as eastern Turkey or the Caucasus, we might imagine early humans moving through a luxuriant river bottom. Using roughly hollowed-out wooden containers, gourds, or bags made of leather or woven grasses, they gather up the ripe grapes and carry them back to a nearby cave or temporary shelter. Depending on their ripeness, the skins of some grapes at the bottom of the containers are crushed, rupture, and exude their juice. If the grapes are left in their containers, this juice will begin to froth or even violently bubble up. Owing to natural yeast on the skins, it gradually ferments into a low-alcohol wine—a kind of Stone Age Beaujolais Nouveau.

Eventually, the turbulence subsides, and one of the more daring members of the human clan takes a tentative taste of the concoction. He reports that the final product is noticeably smoother, warmer, and more varied in taste than the starting mass of grapes. The liquid is aromatic and full of flavor. It goes down easily and leaves a lingering sense of tranquility. It frees the mind of the dangers that lurk all around. Feeling happy and carefree, this individual invites the others to partake. Soon everyone’s mood is elevated, leading to animated exchanges. Perhaps some people sing and dance. As the day turns into night and the humans keep imbibing, their behavior gets out of hand. Some members of the clan become belligerent, others engage in wild sex, others simply pass out from intoxication.

Once having discovered how to make such a beverage, early humans would likely have returned year after year to the wild grapevines, harvesting the fruit at the peak of ripeness and even devising ways to process it—perhaps stomping the grapes with their feet or encouraging better anaerobic fermentation of the juice and pulp by covering the primitive container with a lid. The actual domestication of the Eurasian grapevine, according to the so-called Noah hypothesis (see chapter 3), as well as the development of a reliable method of preventing the wine from turning swiftly to vinegar (acetic acid), was still far in the future. A tree resin with antioxidant effects might have been discovered accidentally early on, but it would only have delayed the inevitable by a few days. The wiser course was to gorge on the delectable beverage before it went bad.

Similar experiences with alcoholic beverages must have been played out many times, in different places, by our human forebears. Grapes are only one of many fermenting fruits. In sub-Saharan Africa, the heartland of modern humanity (Homo sapiens), from where we spread out to populate the rest of the world about one hundred thousand years ago, the first fermented beverage might have been made from figs, baobab fruit, or sweet gourds. Honey, composed of 60 to 80 percent simple sugars (fructose and glucose) by weight, would have been highly sought after as an ingredient. Bees in temperate climates have been churning out honey since at least the Cretaceous period, and many animals, including humans, have risked the stings of angry bees to steal the sweet honey from their hives.
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Map 1 (overleaf). Spread of fermented-beverage experimentation across Eurasia. Fermented beverages were made as early as 100,000 B.P., when humans came “out of Africa” on their way to populating the Earth. Depending upon locally available and introduced domesticated plants, fermented beverages were produced from honey, barley, wheat, grape, date, and many other grains and fruits (e.g., cranberries in northwestern Europe). The earliest beverages were mixed “grogs,” probably with added herbs, tree resins, and other “medicinal” ingredients (e.g., ephedra on the Eurasian steppes).

Roger Morse, a longtime friend of my family and formerly professor of apiculture at Cornell University, often argued that honey must have been the basis for the world’s earliest alcoholic beverage. Imagine a cavity in a dead tree that bees have filled with wax and honey. One day the tree falls to the ground, and the cavity is exposed to a soaking rain. Once the store of honey is diluted to 30 percent honey and 70 percent water, yeasts specially adapted to survive high sugar contents will start the fermentation and produce mead. Along comes our hominid ancestor, who has been watching this hive for a long time. She goes straight to the cavity, has a taste, and if not a selfish sort, calls in her companions to enjoy the alcohol-laced libation.

Many such scenarios can be imagined. Although all are inherently plausible, based on what we know about human societies, the biology of the modern human brain, and personal experience, the main problem with the Palaeolithic hypothesis is that it is unprovable. No containers have yet been recovered from the Palaeolithic period, not even one made from stone. Objects made of wood, grass, leather, and gourds have disintegrated and disappeared. The only real prospect for chemically detecting a fermented beverage from this period is to try to extract what might have been absorbed into a crevice of a rock near a Palaeolithic encampment where the beverage might have been prepared.

Nevertheless, some enticing hints in the archaeological record suggest that the Palaeolithic hypothesis may not be far off the mark. For example, some of the earliest artistic representations of our species depict bare-breasted, large-hipped females, often referred to as Venuses because of their obvious associations with sexuality and childbearing. One particularly provocative Venus (see plate 2) was chiseled into a cliff at Laussel in the Dordogne region of France around twenty thousand years before the present (B.P.), not far from the famous cave of Lascaux, which teems with Palaeolithic frescoes. With one hand on her pregnant belly, the long-haired beauty holds up an object that resembles a drinking horn. Other identifications of this object are possible, including a musical instrument (but then why is the narrow end of the horn pointed away from her mouth?) or a lunar symbol denoting the female (but you could just as easily infer that a bison horn is a sign of complementary maleness or hunting prowess).

A drinking-horn identification is in keeping with the much later predilection of Celtic princes in this region to show off their drinking prowess with magnificent horns. The setting of this Venus in an open-air rock shelter, overlooking a broad valley, would have been ideal for bringing together a large group to enjoy and celebrate life with an alcoholic beverage, perhaps made from wild berries growing nearby (the famous winegrowing area of Bordeaux is only one hundred kilometers away) or a cache of honey. Further accentuating her sexuality and the fecundity of nature, the figure’s breasts and belly were strikingly painted with red ocher. In later art, fermented beverages—including wine made from grapes and New World chocolate drinks—were often shown in red and symbolized blood, the fluid of life.

Even if the Laussel Venus is drinking from rather than blowing on her horn, it seems possible that early hominids or humans might have made music while they enjoyed their alcoholic beverage. In a cavern at Geissenklösterle in southern Germany, some fifteen thousand years earlier than Laussel, archaeologists discovered three fragmentary flutes with at least three holes, fashioned from a woolly mammoth’s ivory tusk and the wing bones of whooper swans. The holes were beveled, suggesting that the instruments were played, like a modern flute, by blowing across one of the holes with variable lip pressure or embouchure, rather than blowing directly through one end. A range of tones, perhaps even octaves, could have been achieved by fingering, that is, closing off one or more of the holes while blowing.

In China around 7000 B.C., Neolithic people made a very similar instrument from a specific bone of the red-crowned crane (see chapter 2). The choice of the crane and swan bones, although separated by thirty thousand years, might have been quite deliberate, as these birds are known for their intricate mating dances, replete with bows, leaps, wing extensions, and ringing musical notes. The cacophony of hoots and calls can last all night, like a drunken fraternity party.

The high, dramatic flight of these birds over the countryside, especially when large flocks of them moved through during their spring and fall migrations, would also have captured the imagination of early humans. I can remember excavating in Jordan when someone cried out, “Storks!” Their white bodies, accented by black wings, stood out against the blue sky and made us marvel at the world they must inhabit.

The Geissenklösterle flutes do not stand alone. Ten thousand years later, humans were blowing on nearly an orchestra of flutes or pipes at the cave of Isturitz in the foothills of the French Pyrenees. Twenty examples, made from vulture wing bones, have thus far been recovered from what is considered to be the greatest accumulation of art at any site in Ice Age Europe. Four holes had been drilled into each flute, with one pair of holes clearly separated from the other. Because the vulture mating ritual is not very vocal, it might have been the high, languorous, circling flight of a male and female, bonded for life, that impressed early humans.

ENTERING DREAMLAND

Soaring bird flight is a long way from the stupendous art in the prehistoric caves of France and northern Spain. Yet if the skies represented a world beyond the reach of early humans, the bowels of the Earth must have been equally mysterious. Using only the light from animal-fat lamps, the Stone Age artists scaled walls and reached into remote crevices to create a wonderland of black- and red-pigmented animals, mostly bison, lions, mammoths, and other large animals of the hunt, so realistically rendered that they seem to leap out of the stone.

I experienced some of the excitement and awe of this underground world when my wife and I were led by a French guide through the narrow, snaking passageways of Font de Gaume, close to Les Eysies. Stooping down to make our way along, we felt as if we were traveling back in time to the first attempts of humanity to understand the world. As the dim light of our guide’s flashlight picked out incised and painted bison, deer, and wolves in the glowering night of the cave, we came away amazed at the skill of the artists in representing the animals of the lush Dordogne Valley.

The naturalistic scenes are accompanied by geometric and figurative motifs—dots, hoofprints, hatched circles and squares, chevrons, and swirling circles—in red ocher. In the cave of Cougnac are the remains of a pile of ocher, apparently used to outline hands by stenciling or to transfer the pigment directly by smearing hands with it and pressing them against the wall.

What was going on in these Ice Age grottoes? They can hardly have been ordinary dwellings, as more convenient, warmer shelters existed closer to the surface. A possible answer can be gleaned from the anthropomorphic faces and figures that occasionally appear in the caves. Heads of humans are shown with horned headdresses or flowing, animal-like manes. Faces appear to erupt into laughter, and erect penises reach out into the night.

The most wondrous example of anthropomorphizing art was brought to light inside the cave of Les Trois Frères, in an expansive underground chamber called the Sanctuary, which dates from close to the end of the Ice Age, about 13,000 B.P. The Palaeolithic artist had to wriggle out onto a narrow ledge four meters above the floor of the cave to accomplish this masterpiece. The result was a stunning, strange composite of human and animal, nearly a meter tall. A bearded, owl-like face is surmounted by the multipronged antlers of a stag. With paws like those of a rabbit or feline stretched out in front and a horse’s tail trailing behind, the figure appears to be stamping out some kind of dance, jumping from one foot to the other. While the lower part of the body is distinctly human, even the exposed genitalia, everything else about the figure boggles the mind. Placed at the highest point in the large artistic composition, the creature appears to oversee the profusion of life below, including stampeding wild animals and even a nocturnal owl, and to reassure us that all is well as “it” stares down at us.

The names used to describe the enigmatic figure in the Trois Frères grotto—Sorcerer, Horned God, and Animal Master—point to the most obvious interpretation. In the jungles of Amazonia, the deserts of southern Africa and Australia, and the frozen tundra of the north, humans have historically assembled into groups dominated by a central religious figure, the shaman or an equivalent. Western observers, with a modern scientific, desacralized perspective, tend to dismiss such individuals as charlatans, witch doctors, or medicine men. But at the dawning of the human race, they would have been the ones who first attempted to understand the forces of nature and the mind.

Even without any written or oral commentary to explain the activities carried out in the Stone Age grottoes, we can appreciate that those orchestrating the proceedings in the caves must have been the most sensitive artists, musicians, dreamers, and likely also the group’s principal imbibers of fermented beverages. A woman like the Laussel Venus might have been responsible for making the magic potion that opened up the hidden resources of the human brain, healed disease, and assured a successful hunt. In traditional societies today, women generally take the lead in gathering the fruit, honey, and herbs for alcoholic drinks used to mark burials, deaths, rites of passage, auspicious natural events, and social gatherings; in the Palaeolithic period, perhaps such rituals marked the completion of another cave painting.
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Figure 2. The “Sorcerer,” the “Horned God,” or the “Animal Master” in the so-called Sanctuary of Les Trois Frères grotto in the French Pyrenees, created near the end of the Ice Age, about thirteen thousand years ago. However we describe such shaman-like figures, they were likely the original artistic innovators of humankind, who probably served up the first fermented beverages to their societies. Adapted from drawing by Henri Breuil.

Other elements of a Stone Age ritual can be cautiously inferred from the artworks and their settings in dark caves. The early French explorers of the caves remarked on their extraordinary acoustic properties, especially the resounding echoes produced when they struck the stalagmites and stalactites with bones. A large group of people (their presence recorded for posterity by fingerprints on the walls) could have produced a symphony of sounds. The Sorcerer, wearing a bird-stag mask, might then have tramped out the rhythms of the music, whether choreographed or impromptu. She might dramatize the goings-on by holding up a special symbol, like the bird silhouette shown mounted on a pole next to what may be a bird-headed shaman on the wall of the cave at Lascaux.

Bones might also have been pounded together as musical accompaniment for Palaeolithic ritual. At Mezin on the western plains of Ukraine, a house was discovered that was made entirely of mammoth bones, dated to 20,000 B.P. The excavators argued that the ocher-adorned shoulders, skulls, and other bones of the mammoths that were massed together on the floor of the building, along with two ivory rattles, were percussion instruments. They put their theory into practice by forming a band, the Stone Age Orchestra, whose performance was well received but unlikely to have been as impressive as the music made by hammering sounds out on an “organ” of limestone formations inside a cave.

The red dots, swirling circles, and other designs interspersed with the wild-animal artwork in the caves have also been drawn into the argument for a Palaeolithic shamanistic cult. According to investigators such as David Lewis-Williams, the recurrent motifs represent entoptic phenomena, or optical illusions, of an altered human consciousness. The geometrical interplay of such visual images in our brains can be generated by sensory deprivation, extreme concentration, or repetitive activities like playing music and dancing. But the most direct route to an altered consciousness is a psychoactive drug, and of all the drugs available to early humans, alcohol was far and away the most readily available and best adapted to the human condition. Following its initial stimulatory effects, imbibers would have begun to see visual phenomena and struggled to understand their meaning, possibly culminating in full-scale hallucinations.

One might question the proposition that early humans found these mind-altering properties a compelling reason to consume alcohol. Yet, all of us, not only mystics, engender visual phenomena and hallucinatory experiences every night in our dreams, and nearly a third of our lives is spent in sleep. We can choose to ignore our dreams or pass them off as the detritus of our waking existence. On occasion, however, they rise up and shake us from sleep in terror. They can inspire us, too, and lead to serendipitous juxtapositions of images and ideas that elucidate the world’s mysteries. For example, the chemist Friedrich August von Kekulé discovered the ring structure of benzene in a dream: he saw writhing snakes, one of which was biting its own tail and formed a ring. He went to sleep not knowing the answer and woke up with the solution.

The phantasmagoria of our dreams can be extremely fluid and evocative: we might imagine an animal transformed into a human, see ourselves from the outside as if acting in a play, or experience the sensations of flying or falling into an abyss. The Stone Age murals in their dark caverns thus have strong similarities to dream images that well up in our three-dimensional and often vividly colored fantasies in the dark of night. The deep silence of the grotto, intensified by the effects of an alcoholic beverage, might have nourished the imaginations of sensitive individuals, who then represented their inner and outer worlds in two-dimensional art. The shaman and the community could then act out the essential rituals that would guarantee their welfare in this life and the one to come.

The Palaeolithic cave paintings, like so many Sistine Chapels, must have been a monumental task in their day, especially when one considers that they were accomplished with extremely limited technology in pitch-black, nearly inaccessible locations. The motivations for devoting so much time and energy to otherworldly activities were probably similar to those of today. The needs of Homo sapiens include social rituals that bring the community together, artwork that symbolizes the workings of the mind and nature, and religious rituals that give human experience meaning and coherence. A fermented beverage or drug can enhance these experiences and stimulate innovative thought. To the people of the Palaeolithic, ceremonial observances, heightened by an alcoholic beverage and other techniques for achieving an altered consciousness, might have been viewed as assuring good health, placating the spirits of invisible ancestors and other spirits, warning of danger, and predicting the future.

SONG AND DANCE

We do not know when humans first became preoccupied with the universal concerns of “wine, women, and song”—to which I would add religion, language, dance, and art. There are faint glimmerings of a new kind of symbolic consciousness at around 100,000 B.P. in sub-Saharan Africa, about the same time that our species began its journeys around the globe. At Border Cave and Klasies River Mouth Cave in South Africa, powdered ocher and a perforated shell, presumably strung as a piece of jewelry, suggest that humans were now interested in making themselves attractive, whether to entice a mate, satisfy vanity, or invoke the help of ancestors or gods. One adolescent skeleton at Border Cave was covered in the pigment, a custom that our ancestors likely carried with them to Mount Carmel in Israel (at the caves of Skhul and Qafzeh) and throughout the Old World. Monkeys and apes may groom one another, but they are not known to engage in intentional beautification. If early humans could adopt the practice of personal adornment, then perhaps they were already using arbitrary sounds and gestures to communicate with one another. Certainly, by the time of the European cave paintings, the quantum leap in cognitive and symbolic ability of our species is on full display.

Early human inventiveness is further reflected in the stone-lined hearths that were used to contain and control fire at Mumbwa Cave in Zambia around 100,000 B.P. This knowledge stood our ancestors in good stead when they spread into the colder regions of the Earth. Intricate bone harpoons from Katanda in the Congo, and carefully wrought microliths—small, sharp flints for specialized use—at Klasies River Mouth Cave were fashioned at a somewhat later period.

Archaeology cannot, however, tell us how the brain was changing and adapting as humans entered new, challenging environments. Endocasts, or plaster casts of the inside of ancient hominid and human skulls, suggest that the human cortex was already distinctly modern by 100,000 B.P. Some researchers have discerned evidence of a region referred to in the modern human brain as Broca’s area, the third convolution or gyrus of the inferior frontal lobe on the left side, which is essential for speech and some aspects of music making.

The acquisition of language processing and speech capabilities required a set of interdependent genetic, biological, and social changes. The upright posture on two legs led to the human larynx’s being positioned lower in the throat, so that a wider range of sounds could be produced. The tongue acquired a larger supply of nerves, as shown by the larger size of the hypoglossal canal in fossil crania. The canals for the thoracic nerves, controlling the contraction of the diaphragm, were also noticeably enlarged, allowing better control of air flow and sound. New modules in the brain, like Broca’s and Wernicke’s areas, may have been integrated into or added on to existing brain centers, leading to the development of emotional responsiveness and consciousness. Broca’s area, for instance, contains what are called mirror neurons, which, as the phrase implies, may record any action that we observe, and then call it up again, like a photograph, to imitate it. This facility could have been essential in coordinating the facial and tongue movements necessary for speech. The final step that might have tipped the scales toward language in humans could have been a minor change in the so-called FOXP2 gene. A mutation in this gene, which occurs widely in the animal world, resulted in the fine motor control of the tongue and lips that is essential for speech.

Language gave us the ability to articulate our ideas. Many of our thoughts are believed to lie below the level of consciousness, as “logical forms,” in the terminology popularized by Noam Chomsky. By bringing these thoughts to the surface—by representing them in a sequence of arbitrary sounds that have been given meaning as words—they are secured in memory and consciousness.

Music, which shares many brain areas with language comprehension and production, might have been the harbinger of language. Like language, music is hierarchical, highly symbolic, and well adapted to our body forms. By changing the intonation, speed, and emphasis of specific sounds, we can communicate emotions. By tapping our feet or joining in a line dance, we can stir our bodies to action and share a sense of community with fellow humans. It’s readily apparent today that music is much more than “auditory cheesecake,” as the evolutionary biologist Stephen Pinker would have it. From the iPod earplugs sprouting from the heads of commuters to the constant banter about the latest rock star, music is ubiquitous in modern human culture. You might even say that sex, drugs, and rock-and-roll never had it so good.

If we think about how music affects us personally, we begin to see how central it is to our lives and how it might have become part of the cultural package of our forebears. By combining and ordering individual sounds along an arbitrarily defined tonal scale, early humans might have created the first kind of universal language. Although the significance of rhythmic tones is less precise than that of a language using words, it is in some ways more accessible: music made in one culture can be at least partly understood and appreciated by a person in another culture. As we listen to music, we are consciously and unconsciously trying to intuit its emotional significance, including where it is headed and what it means. As when we are trying to figure out where our lives are going or to predict the future, music arouses emotional centers of our primitive brain, the limbic system.

Emotion is as crucial to our survival as rational thought. Being happy, sad, afraid, incensed, or nauseated by some food or beverage, person, or circumstance spurs us to different courses of action, often without thinking. Excitement breeds perseverance—we must be on the right track!—but disappointment or frustration signals that we might be headed in the wrong direction and need to modify our approach or stop altogether. Star Trek’s Mr. Spock might have tried to ponder a problem from every angle, but a Palaeolithic hunter or modern homeowner must act more quickly. When a twig cracks in the savannah underbrush, or we hear footsteps close behind us on a dark, deserted street, our emotions mobilize our brains and bodies to evade a perceived danger. It could be a meaningless noise, but by comparing its sound and timbre to others in our memories, we might infer that a lion is ready to leap or a mugger is closing in.

Apes and chimpanzees, the species most similar to us biologically, are also attuned to music. Gibbons in Southeast Asian rain forests put on a musical show of the first order. In ten of the twelve species, a male and female gibbon pair, who mate for life, engage in a duet that seems intended both to defend their territory and to announce their union. The female’s “great call,” an intricate, rhythmic series of notes, can last between six and eight minutes. It ascends in tempo and pitch as it proceeds. Males do not sing during this monumental performance but follow the female’s performance with a kind of recitative or coda. Males also have their own repertoires of shorter songs that round out the program.

We can hypothesize at length about the survival advantages of early human emotions, music, and symbolic systems. Of all the animals that we regularly observe, birds perhaps have the most to tell us about the origins and functions of music. As I woke up this morning, in a dense deciduous forest outside Philadelphia, I listened to the lilt and typewriterlike call of the wood thrushes, recently arrived from Central America. Another neotropical migrant, the black-throated blue warbler, gave out its piercing, ascending trill. The resident tufted titmice, not to be outdone, called insistently and monotonously, “Peter, Peter, Peter.” Despite the din, each bird was somehow communicating with others of its own species by using its own kind of music.

My wife, Doris, who is a bird bander, once worked on a project recording the calls of individual prothonotary warblers in the wetlands of southern New Jersey. In this species, only the males sing during the breeding season. The goal was to see whether individual birds had unique songs. Recording the songs and analyzing their frequencies and timing showed that they do, even if the human ear is oblivious to many of the subtle variations. The young birds apparently take elements from the songs of their elders and improvise a distinctive vocabulary of notes and phrases that then becomes fixed for life. Having recorded the songs, my wife did not even have to use her binoculars to confirm that the same birds returned year after year to the same spot in New Jersey. It was a great delight one morning in April, after months of cold weather, to hear the highly distinctive double call of one bird (called Yellow-Yellow because he was banded with two yellow bands).

We cannot know what emotions birds are feeling as they sing. There is little doubt, however, that the main purpose of many of their songs is to attract a mate. When a female hears Yellow-Yellow calling, she can be sure that it is a male of her species. His special call and the brilliance of his yellow plumage are guarantees that he is carrying good genes and can compete with any rival in the neighborhood. The peacock’s tail transmits a similar message: in what has been called runaway evolution, a seemingly excessive and burdensome excrescence has become the focus of the mating ritual and is elaborated into an ever more ornate appendage.

Nature is full of other amazing mating rituals based on timed body movements, or what we often call dance. The sexual foreplay of the silver-washed fritillary butterfly might be described as a ballet. While the female fritillary floats languorously through the air, her partner darts seductively all around her, making fleeting contact at specific points in the ritual. The two then land together, make a final check of their specific scents (pheromones), and mate. Seven distinct aerial maneuvers are required for a successful coupling.

A NEW SYNTHESIS

If the emotions and thoughts of early humans in sub-Saharan Africa were likely first conveyed by music and other art forms, then alcoholic beverages can be viewed as nourishing this new symbolic way of life. Indeed, these widely available beverages might well have served as a principal means—another kind of universal language—for accessing the subconscious recesses of the human brain. I have already observed that musical instruments were probably tools of the trade for shamanic figures. These early mystics might also have been the most avid imbibers of fermented beverages, which induced mind-altering visions and enabled them to perform their many other roles. They would have been the doctors who could prescribe the right herb for an ailment, the priests who invoked the ancestors and other unseen presences, and the overseers of the rituals that guaranteed the success and perpetuation of the community. Their Stone Age ceremonies might have been overtly sexual: the humans depicted in cave art, after our species came out of Africa, are invariably naked or have exaggeratedly large sexual organs (note that the human penis, when engorged, is longer and thicker than that of any other primate, both absolutely and relatively when compared by body size).

Perhaps most significant, the Palaeolithic shaman’s mantle of office and power had to be passed on to a successor. Because musical and linguistic facility, and even sexual prowess and mystical capacities, often runs in families, the position of the shaman in Palaeolithic society might have been an inherited one. Conscious selection for special traits of musical and artistic ability, mystical absorption, and a capacity for alcoholic beverages would then have been reinforced over time and embedded in our genes.

This book proposes a new framework for interpreting our biocultural past, based on the latest archaeological and scientific findings. As will become increasingly clear in the following chapters as we travel around the world in search of fermented beverages, economic, utilitarian and environmental arguments, which are much in vogue, can only go so far in explaining who we are and how our species has arrived at where it is today. I contend instead that the driving forces in human development from the Palaeolithic period to the present have been the uniquely human traits of self-consciousness, innovation, the arts and religion, all of which can be heightened and encouraged by the consumption of an alcoholic beverage, with its profound effects on the human brain.


TWO
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ALONG THE BANKS OF THE YELLOW RIVER

I NEVER EXPECTED THAT MY search for the origins of fermented alcoholic beverages would take me to China. After all, I had spent more than twenty years directing an excavation in Jordan and working throughout the Middle East. I took the first step on my journey to China when, serendipitously, I attended a session on ancient pottery at the annual meeting of the American Anthropological Association in 1995. There I met Anne Underhill, an archaeologist at the Field Museum in Chicago, who had recently started one of the first American expeditions on the Chinese mainland, after the dry spell of the Cultural Revolution and its aftermath. She was convinced that fermented beverages were an integral part of the earliest Chinese culture, as discoveries by my laboratory had shown for the Near East. In traditional and modern societies around the world today, alcoholic beverages are important in most adults’ lives, whether as a reward for a hard day’s work or as part of a celebration. Anne believed that as scientific excavation expanded in China, we would learn just how important fermented beverages were to ancient social relations, religious ceremonies, feasts, and festivals there. She proposed that I join her team at the late Neolithic site of Liangchengzhen in Shandong Province and chemically analyze some of the vessels they might uncover.

ON THE ROAD IN CHINA

The opportunity to work in China sounded too good to pass up, even if I knew virtually nothing about ancient Chinese civilization and couldn’t read a Chinese character to save myself. I prepared to join Anne’s team during the 1999 season. I also began considering other Chinese sites that might shed light on the history and prehistory of fermented beverages.

A colleague at Brookhaven National Laboratory, Garman Harbottle, put me in touch with Changsui Wang, professor of archaeometry at China’s prestigious University of Science and Technology. Changsui soon arranged for me to visit leading archaeologists and scientists in Beijing and at sites in the Yellow River basin, where Chinese culture had blossomed. He even accompanied me on overnight train trips, serving as my interpreter and boon companion and introducing me to modern Chinese life and customs—especially its cuisine and alcoholic beverages.

Banquets were a daily occurrence, and it was my formidable task as the guest of honor to take the first bite of the barbecued or baked fish with my chopsticks. If I successfully secured a piece and steered it into my mouth, I was roundly applauded. I soon discovered that toasts with fermented beverages were also an absolute must at these meals, a tradition with roots in the distant past. We raised our glasses repeatedly to good health and the success of our research. To avoid succumbing to the potent distilled beverages, made from sorghum or millet, I usually requested the milder, aromatic rice wine. After all, I was there to study a period before distillation had been discovered.

Six weeks of nonstop travel and banqueting led to tight bonds of collegiality that paved the way for getting archaeological samples approved for loan, through customs, and back to my laboratory at the University of Pennsylvania Museum of Archaeology and Anthropology in Philadelphia. Accomplishing this sort of task in China requires friends in the right places. It also helped to have colleagues who were as enthusiastic as I was in finding out more about ancient Chinese beverages by applying the latest analytical techniques.

Changsui and I eventually made our way to the metropolis of Zhengzhou, strategically situated along the Yellow River (Huang He), among verdant fields. We met Juzhong Zhang at the downtown branch of the Institute of Archaeology, which housed pottery and other artifacts from his excavations at the Neolithic site of Jiahu, located about 250 kilometers southeast of Zhengzhou.

At one time, plant and animal domestication were thought of as having begun in the Near East during the Neolithic period and then spread to the rest of the world. These advances started humankind on the path to “civilization,” because food could be provided by a smaller number of people while others were free to pursue other specialized tasks. To be sure, some of the so-called founder plants, including wheat and barley, were brought into cultivation in the Near East, and herd animals, such as sheep and cattle, were first domesticated there.

Turning established wisdom on its head, China’s “Neolithic Revolution” has now been shown to precede many of the advances in the Near East. If you think about it, humans probably could not have controlled sheep and goats without dogs, and recent DNA evidence points to East Asia as the place where man’s best friend was domesticated, as far back as 14,000 B.P., during the last Ice Age. Domesticated horses, pigs, and chickens probably also trace their ancestry to this part of the world.

Most important for my purposes, the Chinese began making pottery around 15,000 B.P., some five thousand years before this innovation took hold in the Near East. Pottery not only made it possible to prepare, store, and serve fermented beverages, but it also absorbed them into its pores and helped preserve them for analysis. The plasticity of clay enabled the fashioning of a whole range of pottery shapes, which helped in preparing foods to go with the beverages and ultimately in establishing one of the world’s great cuisines. One delicacy on the Neolithic menu was long, thin pulled noodles. Excavated at the site of Lajia on the upper Yellow River and dated to around 2000 B.C., the well-preserved yellowish noodles, made from foxtail and broomcorn millet (Setaria and Panicum spp.), had been piled high in a bowl, just the way the Chinese consume them today.

As Juzhong brought Neolithic pottery vessels down from the shelves for me to examine, I was amazed at their elegant, intricately crafted forms. The jars (see plate 3) had high necks with flaring rims and either smoothly rounded bodies or pronounced, sharply angled shoulders. They would have been ideal for storing or serving fermented beverages. Their handles, made by attaching separate pieces of clay, were as varied as any group of Middle Eastern pottery I had seen and were symmetrically placed to enhance their aesthetic appearance as well as to facilitate transporting, storing, and drinking from the vessels.

The vessels were undoubtedly handmade, constructed by joining and building up coils and slabs of clay. Fine markings along the rims pointed to a final finishing by slow turning, perhaps on a mat. Some jars were covered with a red slip (a thinly applied fine clay fraction), which had been polished to a high sheen. The yellowish and reddish wares were tempered with mineral inclusions, and were well-fired, probably up to around 800°C. The Neolithic jars at Jiahu attested to a high level of technological sophistication and a repertoire of forms that set the pattern in Chinese pottery making for thousands of years to come. Local innovations likely accounted for the manufacturing excellence, as evidenced by eleven pottery kilns thus far excavated at the site.

When I peered into some of the vessels, I had another surprise. Flakes of a reddish residue covered the bases of the jars and continued up the sides, just as one would expect if they had once held a liquid. A dark material filled the extensive, highly unusual grooving on the interior of another vessel, much like that seen in a jar from Iran that provided the earliest chemical attestation for barley beer in the Middle East (see chapter 3). I was entranced by the prospects of analyzing the Jiahu jars.

THE WONDERS THAT WERE JIAHU

Jiahu, in Henan Province of north-central China, is not your ordinary early Neolithic site, which might feature a few scattered hovels, graves, and associated artifacts. At this site in the fertile plains of the Huai River, which merge with the Yellow River basin to the north, three phases of a full-fledged village and adjoining cemetery have so far been uncovered, spanning the period from about 7000 to 5600 B.C.

Not only have the excavations at Jiahu yielded some of the earliest pottery in China, but they have also found some of the country’s oldest rice. Surprisingly, it is the short-grain variety (Oryza sativa ssp. japonica), which was long believed to have been derived from its more tropical long-grain cousin (ssp. indica) at sites farther south along the Yangzi River. Recent excavation and archaeobotanical analyses have shown, however, that the subspecies are approximately contemporaneous. We do not yet know in which direction the genetic influence flowed, or even whether the Neolithic rice was domesticated or wild. At Jiahu, the large quantity of rice found implies that it had already been brought into cultivation there. Moreover, to judge from the animal bones recovered at Jiahu, the inhabitants would have had to take precautions to protect their rice stores from domesticated dogs and pigs, who were romping through the streets and splashing in the mud holes.
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Figure 3. Early Neolithic “musician/shaman” burial (M282) at Jiahu (Henan Province, China), ca. 6200–5600 B.C., showing flutes at his side (indicated by arrows in this photograph), one of which was carefully repaired in antiquity. Two tortoise shells full of pebbles and pottery jars, which likely contained a mixed fermented beverage, were placed near his head. Photograph courtesy J. Zhang, Z. Zhang, and Henan Institute of Cultural Relics and Archaeology.

The Jiahu inhabitants apparently lived well on the abundant resources of their environment, which also included carp, deer, broad beans, and water chestnuts. They also had a penchant for the symbolic and otherworldly. The site has produced what may be the earliest Chinese written characters ever found: an eye sign, a sticklike figure holding a fork-shaped object, and other designs similar to later glyphs for window and the numerals one, two, eight, and ten.

The Jiahu signs were incised on tortoise shells and bones, anticipating a religious practice of some six millennia later at the great Shang dynasty capital of Anyang and associated principalities along the Yellow River. Dating from ca. 1200 to 1050 B.C., the Shang dynasty “oracle bones” and shells, of which more than one hundred thousand have now been found, were used by religious mediums in rituals to predict and assure a good future for the emperor and the royal house. Drilling and heating the cattle bone or shell created a web of cracks that were interpreted by the diviner. The prognostication, along with the name of the medium, was then recorded on the bone or shell for posterity.

It is not known what meaning was attached to the shell and bone signs at Jiahu. From a close examination of the graves where they were found, together with accompanying burial goods, we can infer that they are almost certainly related to ritualistic procedures or religious concepts. The inscribed objects are found only in a handful of male graves, out of nearly four hundred burials that have so far been excavated in the cemetery. In several of these burials, the head of the deceased was carefully removed—whether before or after the flesh had decayed is not known—and replaced by six or eight pairs of whole tortoise shells. The jade “death masks” worn by the upper class during the Zhou and Han dynasties of the first millennium B.C. are a distant echo of this tradition.

In other burials, the tortoise shells are placed alongside the body or near the shoulder, as if they had once been attached to clothing or held in the hand. Many of these shells, including those substituting for the head, contained small, round white and black pebbles, as few as three per shell or stuffed in by the hundreds. The number of stones in each shell might have had some numerological significance. Another possibility is that the shells with their pebbles had been used as rattles by their owners and were subsequently buried with them.

A good reason for thinking that the shells might originally have been percussion instruments is that some of them were accompanied by what have been called the earliest playable musical instruments in the world. In 1986, Juzhong could hardly believe his eyes when his excavation team found a pair of bone flutes in tomb M282. Each had seven holes carefully drilled at precise intervals in a straight line down the shaft of the bone. They looked exactly like the bamboo flutes still used throughout China to play traditional music, based on a five-note (pentatonic) scale. Nothing like these ancient instruments had ever before been found in a Chinese excavation.

As each tomb was excavated, additional flutes were found. To date, two dozen complete specimens have been recovered, along with the fragments of another nine. Such exquisite preservation supports the claim that these flutes are the oldest known playable instruments, as the Palaeolithic flutes from Geissenklösterle and Isturitz are too fragmented to produce reliable tones today. The Chinese archaeologists put out a call for an accomplished musician to test the Jiahu flutes. Ning Baosheng, flautist for Beijing’s Central Orchestra of Chinese Music, happily volunteered his services. By using a standard side-mouth embouchure and blowing through one end of the artifact, like playing a recorder, Ning immediately produced a deep, sonorous tone that had not been heard for nine thousand years.
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Figure 4. Juzhong Zhang, excavator of Jiahu, playing the early Neolithic flute of the “musician/shaman” from burial M282 at the site. Photograph courtesy J. Zhang, Z. Zhang, and Henan Institute of Cultural Relics and Archaeology.

The archaeologists and musicians went on to use modern digital recording techniques and computer processing to study a range of flutes from the three archaeological phases. Because no one knows for sure how the instruments were played, and to facilitate matters, simple fingering was used, in which all the holes were closed off simultaneously. That yielded a very precise musical frequency. Then, each hole was uncovered in turn, leaving all the rest covered, and the resulting frequencies recorded. Of course, an expert can produce many more sounds by cross-fingering, varying his or her embouchure, and so forth.

Multiholed instruments became increasingly popular over the 1,200-year span of the site, and they enabled the production of increasingly complex music. Even the earliest example, a five-hole flute, could produce four tones nearly identical to those in our Western twelve-tone scale. The addition of another hole made it possible for even a beginner to play a pentatonic scale. With seven or eight holes, the possibilities for adding and modifying tones increased, until all the tones of a standard eight-tone major scale could be played by simple fingering.

The flutes were obviously highly valued in their day. They were very carefully made by smoothing off the ends and surface and laying out guidelines (also seen on the Geissenklösterle and Isturitz flutes) for drilling the holes. When a flute broke, it was carefully repaired, as a valued Stradivarius violin would be today. In one instance, fourteen tiny holes had been drilled to either side of the break and tied off with string. Most of the flutes were found in pairs, one perhaps having served the owner as a backup instrument.

Amazingly, all the flutes were made exclusively from a specific wing bone, the ulna, of the red-crowned crane (Grus japonensis). From a practical standpoint, a hollow bird bone seems an obvious material for a flute, but perhaps this particular crane’s behavior also inspired the makers. Adorned with snow-white plumage accented in black and red, this crane performs an intricate mating dance, in which a pair of birds bow to one another, leap in the air, extend their wings, and announce their intentions with intense musical calls. The invention might also have been prompted by hearing the sound made when the marrow is extracted from the bone by sucking, and then blowing back into the cavity.

While it would be fascinating to hear the folk melodies of ancient Jiahu again, possibly evoking the sounds of the red-crowned cranes, the absence of detailed Neolithic writings makes this possibility extremely unlikely. We can, however, be sure that the individuals buried with flutes and rattles played a special role in their community. Their bodies, unlike those of others, were elaborately adorned with imported turquoise and jade jewelry. Yet millstones, awls, and other utilitarian tools also found in their tombs suggest that they were not averse to common labor. The mystery deepens when we consider the strange, fork-shaped bone objects among their burial goods. These have multiple perforations; we can surmise that they might have been strung like a harp, or perhaps they symbolized the “new agriculture” or were a kind of tool of the individuals’ profession (a point I return to below).
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Figure 5. Red-crowned cranes (Grus japonensis) perform their mating dance on the frozen plains of Manchuria. The two dozen flutes from the early Neolithic site of Jiahu were exclusively made from one of the wing bones (the ulna) of this bird. Photograph © by James G. Parker.

THE WORLD’S EARLIEST ALCOHOLIC BEVERAGE

To end this tale of early Neolithic Jiahu by focusing only on its rice, writing, and music would be to ignore the role that a particular alcoholic beverage played in the developments there.

When Changsui Wang first introduced me to Juzhong Zhang, he put me on the royal road to discovering this beverage and its importance to Neolithic Jiahu society. Juzhong shared his knowledge and his pottery finds, from which we selected sixteen sherds for chemical analysis. They represented a range of jars and jugs that seemed likely to have contained liquids. One large, two-handled jar especially intrigued me; had it been found five thousand years later in the Near East, it could easily have been mistaken for a Canaanite jar, which served as a model for Greek and Roman amphoras used in the vast Mediterranean wine trade (see chapter 6).

The analyses of such important samples could not be undertaken lightly, so I engaged a group of collaborators in China (including the Beijing-based microbiologist Guangsheng Cheng and archaeobotanist Zhijun “Jimmy” Zhao), Europe (Michael Richards, now in Leipzig), and the United States (Robert Moreau and Alberto Nuñez of the Department of Agriculture, and Eric Butrym, now at Firmenich, Inc.). Using a variety of techniques, including liquid chromatography–mass spectrometry (LC-MS), carbon and nitrogen isotope analysis, and infrared spectrometry, we identified the chemical fingerprints of the principal ingredients in the ancient Jiahu beverage. Slowly but surely, we were homing in on what would turn out to be the world’s earliest known alcoholic beverage.

In the residues, which were obtained by extracting the pottery with methanol and chloroform, the same chemical compounds kept showing up in one vessel after another. The detection of tartaric acid told us that the likely sources were grapes or hawthorn fruit (Crataegus pinnatifida and cuneata, or, in Chinese, shan zha). Very definitive, so-called fingerprint compounds of beeswax, which is well preserved and almost impossible to completely filter out during processing, revealed the presence of honey. Finally, close chemical matches with other compounds, including specific phytosterols, pointed to rice as the third main ingredient. Analysis of carbon isotopes confirmed that the grain used must have come from a temperate-climate (C3) plant like rice, not a more tropical (C4) source like millet or sorghum, which have different mechanisms of photosynthesis and metabolism.

With the help of my colleagues in the Penn Museum laboratory, Gretchen Hall and a native Chinese speaker, Chen-shan (“Ellen”) Wang, we then began the arduous task of searching the scientific literature, much of it in Chinese, to identify natural ingredients that would be consistent with our results. Other colleagues at the Museum, Atsuko Hattori and Fumi Karahashi, helped by reading Japanese texts.

If our ancient samples had come from the Middle East, the presence of tartaric acid or tartrate would have definitively signaled a grape product such as wine, because in this region this acid or its salt is found only in grapes. In China, however, tartaric acid occurs in several other fruits—not only hawthorn but also Asiatic cornelian cherry (Cornus officialis, or shan chu yu) and longyan (Euphoria longyan, long yan)—which thus might have been ingredients.

Smaller amounts of tartaric acid can also be derived from other plant sources native to the region, such as the leaves of Pelargonium or other flowers in the geranium family. Mold saccharification, the process by which fungi break down rice starches into sugar prior to making Chinese rice wine or Japanese sake (see below), also produces about 0.1–2.0 milligrams of tartaric acid per liter. That, however, is too dilute a concentration to explain the consistently high tartaric acid levels in the ancient samples, and we also know that this method of beverage making probably developed very late in China, perhaps only in the Han dynasty (ca. 202 B.C.–A.D. 220). Only the presence of hawthorn fruit or grape came close to explaining our experimental results.

If we accept that these narrow, splayed-mouth jugs and jars most likely contained liquids, then it is easy to make the case that the vessels contained a mixed fermented beverage. Some wild grapes in China, including Vitis amurensis and V. quinquangularis, contain up to 19 percent simple sugar by weight, and such high-sugar fruits harbor the yeast (Saccharomyces cerevisiae) needed to initiate fermentation. The same species of yeast also lives in honey and becomes active once the thick mass is diluted to about 30 percent sugar and 70 percent water. If the jars contained fruit juices and diluted honey, the mixture would have fermented naturally at moderately high temperatures within days. We may not be able to detect traces of ethanol now, because it is volatile and susceptible to microbial attack, but we can be assured that the end product was originally alcoholic.

A wonderful stroke of scientific corroboration for our chemical results came after we announced that the most likely fruits in the beverage were grape or hawthorn fruit. An archaeobotanical study by Jimmy Zhao identified seeds of those very two fruits and no others at the site. I suspect that both were added to the Jiahu beverage to add flavor and encourage fermentation.

Like grape and hawthorn fruit, the rice in the ancient beverage could have been wild or domesticated. The starches in rice had to be broken down into simple sugars before they could be digested by the yeast living in the fruit or honey. But how was the rice starch converted into sugar at this early date? One possibility is that it was sprouted and malted like barley. Diastase, an enzyme that breaks down the larger carbohydrate molecules of the grains into simple sugars, are released in this process. Another, even more likely possibility is that the rice grains were chewed, so that a related enzyme—ptyalin—in human saliva went to work on converting the starch. In remote areas of Japan and Taiwan, you can still find women sitting around a large bowl, masticating and spitting rice juice into the vessel as they prepare the rice wine for a marriage ceremony. In fact, this method of making an alcoholic beverage from a grain spans the globe, from the corn beers or chichas of the Americas to the sorghum and millet beers of Africa (see chapters 7 and 8).

Whichever process was used, lots of yeast, rice husks, and other matter would have been left floating on the surface of the beverage. Because filtering the debris from a large vessel is cumbersome, the best way around this problem is to submerge a tube beneath the surface and suck up the liquid. Using a straw was a common way to drink a cereal beer in ancient Mesopotamia and most other parts of the ancient world. Today, it is still the way you drink your brew in isolated villages of south China (see plate 4) and among peoples living deep in the jungle of Cambodia at Angkor Wat.

The conclusion of our extensive analyses was that the beverage makers at Jiahu were skilled enough to make a complex beverage consisting of a grape and hawthorn-fruit wine, honey mead, and rice beer. (Throughout the book, I use the term wine to refer a relatively potent alcoholic beverage—say 9 to 10 percent alcohol—and usually made from fruit, as distinct from a beer, with an alcohol level of 4 to 5 percent and whose principal component is a grain, such as rice.) You could call this mixed beverage a Chinese extreme beverage or Neolithic grog, which combines several exotic ingredients. Technically, grog describes a concoction of rum, water, sugar, and spice that became popular in the British navy beginning in the seventeenth century. The term has taken on a more general meaning, and is especially appropriate for the many mixed fermented beverages consumed in the ancient world.

The greatest surprise from our analyses was the probable inclusion of grape as an ingredient in the Jiahu beverage, representing its earliest use for this purpose anywhere in the world. We might have expected this finding, as upward of fifty species of grape—more than half of the wild species in the world—are found in China. The historical records, however, suggest that the Chinese began to grow and exploit the fruit only much later, when General Zhang Qian traveled to Central Asia as an emissary of the emperor in the late second century B.C. and brought back the domesticated Eurasian grape (Vitis vinifera ssp. vinifera) to make wine in the capital city of Chang’an, today Xi’an. As far as we know—although further exploration may uncover new evidence—none of the many grape species found in China was ever domesticated.

THE SPIRITS OF THE ANCESTORS

What might at first seem to be unrelated pieces of an archaeological puzzle in the elite musician burials at Jiahu—the flutes and rattles, the fork-shaped objects, the earliest written characters on tortoise shells, the Chinese Neolithic grog—begin to fall into place when we view them as the first glimmerings of a shamanistic cult adapted to the new circumstances of the Chinese Neolithic Revolution. With a more secure economy, the office of “shaman” could have become a full-time profession. For example, music making requires well-developed motor skills, especially hand-eye coordination. By devising more and better musical instruments—the rattles, flutes with impressive tonal ranges, and drums stretched tight with alligator skin—and improving their dexterity, the ritual specialists or shamans of the community could more effectively communicate with the other world, assuring a better life for the villagers, protection from evil forces, and cures for diseases.

Later texts, including the Book of Records (Li ji) and Book of Conduct (Yi li), which incorporate rituals and religious ideas going back to the early Western Zhou dynasty around the eighth century B.C., provide clues about what rituals might have been carried out at Jiahu. When a member of the community died, libations of wine and special foods—including steamed millet and roasted mutton—were offered as sacrifices to the clan ancestors and gods. The ceremony was highly formalized, with certain animals killed at specific times and places, and accompanied by music and dance.

The day of the funeral was determined by divination. Then, on the fourth day of a seven-day fast, stalks were cast as lots to select the shi (“descendant”), usually a grandson or daughter-in-law of the deceased, who would communicate with the ancestors and perform the burial rites. On this day, the spirit of the deceased was invited, in the person of the shi, to “take some refreshment,” presumably a drink of a fermented beverage. By consuming the beverage, the shi was identified with the deceased and dead ancestors in general.

Physically weakened by fasting for seven days and mentally exhausted, the shi was urged to visualize the deceased in as much detail as possible, including his facial expressions, the things he enjoyed most in life, and his voice. At this stage in the ceremony, the shi and other participants might well have begun to experience altered states of consciousness and hallucinations.

The coup de grâce came on the seventh day of the fast, when the deceased was buried and the sacrificial meal presented in the temple. The shi, who orchestrated the ritual, ate and drank both for himself and for the ancestor world. The shi had to drink nine cups of millet or rice wine, served hot in a ceremonial vessel of the gu or zhi type. These tall goblets, up to thirty centimeters tall, can hold as much as two hundred milliliters. If we assume that the millet or rice wine of the period contained about 10 percent alcohol (see below), the quantity of wine consumed by the shi would have amounted to downing more than two bottles of modern grape wine or putting back eight shots of 80-proof whiskey. After the period of fasting, the brain of the shi must have been swimming with visions.

Shi ode 209 of the eighth century B.C. captures the mood of the proceedings:

The rituals are completed;

The bells and drums have sounded

The pious descendant [shi] goes to his place,

the officiating invoker makes his announcement:

“The spirits are all drunk”;

the august representative of the dead then rises,

the drums and bells escort away the representative

The divine protectors [the spirits] then return [leave the temple].

(Karlgren 1950)

We can imagine the Neolithic bone flutes and rattles in the tombs of the elite musicians at Jiahu serving a similar purpose to that of the bells and drums of five thousand years later. A mixed fermented beverage made of rice, grapes, hawthorn fruit, and honey would have been used rather than the millet or rice wine. The Jiahu vessels were different in shape but could have held just as much as a Zhou goblet. All the prerequisites of the later ceremony were present in embryonic form at Jiahu.

The roles of the early shamans at Jiahu probably later became separate, specialized functions, such as professional healer, medium, and musician. The Jiahu musicians were probably much more like our concept of the Palaeolithic shamans or their modern Siberian or Amazonian counterparts. Besides being musicians, they would have been the idea men, highly facile with signs and art, technically proficient, and, most important, with a mystical bent, stimulated by a fermented beverage, that brought them into contact with the gods and ancestors.

A later legend about the Yellow Emperor (Huang Di), who is believed to have established kingship in China some four thousand years ago, distills the essence of shamanism. The first emperor sent one of his scholars to the distant mountains of Central Asia to cut and collect bamboo for making flutes to duplicate the call of the mythical phoenix. The music of this special instrument, he believed, would bring his reign into harmony with the universe. Here again, as for the Jiahu and Palaeolithic flutes, high-flying birds and their songs provide the means of access to invisible, otherworldly realms.

The hypothesis of a shamanistic funeral feast associated with the elite musicians at Jiahu, while extremely plausible, has not been proved by residue analyses of vessels from the tombs. All the pottery I selected for testing came from residences. None of these houses—of which fifty have been excavated to date—stood out as being especially distinctive, so it is surmised that the use of the fermented beverage was widespread throughout the community. Besides being essential to special occasions, it might have been drunk to celebrate good times with neighbors, to sip on when feeling down or sick, or to motivate and reward. Because only 5 percent of the site has been excavated, we should be prepared for future surprises.

BRINGING THE PAST TO LIFE

When our findings from Jiahu first appeared in the Proceedings of the National Academy of Sciences toward the end of 2004, we braced for a lot of press coverage. We had discovered the world’s earliest alcoholic beverage, and it came from China, not the Middle East as one might have expected. Still, we were not prepared for the extent of the media buzz, which demonstrated that the finding had struck a universal chord.

John Noble Wilford of the New York Times was the first reporter to reach me by phone. He had used the term happy hour in a previous article about our Near Eastern research, suggesting that he had a penchant for an occasional quaff himself. His story was picked up by the International Herald Tribune and went around the world, as did several BBC interviews. The wine writer for the Philadelphia Inquirer, Deborah Scoblionkov, was also immediately on the story, and soon a photographer came calling. He captured me on camera doing some nineteenth-century archaeological chemistry—sniffing at the ingredients of one ancient sample—but I did not go so far as to taste it, as one chemist did a century ago. Deborah’s story became a Reuters wire story, and soon I had reporters from major European publications—Focus, Geo, and many others—wanting their own exclusives. In China, the main government news agency, Xinhua, gave the story prime coverage, and one of my coauthors on the paper, Guangsheng Cheng, wrote to say that “you are now a celebrity of the CCP—the Chinese Communist Party.” I had finally arrived!

It was one thing to analyze a 9,000-year-old beverage; but then we started thinking, why not bring it back to life to allow others to enjoy it and feel themselves transported back in time? We had already had some success in re-creating another, more recent ancient beverage, based on residues found in the tomb of King Midas or one of his royal forebears (see chapter 5). I spoke with Sam Calagione, the owner and brewer of Dogfish Head Craft Brewery in Milton, Delaware, who had been the inspiration behind the modern formulation of the beverage we called Midas Touch, and he was game. With his experimental brewer, Mike Gerhart, he conjured up a Neolithic brew.

There were many challenges and lots of false starts in re-creating a Chinese Neolithic beverage, the story of which is amusingly retold by Larry Gallagher in his article “Stone Age Beer,” in the November 2005 issue of Discover magazine. Should we use only grape, only hawthorn fruit, or both? Because seeds of both fruits had been recovered at Jiahu, I said we should use both. Mike eventually tracked down a Chinese herbalist on the West Coast who could provide us with genuine hawthorn fruit, but we could not procure any genuine Chinese grapes and had to settle for a V. v. vinifera cultivar of ancient stock, Muscat. The honey presented a similar problem. One wildflower honey from Central Asia is especially prized, but we had to settle for a more accessible American equivalent.

Chinese rice is readily available in the States. My question to Mike was whether we should use milled rice or brown rice, with the surface bran intact and perhaps even unhulled. The residents of Jiahu had stone mills for processing rice, but it was unlikely that their procedure was very refined. We decided to use a pregelatinized rice, which had already been cooked to a thick, homogeneous paste and dried, with some of the original bran and hulls mixed in.

The next question was how to saccharify the rice. When I told Sam that the earliest way of doing this was likely by chewing, he said, “Okay, let’s do it that way to keep it historically accurate.” I said that sometimes you could take experimental archaeology too far, and in any case, sprouting rice to make malt might have been discovered at an early date. When Larry Gallagher offered to make his own version of the experimental beverage by chewing rice with his fiancée, we were off the hook. Larry’s experiment apparently did not turn out well, as he never sent me a bottle to taste.

At an early stage in the Dogfish Head experiments, Mike tried saccharifying the rice with a traditional Chinese mold concoction (qu). My contact in Beijing, Guangsheng Cheng, passed on some of the starting agent, with detailed instructions on its use, through a graduate student, Kai Wang, at Michigan State University. It produced a kind of sour mash. Because it would constitute only a small part of the finished product, we were not worried.

Another critical issue was whether to carry out a natural fermentation, depending entirely on the wild yeast present on the grape skins and in the honey, or to help the process along by adding some cultured yeast. We opted for the latter, but were then left with the problem of what kind of yeast to use. I suggested several strains, but Mike wasn’t convinced that they were native to China or had been around for nine thousand years. We compromised and used a dry sake yeast, as the Japanese version of rice wine is a direct descendant of the Chinese beverage.

Our debut re-creation of the beverage was produced using the small-scale setup that had started Sam on his brewing career, some old vats tucked away in a corner of his brewpub in Rehoboth Beach, Delaware. With Larry Gallagher scrutinizing our every move, we started brewing at around nine in the morning. Into the pot went the rice malt, up went the temperatures, and out came the wort (the sweet liquid extracted from the malt). I was most concerned when the powdered hawthorn fruit was dumped into the kettle. I thought there was too much of this rather mouth-puckering, chalky fruit; but Mike had already decided on the proportions, and we kept to those.

We also had two fast-approaching deadlines: one with the U.S. Bureau of Alcohol, Tobacco, and Firearms (ATF) for approval of the beverage, and the other a grand tasting at Manhattan’s Waldorf-Astoria Hotel in May 2005, only a few months away. The ATF at first disallowed the use of hawthorn fruit; it was fine as a component of an herbal medicine or tea, but it could not be added to an alcoholic beverage. The distinction, especially since we were using just a small amount, can only be fathomed by a government agency. After endless negotiations, we received the go-ahead.

After some conditioning in a tank, the Neolithic beverage was bottled and ready for its first public appearance. This initial version was well received, with the media, of course, on hand. A lingering concern, however, flitted in the back of my head. The beverage seemed much more sour than any self-respecting Neolithic villager or shaman would have wanted to drink: we know that sugar and sweetness were prized in antiquity.

I broached the problem with Sam and Mike, and over the coming months we made progress. With the help of another brewer at Dogfish Head, Bryan Selders, we tweaked the formula to impart a delectable sweet-and-sour taste, a perfect pairing with Chinese food.
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Figure 6. Sam Calagione of Dogfish Head Craft Brewery brought this dream-inspired image to reality when he commissioned artist Tara McPherson to create a label for the “oldest alcoholic beverage in the world” thus far discovered. Chateau Jiahu is named after the Neolithic site in China, which yielded a biomolecular archaeological recipe of rice, honey, and fruit (hawthorn fruit and/or grape), whose residues had been preserved inside jars (see figure 3) from the site. Courtesy of Tara McPherson (original acrylic, 12″ × 12″) and Dogfish Head Craft Brewery.

While all this was going on, Sam had slipped into shamanistic revelry. He recounted a dream in which a naked Chinese Neolithic girl, with long hair flowing down her back and buttocks, had approached him with the beverage. He commissioned a New York design artist, Tara McPherson, to create a provocative label for our Neolithic grog, named Chateau Jiahu. She placed a seemingly enigmatic tattoo, which had also been part of Sam’s dream, on the lower back of the celebrant who graced her label. This tattoo is actually the Chinese sign for wine or any other alcoholic beverage. It shows a jar with three drops of liquid falling from its lip. The sign dates back to the Shang dynasty, as early as 1600 B.C., and has been in continuous use ever since.

The latest incarnation of Chateau Jiahu hits all the right notes—an inviting, grapy nose, a Champagne-like effervescence with extremely fine bubbles, a tingling aftertaste that invites you to drink more, and a brooding yellowish color worthy of the Yellow Emperor and the Yellow River. The combination of hawthorn fruit and Muscat grapes, wildflower honey, and unhulled rice malt on a sake yeast yielded a beverage that was exotic but immensely satisfying.

We have since served Chateau Jiahu at special events on the East and West coasts. The East Coast event was at the Cornelia Street Café in New York’s Greenwich Village in October 2006. That was an exuberant affair, emceed by my long-time friend and colleague, the Nobel laureate Roald Hoffmann. Intermixing science and art, the tasting was accompanied by music played on wine-filled glasses, a takeoff on Benjamin Franklin’s glass harmonica on display at Philadelphia’s Franklin Institute. As possessed bacchanals stomped grapes in tubs at the front of the audience, we ducked to avoid being splashed by the dark red must.

In December, two related events were sponsored by the Asian Art Museum in San Francisco. One was held at the home of Farina Wong-Kingsley, a chef and food writer, overlooking the Golden Gate Bridge. Surrounded by the sights and smells of a traditional Chinese garden, Farina made an array of Shanghai delicacies to go with the Chateau Jiahu. The following night, a lecture at the museum concluded with a tasting of the Neolithic beverage against several fine Japanese sakes, courtesy of Beau Timken, owner of True Sake. In my estimation, the more complex Chateau Jiahu won hands down.

AN ERA OF SPECIALIZATION

The Neolithic inhabitants of Jiahu might have developed an exceptional fermented beverage, but humans never seem to be satisfied, as my studies soon revealed. The Neolithic period culminated in the high shamanistic civilizations of the Xia and Shang dynasties, with their capitals north of the Yellow River, about three hundred kilometers from Jiahu. An overnight train ride with Changsui to Anyang brought us to the most extensively excavated ancient city of the time, called Yin, where we were met by the chief archaeologist, Jigen Tang. He gave us a tour of the site, which covered sixty-two square kilometers during its heyday three thousand years ago and has been continuously excavated for eighty years. Mercifully, he showed us only the highlights and then shuffled us off to a grand banquet on a barge in the Yellow River, replete with fine rice wines.

Our descent into the tomb of a consort of one of the Shang rulers captured the splendor of the time. A tall, gently sloping passageway led to the burial chamber, where the queen had been buried in all her gold and jade finery, surrounded by horses and chariots. Chariots were used not just for maneuvering around the empire, but also, as recounted in some of the earliest shamanistic texts (e.g., the Zhuangzi, or Book of Master Zhuang, dated to the third century B.C.), for ascending into the heavens. A tomb with chariots also vividly reminded me of the royal tombs of Ur in Mesopotamia (see chapter 3), whose queens were similarly adorned with gold and lapis lazuli jewelry and buried with chariots.

Back at the Anyang dig house, Jigen brought out what was, to my mind, the real treasure—a liquid sample from inside one of the magnificent bronze vessels of the period. Until then I had had no idea that liquids had been found in Chinese excavations, preserved for more than three thousand years. I was aghast. Jigen suggested that I smell it, and there was no doubt: it had the characteristic fragrance of fine rice or millet wine made the traditional way, slightly oxidized like sherry, with a perfumed bouquet.

The liquid came from a so-called he vessel. Mounted on a tripod base, with a large handle and lid connected by a metal fitting, and with a long spout protruding from one side, it resembles a teapot; but tea had not yet made its appearance in China. The vessel is of a well-known ceremonial type for serving millet and rice wine. The liquid inside had evaporated down to about a third of the full capacity, but because the lid eventually corroded and stuck tightly to the neck, the vessel was hermetically sealed until its excavation thousands of years later.

These days, it seems as though bronze vessels filled with liquids are continually being discovered in Chinese excavations, especially in burials, and excitedly announced in the media. In 2003, for example, in an excavation of an upper-class tomb in Xi’an—also famous for the army of terracotta warriors that accompanied the famous Qin dynasty king, Shihuangdi, to his grave in 210 B.C.—a lidded vessel was found containing twenty-six liters of liquid, which was said to have a “delicious aroma and light flavor.” How about a 3,000-year-old vintage? Unfortunately, chemical analysis is yet to be carried out. And drinking royal wine was not necessarily an ethereal experience. The bronze used in the vessels was alloyed with as much as 20 percent free lead, and as they overindulged, the Shang dynasty emperors were poisoning themselves. That may explain why a number of the dynasty’s later kings are said to have gone crazy or committed suicide.
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Figure 7. Shang Dynasty “teapot” (he) from the upper-class tomb of Liu Jiazhuang at the famous capital city of Anyang along the Yellow River (no. M1046:2, ca. 1250–1000 B.C., height 30.1 cm). It is decorated with the enigmatic taotie mask of a bird or dragon and was about a third full when found. The 3,000-year-old liquid still retained a fragrant, sherry-like aroma due to its infusion with elemi tree resin and/or chrysanthemum flower. Illustration courtesy of Jigen Tang/Anyang Field Institute, Institute of Archaeology, Chinese Academy of Social Sciences.

I hand-carried a sample of the Anyang liquid back to Philadelphia, where we subjected it to a battery of scientific tests. We were able to show that the sealed vessel had once contained a very special millet wine. This was not Neolithic grog: it contained no honey and no fruit. Instead, the presence of two aromatic triterpenoid compounds, β-amyrin and oleanolic acid, pointed to the addition of a tree resin, very likely derived from the elemi family (Burseraceae) of fragrant trees. The chrysanthemum flower, which can yield the same compounds, was another candidate. I was reminded of our discoveries of pine and terebinth resins as additives in Near Eastern grape wines (see chapter 3).

Could it be that the Anyang liquid represented one developmental stage in China’s long tradition of herbal medicine? Triterpenoids have antioxidant properties, lowering cholesterol and scavenging free radicals that can cause cancer, so a beverage laced with these compounds could definitely have been part of the ancient medical chest. β-amyrin is also an analgesic and has a palatable, citrusy aroma. Recently, I initiated a project (“Archaeological Oncology: Digging for Drug Discovery”) with the Abramson Cancer Center of the University of Pennsylvania Medical Center to explore the therapeutic uses of these compounds in ancient medicine. By trial and error, humans might well have discovered natural remedies over the millennia, which lie buried in our archaeological findings.

Returning by train to Zhengzhou with Changsui, we next met with Zhiqing Zhang, an archaeologist at the local Institute of Cultural Relics and Archaeology, which is responsible for all of Henan Province. Zhiqing told us about another upper-class tomb in Changzikou in Luyi County, about 250 kilometers farther east. This tomb yielded more than ninety bronze vessels, and when it was first opened, fifty-two lidded examples amazingly still contained liquid, ranging from a quarter to half full. Zhiqing asked me if I would like a sample of the liquid for analysis. He did not have to ask twice, and soon I held a small vial of liquid from a lidded you jar. This tall, elegant vessel was adorned, like the Anyang “teapot,” with the enigmatic, ferocious-looking taotie motif, a mask of a dragon or birdlike figure, with long horns, penetrating eyes, and a curled upper lip.

To our surprise, the Changzikou you contained not a millet wine, like the Anyang teapot, but a specialized beverage made exclusively from rice. Two monoterpenes, camphor and α-cedrene, gave it a fragrant bouquet even after three thousand years. The camphor smell was not as intense as that we usually associate with the pure compound used to repel moths. In fact, the marker compounds in the beverage probably came from a tree resin (China fir, Cunninghamia lanceolata, is the most likely candidate), a flower (again, chrysanthemum was at the top of our list), or an herb in the Artemisia genus (the same genus that includes wormwood, used in making the very bitter and potent absinthe).

How would a “medicinal” wine with anesthetic and antimicrobial properties be prepared? Tree resins could be collected and added directly to the wine after fermentation, with the high alcohol helping to dissolve the terpenoids. The active compounds in flowers and plant parts might have been isolated by boiling down in water or extracting with an oil, as in a perfumery decoction. The Changzikou tomb itself provided the likely answer. A large bronze bowl had been filled with the leaves of another aromatic tree—Osmanthus fragrans—and held a ladle, implying that it had once been filled with a liquid. The leaves of this tree, which have a floral aroma, were apparently steeped in the liquid, as tea is made today. Similarly, the Artemisia or chrysanthemum might well have been infused into the rice wine, which was then filtered.
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Figure 8. The author in his laboratory, examining and “sniffing” out a 3,000-year-old millet wine, which was preserved inside a tightly lidded bronze vessel (see figure 7) from an elite tomb at Anyang. Photograph courtesy of Pam Kosty, University of Pennsylvania Museum of Archaeology and Anthropology.

The Shang dynasty oracle-bone inscriptions, the earliest texts from China, distinguish at least three fermented beverages, including herbal wine (chang); a sweet, low-alcohol rice or millet “beer” (li); and a fully fermented and filtered wine (jiu), probably with an alcohol content of 10 to 15 percent, made from the same grains. A whole retinue of high officials and winemakers oversaw the production, made sure that each member of the royal family received their daily allotment, and ensured that enough of each beverage was on hand for the yearly round of ceremonies and special occasions. The king sometimes inspected the beverages to make sure they passed muster.

The succeeding Zhou dynasty may have faulted the last Shang king (paradoxically named Zhou, using slightly different characters) for being a crazed carouser who indulged himself in all-night, naked orgies with a “forest of meat” and a “lake of wine.” Nevertheless, the Zhou rulers appear to have liked their wines as much as any other dynasty: the elaborate Shang wine bureaucracy continued to operate and was in fact expanded. At least two more fermented beverages are described in the Rites of Zhou (Zhouli), one made from a fruit (luo) and the other from an unfiltered brew (lao) of fermented rice or millet or, perhaps, unfermented wort. A further evolution in winemaking can also be seen in the Chinese word for physician (i), in which the character for shaman was replaced by the wine sign during the Zhou period, succinctly expressing the trend toward more refined beverages.

The number of bronze vessels from the Shang and Zhou dynasties, most of which were filled with one of the official alcoholic beverages, is mind-boggling. Many of them have been found in elite burials at the major urban centers along the Yellow River or its tributaries, including Erlitou, Zhengzhou, Taixi, Tianhu, and Anyang. Their shapes, which include ornate tripod vessels (jue and jia), stemmed goblets (gu), vats (zun), and jars (hu, lei, and you), have much to tell us about how the beverages were prepared, stored, served, ceremonially presented, and ultimately drunk.

For example, according to long-standing Chinese practice, a high tripod vessel, which could be set over a fire, was required to warm wine. A pair of upright posts that projected from the rim—perhaps symbolic of the taotie horns—would get in the way of easy drinking, so these vessels were most likely intended for pouring. However, an appreciation for serving the best wines chilled, even thousands of years ago, is expressed in a verse from the Songs of the South (Chuci), dated to around A.D. 300:

Jadelike wine, honey-flavored, fills the winged cups;
Ice-cooled liquor, strained of impurities,
clear wine, cool and refreshing . . .

“Winged” or “eared” cups suited the wine perfectly, as these shallow bowls with a single ledge handle were often made of jade.

Many of the magnificent Chinese bronzes probably held jiu or its herbal equivalent, chang. During Zhou and Han times, chang is said to have been made by infusing resinous plant leaves or adding herbs (yu) to a fermented beverage. Our chemical results support the textual interpretations and also confirm that these specialized beverages were made by mold saccharification or amylolysis, a uniquely Chinese contribution to alcoholic beverage making. This traditional method exploits molds or fungi—including the genera Aspergillus, Rhizopus, Monascus, and others—which are unique to each region of China. The molds break down the carbohydrates in rice and other grains into simple, fermentable sugars. Historically, a special moldand-yeast starter (qu) was first prepared by growing a thick mass of mold on various steamed cereals and pulses. Rice and millet, the principal cereals of prehistoric China, presumably served as early substrates.

Yeast adventitiously enters the process, either brought in by insects or by falling from the rafters of old wooden buildings, as happens in the lambic breweries of the Brussels area. As many as one hundred special herbs, including Artemisia, are used today to make qu, and some have been shown to increase the yeast activity as much as sevenfold. A congealed white mass inside a jar at Taixi, weighing 8.5 kilograms, was found to be made up entirely of the lees of spent yeast cells, which must have yielded a particularly powerful beverage.

We may never know all the details of how the earliest Neolithic grog of Jiahu, with its complex ingredients, was made, but we can get a glimpse of how a traditional rice wine, comparable to a Shang dynasty beverage, was produced. In the small town of Shaoxing, a short train ride to the southwest of Shanghai, you can watch the steaming of the rice, the double fermentation at high and low temperatures, and the filtering of the brew into jars that are carefully sealed with clay. Before the final closure, the mouth of each vessel is stuffed with bamboo and lotus leaves, and a piece of paper, noting the year of production, is inserted. The exterior of the vessel is often brightly painted with colorful flowers and young women, because traditionally these jars (nuer hong, “red daughter”) were buried in the ground at the birth of a female child and only recovered, opened, and drunk years later, when the girl married.

According to the oracle bones and other ancient texts, Shaoxing is where Chinese winemaking began. Although our Jiahu analyses have undercut the legend, it is said that the daughter of Da Yu made the first wine around 2000 B.C. Her father, whose name translates as the Mighty Yu, was the founder of the Xia dynasty. According to tradition, he not only survived a great flood, like Noah, but quelled many by building channels and levees and bringing the Yellow and Yangzi rivers under control. He is said to have died at Shaoxing during an inspection tour of the flood controls, and a huge statue of the ruler still stands in imperial splendor in the hall of his mausoleum in the nearby countryside.

I visited Shaoxing in the company of my microbiologist friend and colleague from Beijing, Guangsheng Cheng. We visited the ancient bars of the town, where we tasted the yellow rice wines for which Shaoxing is famous. Most of these wines, which can be aged for more than fifty years, have sherrylike aromas and tastes that reflect the region’s unique microflora. We ate “stinky” tofu, another delicacy of the region. We heard the tales about the artists who floated their cups of wine down streams and were obliged to compose a poem and drink the wine where the cup came ashore. But despite the temptations of the present, we remained focused on our goal of gaining insights into ancient winemaking. We went from one large, rambling winery to the next, each clinging to tradition in its own way. We gladly accepted the frequent invitations to test their wines as both an enduring pleasure and an opportunity to learn how the wines were made.

To my mind, the most interesting carryover of ancient technique was the use of qu to break down the starches and start the fermentation. Vast rooms in the wineries were stacked high with qu cakes, measuring nearly a foot on a side. The use of specialized molds to saccharify the grain and begin fermentation meant that the beverage makers of protohistoric China could forgo chewing or malting the grain and had less need for honey or fruit to supply sugars and yeast than did the makers of Neolithic grog. As Chinese culture advanced, the prehistoric extreme beverage fell out of favor and was replaced by millet and rice wines, like those preserved as liquids inside the Shang and Zhou Dynasty ritual vessels.

Fruits and honey were not totally eliminated from Chinese beverages. Excavations in the Shang dynasty city of Taixi have yielded many funnels and unusually shaped vessels that provide evidence of a lively, diversified local beverage industry. One pottery form, designated the “general’s helmet,” has a pointed, recessed bottom that would have been ideal for collecting sediments from liquids. Another large jar from the site, in addition to the one containing yeast mentioned above, was filled with peach, plum, and Chinese jujube pits, as well as the seeds of sweet clover, jasmine, and hemp. We can only imagine how delicious and intoxicating this beverage must have been. One of the canonical Shang dynasty wines (luo) was fruitbased, and some scholars believe that it was the earliest Chinese fermented beverage, perhaps even the Jiahu grog itself. Today in many parts of China, a popular drink (shouzhou mi jiu) consists of rice wine containing fresh fruit pieces.

BRIDGING THE GAP

When did mold saccharification become the sole technique for making fermented beverages? Anne Underhill, who facilitated my entry into Chinese archaeology, also enabled me to begin exploring the six-millennium gap between Jiahu in 7000 B.C. and the Shang dynasty.

As one of the first American archaeologists to resume excavation in China, Anne had begun exploring the potentially very rich area of southeastern Shandong Province, where the Yellow River flows into the Yellow Sea. Her excavations at Liangchengzhen, carried out with colleagues from the Field Museum in Chicago and Shandong University in Jinan, have revealed houses and burials of the Longshan period, dating from about 2600 to 1900 B.C.

Ancient Shandong Province is especially well known for its numerous and elaborate drinking cups, which have been found predominantly in burials and appear to have surged in popularity during the late Dawenkou period (ca. 3000–2600 B.C.). By Longshan times, exquisite, tall-stemmed forms (gaobing bei) were being made in a glossy black, eggshell-thin pottery ware. These vessels were accompanied by similarly elegant jars (lei), with high shoulders and a pair of loop handles, reminiscent of the Jiahu jars. We wanted to test the absorptive and evaporative properties of modern rice wine in a container made of this refined ware, so we asked a modern potter to replicate a lei jar in the local clay, together with a convex lid. Not surprisingly, even high-fired pottery is somewhat porous and does not retard evaporation as well as cast bronze. But I hesitated to break the elegant piece to carry out chemical analyses.

We also chose long-spouted pitchers (gui) with high tripod bases, just like the later Shang Dynasty examples (jue) in bronze. By the time we had completed our selection of pottery types for our study, we had a complete repertoire of drinking and eating vessels—cups, jars, basins, pitchers, and even a probable steamer rack and sieve.

Our chemical analyses of twenty-seven samples focused on vessels that were most likely used to prepare, store, or drink alcoholic beverages. Because we were not permitted to take our samples back to the United States for testing, Anne put out feelers around town. In short order, the local middle-school chemistry teacher, Laoshi Chen, had invited me to use his laboratory when classes were not in session. We procured glassware and solvents in the city of Rizhao, and I started heating up my sherds in methanol and chloroform. During breaks, I was challenged to ping-pong by the students, who were shocked when I beat them: I was a high school champion. When I ran short on distilled water, Mr. Chen improvised a system that kept it flowing.

Back in the States, we tested the extracts. The results overwhelmingly pointed to a beverage very similar to the Jiahu grog, which combined a fruit (grape or hawthorn fruit), rice, and honey. The use of a wild grape in the Liangchengzhen grog is a distinct possibility, although only three grape pips have thus far been recovered from Longshan contexts at the site. As many as ten wild grape species grow in eastern Shandong today, and the origins of Vitis in China have been traced to this region.

Because the Yellow River flows through Shandong, Liangchengzhen would have been in touch with developments farther upstream, including advances in producing fermented beverages. A Jiahu-like beverage at Liangchengzhen indicates that the mold saccharification process had not yet taken hold in the river basin. Yet our analyses of the Liangchengzhen beverage did pick up chemical signs that a plant resin or herb had been added to the grog. Gradually, it would appear, the shamanistic beverage makers were developing medicinal wines, which led to the Shang dynasty chang. In the process, they discovered other properties of particular herbs and molds, which were eventually put to good use in saccharifying rice and millet and speeding up fermentation.

Our analyses of the extracts also suggested the presence of another, more puzzling ingredient: barley. This staple for making beer and bread hails from the Middle East, where it was domesticated around 8000 B.C. Barley is particularly useful in beverage making because, when malted, it produces a profusion of diastase enzymes that break down starch into sugar. Major American breweries today, like Budweiser and Miller, take advantage of this property of barley by using it to saccharify less expensive rice in their brews. The puzzling aspect of this finding at Liangchengzhen is that no barley kernels or other evidence of the plant has yet been recovered from the site.

On current evidence, barley was a long time coming to East Asia. It is attested as early as the fifth millennium B.C. in Baluchistan, today a western province of Pakistan. It has been recovered from third-millennium B.C. sites in Central Asia. By the second millennium B.C., it had made its way farther east, as shown by occasional botanical finds from other Longshan sites. We also know that by around 1000 B.C. the domesticated plant was present in Japan and Korea, across the Yellow Sea from Shandong Province. I suspect that it is only a matter of time until evidence of barley is found at Liangchengzhen. The wet coastal environment conspires against the preservation of plant remains unless they have been carbonized by burning.

By plotting the findspots of those vessels which contained the Liangchengzhen mixed beverage, the religious significance of the drink begins to emerge. Many of the fine black goblets came from graves, where they might have represented either prized possessions of the deceased in life or burial offerings. Pits crammed with hundreds of whole jars, gui tripods, and more goblets were excavated near the burials. But why would serviceable vessels be thrown away? The pits probably hold the leftovers of feasts for the ancestors, as we also believe is the case at Jiahu and is well attested a few centuries later in the major Yellow River urban communities.

Funerary feasts did not seem far-fetched when the temperatures fell below freezing in the late afternoon, and we huddled together in the only warm room in our dig house, the dining room. There, with the moisture from our breath dripping down the inside windows, we feasted on fresh seafood from the Yellow Sea—mussels, gigantic shrimp, and fish of all kinds. It was often washed down with the local beer, Tsingtao, named after the nearby town where Germans established the first European lager production in China.

The Liangchengzhen analyses partly filled in the gap between Jiahu and the Shang dynasty, but we needed to know more, especially about the crucial time at the beginning of the second millennium B.C. before the start of the Shang dynasty. The legend of the Mighty Yu’s daughter discovering the first wine in China might contain an element of truth—if this accomplishment were taken to mean the introduction of mold saccharification. I had not gone looking for more samples from the Xia dynasty. Instead, as is often the case in the modern academic world, I received a fortuitous invitation. It took the form of an e-mail message from one of the key researchers of the Xia period, Li Liu, who asked me if I would be interested in analyzing pottery from her site at Huizui and nearby Erlitou. Because Erlitou is believed to have been the capital city for the Xia dynasty, it may give us the evidence we need to fill in the gap between the Longshan period and the Shang Dynasty.

THE WINE POETS OF CHINA

Beginning in about the third century A.D., an exceptional group of Chinese poets celebrated the importance of fermented beverages. With the fall of the Han dynasty, the wisdom and ceremonial formality of Confucianism appear to have failed. Drawing on a long tradition of shamanism and spiritual inspiration aided by alcohol, the poets, known as the Seven Sages of the Bamboo Grove, reinvigorated religious life. Stressing the freedom and naturalism of Daoism, they styled themselves as solitary intellectuals and lovers of nature. In their rustic bamboo grove, they talked philosophy, played music, wrote poetry, and spent much of their time drinking.

When the Tang dynasty rulers ushered in a rare period of internationalism and creativity starting in the seventh century, another generation of wine poets was on hand to document the exuberant times. Wang Ji was the first poet of the group that came to be known as the Eight Immortals of the Wine Cup. His sentiments are summed up in his poem “To the Pupils of the Transcendental Art”:

The Tiered City is too distant for collecting magic herbs

. . . . . . . . . . . . . . . . . . . . . . . .

Where are the music players? . . .

In spring, pine needles ferment in the wine jugs;

In autumn, chrysanthemums float in the wine cups.

When we chance upon one another, we would rather get drunk,

And definitely will not take up mixing the elixirs.

(Warner 2003: 82)

In this poem, Wang Ji alludes to other worlds, redolent of magic and reverberating with music, at the same time that he captures the immediacy of a good drink made with pine needles and chrysanthemums. Chrysanthemum wine had long been treasured for its special flavor and its yellow color, symbolizing the emperor. There were many other wines to choose from during Tang times: red wines colored by Monascus mold, green “bamboo” wine, peppered and honeyed wines. It is no wonder that perhaps the most famous Chinese poet of all time, Li Bo, is said to have drowned when he tried to embrace the reflection of the moon in a river. He had already written:

Among the flowers, a winepot.

I pour alone, friendless.

So, raising my cup, I turn to the moon

And face my shadow, making us three.

(Berger 1985)

A JAPANESE INTERLUDE

Except for the 26,000-year-old pottery figurines from Dolní věstonice (chapter 9), Japan holds the distinction of having some of the oldest pottery in the world, the Incipient Jomon pottery vessels dating to 12,000 B.P. As I had anticipated, China has now surpassed Japan in this regard: pottery from Yuchanyan Cave in southwestern Hunan Province is reported by the expedition codirector, Ofer Bar-Yosef of Harvard University, to radiocarbon-date to ca. 15,000 B.P. In the development of fermented beverages, China also had a commanding lead. If we view the Jiahu grog as a kind of rice wine, then it predates the rice wine of Japan, sake, by more than seven thousand years. Had it not been for the domestication of rice and development of the mold-saccharification process in China, sake might not even exist. Japan adopted the winemaking tradition from China only in the third century A.D.

Admittedly, no chemical analyses of the Incipient Jomon pottery, many of which are large bowls that might have been used to prepare or drink a fermented beverage in quantity, have been carried out. Even more recent examples of Jomon pottery, dating as late as 400 B.C. and including spouted jugs, high-necked jars, and ornate bowls—all wonderfully adapted for a drinking culture—are yet to be tested.

By the time textual evidence first documents the role of alcoholic beverages in ancient Japanese culture, the debt that Japan owes to China is fully evident. Japan had its own wine poets at about the same time that the Tang dynasty Immortals were holding court. In the eighth century A.D., Ōtomo no Tabito writes in his “Thirteen Songs in Praise of Wine”:

Sitting silent and looking wise

Cannot be compared to

Drinking sake

And making a racket

(Berger 1985)

Sake was served at funeral feasts, as it was in China, and offered up to the gods. The wine god, Ōmiwa no Kami, had shrines set aside in the major sake-producing towns of Nara and Kyoto. Balls of needles taken from the Cryptomeria cypress tree are still produced at these shrines and hung in the rafters of the wineries, to announce that sake is being produced. They recall a time when these needles and the resin of the tree were infused into the wine.

When the technology was first transferred to Japan, sake must have been prepared like rice wine in China, using the mold-saccharification process. Because of its relative geographic isolation, however, the range of microflora in Japan was more limited, and a different approach was needed. Removing more and more bran from the outer kernel of the rice (“polishing” the rice) resulted in a more refined product. The rationale for using a single species of Saccharomyces cerevisiae to carry out the fermentation follows the same logic. Additives had to be eliminated to keep the wine pure. One must ask, however, in the interests of aesthetics and scientific methodology, whether some of the individual flavors and aromas of a more variable product were not lost.
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