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C R I T I C A L FOCUS
Brian J. Ford

Beer and Pizza: A Slice of Ancient Life
Foods and beverages we enjoy today were developed by our prehistoric  
ancestors, who learned how to harness microbes as a means of survival.

There is a remarkable story 
hidden in a sandwich. Fifty 

years ago, generic white sliced 
bread was everywhere. It’s 
harder to find today; modern 
shops are piled high with every 
kind of traditional loaf, and 
sourdough has crept out from 
San Francisco into everybody’s 
neighborhood store. On the cold 
cuts counter, you find salami 
and chorizo jostling for the 
attention of the modern shop-
per with rollmop herrings and 
gravlax. Foods that were once 
restricted to a specific ethnic 
sector are now mainstream, as 
saké and pulque are stored in 
drinking cabinets alongside cognac and wine. Ancient 
foods, like cheese, have always gone well with beer, 
while beverages that were once foreign to European 
tastes (like coffee and chocolate) went on to become 
universally accepted alongside age-old concoctions like 
vinegar and Worcestershire sauce. Specialties ranging 
from kimchi to cassava are now available worldwide 
in our era of globalization. Yogurt was unfamiliar to 

many grandparents, but is now 
one of the most popular of all 
dairy products, and soy sauce, 
now used daily, was an exotic 
import within living memory. 
The range of foodstuffs and 
beverages we have around us 
is astonishing. There is a theme 
here, which you will recognize 
if you read The Microscope (if 
you don’t, you probably won’t). 

What curious principle 
links this astonishing smorgas-
bord of food? All are processed 
by microbes. Harnessing the 
microbial world was one of the 
first achievements of prehis-
toric humans, and fermentation 

proved to be a key to survival. All those appetizing 
edibles and world-famous drinks are the result of  
microbes working for mankind. The relationship be-
tween food and microorganisms fascinated me from my 
teens, and the first textbook I wrote was Microbiology and 
Food, published in 1970. Most of the book was written 
in my twenties, when I first realized that harnessing 
microbes was a greater achievement than domesticat-

Within each ripe pod of the cacao tree, 30–40 oval 
seeds reside in a mucilaginous pulp. The fruit has hardly 
any taste of chocolate but has a pleasant flavor similar 
to sweet lemon juice. Fermentation by bacteria and  
molds is responsible for the chocolate taste.
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ing dogs. I am told that my book is still used, but it 
shouldn’t be, because it is way out of date. In it, I listed 
25 varieties of milk — from yogurt to skir — whereas 
there must be at least 100 by now. 

THE MIRACLE OF CHOCOLATE

Chocolate, the most seductive of mellifluous fla-
vors, is one the miracles that microbes perform. For 
thousands of years, the Mayan people relied on the 
fruit of the chocolate tree for food. The pods that hung 
from the branches of their Theobroma cacao bushes were 
picked and eaten. But they do not taste of chocolate. 
The pulp from the fruit has an appealing, citrus-like 
flavor, tasting somewhat like soursop juice or sweet 
lemon. This is an appetizing fruit, its juice occasion-
ally sold in smoothies, and I am surprised that it isn’t 
more widely marketed. Within each of the pods lie 
about forty rounded seeds. Crush them and they have 
a bitter taste. The seeds were used since ancient times 
to make a stimulating infusion because they contain 
theobromine (C7H8N4O2), which has psychotropic ef-
fects similar to caffeine (C8H10N4O2). The Aztecs called 
the drink xocolātl (meaning “bitter water”). We can 
imagine prehistoric villagers in central America col-
lecting these pods from the trees. The people would 
easily have amassed more than could be used at the 
time, so the surplus crop would be piled in a heap 
and set aside for future consumption. In the tropical 
warmth, the fruit fly Drosophila would descend on the 
pile of pods in large numbers, sipping the oozing juice 

and inoculating the heap with microorganisms from 
their feet. And so, the pulp began to ferment. Within 
a week, the fruit had decomposed and, if a drink was 
made from what remained, there was the unmistak-
able taste of chocolate. Microbes had changed the crop 
from rotting fruit into the source of a delicious flavor 
now known around the world. It begins with yeasts, 
including Saccharomyces cerevisiae, Candida rugosa, and
Kluyveromyces marxianus, which metabolize the sugar 
in the pulp. The alcohol they produce penetrates the 
seeds and eventually rises to a level where the yeast 
cells begin to die back. The energy of the fermentation 
produces heat, and as the yeasts diminish bacteria start 
to multiply. Huge growths of Lactobacillus and Lactococ-
cus set the temperature soaring as high as 50° C (120° F), 
and the biochemical constitution of the seeds is radically 
changed. Any harmful organisms are killed by the heat. 
Now Gluconobacter and Acetobacter start to proliferate, 
and as the fermenting mass begins to dry out, fungi 
like Geotrichum become established, oxidizing the acetic 
acid that the lactobacilli had produced. Within a week, 
the transformation is complete. Present-day chocolate 
farmers halt the process within six days, because if the 
fermentation continues for much longer then fungi, 
including Mucor and Penicillium, take over, along with 
bacteria like Pseudomonas and Enterobacter, which tend 
to taint the taste. 

Nobody in Europe knew chocolate until the 16th 
century, when Christopher Columbus traveled to the 
Americas. During his fourth visit on August 15, 1502, 
his crew captured a Mayan dugout canoe off Honduras 
that was laden with fermenting fruit from the chocolate 
tree. He took some back to Spain, where it was drunk, 
sweetened with honey or sugar, and became so popular 
among the Spanish court that regular imports were soon 
established. Within a century, chocolate was popular 
across the whole of Europe. Annual consumption of 
chocolate confectionary worldwide currently increases 
steadily year after year and now amounts to almost 
8 million tons. The market in the U.S. is worth more 
than $20 billion — all from some minute, magnifi-
cent microorganisms that hardly anyone knows. Our 
American chocolate is not much liked by foreigners; 
it tastes different to them. Chocolate produced by the 
top-secret Hershey process contains traces on butyric 
acid, which gives an added “bite” to the flavor. This is 
not merely a matter of national preference, for there are 
reasons behind it. European milk chocolate has always 
been produced by factories that are never far from 
farms. In the U.S., by contrast, the dairy farms could be 
1,000 miles away and regulations required milk to be 
used within 72 hours, so the milk had to be processed 

Coffee cherries have twin seeds within a pulp capsule. There 
are many methods of processing, some involve soaking the fruit 
in water, but the result is always the same: bacteria and fungi 
bring about the fermentation that forms the flavor. This is more 
important to coffee’s taste than how the beans are roasted.
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to prevent spoiling before it could be used. The process 
that emerged was to heat-treat the milk to inactivate 
the organisms that caused it to turn. If milk is raised to  
60° C (140° F), then souring organisms are killed, dis-
solved oxygen is driven off, and saccharolytic species 
of bacteria — mainly Clostridium butyricum — convert 
lactose to butyric acid CH3CH2CH2–COOH. This 
fermentation was first observed in 1843, studied by 
Louis Pasteur in 1861, and in 1880, Adam Prazmowski 
cultured a bacterium that he named Bacillus butyricus. 
Butyric acid has many properties, some good, some bad. 
Several papers have shown it has anti-cancer activity,  
it may also reduce intestinal inflammation, and it acts  
as an antimicrobial (which assists in preventing the  
spoliation of milk). On the other hand, it smells of 
vomit. Milk fermented with bacteria that produce bu-
tyric acid lasts longer, and that is why American milk 
used for chocolate production contains small traces 
of this compound. Some other American chocolate 
manufacturers have taken to adding butyric acid to 
their product, to make it comparable with the Hershey’s 
original. This is how American chocolate acquired its 
distinctive taste.

MORNING FUNGI KICK

What about your morning fix, the cup of coffee 
that kicks the brain into action? The taste of your cof-
fee is created by microbes. There are several species of 
coffee plant, of which Coffea canephora var. robusta is the 
most productive and the easiest to grow. About one-
third of the world’s production is this robusta coffee. 
The best beans, however, come from C. arabica, the only 
species of Coffea that is self-fertile. Yet the seeds of the 
coffee plant have little coffee taste. Each seed is coated 
with mucilage so they are left to ferment for a day or so 
before the beans are ready to roast. The fermentation is 
a complex business; more than 300 species of microbes 
have been isolated from coffee beans, including the 
bacteria Bacillus megaterium, B. subtilis, and B. cereus, 
and fungi such as Pichia caribbica, P. guilliermondii, 
and Candida parapsilosis. Between them they produce 
hundreds of compounds, of which methanethiol, 
2-furfurylthiol, 3-mercapto-3-methylbutyl formate, 
and α-damascenone are among be the most impor-
tant. Coffee drinkers pay great attention to the degree 
of roast or the country of origin for their beans; what 
matters far more is the way the beans were fermented. 
Most people do not even realize that fermentation is 
involved, but it is the key factor in creating the flavor 
of your favorite cup. 

Of all the fermentation organisms, the best known 

is Saccharomyces cerevisiae. This remarkable yeast was 
given a unique honor in May 2013, when the State of 
Oregon officially announced that they had adopted 
yeast as the state microbe. Oregon was not the first 
to recognize a microbe as a state symbol. That honor 
belongs to Wisconsin, which resolved to declare the 
cheese bacterium Lactococcus lactis as its state microbe 
in 2010 but, although the Wisconsin assembly voted 
to support the proposal, the Senate never ratified the 
decision. And so Oregon announced the first official 
state microbe in the history of the world, raising public 
awareness of yeast and drawing attention to the impor-
tance of microbes. 

There are now over 100 species of Saccharomyces 
known to science, and humans have harnessed them in 
a variety of ways. Wild yeasts have been making unap-
petizing grains of grass into tasty bread since the Stone 
Age. The biochemical reaction is a simple conversion of 
starch into sugar, then splitting the sugar into ethanol 
(alcohol) and carbon dioxide. Bubbles of carbon dioxide 
leaven the loaf, while the ethanol is driven off during 
baking. Amylase is the enzyme that breaks starch 
molecules apart. It attacks the linkage near the end of a 
starch molecule by hydrolysis and cuts off two glucose 
units that form a disaccharide, maltose. Saccharomyces 
secretes an enzyme complex known as zymase, which 
can split a disaccharide molecule into carbon dioxide 
and ethanol. This is simple to model when a molecule 

Yeast cells reproduce by budding rather than cell division. Seen 
under the scanning electron microscope, the young buds are 
smaller than the 10 μm-diameter parent cells. They metabolize 
disaccharides to liberate carbon dioxide and ethanol. Yeast has 
been used by humans for at least 30,000 years.
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of sucrose is split by the invertase enzyme into two 
molecules of glucose:

C12H22O11 → 2C6H12O6

The glucose is subsequently split into ethanol (ethyl 
alcohol) and carbon dioxide:

C6H12O6 → 2C2H5OH + 2CO2

This reaction takes place whenever yeast acts on 
moistened flour, the inedible starch being rendered 
into soluble carbohydrates and digestible molecules 
that are easy for humans to assimilate. A crude loaf of 
fermenting dough thrust into the fire is transformed 
into an appetizing sample of bread. It has long been 
accepted that bread was known in the late Neolithic 
era 5,000–6,000 years ago, but recently the date has 
been moved back. Grinding stones still bearing traces 
of flour have been unearthed, dating back to the early 
Stone Age, the Paleolithic era. These are the oldest 
traces of food production ever recorded, and sites in 
Europe and Australia show flour was being ground 
30,000 years ago. Native aboriginal Australians today 
can show how their grandparents made simple bread 
from wild grains using Stone Age techniques. They took 
seeds from the native millet Panicum and the perennial 
spinifex grass Triodia, and ground the seeds to flour 
on age-old grinding stones, then moistening the crude 
flour and leaving the dough to prove while a fire was 
built. Wild yeasts quickly leavened the dough, and by 
the time the embers were glowing, the bread was ready 
to be baked. The technique was adapted by European 
explorers and stockmen to make damper, in which so-
dium bicarbonate was added to wheat flour to produce 
a kind of soda bread cooked in the traditional way, 
but the wild yeasts would do the job well enough, as 
they do in sourdough bread to this day. The aboriginal 
people had known that since the start of the Stone Age. 
In Europe, Professor Anna Revedin heads a team that 
has recently identified grinding stones bearing traces 
of flour dating back 30,000 years in Bilancino, Italy, in 
Kostenki-Uglyanka, Russia, and at the Pavlov VI site in 
the Czech Republic. In 2015, the team announced that 
they had identified flour production in Grotta Paglicci, 
southeastern Italy, which has been carbon dated to 
32,600 years ago. Bread is as old as civilization. 

At that time, the crude loaves were baked in the 
embers of an open fire (evidence for ovens comes later). 
In 2009, archeologists excavating the Pavlov VI site that 
lies near the borders of Austria and Slovakia found the 
oldest fire pit yet discovered, which had been used to 
cook mammoth meat, dating back 29,000 years. Profes-
sor Jiri Svoboda, the project leader, says they later found 
the remains of horse, caribou, and hare that had been 
cooked for food. More recent fire pits from prehistoric 
native Americans have been found in Texas dating back 
4,500 years. The Mayans developed their pib and the 
Andean peoples a watia, while the clam bake — a New 
England tradition — is a continuation of the age-old 
cookery of shellfish practiced by indigenous people for 
at least 5,000 years. The oldest ovens were kilns from 

Flatbreads have been made all around the world for thousands of 
years. These Armenian lavash are usually a yard long or larger. 
They are made from flour, water, and salt and are cooked by  
being thrown against the inside walls of an oval tandoori oven.

On Orkney, an island community north of mainland Scotland, a 
Neolithic village was exposed in 1868 when storms tore away an-
cient sand dunes. Since the 1920s, the site has been excavated, 
and these two primitive ovens were unearthed. Carbon dating 
shows that they were built about 7,000 years ago.
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8,000 years ago found at the Yarim Tepe site in Iraq. 
These were sophisticated structures the size of an office 
desk and were used for firing ceramics. It may be that 
ovens for cooking food date back 10,000 years, though 
the earliest surviving examples are from sites I have 
visited, such as Skara Brae in Scotland, which are 7,000 
years old. An excavation at the Neolithic site in Bapska, 
Croatia, recently revealed a more sophisticated oven 
that had a hot-water system attached and dates back 
6,500 years. So we can say that loaves of bread were 
first baked in a hearth more than 30,000 years ago, and 
flatbreads have been baked in an oven for at least 7,000 
years. I saw an advertisement that proclaimed, “we 
discovered the original wrap in a San Francisco deli in 
1995.” They are late by thousands of years. 

THE STAFF OF LIFE

Bread has a deep cultural significance. In Ancient 
Egypt, the god Osiris was portrayed with wheat as a 
symbol of renewal, and in early Greek civilizations, 
Demeter was the goddess of the harvest who oversaw 
the sanctity of wheat. Jesus is said to have broken bread 
with his disciples at the Last Supper, dedicating bread 
as a symbol of his mortal body, while the Jews com-
memorate Passover with unleavened matzos. To this 
day, the notion of “breaking bread” denotes spending 
civilized time together. White bread is often condemned 
as being processed and bleached, whereas wholemeal 
loaves containing grains and seeds are considered 
healthier. This ignores the reason why flour became 
white: in ancient times, much of the brown speckling in 
wholemeal flour was due to pieces of crushed insects, 
sawdust, and rat droppings. White flour came about as 
millers tried to assure purchasers that their flour was 
pure. Sometimes it was adulterated with chalk, and 
even alum, but the evolution of white flour was driven 
by a move towards purity. Only in recent centuries 
have bakers used a paste of yeast to start fermentation 
in their bread. Wild yeasts abound in nature, and any 
paste of flour left in warmth will rise as the yeasts grow 
naturally. Remains of sourdough bread made with wild 
yeasts have been found in Switzerland that are almost 
6,000 years old, but it certainly dates back thousands of 
years earlier than that. When the forty-niners came to 
San Francisco during the gold rush, they brought the 
sourdough tradition from Europe and it soon became 
established. This gives us a particularly sour-tasting 
bread, fermented with the yeast Candida milleri and a 
bacterium that was named after the city: Lactobacillus 
sanfranciscensis. Because yeasts are abundant in nature, 
there was always enough warmth across the tropics for 

the fermentation to proceed rapidly. Flatbreads have 
fed global populations ever since the dawn of the Stone 
Age, most of them (like India’s nan) the size of your 
head though the traditional lavash in Armenia can be 
a yard in diameter.

These ubiquitous flatbreads can open doors to 
enticing new insights, of which there are resonances 
everywhere. They revealed to me a novel notion about 
the origin of croissants. Recipes say you should roll 
out a rectangle of dough and cut it into triangles; they 
recommend using a ruler to make sure the cuts are 
evenly spaced. It is popularly claimed that the term 
first appeared around 1838 in Paris, and it is said to 
have been inspired by the crescent-shaped pastry, the 
kipferl, traditionally produced across Eastern Europe 
from Hungary to Russia. Other studies claim that 
the croissant emerged in Turkey during the siege of 
Istanbul in the 16th century. But wait: the crescent is 
an Islamic symbol, and circular flatbreads are an an-

At least one modern food company claims to have developed 
flatbreads with this advertisement that says it “discovered” the 
idea in 1995. But flatbread baking goes back thousands of years. 
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cient Arabic food. Cut an uncooked circular flatbread 
into segments, the way we slice a pizza, and when the 
segments are rolled up, you immediately have perfect 
croissants. Nothing to measure, no high-tech cookery, 
just slice and roll. Curl each one slightly before it is 
baked, and there you have the Islamic symbol pro-
duced from a traditional Arabic bread. I have asked a 
few elderly Arabs in Saudi Arabia and Morocco, and 
they did have vague memories of grandmother cutting 
a circular bread into croissants. This is certainly easier 
than today’s mathematical method. There are well over 
100 versions of traditional flatbreads, from the arepa of 
Colombia and the yufka from Turkey to tortillas in the 
Spanish traditions. In temperate regions — where ambi-
ent temperatures may not have favored fermentation 
by yeast — dough may have been replaced by pastry. 
A raising agent, like sodium bicarbonate, reliably pro-
duces carbon dioxide bubbles:

2NaHCO3 → Na2CO3 + H2O + CO2

A WORLD OF PASTIES

Here is another far-reaching new theory I’d like to 
propose: round flat “bread” gave us traditional pasties 
in Cornwall. A pasty is made by rolling out pastry to 
form a circle, just as flatbreads are formed, and then 
it is folded over with a savory filling and the edges 
are crimped to seal in the contents. I now believe that 
the idea came from the Middle East, where identical-
looking flatbreads are folded over to this day, arriving 
in Britain at least 2,000 years ago with the Phoenician 
traders who sailed in search of tin and silver from the 
Cornish metal mines. 

The pasty is the ideal meal for a miner, slipping 
easily into a pocket and offering a full range of flavors 
in a portable pastry case. Cornish mining traditions 
were exported worldwide, and shortly after Michigan’s 
state boundaries had been accepted in January 1837, 
the first Cornish miners arrived in the Upper Peninsula 
ready to extract the valuable iron and copper that lay 
beneath their feet. They brought their pasty with them, 
and when the Italians and Finnish miners came over 
to join them, they too adopted this traditional miner’s 
meal. Staying in Calumet, Michigan, my attention was 
caught by the Cornish names on storefront signs, and 
there is an annual Pasty Fest every year there held on 
the Saturday preceding the Fourth of July. Everywhere 
the Cornish miners went, the pasty traveled with them. 
You find them in California, there has been an annual 
pasty festival on the Yorke Peninsula in Australia, and 
in Real del Monte, Mexico. The Cornish themselves re-
gard their pasty as a British regional specialty, and have 
had it awarded Protected Geographical Indication (PGI) 
status by the European Commission. But wherever I 
travel, I see folded flatbreads like pasties available for 
sale. Most familiar is the empanada, the name coming 
from the Spanish empanar, meaning “to fold in bread” 
and calzone, meaning “trousers” in Italian, from which 
you may draw your own conclusions. There is also the 
pierogi of Russia and Poland, the derelye in Hungary, the 
Jamaican pattie, and the Georgian khachapuri. Although 
Wikipedia lists several, they include nothing from the 
Arab or Asiatic nations. Yet I have found similar prod-
ucts sold on stalls right across Asia. 

Nan breads from India and pitta bread from Greece 
are familiar to us, and pizza is a related flatbread that 
had its origins in Arabian cuisine. In one Russian ver-
sion, two circles of bread are used to sandwich the 
cheese filling between them — truly a pizza sandwich. 
The English statesman John Montagu, fourth Earl of 
Sandwich, is said to have ordered his servant to bring 
him bread with meat tucked inside, so that he could 

Fried flatbread pasties sold in Myanmar (formerly Burma) are 
made from discs of dough stuffed with spiced meat, then folded 
and hand-crimped. They are remarkably similar to flatbread  
pasties made in Great Britain, the Middle East, and elsewhere.
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continue playing cards without stopping for a meal, 
which gave us the word “sandwich.” But can anybody 
really imagine that the Earl was the first in the world 
to think of this? Eating meat folded within bread is 
probably 10,000 years old. Similarly, people argue over 
whether pizza was born in New York or Chicago. It 
was originally the Arabic dish lahm bi ajeen, meaning 
“meat in bread,” which became lahmacun in Turkey, 
and was brought to Italy by Islamic traders, where it 
was first recorded 1,000 years ago in Gaeta, a small port 
north of Naples. It was in Naples that pizza became 
a specialty. The Da Pietro pizzeria was established 
in 1760 and, when King Umberto I and Queen Mar-
gherita visited Naples in 1889, they asked to try some 
samples. The Queen was served a pizza topped with 
soft mozzarella cheese, sliced tomatoes, and torn basil 
(the white, red, and green of those ingredients being 
the colors of the new Italian flag) so since then this has 
been sold as Pizza Margherita. An Italian immigrant, 
Gennaro Lombardi, set up the first American pizzeria, 
on Spring Street in Manhattan, in 1905; it closed in 
1984. Different management opened a new pizzeria 
under the same name in 1994, a block away on Spring 
Street, and still uses a bread oven from the 1890s. The 
oldest continuously running pizzeria is Papa’s Tomato 
Pies in Trenton, New Jersey. They opened in 1912 and 
have relocated three times since then. Meanwhile, the 
Chicago deep-dish pizza was introduced at Pizzeria 
Uno by their chef Rudy Malnati in 1943 and has now 
become a worldwide favorite.

BEER: LIQUID BREAD

If grains can be ground to make bread, what hap-
pens if they are steeped in water instead? Naturally 
abundant microbes initiate fermentation, though there 
is no baking that will cause the ethanol to evaporate, 
so it accumulates — and the result is beer. The ethanol 
produced by the yeast provides the intoxicant, and the 
carbon dioxide bubbles give the liquid its fizz. Because 
germinating grains contain abundant amounts of malt-
ose, the enzyme that splits starch into simple sugars, 
traditional beer came to be made with malted grain, 
i.e. grains that have been moistened and allowed to 
sprout. They are then heated to halt the growth, and in 
the case of a dark beer like Guinness stout, the cooked 
grains are actually charred, which gives the beverage 
its dark color. Hops are added because they are rich in 
humulone, which prevents bacterial proliferation and 
reduces the development of off-flavors in the beer. 
Two yeasts are used in beer production, Saccharomyces 
cerevisiae and S. carlsbergensis. The latter is named for 

the research carried out by Emil Christian Hansen, 
who discovered its identity in 1883 when he was the  
microbiologist at the Carlsberg brewery in Copenhagen. 
This is the yeast to make all the lager beer in the world, 
and recently there have been attempts to rename it  
Saccharomyces pastorianus, in honor of Louis Pasteur, 
but the original name persists.

Beer is a time-honored drink. The earliest traces 
have been found in vessels dating back 7,000 years 
in present-day Iran. Some traditional breweries in 
Belgium still produce Lambic beer, which relies on 
naturally abundant organisms that live in the roof tiles 
and on the walls. When modern hygiene regulations 
were introduced in the 1970s, some breweries fitted 
stainless steel equipment and a brand new roof, and 
the beer failed. Only when the old roofing tiles were 
reinstated did the brewing succeed. Breweries still 
exist in Germany that are almost 1,000 years old. The 
Weihenstephan Brewery near Munich was founded in 
1040 and the Altenburg Abbey Brewery in Kelheim in 
1050. In the Czech town of České Budějovice, beer has 
been continuously produced for 700 years, and since 
1516, it has been produced under the same regulations. 
Their beer is never licensed, but produced only in its 
home brewery. This is Budweiser Budvar — “the true 
Budweiser”— though you will not find it sold under 
that name in the U.S. The expatriate brewers who set up 
the Budweiser plant in Wisconsin created a lager that 
became world-famous, and they have been in dispute 

Most nations have a tradition of brewing beer. Umqombothi, a 
beer made from maize, is produced in the South African town-
ships of Ciskei. My grandson Sebastian awaits his turn as the 
tin can is passed around. The alcohol in the beer makes it much 
safer to drink than water, a fact known since the Middle Ages.
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with the Czech brewery over the trade name since 1907. 
In the U.S., the European beer is sold as Czechvar, while 
the American Budweiser is sold in Europe alongside its 
Czech cousin under the name of Bud. Only in Britain, 
Ireland, and Sweden are the two beers sold under their 
brand names — Budweiser from Anheuser-Busch, and 
Budweiser Budvar from České Budějovice. Throughout 
the 19th century, cities were expanding and beer was 
widely drunk by men who worked in the new factories. 
It has been argued that this was to keep them happy 
in an arduous existence, but there is a more important 
benefit than that. Because of its alcoholic content, beer 
was free from germs. People could drink it without risk 
of contracting water-borne disease like cholera. Beer 
was the only liquid abundantly available that was safe 
to consume, and we have microbes to thank for that. 

In fruit-growing areas, wild yeasts including 
Sacccharomyces bayanus have long been used to create 
cider from apples and perry, made from pears. Perry 
is now usually sold as “pear cider” because the public 
are more familiar with this term.

Any fruit (elderberry, pineapple, strawberry) can 
be made into wine. So can any vegetable, and there are 
recipes available for wine made from potato, beet, even 
parsley. It is believed that wine production dates back 
to the introduction of pottery bowls some 10,000 years 
ago. A Neolithic village at Jiahu in Northern China 
revealed that the locals were making mead (fermented 
honey) mixed with rice and fruit about 9,000 years ago. 

A full-blown winery in Vayots Dzor, Armenia — com-
plete with wine press and fermentation vats — dates 
back 6,000 years. The dried remains of grape vines 
were found at the site, microscopical examination of 
which shows that they were using the same species 
Vitis vinifera that is used today. The term “wine” is now 
taken to mean fermented grape juice, and only that. Red 
wines are produced by fermenting whole crushed black 
grapes, so the color and the tannin content reflect the 
chemistry of the grape skin. White wine is made from 
grapes from which the skins have been removed, and 
can be made from black or white grapes; tannin levels 
in white wine are low. Rosé has been made from black 
grapes, leaving the skins in the vat for a limited time, 
but is more usually made by blending red and white 
wine. In all these cases, the carbon dioxide is allowed to 
escape during fermentation through a vapor trap, leav-
ing behind a drink that contains roughly 10% ethanol. 
An alternative is to retain the carbon dioxide, which 
gives us a sparkling wine. Prosecco from Italy, crémant 
from France, and cava from Spain are examples, though 
champagne (produced in a strictly delineated area of 
Northern France) remains the market leader. Wines 
were often bottled before fermentation had ended, so 
carbon dioxide built up inside and the wine became 
effervescent. The earliest example known is Blanquette 
de Limoux, first recorded in 1531. Quite often, the cork 
simply popped out of a bottle of sparkling wine as 
the pressure built up, like a missile. The monk Dom 
Pérignon (1638–1715) investigated the production of 
sparkling wine at the Benedictine abbey in Hautvillers, 
France, though production became more reliable in 
1844, when Adolphe Jaqueson invented a wire cage, the 
muselet, to hold the cork in place. Today champagne 
bottles are of thicker glass than those for other wines, to 
resist the pressure, and the muselet design is universal; 
the loop on the wire cage always takes six half twists 
to open. Most people never notice that.

These microbes have given us the most highly 
prized of all drinks. A bottle of Chateau Margaux dating 
from 1787, and believed to have been owned by Thomas 
Jefferson, was valued at half a million dollars in 1989. 
The owner took it to exhibit at a $250-per-person formal 
dinner at the restaurant of the Four Seasons hotel in 
New York City and promptly dropped it. The 193 guests 
may not have been able to taste the wine, but were able 
to watch it soak into the blue-gray carpet of the aptly 
named Pool Room. Today there are a million wine 
makers worldwide, most of them European. The wine 
business is currently worth $305 billion and is calculated 
to rise to $370 billion over the next five years, with the 
U.S. consuming 13% of the total, followed by France 

These bottles of 1775 massandra sherry were found in a cellar 
in Ukraine in 2007; each is valued at $65,000. They are stored 
behind iron bars, which appear too widely spaced to be protec-
tive. One bottle was opened for Russian President Vladimir Putin 
and former Italian premier Silvio Berlusconi.
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at 11% and Germany at 9%. Not only is wine drinking 
a social phenomenon, but it is reckoned to be healthy, 
too. Red wines are a valuable source of polyphenols 
such as resveratrol (3,5,4′-trihydroxy-trans-stilbene),  
which is produced by the vine in its war against fungi 
like Botrytis. Resveratrol is said to protect against heart 
disease by reducing levels of low-density lipoprotein 
(LDL) and it has also been claimed to protect against 
cancer. These conclusions are difficult to prove, because 
the published research has not produced firm evidence 
in support of either claim.

AGING SPIRITS

The ethanol produced by fermentation has a boiling 
point of 78.4° C (171° F) and, when heated, it evaporates 
from the hot mixture, leaving the bulk of the water 
behind. The concentrated alcoholic distillate is sold 
as spirit. Best known worldwide is brandy, a term 
derived from the Dutch brandewijn (“burnt wine”) and 
produced by distilling alcohol from wine to produce a 
liquid that is roughly 50% ethanol. Although ethanol 
was distilled thousands of years ago, brandy emerged 
only around 1450. The best-known is cognac, pro-
duced under this name since 1783 in the department of 
Charente-Maritime in France, where it is distilled from 
locally grown white wine. The most expensive cognac 
in everyday use is Louis XIII by Rémy Martin, priced 
at over $1,000 a bottle. It has been in production since 
1874 and is blended from batches of cognac that are  
at least 40 years old. A specially blended six-liter  
decanter of The Macallan Scotch whiskey sold at auc-
tion in Japan for $628,000 in January 2014. Whiskey was 
being produced in Ireland in the late 1300s, and within 
100 years was also being distilled in Scotland. The Old 
Bushmills Distillery in Northern Ireland was officially 
authorized to distill whiskey in 1608, and this is the old-
est distiller’s license in the world. Whiskey in the U.S. 
can be traced back to a distiller named Basil Hayden, 
who was born in Maryland and moved to Kentucky in 
1785. He refined the recipe, using a blend of grains in 
his mash, and started a tradition that still remembers his 
name. There is still a bourbon named Basil Hayden, and 
Old Grand-Dad bourbon commemorates him with his 
bust on the label. By 1791, treasury secretary Alexander 
Hamilton had introduced a tax on whiskey distillers to 
help pay off the debts from the American Revolution. 
It lasted until 1802, when President Thomas Jefferson 
agreed it should be repealed. 

Some other spirits have a more ancient heritage. 
Pulque is a milky liquid that has been distilled for more 
than 1,000 years in the Mesoamerican cultures of Mexico 

and is produced from fermented agave juice, like mes-
cal (made from the cooked heart of agave) and tequila 
(a form of mescal from the blue agave plant). Many 
brands of mescal contain a larva of the moth, Hypopta 
agavis, which feeds upon blue agave. It was a single 
bottle of tequila that set a record price: Tequila Ley .925 
was announced in 2010 in a magnificent bottle priced 
at $3.5 million. To the sceptic believing that no drink 
could be worth as much, it should be stressed that the 
spirit is offered in a bottle designed by a Mexican artist, 
Fernando Altamirano, which is made with gold and 
platinum and encrusted with 6,400 hand-set diamonds. 

The traditional method of fermentation used to 
produce pulque relied on naturally occurring yeasts 
and the method of preparation was richly ritualistic. 
In pre-Hispanic times, the drinking of pulque was re-
stricted to elevated strata of society, but the invading 
Spanish soon saw this alcoholic beverage as a source 
of tax revenue. By the 20th century it was regarded 
as a low-grade peasant drink, but now it is becoming 
more fashionable, and sales are increasing. There are 
countless other spirits produced around the world. 
Japanese saké is a weaker spirit distilled from rice wine 
and contains only 20% ethanol, while vodka, distilled 
in Russia since the 13th century from fermented grains 
or potatoes, is usually 40%, and the Polish spirytus 
contains 95% ethanol. More recently, bioethanol used 
in automobiles has been produced in a grand scale. It 
can be mixed with gasoline and is distilled from a wide 

Mexican mescal, a variety of tequila, often has a “worm” at the 
bottom of the bottle. This is a gusano de mague, the larva of the 
mariposa moth. There is no ancient tradition here; it is believed 
that a businessman named Jacobo Paez thought up the idea as 
a marketing ploy in the 1940s.
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range of fermented materials, including wheat and 
corn, sugar from beet and cane, molasses and waste 
greenery from agriculture. The heat of the exothermic 
fermentation can even be used to provide warmth for 
domestic dwellings in district heating systems adjacent 
to the production plant.

All these beverages and industrial products are 
driven by the metabolic activity of a tiny fungus cell 
that is invisible to the naked eye. The name “yeast” 
has its origins in an ancient Indo-European word gyst, 
meaning to bubble or foam. Yeasts are small oval fungal 
cells that form smaller buds and do not divide in two 
as most cells do. They were first described on June 14, 
1680, in a letter that Antony van Leeuwenhoek wrote 

to Thomas Gale at the Royal Society of London. “I have 
made several observations concerning yeast and seen 
throughout that the aforesaid consisted of globules 
floating through a clear substance, which I judged 
to be beer,” he wrote. “In addition I saw clearly that 
every globule of yeast (gist in Dutch) in turn existed of 
six distinct globules and that just of the same size and 
fabric as the globules of our blood.” Leeuwenhoek was 
a fine observer; a living erythrocyte (red blood cell) is 
7.5 µm in diameter, approximately the size of a yeast 
cell. Yeast was first recognized as a fungus in 1837 by 
Theodor Schwann, and in 1857, Louis Pasteur published 
his paper Mémoire sur la fermentation alcoolique show-
ing that it was yeast, and not a chemical reaction, that 
caused alcoholic fermentation. Although moist blocks 
of living yeast became available in Europe during the 
19th century, natural yeasts were widely used through-
out the U.S. until commercial yeast first appeared at the 
Centennial Exposition of 1876 in Philadelphia, where 
Charles L. Fleischmann demonstrated his dried yeast 
product and gave away samples of the bread with 
which it was made. 

MAN’S BEST FRIEND

Microbes bring us astonishing advantages. They 
can create an edible and appetizing product out of 
unappealing ingredients, they discourage the prolifera-
tion of harmful pathogens, many of which can kill us, 
and they impart specific flavors, which the cognoscenti 
desire. Humans harnessing the abilities of wolves was 
discussed in “The Microscope and the Caveman” (The 
Microscope, 60:4, pp 157–165, 2012) yet, all the time we 
were domesticating the dog, humans were harnessing 
the breathtaking benefits brought by another friendly 
creature that was smaller by far — a bacterium named 
Lactobacillus. Cells of this tiny organism are only some 
2.5 μm in length, yet they confer incalculable benefits 
upon us all. They inhabit our bodies, survive on our 
skin, and have helped give us safe food for tens of 
thousands of years. These bacteria initiate a different 
kind of process about which most people know noth-
ing — lactic fermentation. Familiar sliced sausages (like 
salami and peperoni) are processed by these microbes. 
In the U.S., rapid fermentation is popular. It uses natural 
bacteria such as Lactobacillus plantarum and Pediococus 
acidilactici, which generate temperatures up to 40° C 
(104° F) and kill germs. Bacteria are normally intolerant 
of low pH and the acidity of these fermenting sausages 
soon settles around pH 4.6 at which point the meat 
becomes stable. Sausages made this way have plenty 
of moisture but flavor is sour and acidic. Traditional 

Yeast was first studied by Antony van Leeuwenhoek in June 
1680, who subsequently published this engraving of what he had 
observed. The budding of the cells is reasonably well represent-
ed, and Leeuwenhoek’s estimate of their size (about the same as 
a red blood cell) was remarkably accurate.

Using a single lens ground from the mineral spinel by British lens 
expert Horace Dall of Luton, I obtained this micrograph of fresh 
Saccharomyces cells. This is the best view of living yeast that 
Leeuwenhoek would have experienced with his simple single-
lens microscopes.
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sausage makers in Europe rely on a slower fermentation 
at 25° C (75° F), and here it is drying, rather than acidity 
that preserves the meat. The flavor in these sausages is 
deeper and more intense, though they are less juicy and 
succulent. During the process, other bacteria emerge 
(notably Staphylococcus carnosus), which deepen the 
color of the final sausage. The lactic fermentation stabi-
lizes the acid environment, intensifies color, improves 
taste, and counteracts rancidity in the fat. Protein gels 
form in the meat, which improves the texture. 

As a result, flesh that would quickly decay is 
preserved and, in ancient times, this meant that meat 
could be kept through the winter, helping to keep a 
population nourished. Seabirds were once fermented 
for storing in huge amounts, and the tradition survives 
in Greenland to this day. Their much-prized kiviaq is 
made by packing hundreds of bodies of auks inside a 
seal skin which is then closed with fat and topped with 
a heavy rock to prevent it being disturbed. After a few 
months of lactic fermentation, a strongly smelling gel 
develops, and the fermented birds are eaten in the dark 
winter months at festivals, notably at birthdays and 
wedding feasts. In Iceland, they treat shark meat in the 
same way, burying it in a bag under a rock and leaving 
it for months. The result is hákarl, a strongly smelling 
gelatinous treat for special occasions. The indigenous 
Inuit population of northern Canada have made gunaq 
for thousands of years, a mixture of flesh and fat sewn 
into skin bags and buried in gravel. In recent decades 
they have sometimes used plastic containers instead 
of natural skin, but this keeps oxygen out and cases of 
botulism poisoning have appeared. Clostridium botu-
linum produces an intensely poisonous nerve poison 
which is currently used in diluted form to reduce facial 
wrinkles under the brand name Botox, but the toxin can 
kill when it contaminates food stored in the absence of 
oxygen. The permeability of traditional skin containers 
by the Inuit people allowed a little oxygen into the mix, 
which the plastic prevents.

When fish are fermented, the result can be deeply 
disgusting to us in the West. There are examples around 
the world — surströmming (made with herring in Swe-
den, which I have tried and found extremely repellant), 
kusaya (traditionally made from flying fish by the Edo 
people of Japan), and hongeohoe (made from skate and 
popular in Korea). The fish are soaked in salt water 
and left to decompose. More appealing to American 
tastes is gravlax. Today this is raw salmon marinated 
in liquor and rubbed with salt, sugar, and herbs such 
as dill, but traditionally this was also a fermented fish. 
Excess catches of salmon were buried in the ground, 
wrapped in birch bark, twigs, and the sprigs of herbs 

(traditionally dill) that would create an aroma to pre-
vent the fish being detected by prowling bears. The 
grav- reminds us of the origins of this ancient tradition: 
the fish once had to be buried in a grave. Fermented 
fish are used as a flavoring around the world. There 
are countless examples in Southeast Asia, including 
the nước-mắm I have eaten in Vietnam, patis in the 
Philippines, and prahok in Cambodia. They all seem 
alien to Western tastes, but are they? We enjoy fillets 
of anchovies on a Caesar salad, and these are slivers of 
fish that have been fermented before being canned. In 
classical Greece and ancient Rome, the popular sauce 
for all savory dishes was garum, a brown liquid concoc-
tion made with decomposing fish. A popular recipe was 
made by fermenting anchovies in brine which seems 
alien to our modern tastes in the Western world, yet it 
remains with us today. The Roman invasion of Britain 
imported their tradition of preparing garum and one 
of the most popular condiments for modern chefs is 
still made in the same way. Worcestershire sauce (pro-
nounced “Wooster” sauce, for the name is never fully 
pronounced in Britain) is made with these traditional 
fermented anchovies. Even in modern gastronomy we 
can find hidden echoes of an ancient way of life. 

OLIVES COME ALIVE

We can even create an appetizing food out of some-
thing inedible using lactic fermentation. For example, 
you cannot eat fresh olives: they contain molecules 
that are bitter and astringent. These are glucosides, 
molecules of glucose that have a single hydroxyl side-

Sausages and olives are popular fare in diets originating from 
Europe, but few consumers know how they are processed. 
These foods are prepared with chemicals like lye or sodium 
nitrite, which only serve to trigger natural microbial fermentation.
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branch of the molecule replaced with an alternative, 
typically a phenolic or an aldehyde. The glucoside in 
the olive is oleuropein, one of the bitterest of them all. 
When these glucosides react with an acid they release 
the glucose, the commonest energy source for all living 
cells. As the lactobacilli produce lactic acid, the pH falls 
and the bitter glucosides are magically transformed 
into the glucose that the bacteria crave. Through this 
simple, natural bacterial growth, a molecule we cannot 

consume is transformed into an essential food for life 
while the olives lose their bitter taste, and suddenly 
become edible. As a food they are rich in vitamin E 
(α-tocopherol), which is a powerful antioxidant that 
assists cell signaling and may protect blood vessels 
against unwanted clot formation. Olives also provide 
a variety of polyphenols that are associated with anti-
cancer activity, protecting the tissues against inflam-
mation, and nourishing the neurons (perhaps, though 
the evidence is tenuous, helping to ward off dementia). 
Their oil content — 15% of the whole fruit — is a source 
of metabolic energy and contains monounsaturated 
fatty acids that can help prevent cardiovascular disease. 
Olives have played a significant role in human evolu-
tion, yet they became available to us only because of 
how we learned to harness the lactobacilli. 

Olives have been cultivated for thousands of years. 
Archeological excavations have unearthed clay tablets 
with inscriptions and neat nests of olive-pits dating 
back 6,000 years in what we now know as Syria and 
Iraq. We will never know for sure who first discovered 
how to convert these tough, inedible fruit into a tasty 
snack, but traditional methods of processing olives rely 
on their being packed in containers of water containing 
salt and lye and left to ferment. It is the osmotic pressure 
generated by the concentrated solution which makes 
the cells of the olive rupture, releasing the cell sap on 
which bacteria can feed, and mixed populations of 
gram-negative bacteria rapidly multiply until the solu-
tion becomes thick and cloudy. Lactobacillus plantarum 
and L. pentosus grow rapidly and soon predominate. As 
they metabolize the glucosides contained in the disinte-
grating cells of the olives, the brew reaches a pH below 
4.5 at which point fermentation ceases. The bitterness 
has gone, and the olives are at last fit to eat. Traditional 
processing methods maintain the acidic environment; if 
the liquid rises above pH 5.0 yeasts and other bacteria 
(including Clostridium) can cause unpleasant tastes to 
develop and even pose a hazard to health. The ancients 
knew how to obtain perfection, and found it by trial and 
error lasting a thousand years. Even vegetables can be 
fermented — just look at German sauerkraut, made by 
fermenting cabbage with lactobacilli and Leuconostoc
bacteria, or soy sauce, produced across Southeast Asia 
by fermenting soy extract with Aspergillus oryzae and  
A. sojae fungi. Almost any vegetable or fruit can be 
pickled, just by allowing it to undergo a lactic acid 
fermentation in salt water. The most familiar to us is 
the pickle, which many people think of as a gherkin 
preserved in vinegar. It is, of course, fermented. The 
gherkins are stored in vats of brine. Streptococci that 
occur naturally on the skin start the process, producing 

Women in Odessa, Ukraine, sell traditional soft cheese that is 
produced as it has been since ancient times. The cheese is  
fermented in the stomach of a dead cow, where the natural  
rennin gastric enzyme separates the curds from whey.

Stilton, named after a Cambridgeshire village in England, is one 
of the finest blue cheeses. Contrary to popular belief, the cheese 
was never made in Stilton but was brought there to be shipped  
to London by stagecoach. The blue veins are growths of  
Penicillium fungus.
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acid, and as the pH falls other organisms, including 
Leuconostoc, Pediococcus, and Lactobacillus, grow in large 
numbers. The salt encourages lactic fermentation, and 
excess salt is leached out of the gherkins before they 
are finally processed. The flavor is further enhanced 
by adding leaves of dill to the mix. Nobody can tell 
when this was first done, though Cleopatra is said to 
have adored these pickles, and archeological evidence 
from Mesopotamia dates the process back to 2030 B.C. 
Lactic fermentation has a lengthy history and a deep 
reach. Curious to think that these pickles aren’t pickled, 
and neither are they vegetables. The gherkin is a fruit. 

Science was revolutionized when Pasteur showed 
that alcoholic fermentation was caused by living yeast, 
and not by mere chemicals. It is a lesson that many 
people still have to learn. Read a book and you will find 
that olives are processed with lye (sodium hydroxide), 
anchovies with salt (sodium chloride), and sausages 
with sodium nitrite; but the importance of these chemi-
cals is in creating the habitat that the microbes need and 
it is those bacteria, yeasts, and fungi that do the work. 
They create the products that people find so attrac-
tive, and make them appetizing and safe to store. I can 
imagine how you feel. Some of those traditional foods 
seem like rotting remains, decomposing in the ground, 
while others seem foreign, and all are somehow alien. 
Are they? Think again. Just imagine taking some fresh 
foodstuffs, leaving them to turn rotten and so badly 
decomposed that they grow moldy and covered with 
fungi, or become slimy with bacteria. I refer, of course, 
to cheese. The specialty cheese Epoisses de Bourgogne is 
so seriously smelly that it is illegal to take it on public 
transport in France, though recent research at Cranfield 
University claims that Vieux Boulogne is even more dis-
gusting, the stinkiest cheese in the world. 

Cheese shows us lactic fermentation at its height. 
Many bacteria have been harnessed over the centu-
ries to convert milk into cheese, including Lactococcus 
lactis and Streptococcus thermophilus, while other bacte-
rial species give the desired flavor in cheddar cheese  
(Lactobacillus casei) or the holes in Swiss cheese (Propioni-
bacterium freudenreichii). Blue cheeses are produced when 
colonies of mold grow, usually Penicillium roqueforti and  
P. camemberti. Like other fermented foods, the produc-
tion of cheese also has an ancient pedigree; the remains 
of cheese production have been dated to more than 
7,500 years ago in Kujawy, Poland. Imagine, in the 
Western world, so coy about alien flavors and exotic 
foods, we relish the secretions of modified sweat-glands 
on the underbelly of cattle that do not simply turn stale, 
but actually moldy. Surely, the blue cheese must be the 
ultimate in fermented food. 
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Arabs have cooked lahm bi ajeen (top) for thousands of years. 
Dough is flattened into discs, and these days it is covered with 
ground meat, chopped onion, tomatoes, pomegranate, and 
herbs, and then baked in an oven. Market stalls in the Middle 
East sell their own version of this traditional dish. Today’s pizza 
(bottom) is a close cousin of the Arabic original.

As with so many meetings around the world, 
lunchtimes at the Inter/Micro microscopy conference  
in Chicago feature the perfect pizza. It’s worth coming 
to the lunch, just for that treat. Now, look again at that 
slice of pizza in your fingers. It isn’t just a convenience 
food, or a tasty treat. It has ancient origins. With its 
pickle on the side, with fermented cheese and microbe-
marinated anchovies nestling among slices of preserved 
peperoni on that appetizing yeast-leavened bread 
base, it represents thousands of years of human history.  
Fermented foods are not just a specialty subject or a 
branch of culinary history remote from reality. They 
underpin our modern world. That slice of pizza is a 
direct link with our Stone Age ancestors and how they 
harnessed the microbial world to create safe and tasty 
food. In your hands you are holding not just a piece of 
pie but the whole history of human society. 

Buon appetito! 


