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P R O L O G U E

The White Salt

Open a bottle of soda, a jar of pickles, a bottle of salad dressing, a tube of toothpaste, a jar

of maraschino cherries, a cough syrup, a lipstick, a can of cranberry sauce. Somewhere in

the small print of the ingredient list there is a fair chance you will find two quiet words:

sodium benzoate. In Europe it hides behind a number, E211. In older American writing it

appears under the folksy alias "benzoate of soda," as if it were a neighbor who helped with

the canning. It is a white, odorless, faintly sweetish powder that looks like nothing at all,

dissolves in water as readily as table salt, and costs less per kilogram than the glass jar it

protects. A tenth of one percent of it, stirred into a syrup, will keep yeast, mold and bacteria

from turning that syrup into a fizzy, foul, exploding mess for a year or more. No other

substance on Earth stands guard over so much of the world's packaged food and drink.

This is a book about that powder. It is not a natural thing, exactly, and not quite an unnatural

one either. Its active half, benzoic acid, was first coaxed out of a fragrant tree resin carried

across the Indian Ocean in the holds of trading ships, and it still occurs, uninvited and

unpaid, in cranberries, cinnamon, cloves, plums and yogurt. Its other half is ordinary

sodium. Joined together in a factory, the two form a salt that never appears in nature, yet has

become one of the most consumed deliberate chemicals in the human diet. The United

States government allows it in food up to one part in a thousand. The European Union gives

it a code and a daily allowance. India's food authority writes it into standards for everything

from ready-to-serve beverages to coffee extract. Benzoic acid is made on an industrial scale,

almost all of it from a stream of toluene that begins life in an oil refinery, and a large share

of the output ends up as this salt.

The story of sodium benzoate is therefore three stories braided together. It is a story of

chemistry: how a resin-scented acid discovered before the age of science became one of the

founding molecules of organic chemistry, and how its quiet ability to walk through the walls

of living cells made it the model for an entire class of food preservatives. It is a story of

law: how a crusading government chemist fed the stuff to twelve young men in a

Washington basement, how a ketchup baron built an empire on refusing to use it, and how

the arguments those men started still shape what every country on Earth permits in food.

And it is a story of industry: how a handful of plants on the Columbia River, the Rhine, the
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Humber and the Yangtze turn toluene and caustic soda into the invisible infrastructure of the

modern grocery shelf.

Along the way the white salt has been accused of poisoning children, cleared by Nobel-

caliber scientists, banned from one nation's ketchup and demanded by another's soda, found

turning into benzene inside bottled drinks, repurposed as a medicine for infants whose

bodies cannot handle nitrogen, tested as an add-on treatment for schizophrenia, mixed into

fireworks that whistle, painted onto steel to stop rust, and declared both a menace and a

necessity by the same generation. Few substances so small have been fought over so hard

for so long.

We begin where the molecule itself began: not in a laboratory, but in a tree.
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P A R T  I

The Balsamic Acid



C H A P T E R  1

The Resin of Java

Long before anyone had seen a molecule of benzoic acid, people could smell it. The smell

came from gum benzoin, the hardened sap of trees of the genus Styrax, small tropical trees

of the forests of Southeast Asia. Cut into the bark of Styrax benzoin in the highlands of

North Sumatra, or of Styrax tonkinensis in the hills of Laos, and the tree bleeds a pale liquid

that darkens and hardens in the air into reddish-brown tears and blocks. Snap a piece and

warm it, and it gives off a sweet, vanilla-like, balsamic vapor that human beings have found

irresistible for at least a thousand years. That vapor carried, among other things, the scent of

benzoic acid and its esters, locked inside the resin at concentrations that can exceed a fifth

of its weight.

The trade in benzoin is old enough to have scrambled its own name. Arab and Persian

merchants knew the resin as luban jawi - "frankincense of Java" - though the best of it never

came from Java at all. European tongues stripped the lu- from luban and made benjawi,

benjoin, benzoin; English spice slang rounded it further into "benjamin," which is why the

great Anglo-Indian glossary Hobson-Jobson solemnly defines benzoin under

"BENJAMIN." From that scrambled name, in time, chemists would derive the words

benzoic, benzoyl, and - by a chain of substitutions nobody planned - benzene, the very ring

at the heart of the molecule. A misheard word from a Sumatran harbor sits at the root of half

of aromatic chemistry.

The resin moved along the same routes as cloves, nutmeg and camphor. Chinese records

describe benzoin tribute and trade from the ports of Sumatra and the Malay Peninsula; in

the West it arrived through the Levant and later through Lisbon and Amsterdam as a drug

and a perfume. Apothecaries sold it by the ounce. Priests burned it. Its two great grades

established themselves early and persist to this day: Siam benzoin, from Styrax tonkinensis

of Laos and neighboring highlands, almond-shaped tears rich in benzoic acid and prized as

the finer grade, and Sumatra benzoin, from Styrax benzoin and Styrax paralleloneurus,

blocky, grayish, carrying more cinnamic acid and a harsher note, traded in larger volume

and cheaper.
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In the Batak highlands of Sumatra, benzoin became a cash crop fitted into the rhythm of

swidden farming. Families cleared hillside plots, planted dry rice, and set benzoin seedlings

among the crop; by the time the rice gave out, the trees were taking over, and a decade later

the same family returned to tap them. Tappers climbed the trunks and cut shallow channels

in the bark with a small blade, returning weeks later to pry off the hardened tears. The first

tappings from a tree gave the palest, cleanest resin; later tappings, scraped deeper and

mixed with bark, graded lower. Middlemen bought the harvest in the villages and carried it

down to the coast, where exporters in Medan graded, sorted and shipped it - much of it, in

the twentieth century, to the fragrance houses of France and the incense and medicine

markets of China, Japan and the Arab world.

What was it for? Almost everything that needed to smell clean, holy or preserved. Burned,

benzoin was incense - in the churches of Orthodox Russia, in the temples and households of

Java and Thailand, in Catholic censers and in the fumigation of sickrooms, where its smoke

was held to drive off both foul air and the diseases that foul air was believed to carry.

Dissolved in alcohol, it became tincture of benzoin, one of the oldest preparations in

Western pharmacy: painted onto skin under bandages and casts to protect it, swabbed onto

sore gums, inhaled with steam for bronchitis and laryngitis. The British Pharmacopoeia

standardized Benzoin Inhalation and Compound Benzoin Tincture - the famous Friar's

Balsam, a cough and wound remedy carried in Victorian medicine chests on every

continent. Perfumers valued benzoin as a fixative, a base note that held lighter scents to the

skin; the great amber accords of classical perfumery rest on it. Flavorists used it, and still

use it, to lend vanilla-balsam depth to liqueurs, tobacco and candy.

And quietly, without anyone naming the responsible party, benzoin was preserving things.

Its benzoic acid, released slowly from the resin, inhibited the microbes that spoiled salves,

syrups and unguents. A pharmacy that stocked benzoin tincture stocked, without knowing it,

a solution of the world's future preservative. The FAO's survey of the benzoin trade notes

dryly that the resin's pharmacopoeial uses are among its oldest and most stable markets -

British, Chinese, French, Italian, Japanese, Swiss, Thai and American pharmacopoeias all

wrote monographs for it, some specifying the Siam type, some the Sumatra. The molecule

had been in continuous medical service for centuries before anyone could say what it was.

The scale of that early trade should not be exaggerated, but neither should it be minimized:

this was a forest product gathered by smallholders, moved by middlemen, and graded by the

5



practiced eye and nose of exporters, and it seeded a demand that chemistry would later have

to meet by other means. When, in the nineteenth century, the apothecaries of Europe began

to ask for pure benzoic acid - "flowers of benzoin," the sublime white crystals that rose

from heated resin - the tappers of Sumatra and Laos were the world's only source. The

history of sodium benzoate therefore opens not in a chemical works but on a tapped hillside,

with a farmer prying amber tears off a wounded tree. The white salt of the twentieth century

was, first, the smell of those tears.

The trade's texture is worth a closer look, because it persisted almost unchanged into the era

of synthetic competition. The FAO's monograph on benzoin - the standard modern survey

of the crop - describes an industry that never industrialized. Tapping is skill work: the cut

must wound the bark without girdling the tree, the tears must be left to harden before

harvest, and the grade is set as much by the tapper's timing as by the tree. Sumatra benzoin

comes to market as rough blocks pressed from masses of tears; Siam benzoin as the cleaner

individual "almonds." Between the hillside and the export warehouse the resin passes

through a chain of village collectors, district dealers and exporter-graders, each taking a

margin, each judging by fracture, color and the smell of the smoke. It is a commerce of

noses, not instruments - the exact opposite of the compendial trade that would later sell the

resin's active constituent by assay.

The pharmacopoeias, meanwhile, kept the resin's medical citizenship current on five

continents. The FAO survey lists the British, Chinese, French, Italian, Japanese, Swiss, Thai

and United States pharmacopoeias as all maintaining benzoin monographs - some

specifying the Siam grade, some the Sumatra - and records the preparations: the simple

tincture, the compound tincture (Friar's Balsam, with its storax and aloes), the steam

inhalation for the bronchial tubes of the Victorian winter. A preparation does not survive in

eight national pharmacopoeias for a century on superstition; benzoin's tinctures genuinely

protect raw skin, genuinely loosen a cough, and the benzoic acid that perfumed them

genuinely kept them sterile in the bottle. When the twentieth century's chemists needed a

target molecule for the infant fine-chemicals industry, the pharmacopoeias had already

certified the market: a white crystalline acid, known to physicians for three hundred years,

available only from a forest on the far side of the world. The incentive to make it

synthetically wrote itself.
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C H A P T E R  2

Flowers of Benzoin

The first person known to have written down how to get the good part out of benzoin was a

man far more famous for predicting the end of the world. Michel de Nostredame -

Nostradamus - was by training not a prophet but a physician and apothecary, a doctor who

had treated plague victims in Provence and who made part of his living compounding

cosmetics, preserves and medicines. In 1555 and 1556 he published in Lyon his Traite des

fardemens et confitures, a book of recipes for cosmetics and for candied fruits and jams,

and in it he described what happened when you heated gum benzoin: the resin gave off

vapors that condensed, on a cool surface above, into a mass of fine white crystals. The

apothecaries had a lovely name for such sublimed products - they called them flowers.

These were the flowers of benzoin, and they were crude benzoic acid, isolated and

described in print in 1556, two and a half centuries before anyone knew what a molecule

was.

Nostradamus was not alone for long. The French physician and diplomat Blaise de Vigenere

described the same preparation from gum benzoin around 1596, and through the

seventeenth century the "flowers of benzoin" became a standard article of the

pharmacopoeias: a white, needle-crystalled, agreeably aromatic powder obtained by the dry

distillation or sublimation of the resin, kept in jars and dispensed against coughs, catarrhs

and skin complaints. The method never changed in essence. Pack crushed benzoin into an

iron pot, invert over it a cone or a second vessel to catch the sublimate, apply a gentle fire,

and the benzoic acid - volatile with heat, stable in air - rose out of the brown resin and

plated itself on the cool upper surfaces in feathery white crystals. What was left behind was

a dark residue of cinnamic compounds, resins and char. The process was wasteful and the

yield modest, but the product was unmistakable: the resin's virtue, concentrated.

The eighteenth century turned these pharmacy curiosities into objects of science. In 1761

the French apothecary Rouelle, and after him others, examined the flowers and recognized

them as a distinct vegetable acid - they called it, with charming literalness, "the acid of

benzoin" or "benzoic acid," and noted that it behaved like a true acid, reddening litmus and

forming salts with alkalis. Sweden's great analytical apothecary Carl Wilhelm Scheele -

discoverer of oxygen, chlorine and a shelf of acids - worked over benzoin in the 1770s and
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1780s with his usual quiet thoroughness, improving the isolation and characterizing the

acid's properties. When Scheele published, the thing had a settled identity: a crystalline

organic acid, obtainable only from this one prized resin, composition unknown.

Two practical consequences followed. First, medicine adopted benzoic acid itself, not

merely the resin: the flowers went into cough mixtures, antiseptic washes and wound

dressings, and later into such durable preparations as Whitfield's ointment, the benzoic-

acid-and-salicylic-acid salve that remained a standard antifungal into the modern era.

Second, the acid became a chemical commodity with a price. Because the only source was a

Sumatran and Laotian forest product moving through long trade chains, benzoic acid was

expensive - expensive enough that when the synthetic organic industry arrived, the flowers

of benzoin were among its first obvious targets. Every kilogram that could be made from

cheap coal-tar toluene was a kilogram no ship had to carry from Medan.

But before synthesis came understanding, and the understanding of benzoic acid is one of

the great stories of chemistry, because the molecule was not merely analyzed - it helped

invent the science that analyzed it. That story belongs to the next chapter. Here, in closing,

it is worth pausing on the sheer oddity of the situation as the eighteenth century ended.

European pharmacy depended, for one of its few organic drugs, on the hardened sap of a

tree most Europeans had never seen, gathered by farmers whose language they could not

speak, shipped through ports whose names they could not pronounce. The supply chain of

the modern preservative was already global; only the chemistry was missing. The white salt

that would one day stand in every grocery on Earth began as a white flower, gathered not

from a plant but from smoke.

The eighteenth-century investigators who worked over the flowers deserve their names

kept, because they were mapping chemistry's frontier with the crudest tools. Torbern

Bergman, Scheele's great contemporary at Uppsala, included benzoic acid in his systematic

surveys of the vegetable acids; the French school of the Revolutionary decades - the

chemists around Lavoisier's new nomenclature - classified it among the acids whose

"radicals" were still unknown compounds of carbon, hydrogen and the newly-named

oxygen. What none of them could yet do was say how the atoms were arranged; that would

wait for the atomic theory, the analytical methods of Liebig's combustion train, and the

structural imagination of the 1850s and 1860s. But by 1800 the acid had crossed the
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essential line: it was a defined substance, with properties any competent apothecary could

verify, no longer a mere virtue of a resin.

The medical establishment absorbed the purified acid with enthusiasm. It went into the

cough linctuses and expectorants of the Georgian pharmacy - the rationale was its volatility

and its antisepsis, the vapor reaching the bronchi as the resin's smoke was long believed to

do - and into the mouthwashes, gargles and tooth-powders of a century newly anxious about

oral decay. Surgeons dusted it into wounds and dissolved it into antiseptic washes. The

dermatologists found its most durable role early: against the fungal infections of the skin,

where benzoic acid's power to slip into cells served against ringworm as it would later serve

against yeast in a soda bottle. When the Chicago dermatologist Arthur Whitfield formalized

the famous ointment of benzoic and salicylic acids in 1907, he was standardizing a century

of empiricism, and "Whitfield's ointment" remains in the pharmacopoeias and the tropical

clinics to this day - the longest continuously running medical engagement of the molecule

this book follows. The flowers of benzoin had become a profession.
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C H A P T E R  3

The Radical of Benzoic Acid

In 1832, in the pages of the Annalen der Physik und Chemie, Justus von Liebig and

Friedrich Wohler published a paper with a dry title - Untersuchungen uber das Radikal der

Benzoesaure, "Investigations on the Radical of Benzoic Acid" - that detonated, quietly and

permanently, the way chemists thought about organic matter. The two Germans, friends

who wrote to each other with a warmth rare in that competitive age, had been working over

oil of bitter almonds, the pungent essence pressed or distilled from bitter almond kernels.

They showed that a single group of atoms - seven carbons, five hydrogens, one oxygen,

C7H5O in the counting of the day - persisted unchanged through a whole family of

transformations. It was present in the oil itself, which is benzaldehyde. Oxidize the oil, and

the same group turned up in benzoic acid. Convert the acid, and it appeared again in

benzoyl chloride, benzoyl cyanide, benzamide. They named the persistent group "benzoyl"

- the radical of benzoic acid - and argued that organic compounds were not irreducible

wholes but assemblies: stable cores that traveled intact from substance to substance,

carrying their properties with them.

It is hard, from inside the modern world of functional groups and reaction mechanisms, to

feel how strange this was. Before 1832, organic chemistry had no grammar. The plants and

animals offered an endless variety of substances that obeyed, so it seemed, different rules

from the clean stoichiometry of the mineral world. The radical theory of benzoic acid gave

organic chemistry its first sentence: here was a unit of matter that stayed itself through

change, that could be tracked, named, and used to predict. Liebig and Wohler's "benzoyl"

was not quite the right structure - later work separated the pieces differently - but the idea

was the right idea, and the molecule at its center, benzoic acid, became one of the founding

specimens of organic chemistry. Students of the history of the science still read the 1832

paper as the moment organic chemistry became a science of structures rather than of

catalogues.

The bitter-almond starting point matters to our story, because it planted benzoic chemistry

deep inside everyday materials. Bitter almond oil had been a flavoring and a poison (it

carries the cyanide-releasing glycoside amygdalin) for centuries; the chemists' version,

benzaldehyde, would become the artificial almond flavor of the world's bakeries and the
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first great product of the coal-tar aromatic industry. From benzaldehyde and benzoic acid

the nineteenth century built outward: to benzoyl chloride, the universal benzoylating agent;

to benzoyl peroxide, bleacher of flour and initiator of plastics; to the benzoate esters; and

eventually to sodium benzoate itself, the simple neutralization product of the acid with

soda. Every one of those substances carries the benzoyl radical that Liebig and Wohler

named - a family tree whose trunk is the acid from the smoke of a Sumatran tree.

There is a second, quieter thread from the 1832 paper to our subject. Wohler, four years

earlier, had made urea from ammonium cyanate and thereby cracked the doctrine that

organic substances required a living "vital force." The benzoic acid work extended the

conquest: not only could organic substances be made, they could be understood as

architecture. Once a substance is architecture, it can be rebuilt - and in 1844 the German

chemists showed that benzoic acid could be prepared not only from benzoin but by quite

other routes. By the 1860s the acid was being made commercially from hippuric acid

extracted from the urine of cattle and horses - boiled down in the urine-processing works

that served the early chemical industry - and by the 1870s from coal-tar toluene via

chlorination, a route that severed the molecule from the forest forever. The price of benzoic

acid, once set by Sumatran tappers, came to be set by tar distillers and, in the twentieth

century, by petroleum refiners. The tree remains, the incense still burns, the tincture still sits

in pharmacopoeias; but the acid that guards the world's soda bottles has not smelled of

benzoin for a hundred and fifty years.

Liebig himself supplied the epilogue to the founding era, and it points directly at the rest of

this book. Studying the urine of horses in 1829, he had isolated and named hippuric acid -

"horse urine acid" - which the body makes precisely by joining benzoic acid to glycine and

flushing the product away. The animal body, in other words, had been detoxifying benzoic

acid all along, by a route so efficient that a man can eat grams of it in a day and excrete it

within hours. That metabolic fact, discovered at the dawn of organic chemistry, would

become, seven decades later, the central exhibit in the fiercest food-safety trial in American

history - the fight over whether benzoate of soda could lawfully be fed to a nation. The

molecule was famous twice over before it ever entered a soda bottle: once as chemistry's

first well-understood organic building block, and once as the acid the body knew how to

handle. Both reputations were about to be put to industrial use.
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The industrial sequel deserves a paragraph of its own, because it set the price at which the

molecule would conquer the pantry. The chlorination route - toluene's methyl group

chlorinated stepwise to benzotrichloride, then hydrolyzed to benzoic acid - was the

workhorse of the late nineteenth-century coal-tar industry, and it tied benzoic acid to the

great German tar distilleries whose other products were dyes, aspirin and saccharin. The

route was effective but dirty: chlorinated by-products clung to the acid, and as food uses

grew, purity became the battleground. The direct oxidation route - air, hot toluene, a cobalt

catalyst - was the twentieth century's answer: cleaner, cheaper, and scalable to the tonnage a

global beverage industry would eventually demand. The molecule that the apothecaries had

scraped off the inside of a sublimation cone in grams would, within a century of Liebig and

Wohler's paper, be pouring out of continuous reactors by the hundred-thousand-tonne. The

radical of benzoic acid had become a bulk commodity - and every stage of that descent in

price, from resin to urine works to tar still to oxidation tower, enlarged the list of things it

was worth preserving.
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C H A P T E R  4

Horse Urine and the Body's Laboratory

The strangest early source of benzoic acid was not a tree at all. It was the urine of grass-

eating animals, and the science of how it got there became, a century later, the scientific

foundation on which the safety of sodium benzoate would be argued.

In 1829 Justus von Liebig, still in his twenties and building the Giessen laboratory that

would teach chemistry to the world, examined horse urine and crystallized from it a new

acid. Because it came from horses, he named it hippuric acid, from the Greek hippos, horse,

and ouron, urine. The name survives; the American Chemical Society's molecule archive

still introduces hippuric acid with the line "If you eat vegetables, you make me." For

hippuric acid is not a horse peculiarity. It is N-benzoylglycine - benzoic acid joined to the

simplest amino acid, glycine - and it forms in the liver and kidneys of practically every

plant-eating mammal, including man, whenever benzoic acid arrives in the bloodstream.

The body grabs the acid, activates it with coenzyme A to benzoyl-CoA, hands the benzoyl

group to glycine by way of the enzyme glycine N-acyltransferase, and excretes the harmless

conjugate in urine. It is one of the oldest known detoxification reactions - indeed one of the

first biotransformations ever discovered in any animal.

The nineteenth century filled in the story piece by piece, and the pieces read today like the

birth announcement of an entire science. In the 1840s and 1850s, researchers noticed that

feeding benzoic acid to animals, or eating benzoate-rich fruit oneself, sharply increased the

hippuric acid in the urine; the conversion happened inside the body, not in the food. In 1863

Eduard Lautemann, a student of Hermann Kolbe, showed that quinic acid - a bitter

constituent of hay, cinchona bark and many fruits - was converted by animals into hippuric

acid, demonstrating that the body could build the benzoyl group itself out of a plant

precursor. Oscar Loew, Liebig's last student, wrote in 1879 on the origin of the acid in

herbivores. The young discipline had a name by the early twentieth century:

xenobiochemistry, the chemistry of what living things do to foreign substances. Modern

historians of drug metabolism point to the hippuric acid work - Keller's experiments in the

1840s on his own urine after swallowing benzoic acid among them - as the first systematic

human metabolism studies ever performed. The "substrate" of that pioneering science was

the same acid this book is about.
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Two practical legacies matter here. The first is industrial: for several decades of the

nineteenth century, the hippuric acid of the urine works was a genuine commercial source

of benzoic acid. Slaughterhouse and stable urine, collected and processed, yielded hippuric

acid that could be hydrolyzed to benzoic acid and glycine. It sounds improbable, but the

economics worked while demand was small and the alternative was Sumatran resin; the

urine route bridged the gap between the apothecary era and the coal-tar era. The flowers of

benzoin had a rival, and the rival was horse water.

The second legacy is medical, and it reaches all the way to the present. Because the hippuric

acid pathway is a liver function, physicians realized that feeding a patient a measured dose

of sodium benzoate and timing the appearance of hippuric acid in the urine tested how well

that patient's liver was working. The hippuric acid test became, in the 1930s, a standard

clinical assay of liver function - one of the first metabolic function tests in medicine. And

because the pathway exists to remove benzoyl groups, physicians in the 1970s and 1980s

turned it to a desperate purpose: in children born with defective urea-cycle enzymes,

nitrogen builds up as ammonia and poisons the brain; sodium benzoate, given in large

doses, mops up glycine and forces nitrogen out through the hippurate back door. That

treatment - intravenous sodium benzoate combined with sodium phenylacetate, marketed as

Ammonul - remains an emergency standard for acute hyperammonemia, and its story is told

later in this book. The horse-urine acid thus became both a diagnostic and a therapy.

For the history of food, though, the decisive implication of the hippuric acid work was

simpler, and everyone in the coming fight knew it. The human body possessed a dedicated,

high-capacity, ancient system for disposing of benzoic acid. Eat cranberries, cinnamon,

cloves, plums - all naturally benzoate-bearing - and you make hippurate by design, not by

accident. Liebig had proved that much by 1829. When, seventy years later, industrial

America began stirring synthetic sodium benzoate into ketchup and soda syrup, the

defenders of the practice could say, with the literal truth on their side, that the body had

been handling this molecule since before there were cities. Whether that settled the question

- whether a metabolic pathway that manages the benzoate in a bowl of berries also blesses a

benzoated national diet - was precisely what the Poison Squad was assembled to decide.

The analytical sequel belongs to the history of clinical chemistry, and it is too good to leave

in a footnote. Wilhelm Keller's experiments in the 1840s - swallowing measured benzoic

acid and recovering hippuric acid from his own urine - are cited by modern historians of
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drug metabolism as among the first deliberate human metabolism studies ever performed: a

known dose in, a known product out, the body's chemical bookkeeping balanced in a flask.

The principle those experiments established - that the body is a chemical reactor whose

transformations can be followed from intake to excretion - underlies every pharmacokinetic

study done since. And the specific pathway they mapped became the reference case for an

entire class of defenses: glycine conjugation is now understood as the body's standard

disposal route for a family of aromatic acids, with benzoic acid forever the type specimen.

When the twentieth century's toxicologists needed to establish what a daily dose of

benzoate would do to a human being, they did not start from nothing; they started from the

best-characterized metabolic pathway in the whole of xenobiochemistry, mapped a lifetime

before the question was asked.
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The Age of Spoilage



C H A P T E R  5

Cities of Perishable Food

To understand why anyone would feed a chemical to twelve young men on purpose, begin

with the problem the chemical was meant to solve. In the century between 1820 and 1920,

the Western world changed how it ate more radically than in the previous two thousand

years, and the change can be summarized in one fact: food and eater stopped living in the

same place.

The cities of the industrial age grew beyond anything their food supply had been designed

for. London passed a million inhabitants before 1810; New York, Chicago, Berlin, Paris and

a hundred lesser cities multiplied their populations many times over within a few

generations. A farm family eats what it grows, slaughters, milks and pickles, within days

and within sight. A city family eats none of that. Its milk arrives in a cart from a railway

depot; its meat was killed days ago in another county; its fruit comes in a barrel in season

and not at all out of season. Every meal the industrial city ate was a small triumph of

logistics, and every stage of that logistics was an opportunity for rot. Bacteria, yeasts and

molds - invisible, unnamed until Pasteur and his successors made them undeniable - worked

the food supply at every hour of the supply chain. The death registers of the nineteenth-

century city are full of the consequences: summer diarrhea, the great killer of urban infants,

was in large part a disease of spoiled milk.

Industry's first answer was heat. In 1795 the French government offered a prize for a way to

preserve food for its armies and navies, and in 1810 Nicolas Appert, a Parisian confectioner,

claimed it with a method of sealing food in glass bottles and cooking them for hours in

boiling water. Appert did not know why it worked - Pasteur's microbes were fifty years in

the future - but it worked, and within a year the English had translated his book and

substituted the tin-plated iron canister for his fragile glass. The can was born. By the

American Civil War, canned food was a strategic industry; after the war, as the Library of

Congress's history of the ketchup business puts it, canners turned from armies to

households, and tinned goods - meat, fish, milk, tomatoes, peaches - became the

infrastructure of the urban kitchen.
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But the can had limits. It was expensive, it was heavy, and it could only protect what

survived cooking. A vast territory of everyday food lay outside it: the condiments and

sauces, the cordials and soda-fountain syrups, the pickles, jams and preserves, the sausages

and smoked fish, the butter and cheese and milk that moved daily and unsealed. For all of

these, the nineteenth century reached for chemistry. Salt, sugar, vinegar, wood smoke and

alcohol - the ancient preservatives - were joined by a pharmacopoeia of stronger magic:

borax and boracic acid in butter, bacon and margarine; salicylic acid, the new coal-tar

wonder, in wine, beer, fruit and meat; formaldehyde, sold under names like "Preservaline,"

in milk; sulfites in wine and dried fruit; copper sulfate to green the peas; and, from about

1875 onward, benzoic acid and its soda salt.

The motive was not always sinister, but it was rarely innocent. Preservatives let an honest

packer sell a sound product a month after manufacture; they also let a dishonest one sell

garbage. The Library of Congress account of the early ketchup trade describes tomato pulp

scraped from cannery floors - skins, cores, green and rotten fruit, machine drippings -

barreled, fermented, shipped by rail, and dosed with preservative after the spoilage had

already begun; inspectors reported barrel heads blown out by fermentation in transit. A

chemical that could hold that muck in stasis was, from the manufacturer's chair, a miracle.

From the eater's chair it was fraud seasoned with risk. Nobody knew which it was, because

nobody had ever systematically asked what daily doses of borax, formalin, salicylic acid or

benzoate did to a human being. The foods were new, the chemicals were new, and the

science of eating them did not exist.

That was the void into which benzoate of soda stepped. Of all the chemical preservatives, it

was the one with the best pedigree: a substance the body demonstrably knew how to

excrete, an acid with three centuries of pharmacy behind it, effective at tiny doses, nearly

tasteless at use levels, and cheap enough to sprinkle on anything. Between roughly 1875

and 1900 it became the preservative of choice for the booming industries of acidic food -

ketchup above all, but also fruit juices, cider, soda syrups, pickles, sauces, margarine and

fish. Its rise was so rapid and so profitable that by 1900 the fate of the entire American

processed-food industry seemed, to the men who ran it, to rest on one question: could they

keep their white salt? The answer would have to be fought for, and the fight would create

the modern food law of the United States - and, by example, of much of the world.
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The cold chain's absence deserves emphasis, because refrigeration is the invisible foil of the

entire preservative story. The household of 1900 kept food in an icebox - a zinc-lined

cupboard with a block of ice delivered by wagon - if it kept food cold at all; the butcher's

and grocer's back rooms were cool at best; the railway car was ambient; and the corner

shop's stock rotated at the speed of the weather. Against that background, a chemical that

made a vat of sauce indifferent to a warm month was not a convenience but infrastructure -

the difference between a city that ate preserved food and a city that ate spoiled food. The

twentieth century's great displacement, the slow victory of the cold chain over the chemical

one, was still half a century away; and when it came, it did not abolish the preservatives but

demoted them, from the main defense of the food supply to the second line behind the

refrigerator. Benzoate survived that demotion better than any of its rivals, precisely because

its foods - the sodas, pickles and sauces - are the ones refrigeration helps least.
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C H A P T E R  6

The Soda Fountain

No account of how benzoate entered the bloodstream of everyday life can skip the place

where it met the public most intimately: the soda fountain. Between roughly 1890 and 1930

the American drugstore fountain was a temple of the new industrial appetite - a marble

counter, a bank of silver taps, a man in a white jacket, and behind him the rank of syrup

tanks and bottles that made the whole performance possible. Coca-Cola, Pepsi, Dr Pepper,

Hires root beer and a thousand forgotten syrups were all, at bottom, the same idea: a

concentrated flavored syrup, kept stable on the druggist's shelf, diluted with carbonated

water to order. And concentrated flavored syrup, warm and sugared and opened a hundred

times a day, is a yeast's idea of heaven.

The fountain created a preservation problem of a new kind. Factory canning killed microbes

with heat and sealed them out with tin; the fountain's syrup lived open, at room temperature,

for days or weeks, in tanks that were refilled and rarely sterilized. The answers the trade

evolved were exactly the weak acids of the pantry - the syrups' own sugar and acidity did

part of the work - plus, increasingly, benzoate of soda, which was cheap, legal, tasteless at

fountain doses, and by the 1900s effectively standard. When the Poison Squad's findings hit

the papers, the soda-fountain trade found itself in the same dock as the ketchup men: the

Women's Christian Temperance Union and the pure-food press did not distinguish much

between a whiskey barrel and a syrup tank when both carried "drugs," and the fountain

owners replied, as the ketchup men had, that the alternative was not purity but sour syrup

and exploding tanks. The difference was that the fountain had somewhere to retreat:

carbonation itself is mildly antimicrobial, the syrup could be kept cold, and the turnover of

a busy fountain is fast. After the benzoate wars, the fountain syrups quietly thinned their

dependence on the salt, and the great cola companies built the concentrate-and-bottler

system that moved the preservation problem back into the factory, where it could be

engineered.

The bottled soda that replaced the fountain's glass is where benzoate found its permanent

home, and the reasons are written in the chemistry of Chapter 13. A cola or a fruit soda is

nearly the ideal benzoate habitat: pH between 2.5 and 4, a heavy load of sugar, carbonation,

and a sealed bottle that may sit warm on a dock for a month. Against yeasts and molds - the
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spoilers that actually threaten such drinks - benzoate at a few hundredths of a percent is

exactly fitted, and from the 1920s to the 2000s it was the default preservative of the world's

carbonated soft drinks, joined later by its potassium sibling. The fountain's marble palaces

are gone; the molecule they domesticated now stands in the refrigerators of five billion

people. The path from the drugstore counter to the global bottle runs straight through the

benzoate wars - and it is no accident that the two products at the center of the modern

benzene and Lagos scandals were not ketchups but sodas.

The economics of the fountain sharpen the point, because the fountain was where

preservation met the consumer without a factory between them. The druggist bought syrup

by the gallon and sold it by the ounce; the margin was enormous, and it depended entirely

on the syrup surviving open on the counter. A fermented tank was not a quality complaint

but a small bankruptcy, and the fountain trade's embrace of benzoate was therefore a

retailer's calculation, made counter by counter, in thirty thousand drugstores. When the

pure-food movement later painted the soda fountain as a dosing station, it misread the scene

in a way that mattered: the druggist was not a poisoner but a man without a refrigerator,

defending his inventory with the only tool the era sold him. The replacement of the open

tank by the sealed factory bottle - the cola companies' great reorganization of the 1900s

through 1920s - was thus as much a preservation revolution as a distribution one: it moved

the syrup from the counter to the crown-corked bottle, and in the bottle, benzoate's long

reign over the fizzy world properly began.

The cola companies' reorganisation deserves its detail, because it fixed benzoate's place in

the modern world. The Coca-Cola system, built from the 1890s onward, separated the

product into a secret concentrate, made centrally, and a bottling operation, franchised

locally: the syrup traveled sealed from Atlanta to the bottler, who diluted, carbonated and

crown-corked it for the neighborhood. Every stage of that chain cried out for preservation -

the concentrate in its drums, the syrup in the bottler's tanks, the finished bottle on the

unrefrigerated shelf of the country store - and the cola syrup's own defense was the era's

standard one: acidity from the phosphoric acid, sugar by the pound, and benzoate of soda in

the recipe. The most famous flavor in the world thus grew up on the white salt; the formula

changed over the century, and the company's twenty-first-century retreats from benzoate

would make news precisely because the pairing had been, for a hundred years, an

unremarked fact of life. The soda fountain asked the question; the crown-cork bottle

answered it; and the answer, until very recently, almost always included E211.
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C H A P T E R  7

The Embalmed Grocery

Every era gets the food scandal its technology deserves, and the scandal of the chemical-

preservative era was that nobody could tell, from the outside of the package, what was

holding the inside together. The decades around 1900 were the great age of what the press

called the "embalmed" grocery - food kept lifelike by chemistry the way a mortician keeps a

body lifelike, and with some of the same reagents.

The catalog, assembled by muckraking journalists, state chemists and the United States

Senate's investigating committees, was staggering. Milk went to city infants with

formaldehyde in it - marketed to dairymen under proprietary names, dosed to hold back

souring on long hot railway journeys, and cheap enough that its use was simply assumed in

the trade. Butter and margarine carried borax; so did bacon, ham, sausage, canned salmon

and oysters, where boracic acid also firmed the flesh and disguised staleness. Salicylic acid,

synthesized cheaply from coal tar after the 1870s, went into wine, beer, cider, fruit

preserves, canned corn and ketchup. Sulfurous acid preserved dried apples and wine; copper

salts made vegetables a brighter green than the garden ever managed; coal-tar dyes - the

same new chemistry that was revolutionizing textiles - restored the red of tired ketchup and

the green of bottled peas. Little of this had to be disclosed. Labels, where they existed,

advertised purity; the chemistry was the trade secret.

The defenders of the system were not cartoon villains, and their argument deserves to be

stated fairly, because it has never entirely gone away. Chemical preservation, they said, was

what allowed the industrial feeding of cities at prices the urban poor could pay. A

preservative that let a packer buy tomatoes at the glut price in September and sell sauce in

March flattened both the farmer's risk and the consumer's cost. Refrigeration - the honest

alternative - barely existed: the household icebox was a drip pan and a dream, and

mechanical cold chains were decades away. Abolish the chemicals tomorrow, and what the

poor would get was not pure food but rotten food, or no food. There was even a certain

technical case: some of the preservatives, used competently and sparingly, were probably

doing more good against genuinely dangerous spoilage organisms than harm to the eaters.

The problem was that "probably" was doing all the work in that sentence. No dose had ever
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been established as safe. No body of evidence existed. The manufacturers were

experimenting on the public, wholesale and unrecorded.

The scandal that turned vague anxiety into national politics arrived from an unexpected

direction: the Army. In the Spanish-American War of 1898, the United States fed its

expeditionary forces in Cuba and the Philippines on enormous contracts of refrigerated and

canned beef, and the troops - and then their generals - came home saying the beef was unfit:

tainted, nauseating, "embalmed." Major General Nelson Miles, the commanding general of

the Army, made the charge formally, and the "embalmed beef" hearings of 1899 filled the

newspapers for months. The truth turned out to be a tangle of tropical logistics, bad cans

and worse procurement rather than a single chemical villain, but the phrase stuck to the

entire processed-food industry. If the Republic's soldiers were eating embalmed beef, what

was everyone else eating?

It was in exactly this atmosphere that the word "benzoate" entered the American vocabulary

as a fighting word. Benzoate of soda was, by 1900, the single most visible preservative in

the national diet: the standard treatment for ketchup, chili sauce, relishes, fruit butters, cider,

soda-fountain syrups and much besides. It was also the preservative about which the most

could be said on both sides. Its friends could point to the hippuric acid pathway and to

decades of pharmacy use; its enemies could point out that pharmacy use was occasional and

medicinal, while the new use was daily, lifelong and involuntary, dosed out not by

physicians but by ketchup salesmen. Between those two positions there was no data at all -

only conviction, commerce and chemistry. The man who decided to manufacture the

missing data was already in place in Washington, in charge of the chemistry division of the

Department of Agriculture, and he had been waiting twenty years for exactly this fight.

The geographical pattern of the scandal matters, because it explains why the law, when it

came, was national. The states had tried to police the pantry piecemeal - by 1900 most had

some adulteration statute, and the state chemists' bulletins were often excellent - but food

moved in interstate commerce, and a New York rule could not touch an Illinois canner. The

result was a patchwork that punished the scrupulous and sheltered the exporter: the worst

goods flowed to the states with the weakest rules, and no state's laboratory could follow a

barrel across a border. The embalmed grocery was thus not merely a chemical failure but a

constitutional one, and every player understood that the remedy, if any, had to be federal.

The long legislative drought that Wiley endured from 1883 to 1906 was not indifference; it
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was the food industry's recognition, exactly mirrored, of the same fact. Whoever wrote the

federal rule would write it for everyone.
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C H A P T E R  8

Fleck's Proposal and the Benzoate Trade

Where did the idea of putting benzoic acid in food come from? The credit usually goes to

H. Fleck, a German chemist who around 1875 proposed benzoic acid as a food preservative,

having tested it against the organisms that spoiled wine, beer and fruit products and found it

powerfully effective. The context was Germany's own preservative crisis: salicylic acid, the

coal-tar industry's gift to the pantry, had swept the market in the early 1870s and was

already drawing toxicological suspicion - it disturbed digestion in regular use and tasted

medicinal. Fleck's benzoic acid offered itself as the milder successor: comparably antiseptic

against yeasts and molds at low concentration, nearly tasteless at use level, and - as Liebig's

hippuric acid work had long established - promptly and completely excreted. German and

Austrian canners and pickle packers took it up in the late 1870s and 1880s; the idea crossed

the Atlantic with the trade journals and the immigrant food chemists, and by the 1890s

benzoate of soda was standard kit in American ketchup factories, cider mills and soda-syrup

plants.

The choice of the sodium salt over the free acid was practical, and it explains the molecule

this book is named for. Benzoic acid itself dissolves poorly in cold water - about a third of a

percent at room temperature - which makes it awkward to dose into a syrup or a vat of

ketchup. Its sodium salt, by contrast, is extravagantly soluble: over sixty grams in a hundred

milliliters of water, roughly two hundred times as soluble as the acid. A manufacturer could

keep a concentrated stock solution on hand and meter it by the ladleful. Once inside the

food, the salt simply dissociates; in any acidic medium - and the foods it protects are, by the

logic of its use, acidic - the benzoate ion picks up a proton and becomes benzoic acid, the

active agent, in situ. The salt is a delivery system for the acid. "Benzoate of soda" entered

the food; benzoic acid did the work. The same chemistry is why the regulation and the

toxicology are always written in terms of the acid and its salts together.

The trade that grew up around the product had a distinctive shape. On the manufacturing

side, benzoic acid had by this time left the forest entirely: it was made from toluene, first by

chlorination of the side chain followed by hydrolysis, later and more economically by direct

catalytic oxidation with air, and neutralized to the sodium salt with soda ash or caustic soda

in a second, simpler operation. The acid was the bulk commodity; the salt was the merchant
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form. On the customer side stood the fragmented thousands of small food manufacturers -

the ketchup boilers, the cider men, the soda-syrup compounders - who bought benzoate by

the keg and used it by rule of thumb. Between them stood the chemical distributors and,

increasingly, the trade associations, who understood earlier than the food men that the

preservative question was political. The benzoate trade's profits were real but never

enormous; what was enormous was the value of the industries that depended on it. Ketchup

alone was becoming a national business, and ketchup, as then made, did not survive without

benzoate. Soda fountains - the great American institution of the 1890s and 1900s, tens of

thousands of marble counters dispensing flavored syrups - depended on preserved syrup; a

sour or fermented syrup tank was a fortnight's profit gone. The white salt had made itself, in

twenty-five years, load-bearing.

It is worth pausing on how quietly this revolution had happened. No legislature had voted

on it. No medical body had endorsed it. No consumer had been asked. A German chemist's

technical suggestion, the economics of solubility, and the logistics of the industrial city had,

between them, inserted a synthetic chemical into the daily diet of two continents - at levels

the manufacturers chose, disclosed to nobody. This was not unusual for the time; it was the

time. But benzoate's very success made it the obvious test case. If any preservative could be

justified, it was this one, with its pharmacy pedigree and its metabolic exit ramp. And if this

one could not be justified, none could. Everyone who mattered - the manufacturers, the

trade press, the state chemists, and one increasingly impatient man in Washington -

understood by 1901 that benzoate of soda was where the question of chemicals in food

would be decided.

The German context of Fleck's proposal is worth dwelling on, because Germany was the

laboratory in which the whole question was first rehearsed. The German lands had

legislated against food adulteration earlier than anyone - a national food law stood on the

books from 1879 - and the German chemical industry, the most advanced on Earth, both

supplied the preservatives and staffed the laboratories that evaluated them. Salicylic acid's

brief reign and rapid fall from favor was a German drama first: synthesized cheaply by

Kolbe's process from 1874, embraced by brewers and winemakers and canners, then

indicted by the physiologists for its gastric mischief and medicinal taste, and increasingly

hemmed in by the states' rules. Fleck's benzoic acid rose explicitly as salicylic acid's

successor - the milder, excretable antiseptic - and the German brewing and preserving

trades' shift from one coal-tar acid to the other in the late 1870s and 1880s is the first
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recorded mass migration between preservatives, a rehearsal for every reformulation since.

When American ketchup men reached for benzoate in the 1890s, they were importing not

just a chemical but a settled German conclusion about which coal-tar acid the pantry could

live with. The conclusion's American test would be harsher than anything the German

laboratories had imagined.
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C H A P T E R  9

The First Food States

America's benzoate war was loud, but it was not first. The industrial states of Europe had

been legislating the pantry for a generation before Wiley sat down to his hygienic table, and

their experience frames everything that followed - because the question benzoate posed to

Washington in 1909 had already been posed, in their own accents, to London, Berlin and

Paris.

Britain went first, as it had in factories and railways: the Sale of Food and Drugs Act of

1875, tightened in 1879 and 1899, made the adulteration of food an offense in the world's

first industrial nation, and created the public analyst - the official chemist to whom any

suspicious sausage could be carried. The British system's instinct was conservative in both

senses: it prosecuted fraud rather than banning chemistry, and it left the preservative

question to drift until the 1920s, when the Preservative Regulations of 1925-1927 finally

drew the permitted list - a short roster in which benzoic acid held its place in the fruit

drinks, pickles and sauces, on the continental evidence and the homegrown toxicology

alike. The list principle was the British gift to food law: instead of judging additives one

scandal at a time, name the allowed few and forbid the rest. Every modern positive list,

from the E-numbers to Codex, descends from that decision.

Germany's path ran through its chemistry. The national food law of 1879 and its successors

policed the additives of the coal-tar age with the world's best laboratories behind them, and

it was in the German debates over salicylic acid - banned from beer, restricted in wine,

suspected everywhere - that the concepts later fought over in Washington were first forged:

the harmless dose, the technological necessity, the declaration on the label. France regulated

through its frauds office and its wine laws, preserving the bottle the German way while

prosecuting the canner's excesses. By 1900, in short, Western Europe had assembled, piece

by piece, the whole conceptual apparatus that America would adopt in one convulsion

between 1906 and 1909: the public analyst, the permitted list, the labeled declaration, the

presumption that the burden of proof lay on the man who added the chemical. The

American war over benzoate was the moment the New World caught up - loudly,

democratically, in the newspapers, with twelve young men eating the evidence. Europe had
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regulated its pantry by expertise; America would regulate its own by drama. Benzoate of

soda had the misfortune, and the honor, of being the drama's leading exhibit.

The European experience also supplied the counterexample America needed: proof that a

nation could regulate preservatives without destroying its food industries. The German

brewers survived the salicylic acid ban; the British jam and pickle trades survived the

permitted list; the French wine trade survived its frauds office. In each case the pattern was

the same - the trade prophesied ruin, the law arrived, the trade adapted, and within a decade

the prophecy was forgotten. The benzoate lobby in Washington, pleading that a ruling

against their salt would annihilate the ketchup industry, was making a claim the European

record had already falsified; and indeed, when the ruling came, the industry did not die but

reformed - Heinz's thick, sanitary, preservative-free ketchup outselling everything the

benzoate men had defended. The lesson generalizes, and it is one of this book's recurring

truths: the cost of honesty in food is almost always overestimated by the people selling the

food, and almost always recovered, with interest, in trust.
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The Benzoate War



C H A P T E R  1 0

Harvey Wiley and the Bureau of Chemistry

Harvey Washington Wiley was born in a log farmhouse in Indiana in 1844, raised

evangelical on the frontier edge of the Midwest, and trained in both chemistry and medicine

- at Indiana Medical College, then at Harvard's Lawrence Scientific School, then in

Germany, where he learned the new food-analysis methods of the European laboratories. He

taught chemistry at Purdue, served as Indiana's state chemist, and in 1883 - despite a minor

scandal over a fashionable bicycle and a salary question that nearly cost him the

appointment - he became chief chemist of the Division of Chemistry of the United States

Department of Agriculture. He would hold the post for twenty-nine years, and he would

turn a small analytical bureau into the most consequential food laboratory in the world.

Wiley arrived in Washington with a settled conviction and a temperament to match. The

conviction was that food adulteration - the whole spectrum from watering milk to dosing

ketchup with antiseptics - was not a set of isolated frauds but a single structural crime

against the public, committed daily, with impunity, by an industry that answered to nobody.

The temperament was a flavor of righteous stubbornness that allies called courage and

enemies called fanaticism; he had, as even friendly historians admit, the evangelical's

certainty that he was on the side of the angels. He also had real gifts that pure fanatics rarely

have: he was a shrewd bureaucratic infighter, a gifted popular speaker with a taste for the

epigram, and - the quality that made everything else possible - a genuine scientist who

insisted, against both the hysterics and the hired men, on getting the data first.

Through the 1880s and 1890s the Division of Chemistry under Wiley published its great

series of bulletins on food adulteration - methodical, unglamorous, devastating analyses of

what was actually in the nation's spices, baking powders, dairy products, liquors, coffees

and canned goods. The bulletins made Wiley the acknowledged national expert on what

Americans were really eating, and they armed every state chemist and honest journalist in

the country. But bulletins change nothing by themselves. For twenty years, bills to establish

a national food and drug law were introduced in Congress and killed - killed by the whiskey

rectifiers, the patent-medicine lobby, the baking-powder wars, the canners, the glucose

interests, and the general doctrine that commerce was none of Washington's business. Wiley

supported nearly all of them, testified for many, and watched every one die. What he lacked
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was not evidence of adulteration; he had warehouses of that. What he lacked was evidence

on the question that always ended the debate: granted the chemicals are there - so what? Are

they actually hurting anyone?

The preservative question concentrated the problem perfectly. Borax, salicylic acid,

formaldehyde, sulfurous acid and benzoate of soda were in the food supply wholesale, in

quantities set by factory convenience, and the toxicology consisted of assertion. The

manufacturers' experts testified the doses were harmless; the pure-food men asserted they

were slow poison; the truth was that neither side had ever measured anything. Wiley's

solution was characteristically direct and, by later standards, ethically breathtaking: he

would feed the chemicals to human beings and see what happened. In 1902, with a small

Congressional appropriation for exactly this purpose - Congress, to its credit, approved the

protocol of the studies - he began what he formally called the "hygienic table trials" of food

preservatives. The press, delighted, gave them the name by which history knows them: the

Poison Squad.

Wiley's plan was systematic. One chemical at a time; twelve healthy young men per squad;

everything eaten measured, every symptom recorded, every excretion analyzed. Borax

came first, in the winter of 1902-03; then, in succession, salicylic acid, sulfurous acid,

sodium benzoate, and formaldehyde. The benzoate trials - the ones that matter for this book

- came fourth in the series, and they would produce both the Bureau's Bulletin No. 84, Part

IV, and the single most contested dataset in American food history. By the time the benzoate

squad sat down to its first dosed meal, its predecessors had already made Wiley a national

figure, half hero and half menace, and had set in motion the chain of events that would end

with a federal law, a broken friendship between the nation's top chemists, and the white salt

itself on trial.

Two more strokes complete the portrait of the man at the center of the coming war. Wiley

was a popularizer of genius: he wrote for the magazines, lectured the Chautauqua circuits,

and understood - a generation before public relations had a name - that a regulator's true

constituency is the dinner-table conversation of the country. The Poison Squad was a

scientific protocol, but it was also the most successful act of scientific theater ever staged by

a government, and Wiley stage-managed it: the leaks, the menus, the ballads. His enemies

called it demagoguery; history has mostly called it necessary. Without the theater, the data

would have sat in the bulletins with the rest of the unheeded truth.
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And he was, within the limits of his era, an honest broker of evidence - which is what

makes the coming collision with the Remsen Board a tragedy rather than a farce. Wiley's

benzoate verdict was not bought and not invented: Bulletin 84, Part IV, records real

symptoms in real men at real doses. The dispute was over what the data meant - whether

injury at five grams said anything about a tenth of a gram - and that is a dispute about

inference, not integrity. The twentieth century would have to invent the disciplines - dose-

response toxicology, the no-observed-effect level, the safety factor - to settle it. In 1909, the

United States had Wiley's conviction on one side and Remsen's on the other, and no science

yet grown up enough to referee between them. The Board's verdict, not Wiley's, became

law; but the question Wiley insisted on - what does a lifetime of small doses do? - outlived

them both, and it is the question the modern agencies are still answering.
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C H A P T E R  1 1

The Poison Squad

The dining room was in the basement of the Bureau of Chemistry's building in Washington,

and it was run, by all accounts, with a certain grim conviviality. The volunteers - twelve at a

time, recruited mostly from the Bureau's own young chemists and clerks, sworn to eat

nothing but what the kitchen provided - took their meals at a common table under the eye of

the staff, and on the wall, if the often-retold story is true, hung a verse by the humorist of

the day: "O, they may get over it but they'll never look the same, / That kind of bill of fare

would drive most men insane." What the newspapers christened the Poison Squad, Wiley

insisted on calling the hygienic table, and the protocols, for 1902, were remarkable: no

animal studies, no laboratory simulations, no institutional review boards and no consent

forms - none of those institutions yet existed - but careful menus, measured doses, complete

chemical bookkeeping of what went into each man and what came out, and daily medical

observation. Congress had approved the design. The men were paid little and celebrated

much; the press followed their dinners the way it followed baseball.

The borax squad went first, in 1902-03, and established both the method and the headline

pattern: the volunteers, fed escalating doses of borax and boracic acid concealed in capsules

with their meals, held up through moderate doses and then, as the dose climbed, began to

fail - appetite gone, weight falling, headaches, stomach cramps, depression of spirits. Wiley

would stop a trial when the men became too sick to continue, record the findings, and start a

fresh squad on the next chemical. Salicylic acid followed, then sulfurous acid. The pattern

repeated with variations: at preservative doses well above anything in a normal diet, the

men got sick; at the doses actually present in food, the effects were milder and argued over.

The scientific crux - what did ordinary daily exposure do, over years? - was precisely what

a twelve-man, months-long trial could not answer, and both Wiley and his critics knew it.

What the trials could and did establish was that these were not inert substances: they were

drugs, with pharmacology, being dispensed by grocers.

The benzoate trials, the fourth in the series, ran in 1908 and were published in 1909 as

Bulletin No. 84, Part IV: Influence of Sodium Benzoate on the Nutrition and Health of Man

- eight hundred pages of menus, urine analyses, body weights and clinical notes, the most

exhaustive examination of a food preservative ever attempted. The men received benzoate
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of soda in doses that escalated well beyond dietary reality - grams per day where the

ketchup-eater got fractions. The findings, as Wiley read them, were damning: at the higher

doses the men showed the familiar syndrome of the earlier squads - disturbed digestion,

depressed appetite, headaches, malaise - and the Bureau's verdict, delivered with Wiley's

moral force behind it, was that benzoate of soda in food was an injury to digestion and

health and ought to be prohibited. The qualification "at the higher doses" would become the

hinge on which the whole affair turned. The food industry's chemists read the same bulletin

and saw vindication: nothing at dietary doses, sickness only at absurd ones - which was,

they said, true of table salt.

Whatever the correct reading, the public had already decided something simpler, and the

decision was Wiley's masterpiece. Five years of Poison Squad dinners had done what

twenty years of bulletins could not: they had made chemical preservatives a national topic,

a music-hall joke, a sermon subject and a mother's worry. The squad's diners became folk

heroes - "only the brave dare eat the fare" - and every trial that ended in nausea added a line

to the indictment. In June 1906, mid-series, the Pure Food and Drugs Act passed Congress

and Theodore Roosevelt signed it, forbidding adulterated and misbranded food in interstate

commerce; Wiley's bureau would enforce it. The law did not itself ban benzoate or any

other preservative - it required honesty and prohibited poison - and so the war simply

moved to the next battlefield: the administrative and scientific fight over whether benzoate

of soda was, in the Act's terms, an added poisonous or deleterious ingredient. That fight,

waged through 1907 to 1909, would break Wiley's authority, create a precedent that governs

food law to this day, and turn on the collision between the Bulletin 84 data and a hand-

picked board of the nation's most eminent chemists. The Poison Squad had fed benzoate to

twelve men; now the question was whether it could lawfully be fed to ninety million.

A word is due about what kind of document Bulletin 84, Part IV, actually is, because it is

still readable and still impressive. It is eight hundred pages of raw science: menus and

recipes, daily body weights, chemical analyses of the food and of everything the men

excreted, clinical notes on every headache and every lost appetite, dose tables that escalate

by the week. Nothing like it had ever been compiled for any food substance, anywhere.

Whatever its interpretive slant, it established a genre - the systematic human feeding study

of a food chemical, published entire - that the world's regulators still inhabit; every modern

toxicology dossier is its descendant. The young men who ate those dinners, incidentally,

went on to ordinary lives; the press that had made them famous as daredevils lost interest,
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and the Bureau's records preserve them mostly as initials and body weights. But their

basement table has a fair claim to be the birthplace of food toxicology as an experimental

science. Before them, the safety of a preservative was a matter of opinion. After them, it

was a matter of evidence - contested, provisional, dose-dependent evidence, but evidence.
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The Ballad of the Squad

The Poison Squad's deepest legacy may not be scientific at all. It was the first great media

event of the American consumer age, and its afterlife in popular culture explains how a

Bureau of Chemistry bulletin became a national conviction.

The press coverage was relentless and delighted. The squad's menus were printed; its

symptoms were serialized; its members were profiled as the bravest diners in America. The

minstrel and vaudeville circuits, which made a living translating the news into song, took

the squad up within the year - Lew Dockstader's company performed "The Song of the

Poison Squad" to laughing houses, with its toast "O, here's to good old benzoate, and

salicylic of acid, too" - and the squad entered the small change of American humor, the

place where the republic keeps its real opinions. Every trial added a verse. When the borax

men sickened, the nation laughed and winced; when the benzoate men sickened, the

ketchup industry felt it in the quarterly figures. This was Wiley's genius fully realized: not

that he proved preservatives dangerous - the Remsen Board would soon enough qualify that

- but that he made the nation's dinner conversation permanently incapable of not knowing

that the chemicals were there. Before the squad, adulteration was a specialist's file; after it,

"what's in this food?" was a question any citizen could ask, and asking it became a habit the

country has never lost. Every parent who has ever squinted at a label in a supermarket aisle

is, whether they know it or not, singing the squad's song.

The tradition renews itself by the generation. Upton Sinclair's "The Jungle," published in

1906 as the squad's trials ran, turned the stockyards into a national nausea and rode the

same wave into law. A century later, the squad itself became a publishing property -

Deborah Blum's "The Poison Squad" carried Wiley and his diners onto the bestseller lists

and the television development slates of the 2010s, and the FDA's own historians keep the

photographs and the menus in the agency's official memory. Institutions rarely honor the

insurgents who made them necessary; the FDA's custodianship of Wiley's story is the

exception that proves how completely the insurgent won. The basement dining room has

become, in retrospect, a founding site of the American regulatory state - and benzoate of

soda, the fourth course of its menu, the dish on which the whole confrontation finally

turned.
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The song itself survives, and it is worth a verse's attention. "The Song of the Poison Squad,"

as Dockstader's troupe sang it, runs through the squad's menu with gallows cheer, toasting

each preservative in turn and recording the price: the singers grow progressively sicker, and

the audience grows progressively wiser. It is, as far as this author can find, the only work of

musical theater ever written about a food additive - and it ran, in the years when the

American diet was being decided. The squad's afterlife in print has been longer still: the

episode anchors every history of the FDA, every textbook of food law, and at least one

modern bestseller, and the photographs of those twelve young men at their long white table

have become the stock image of an entire idea - the idea that what a nation eats should be

somebody's measured business. That idea is now so ordinary that it is hard to remember it

was once a song people paid to laugh at.
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The Ketchup War

While the Poison Squad ate in Washington, the condiment industry was having its own civil

war, and the battleground was a bottle of ketchup. The story, reconstructed from the

Bittings' USDA bulletins and the trade history, is the purest case in this book of a

preservative colliding with commerce - and the strangest, because the man who destroyed

benzoate's best customer was not Wiley but a manufacturer: Henry J. Heinz of Pittsburgh.

To see the stakes, recall what commercial ketchup was around 1900. Most of it began as the

waste of the tomato canneries - the skins, cores, green and rotten fruit, and machine

drippings described in the Bureau's inspections - barreled, half-fermented in transit

(inspectors watched barrel heads blow out from fermentation gases), cooked down, spiced,

colored with coal-tar dyes, and held in stasis with a heavy hand of benzoate of soda. It was

thin, it was sharp, it exploded on occasion - the newspapers enjoyed reporting bottles of

catsup bursting on dinner tables and injuring housewives - and it was cheap. It was also,

increasingly, a national habit. Ketchup was the first great industrial condiment, and its

dozen competing makers agreed on exactly one thing: the stuff could not be sold without

the white salt.

Heinz disagreed, for reasons that mixed genuine purity zeal with flawless commercial

instinct - his biographer's formula was "idealism and noble purpose compounded with self-

interest." Around 1900 his research manager, G.F. Mason, had run the experiments

everyone said were hopeless: bottle ketchup without preservatives and see. The first trials

were humiliating - the corks popped and the ketchup spoiled in about sixty hours, one

sample after another. But the direction the failures pointed was the one American home

cooks had known for a century: use ripe tomatoes, boil it down thick, and load it with

vinegar, sugar and spice. Heat, acid, sugar and salt are preservatives too - the old, honest

kind that also taste like something. By 1904-1906 Heinz had his formula: a thick, dark,

sweet, strongly vinegared ketchup with roughly double the seasoning of the commercial

norm, made from sound ripe tomatoes in a factory run with obsessive sanitation, and stable

on the shelf with no benzoate at all. It cost two to three times as much to make as the

standard article. Heinz priced it high and spent the difference on the largest advertising

campaign the food industry had ever seen - and the advertising was the war. "Good ketchup
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needs no drugs," the placards said. A two-page spread in the Saturday Evening Post

shouted, in block capitals: "WARNING! THE U.S. Gov't Says benzoate of Soda in Foods

Produces Injury to Digestion and Health" - Wiley's Poison Squad findings, weaponized into

a sales pitch.

The benzoate ketchup makers - and they were nearly all of them - fought back as an

organized lobby. They told President Roosevelt to his face that an anti-benzoate ruling

would destroy the ketchup industry; they circulated stories of the horrors of preservative-

free ketchup (an industry journal reported, deadpan, that a priest in Washington,

Pennsylvania had been "hauled across the room" by an exploding bottle); they called openly

for Wiley's dismissal. Wiley, for his part, supplied the campaign's technical wing: in 1907

he set two of his Bureau's analysts, the husband-and-wife team Arvill and Katherine Bitting,

to prove on the record that preservative-free ketchup could be made. The Bittings analyzed

some 1,600 commercial bottles, collected home recipes that kept for years, and showed

methodically that thickness, acidity, sugar, ripe fruit and sanitary handling did everything

benzoate did - better. Their bulletins, Experiments on the Spoilage of Tomato Ketchup and

its companions, became the scientific charter of the new ketchup.

The war was over by about 1911, and Heinz had won it in the only court that mattered, the

grocery. By 1915 most major ketchup makers had dropped benzoate entirely; those that

clung to it lost their customers. The curious epilogue, noted by ketchup's historians with

some justice, is what the victory cost: the sweet, thick, heavily boiled, high-vinegar style

that benzoate-free ketchup required became the only style, and the varied, tangier, thinner

ketchups of the nineteenth century - which benzoate had in fact preserved rather well - went

extinct. The white salt lost its first great market, and the nation's palate was standardized in

the process. But ketchup was only one front. Soda syrups, cider, fruit juices, pickles, sauces,

margarine and a hundred lesser products still ran on benzoate, and their makers' future now

rested on one question: would the government of the United States formally declare

benzoate of soda a poison? The answer came from an extraordinary institution created

precisely to answer it - the Remsen Board.

The Bitting bulletins, the technical heart of Heinz's campaign, deserve a final word of their

own, because they mark the moment food preservation itself became a science rather than a

secret. Katherine and Arvill Bitting - she a microbotanist, he an inspector who had walked

the cannery floors and written down the horrors - approached ketchup the way an engineer
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approaches a bridge: they enumerated the causes of failure (underripe fruit, thin boiling,

low acid, dirty plant), measured each one's contribution, and showed that a ketchup built

correctly from sound tomatoes needed no chemical crutch at all. Their 1909 and 1915

bulletins, published by the very Bureau whose chief was fighting the benzoate war, are

among the founding documents of food technology - the demonstration that preservation

could be designed into the process rather than dosed in afterward. Every modern food-

safety doctrine, from hazard analysis to hurdle technology, grows from that seed. The

ketchup makers' lobby had claimed benzoate was indispensable; the Bittings proved it was a

substitute for care. The distinction - preservative as necessity versus preservative as alibi -

remains the sharpest knife in the whole century-long argument, and it was forged in a

government laboratory in the service of a ketchup company.
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The Remsen Board and the Half-Gram Rule

The collision, when it came, was between two irreconcilable readings of the same

experiment, and it was refereed by some of the most distinguished scientists in America. In

1908 President Theodore Roosevelt, caught between his chief chemist's convictions and a

food industry of national scale, created a body with a bureaucratic name and an

extraordinary membership: the Referee Board of Consulting Scientific Experts. Its

chairman was Ira Remsen of Johns Hopkins - former president of the American Chemical

Society, the man who had discovered saccharin in his laboratory in 1879 - flanked by

figures of the first rank in American chemistry, physiology and medicine. Its charge was

narrow and enormous: to review the Bureau of Chemistry's evidence and advise the

government whether specific substances in food were actually injurious. Its first assignment

was benzoate of soda.

The Board did not merely read Wiley's Bulletin 84; it ran its own human feeding trials, in

parallel, with its own protocols, on young men dosed with sodium benzoate. And in 1909 it

delivered its verdict: benzoate of soda, in quantities up to half a gram per day - comfortably

above what a normal diet of preserved foods would supply - produced no injurious effects

on digestion or general health. Larger doses produced temporary disturbance; the Board

found no evidence of lasting harm at any tested dose. The implication was unmistakable

and, to Wiley, intolerable: the Poison Squad's centerpiece conclusion, publicly retailed by

Heinz in block capitals as the government's verdict, had been reviewed by the nation's most

eminent independent scientists and rejected.

The fight that followed was savage, personal and public, and it wrecked careers. Wiley

attacked the Board's competence, its methods and its independence - some of the Board's

trials had been assisted by industry-connected chemists, and the New York Times and the

muckraking press gleefully aired the connections - and he never accepted the half-gram

ruling, describing benzoate to the end of his life as a fraud on the public's stomach. The

Board's members, for their part, found Wiley's bulletin slanted: the men, they noted, had

been dosed far beyond dietary reality, the symptoms were transient, and the Bureau's report

read like advocacy. Secretary of Agriculture James Wilson, Wiley's own chief, sided with

the referees; the Roosevelt and then Taft administrations ruled that benzoate of soda in food
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was lawful, provided it was declared on the label and kept within the half-gram-per-day

bound - in food terms, about a tenth of one percent, the figure that echoes down to the

present regulation. Wiley, defeated on the substance and increasingly at war with his

department, resigned in 1912 and moved to Good Housekeeping, where he spent eighteen

more years prosecuting the same case from a magazine. He died in 1930, on the anniversary

of the law he had done more than anyone to pass.

For the long history of food regulation, the Remsen Board episode settled more than

benzoate. It established the template - contested since, refined since, but never abandoned -

that the permissibility of a food chemical is a scientific question to be answered by evidence

and dose, reviewed by independent experts, rather than a moral question to be answered by

crusade; and, equally, that the answer is provisional, revisable, and entitled to be reopened -

as benzoate's would be, repeatedly, for the next hundred years. The half-gram rule stood in

American practice for decades: sodium benzoate, declared, at up to 0.1 percent. When the

law was modernized in 1958 and the category of substances "generally recognized as safe"

was written into statute, benzoate was on the list from the beginning - GRAS, in the eternal

acronym - and when the regulation was codified, the wording preserved the old settlement:

21 CFR 184.1733, current usage a maximum of 0.1 percent in food. The Referee Board's

ghost sits in that number still.

The aftermath rearranged American science as well as American law. The Referee Board -

Remsen and his colleagues - went on to pass judgment on saccharin, on copper sulfate, on

alum, on sulfur dioxide, applying the same standard: controlled feeding, measured doses,

provisional verdicts. In doing so it became, functionally, the first standing scientific

advisory body in American regulatory life, the ancestor of every expert panel the FDA and

its sister agencies convene today. The principle it smuggled into the state was as

consequential as any statute: that between the laboratory and the law there must sit a room

of independent scientists, reading the evidence, owning the answer. Wiley never forgave the

arrangement, and his later writing from Good Housekeeping kept the benzoate indictment

alive for a generation of American homemakers who trusted him far more than they trusted

Washington. He was, in his way, right about one large thing: the Board had answered the

question it was asked - what does benzoate do in days and weeks? - and left the harder one

standing: what does it do in a lifetime of dinners? That question could not be fed to twelve

men. It could only be answered by feeding a nation, and reading the answer in a century of

toxicology. The century has now largely spoken, and its answer is in Chapter 17.
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Saccharin and the Board's Other Verdicts

The Referee Board's benzoate verdict was only its first case, and the case that came next

shows why the institution - and its founder - mattered far beyond one preservative. Ira

Remsen had discovered saccharin in his Johns Hopkins laboratory in 1879; by 1911 the

sweetener was in the American food supply, and Wiley wanted it out, on the Bureau's

evidence and his own conviction that an artificial sweetener was by definition a cheat. The

Board reviewed the evidence and found saccharin, like benzoate, tolerable at ordinary

doses. The President now reversed field: Theodore Roosevelt, out of office but not out of

voice, exploded at Wiley's campaign against saccharin in the famous recorded judgment

that "anybody who says saccharin is injurious to health is an idiot" - and the Bureau's

authority, already wounded by the benzoate reversal, never fully recovered. Wiley resigned

within the year.

The pattern is the point. On benzoate and saccharin alike, the twentieth century's verdicts

have largely confirmed the Board and not the crusader: both substances remain lawful on

both sides of the Atlantic a century later, within limits, under labels, watched. Yet the

crusader's method - feed it to people, watch, publish, demand the law look - became the

method of the state itself. Wiley lost the verdicts and won the century: the FDA he

midwifed grew into the most powerful food regulator on Earth, and the hygienic table grew

into the whole science of regulatory toxicology. And benzoate, the substance on which the

two visions of food safety first collided head-on, remains their joint memorial: cleared by

the science, constrained by the law, and consumed, in quantities Wiley would have found

apocalyptic, by a species that has stopped noticing.

The Board itself faded - superseded as the Bureau of Chemistry grew into the Food and

Drug Administration and built its own science - but its ghost is institutionalized everywhere.

When EFSA convenes its Panel on Food Additives, when JECFA's experts assemble in

Geneva or Rome, when the FDA's scientists re-review a GRAS substance, the form of the

proceeding is Remsen's: independent experts, published evidence, dose-based verdicts,

provisional conclusions. Even the controversies repeat. Every modern dispute over a board

member's industry ties replays 1909's accusations against the Remsen chemists; every call

for precaution replays Wiley. The machinery has grown more elaborate by the decade, but
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the two poles of the argument have never moved: the suspicion that any avoidable chemical

is an insult to the food, and the finding that dose, not virtue, makes the poison. Sodium

benzoate, the first substance to force the poles into open war, still sits at the exact midpoint

between them - which is why its file, in every agency, is always open and never urgent.
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The Law: GRAS, E-Numbers and the World

The twentieth century turned the benzoate settlement into paperwork - which is to say, into

civilization. What began as a Roosevelt-era ruling became, country by country and decade

by decade, a lattice of statutes, codes, numbers and expert committees within which sodium

benzoate has lived ever since.

In the United States, the pivotal statute was the Food Additives Amendment of 1958.

Confronted with a postwar food supply full of new synthetics, Congress drew a line

between new additives, which would require pre-market proof of safety, and the old

inhabitants of the pantry, whose long use and accepted science earned them the status

"generally recognized as safe." Sodium benzoate was among the inaugural GRAS

substances. The codified regulation - 21 CFR 184.1733, which can be read today in the

Electronic Code of Federal Regulations - is a small masterpiece of regulatory compression:

the substance is "the chemical benzoate of soda (C7H5NaO2), produced by the

neutralization of benzoic acid with sodium bicarbonate, sodium carbonate, or sodium

hydroxide"; it is used as an antimicrobial agent and flavoring adjuvant; and it "is used in

food at levels not to exceed good manufacturing practice. Current usage results in a

maximum level of 0.1 percent in food." There is one more sentence in the regulation, easy

to skim past, that carries the whole of Part I of this book: "The salt is not found to occur

naturally." The law knows the difference between the acid the cranberries make and the salt

the factory makes.

Europe organized the question differently: not by case law but by list. The European

Union's additive framework assigned the benzoate family its E-numbers - benzoic acid

E210, sodium benzoate E211, potassium benzoate E212, calcium benzoate E213 - and

wrote per-food-category maximum levels into the annexes of its food-additive legislation:

on the order of 150 milligrams per liter in non-alcoholic flavored drinks, more in sauces and

certain preserved foods, less or none where technology did not require it. The United

Kingdom's Food Standards Agency, Germany's BfR, and the other national authorities

policed the levels. And above the national systems sat - and sits - the two international

expert bodies that give benzoate's regulation its scientific spine: JECFA, the Joint

FAO/WHO Expert Committee on Food Additives, which sets the toxicological benchmarks
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for the Codex Alimentarius, and the European Food Safety Authority, EFSA, which re-

evaluates the EU's permitted additives on a rolling basis. Both have examined benzoate

repeatedly, and both feature later in this book: EFSA's 2016 re-evaluation, which fixed an

acceptable daily intake of 5 milligrams per kilogram of body weight per day expressed as

benzoic acid and warned that brand-loyal small children drinking flavored beverages daily

could exceed it; and JECFA's 2021 review, which, on the strength of a new reproductive-

toxicity study showing no adverse effects at the highest dose tested, raised the group ADI

for benzoic acid, its salts and related flavoring substances from 0-5 to 0-20 milligrams per

kilogram per day - the scientific equivalent, after a century of suspicion, of a formal letter of

clearance.

Around those anchor systems, the world wrote its own versions. India's Food Safety and

Standards Authority, in the additive schedules of its 2011 food-products regulations, permits

benzoic acid and its salts across a list of foods - 120 parts per million in ready-to-serve

beverages, 450 in coffee extract, 50 in Danish tinned caviar, and so on down a list that reads

like a tour of the Indian pantry. Codex Alimentarius provides the default for the many

countries that legislate by reference. Nigeria's NAFDAC enforces Codex-derived limits that

will play a part in a Lagos courtroom later in this story. China, whose factories now make

much of the world's supply, issued national food-safety standards for benzoic acid and

sodium benzoate with the industry's own largest producer at the drafting table. The sum of it

is that by the early twenty-first century, sodium benzoate had achieved something rarer than

innocence: a fully documented legal existence on every continent, with specified forms,

specified foods, specified limits, and a standing invitation to any scientist to come back with

new evidence. The crusade of 1909 had become a filing system. The filings would need

updating sooner than anyone expected.

One institutional thread completes the legal picture, and it is the committee system's own

metabolism. The bodies that judge benzoate are not monuments but working groups with

calendars: JECFA has evaluated the benzoate family repeatedly across its ninety-odd

meetings - the specifications monographs, the toxicological evaluations, the 2021 revision

of the ADI - and EFSA's re-evaluation program, mandated to re-examine every additive

permitted before 2009, put the benzoates through their formal re-trial in 2016. The practical

meaning for the molecule is that its clearance is never final and never stale: each new

generation of data - a new reproductive study, a new exposure survey, a Southampton, a

benzene affair - arrives at a standing institution with the power and the duty to reopen the
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file. It is a far cry from 1909, when one presidential board gave a verdict for the ages. The

modern preservative lives under something closer to parole: permanent, revocable,

evidence-conditioned liberty.
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The Science of Staying Fresh
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The Acid That Walks Through Walls

Why does a tenth of a percent of this salt stop a thriving soup of microbes? The answer took

most of the twentieth century to work out, and it is one of the elegant small mechanisms of

food science - elegant because the molecule's entire career follows from a single number, its

dissociation constant.

Benzoic acid is a weak acid, with a pKa of about 4.2. That number means that in any watery

food, the acid exists in two forms in equilibrium: the undissociated molecule, C6H5COOH,

electrically neutral; and the benzoate ion, C6H5COO-, electrically charged. The ratio

between them is set by the acidity of the food: the more acidic the medium, the more of the

neutral form. And here is the crux, because the two forms are not equal in what they can do.

A living microbial cell is wrapped in a membrane that passes small neutral molecules and

bars charged ones. The benzoate ion knocks and is refused. The undissociated acid walks

through the cell wall as if it were not there. The preservative, in other words, is only a

preservative in disguise: the harmless-looking neutral molecule is the one that crosses the

border, and the more acid the food, the more of the disguise there is to go round. This is

why benzoate works in soda, cider, ketchup, pickles and fruit juice - all well below pH 4.5 -

and is nearly useless in neutral foods. The E-number has a pH window, and the whole

landscape of which foods carry it is drawn by that window.

Once inside the cell, the trap closes. The cell's interior is kept near neutral pH, and at that

pH the smuggled acid immediately dissociates - drops its proton - and the consequences

cascade. The released protons acidify the cell's interior, and the cell must burn its energy

reserves pumping them back out through membrane pumps that were not designed for the

load. The accumulated benzoate anion does further mischief on its own account. In the

classic work - Hans Krebs's laboratory at Oxford in 1983, building on decades of earlier

study, and the parallel yeast work of the 1990s - the intracellular acidification slams the

master valve of glycolysis: the enzyme phosphofructokinase, the pacemaker of sugar

fermentation, is exquisitely pH-sensitive, and when the intracellular pH falls toward five or

below, the anaerobic fermentation of glucose through phosphofructokinase falls off a cliff.

A yeast cell in a benzoated soda is a cell whose engine room has been told to idle while its

fuel bills keep arriving. Growth slows, then stops; the population neither multiplies nor
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spoils the bottle. Later research added finer strokes: benzoate at growth-inhibiting levels

perturbs membrane trafficking, stresses the cell's proton-pumping and potassium-transport

systems, and forces the cell into an expensive, unsustainable posture of continuous self-

defense.

This mechanism explains, almost word by word, every practical rule of benzoate's use.

Dose low, in acid food, and the microbes stall while the human eater - with a stomach far

more acidic than the soda and a liver waiting downstream - never notices. Combine

benzoate with other hurdles - heat, sugar, carbonation, a second preservative like sorbate or

sulfite - and the microbes must climb several walls at once, which almost none can. And

expect the whole system to have a countermove, because evolution reads the literature too.

The countermove's name is Zygosaccharomyces bailii, and it earns the next chapter to itself.

The mechanism's finer details repay one more inspection, because they explain quirks of

benzoate use that every formulator knows by rule of thumb. First: the same pH arithmetic

that favors the preservative in acid food turns treacherous inside the cell. The microbe's

interior, near neutrality, reconverts almost every smuggled molecule to the charged form,

which cannot leave - so benzoate accumulates inside the cell far above its concentration

outside, a one-way pump driven by nothing but the pH difference across the membrane. The

cell is, in effect, concentrating its own poison; the literature calls this ion trapping. Second:

the energy tax is the real killer, or rather the real sedative. Pumping the invading protons

back out through the membrane ATPases consumes the cell's ATP faster than crippled

glycolysis can mint it, and the cell's economy sinks into deficit - growth stops first, then

maintenance, then viability. Third: the membrane itself suffers. At high local concentrations

benzoate perturbs the lipid bilayer and the proteins embedded in it, including the nutrient

transporters, so the starving cell is also cut off from resupply. Each of these mechanisms

alone would inhibit; together they explain the molecule's signature breadth - yeasts, molds

and many bacteria, each failing at its own point in the cascade. And they explain the last

practical rule: benzoate is biostatic before it is biocidal. It does not usually kill the flora

outright; it freezes them in place, alive but unable to multiply, waiting. Which is why the

preserved bottle, once opened, warmed and inoculated by a backwash or a finger, can still

spoil - the preservative holds the line only as long as the conditions that let it work.
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C H A P T E R  1 8

Nature's Own Benzoate

The most quietly important scientific fact about benzoic acid is that the synthetic kind has a

natural twin, and the twin was always there. Long before Fleck proposed dosing food with

the coal-tar acid, evolution had been making the identical molecule in fruit, spice and

fermented milk - a fact that complicates every simple story about "artificial" preservation,

and one the toxicologists rely on constantly.

The botanical record is well mapped. Benzoic acid and its esters occur free in gum benzoin

- where they can reach a fifth of the resin's weight - and, in lesser but real concentrations,

across the plant kingdom: cranberries are the famous case, with levels that can approach or

exceed a gram per kilogram in the berry, but blueberries, bilberries, strawberries, plums and

prunes carry meaningful amounts; among the spices, cinnamon, cloves, thyme, nutmeg and

star anise are all benzoate-bearing; and the molecule turns up in honey as well. The plant

makes it, as the University of Birmingham's Molecule of the Month account explains, from

the amino acid phenylalanine, through cinnamic acid and a shortening of the side chain to

benzaldehyde, and thence by oxidation to the acid - the shikimate pathway's side branch

that also yields the plant's own antimicrobial defenses. In other words, plants invented

weak-acid preservation long before the chemical industry did, and they use it for exactly the

purpose Fleck copied: keeping fungi and bacteria off their tissues.

The dairy case is stranger and older still. Yogurt, cheese and other fermented milks contain

benzoic acid that no one added - formed during fermentation from the milk's own

precursors, in amounts documented in the dairy-science literature and reviewed in the

Journal of Dairy Science's surveys of natural benzoic acid in dairy products. Hippuric acid

in milk, degraded by the fermenting bacteria, is one established route. The consequence is

one of the great quiet facts of food regulation: benzoic acid is a natural, normal constituent

of foods that have been eaten for millennia, at concentrations that overlap the lower end of

what the law permits to be added. A bowl of cranberry sauce can deliver more benzoic acid

than a glass of benzoated soda.

None of this proves the added sort harmless - dose, matrix and lifelong exposure are the real

questions, and the regulators evaluate the additive on its own evidence, which is why the
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US regulation states flatly that the salt "is not found to occur naturally" even as the acid

plainly is. But the natural twin does three kinds of work in the benzoate story. It explains

the existence of the body's disposal machinery: the hippurate pathway is not an accident but

an adaptation to a diet that always contained benzoate. It complicates the clean-label slogan:

a cranberry carries, unlabeled, the same molecule that a label warns about. And it points the

industry's future: if the molecule can be brewed rather than refined, the line between the

natural and the artificial benzoate dissolves entirely - a thought the last chapter of this book

takes up.

The natural occurrence has one more consequence, and it is analytical: it complicates

enforcement. If benzoic acid occurs uninvited in cranberries, cinnamon, yogurt and honey,

then finding benzoate in a food is not proof that anyone added it - the analyst must ask

whether the level fits the food's natural expectation or betrays the formulator's hand. The

dairy literature reviews natural benzoic acid in milk and its products precisely because the

question arises in commerce: fermented milks and fruit preparations arrive at the laboratory

carrying both a natural background and, sometimes, an undeclared addition, and telling

them apart is a matter of levels, matrices and sometimes isotope work. The molecule's

double citizenship - natural and synthetic at once - thus taxes even the referee. It is a

peculiar honor, shared with few additives: a substance the law must define not by what it is

but by how it got there.

The biosynthetic pathway closes the circle with Part I. The plant builds benzoic acid from

phenylalanine through cinnamic acid - the same cinnamic acid that the benzoin resin carries

beside benzoic acid, the two compounds sharing the tree's defense chemistry - and the

benzaldehyde intermediate is the bitter-almond essence of Liebig and Wohler's laboratory.

In other words, the molecule's three historical appearances - the resin's preservative, the oil's

radical, the berry's background - are one pathway, written in enzymes, and the chemists who

tracked the benzoyl radical in 1832 were, without knowing it, reverse-engineering a branch

of plant metabolism. Nature had been running the benzoic acid works for a hundred million

years before the first toluene tower; the industry merely found a cheaper feedstock.
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C H A P T E R  1 9

The Yeast That Beat the Salt

In the soft-drink industry they speak the name with respect: Zygosaccharomyces bailii, the

spoiler of sodas, the yeast that eats preservatives for breakfast. The modern literature on it,

summarized in Malcolm Stratford's 2013 review for the International Journal of Food

Microbiology, describes a modest-looking yeast with an immodest talent: it grows in

concentrations of weak-acid preservatives - benzoic, sorbic, acetic - that shut down

essentially every other spoilage organism known to food science. Where an ordinary yeast

in a benzoated soft drink is stopped cold, Z. bailii carries on fermenting the sugar, quietly, at

the bottom of the bottle, until the drink is hazy, fizzy with its gas, and undrinkable. It has

been found happily resident in spoiled sodas, cordials, fruit concentrates, salad dressings,

pickles, wine, jam, honey and sugar syrups on every continent. It tolerates sugar

concentrations up to sixty or seventy percent, pH down to about 2, ethanol up to eighteen

percent, and preservative levels at or above the legal maxima. It is, in the trade's phrase, the

yeast that breaks the rules, and its existence is the single strongest reason the rules are

written the way they are.

How does it do it? Not by one trick but by a whole physiology of defiance. Ordinary yeasts,

meeting benzoic acid, suffer the invasion described in the last chapter: the acid floods in,

the interior acidifies, the proton pumps burn the cell's energy faster than glycolysis can

replace it, and the cell stalls. Z. bailii mounts the counterattack at every step. Its membrane

takes up less of the acid in the first place. Its proton-pumping capacity is unusually

powerful and, crucially, it can keep fermenting glucose - making energy - even at the

depressed intracellular pH that paralyzes other yeasts; its glycolytic machinery, the 1991

studies showed, simply refuses to shut down on schedule. It can, when forced, actively

pump benzoate anions back out of the cell. And on top of its intrinsic toughness it runs an

adaptation program: a population suddenly dosed with benzoate may suffer heavy

casualties, but the survivors - or the same cells, given time - induce a stress response that

confers durable resistance, and, worse, a broad cross-resistance to other weak-acid

preservatives as well. A factory that fights Z. bailii with more benzoate may be training it.

The industrial consequence is a small masterpiece of unintended outcomes, and it keeps

quality managers awake. The whole design of a modern acidified beverage - pH 3, benzoate
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at the legal limit, a bit of carbonation - is a selection device. It eliminates every competing

microbe except the one organism evolution has equipped for exactly that environment.

Spoilage of soft drinks by Z. bailii is therefore not a failure of preservation but its

predictable ecological outcome, and it is fought not with more preservative but with the

doctrine known as hurdle technology: stack several mild, different obstacles - acidity,

carbonation, benzoate, sorbate, low oxygen, cold chain, scrupulous plant hygiene,

membrane filtration, a flash of heat at bottling - so that no single resistant organism can

clear them all. The cleanest plants win not by chemistry but by exclusion: Z. bailii arrives in

a plant on raw materials, especially fruit concentrates and sugar syrups, and the factories

that keep it out at the gate are the ones that never have to beat it in the bottle.

There is a larger lesson here, and it runs under the whole future of this molecule.

Preservation is an arms race, not a solution. Every chemical fence selects for something that

can climb it; the history of food preservatives, from salt to benzoate to the modern

bacteriocins, is the history of fences and climbers. Sodium benzoate's century of service has

been possible not because it is invincible but because the foods it guards are poor habitat for

almost everything else - cold, sour, sweet, fizzy - and because industry learned, expensively,

to never ask it to work alone. The yeast that beat the salt is the reason the salt is still honest:

a preservative whose limits are known, mapped and respected.

The yeast's biography deserves its dates. Zygosaccharomyces bailii was described as a

distinct species in the 1890s, and for half a century it was a curiosity of the fermentation

trades. Its modern notoriety begins exactly where the modern beverage industry begins: as

sodas, cordials, juice concentrates and shelf-stable dressings multiplied from the 1950s

onward, the yeast that could live in them multiplied with them, until the spoilage literature

placed it among the most dangerous organisms of acidified preserved foods. The food

microbiologists who mapped it - the British school around Malcolm Stratford, whose

reviews became standard references - turned it from a factory nuisance into a model

organism: today Z. bailii is a reference system for the genetics of weak-acid resistance, its

proton pumps dissected one by one, because what the soda industry fears, the biotechnology

industry covets. A yeast that shrugs off acid is a yeast worth engineering: its ability to make

organic acids at low pH, where ordinary yeasts fail, has made it a candidate factory

organism for producing the chemicals that poison lesser cells. The spoiler, true to the whole

history of this book, has been recruited.

55



C H A P T E R  2 0

The Analyst's Bench

A preservative is only as governable as it is measurable. The entire legal architecture of the

last chapter - the 0.1 percent, the 120 parts per million, the per-category European maxima -

rests on the unglamorous ability of an analyst in a government laboratory to say how much

benzoate is actually in this bottle, today. That ability has its own history, and one episode in

it nearly wrecked the measurement it was meant to protect.

The classical method is as old as the regulation: extract the benzoic acid out of the food into

ether or chloroform, bring it back into water, and titrate it - or read its ultraviolet absorption,

a technique the twentieth century made routine, since the benzene ring drinks UV light at

characteristic wavelengths. The modern method is high-performance liquid

chromatography: the food is diluted or extracted, filtered, and shot through a column that

separates benzoate from sorbate, caffeine, saccharin and the rest of the small-molecule

crowd, each arriving at the detector on its own schedule. An HPLC bench can quantify

benzoate in a soda to the milligram per liter in minutes, and methods of exactly this type are

the standard of the enforcement laboratories on every continent - the reason a bottler in

Lagos or Chennai or Rotterdam can be held to a number written in a schedule, and the

reason the schedules can be written as numbers at all.

The cautionary episode comes from the benzene affair, and it deserves to be told because it

shows measurement itself as a source of error. During the 2006 benzene scare, the FDA had

on its books the results of its own Total Diet Study, a long-running monitoring program that

between 1996 and 2001 had analyzed foods, including beverages, for volatile organic

compounds - and had recorded worrying benzene numbers in some drinks. When the 2006

crisis forced a closer look, the agency found the flaw: the analytical procedure itself was

generating benzene in the sample vial - the preparation steps were promoting the very

ascorbate-benzoate reaction the chemists were trying to measure, so the instrument was

reading its own artifact. The 2006 surveys, done with headspace gas chromatography and

mass spectrometry designed to avoid the artifact, produced lower and truer numbers. The

lesson entered the folklore of analytical chemistry: when you go looking for a contaminant

that chemistry can create, your method is part of the experiment. The benzene that

frightened the 1990s data tables was partly real and partly born in the lab; sorting which
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was which took the better part of a decade, and the sorting is why the current monitoring

numbers can be trusted.

The analyst's bench thus closes a loop that the crusaders of 1909 left open. Wiley's war was

fought over whether anyone knew what benzoate did; the modern enforcement laboratory is

the institution that knows - what it is, how much there is, in which food, on which day. The

half-gram rule could only be argued about; the 0.1 percent can be enforced. Between those

two sentences lies the whole difference between food regulation as morality play and food

regulation as a functioning state.

The bench's modern heir is the monitoring program, and its quiet outputs are the strongest

evidence in benzoate's whole dossier. The total-diet studies and market-basket surveys run

by the FDA and its sister agencies sample the actual food supply as eaten, in actual

kitchens, decade after decade - and it is from these, not from any theoretical limit, that the

exposure estimates in the EFSA and JECFA evaluations come: the real milligrams per

kilogram per day, measured, that the committees then set against the toxicology. When

JECFA in 2021 could say that even high-exposure children, at 7.1 milligrams per kilogram

daily, fit inside its widened ADI, the number rested on that apparatus of sampling and

measurement - the invisible half of food safety, without which the other half, the toxicology,

would be a library with no address.

And there is a final, forward-looking turn: the analyst's bench is leaving the laboratory.

Portable spectrometers and rapid test strips now carry presumptive benzoate measurement

into the factory, the warehouse and the border post; the regulator's question - is there more

here than the law allows? - increasingly gets its first answer on the spot, in minutes, with

the laboratory's chromatography reserved for confirmation and the courtroom. The arc is the

same one the whole chapter traces: from the Bureau of Chemistry's ether extractions, which

took days, to the HPLC bench's minutes, to the field test's seconds - each generation of

measurement making the law on the label a little more real, and the white salt's century-old

settlement a little more enforceable.
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The Benzene Problem

The most serious scientific blow ever struck against sodium benzoate did not come from

toxicology. It came from inside the bottle, and it was a piece of unwanted chemistry: under

the wrong conditions, the preservative in a soft drink can turn, slowly and in trace amounts,

into benzene - a known human carcinogen with no established safe threshold. The story of

how the industry discovered, buried, rediscovered and finally managed that reaction is the

defining quality scandal in benzoate's history.

The chemistry was published openly, early, and ignored. In May 1993, L.K. Gardner and

G.D. Lawrence reported in the Journal of Agricultural and Food Chemistry that benzene is

produced by the decarboxylation of benzoic acid in the presence of ascorbic acid - vitamin

C - and a transition-metal catalyst such as copper or iron. The mechanism runs through the

hydroxyl radical: ascorbic acid reduces dissolved oxygen in the presence of Cu2+ ions,

generating hydroxyl radicals; a hydroxyl radical abstracts hydrogen from benzoic acid, and

the resulting radical sheds its carboxyl group as carbon dioxide, leaving benzene.

Everything about the reaction is accelerated by exactly the conditions a soft drink meets in

distribution: warmth, light, long storage. Everything about it is slowed by things a

formulator can choose: calcium disodium EDTA, which ties up the metal catalysts, and

sugars, which scavenge the radicals. The recipe for trouble is specific: benzoate plus

ascorbic acid, metal traces, heat and time. The recipe was, of course, the standard formula

of half the world's diet sodas and fruit drinks.

The industry's first engagement with the problem was quiet. In the early 1990s, soft-drink

companies approached the FDA themselves with concerns about benzene formation; the

agency tested, found elevated benzene in some products, and asked manufacturers to

reformulate voluntarily - which most did, and by 1993 the FDA judged the problem small.

It stayed buried for a decade. The public unearthing came in November 2005, when the

FDA received test results from private citizens showing benzene forming at low levels in

several beverages; in December 2005, Germany's Federal Institute for Risk Assessment

published an expert opinion formally flagging the possibility; and in February 2006 a

former FDA chemist took the story public. Regulators moved fast. The UK Food Standards

Agency tested 150 beverages and reported on 31 March 2006: 43 contained benzene, four
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above the WHO's 10-parts-per-billion drinking-water guideline, and those four were

withdrawn. South Korea found benzene in 27 of 30 vitamin-enriched drinks, at 5.7 to 87.8

parts per billion, and urged recalls above 10. The FDA's own survey of 100 beverages found

most under the 5-ppb US drinking-water limit, four above it, two of them 15 to 18 times

above. Health Canada found four of 118 products over its guideline. Within a year, the

International Council of Beverages Associations had issued formal mitigation guidance to

the world's bottlers - check the water, minimize metal traces, consider EDTA, mind the

ascorbate, control storage temperature - and the industry's formulators quietly rewrote the

world's drink recipes. Coca-Cola announced in 2008 that it was phasing sodium benzoate

out of many of its drinks, though not all.

The toxicology deserves the final word, because the scandal's name is worse than its dose.

The worst drink found in the whole affair carried 87.9 parts per billion of benzene; a person

drinking a 350-milliliter can of it would ingest about 31 micrograms - roughly what a

motorist inhales refueling a car for three minutes, against a background of some 220

micrograms a day that every city dweller breathes in from ordinary air, and thousands for a

smoker. The regulators' unanimous verdict was that the levels posed no meaningful public-

health risk - and their unanimous instruction was to eliminate them anyway, because

benzene has no safe threshold and the formation was preventable. Both halves of that

verdict matter to benzoate's story. The molecule had not poisoned anyone; but for the first

time since 1909, the world had been reminded that a preservative's safety is not a property

of the molecule alone. It is a property of the recipe, the bottle, the truck and the sun.

The affair's final accounting belongs to the formulators, because their response was the real

verdict. Once the surveys had mapped the risk, the industry's mitigation doctrine - codified

in the International Council of Beverages Associations' guidance and applied line by line in

the world's bottling plants - attacked every term of the reaction at once: strip metals from

the process water, mind the copper and iron in equipment and ingredients, prefer EDTA or

sugar to quench the radical chemistry, reconsider the pairing of benzoate with ascorbic acid

where it was not essential, keep the warehouses cool and the rotation fast, and test - test the

drinks not as they leave the line but as they age in the heat. It worked. Follow-up surveys

after 2006 found the outliers gone; the FDA's position has remained that the levels in

commerce pose no safety concern, and the guidance is now simply part of how a benzoated

drink is made. The benzene affair's durable legacy is therefore not a ban but a discipline: the

preservative that had been regulated for a century as a pure substance is now understood,
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additionally, as a participant in a system - water, metal, light, heat, time - and the system,

not only the substance, is what a good factory controls.
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The Pickle and the Jam

The soft drink is benzoate's flagship, but the molecule's daily bread is the wider kingdom of

acid foods, and a tour of that kingdom shows the preservative doing its most unglamorous

and most essential work.

Begin with the pickle. The gherkin, the olive, the onion, the mixed pickle of the Anglo-

Indian table and the achaar of the Indian one are all, structurally, the same product:

vegetables held in acid - vinegar added, or lactic acid brewed by the pickle's own

fermentation - and expected to survive the year. Fermented pickles are alive, and that is

their weakness: the same lactobacilli that sour the cucumber can, given a torn seal or a

warm warehouse, carry the jar into soft rot, and the yeasts and molds gather on every

surface the brine fails to cover. Benzoate, dosed into the pasteurized and vinegar pickles at

the scheduled levels, is the industry's insurance on the bottle's second life: it cannot fix a

failed fermentation, but it holds the finished jar in stasis from the packing line to the back of

the pantry. The same logic covers the sauces - the ketchup that lost benzoate in America

keeps company, in most of the world, with chili sauces, soy-based sauces, salad dressings,

mayonnaise-adjacent emulsions and the simmer sauces of the modern grocery, nearly all of

them acid, nearly all of them benzoate country - and the jams, fruit spreads and fruit butters,

whose sugar does most of the preserving until the jar is opened, after which the benzoate or

sorbate on the label is what stands between the breakfast table and the mold.

Then there are the borderlands, which show the rule by their exceptions. The carbonated

and still fruit drinks are benzoate's heartland, as the last chapters recorded. Fruit juices sit at

the pH boundary and take benzoate or sorbate by recipe. The wine belongs to sulfite, the

bread to propionate, the cheese to sorbate and natamycin; and the vast neutral territories -

milk, meat, fish, the low-acid cans - belong to heat and the cold chain, because below their

pH benzoate is, by the arithmetic of Chapter 13, simply not there. The shopper who learns

to read a label this way - acid food, expect E211; neutral food, expect something else - has

learned the first real lesson of food chemistry: the preservative is chosen by the food, not

the factory. The map of what may lawfully contain benzoate, which reads in the schedules

as a bureaucratic list, is in truth a contour map of the pantry's acidity, and the white salt's

long career is written in its lines.
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There is one more member of the acid kingdom that deserves naming, because it carries the

molecule into the breakfast habits of half the world: the table olive. Both the green and the

black styles, packed in brine, sit at the edge of benzoate's working range, and the

international schedules provide for the benzoates in table olives where the style calls for it.

The olive's story recapitulates the whole pattern of this chapter: an ancient preserved food,

born of fermentation and salt, industrialized in the twentieth century, and steadied for the

global shelf by a dose of the white salt that no consumer has ever tasted. From the gherkin

to the olive to the cocktail cherry - whose lurid red and year-long shelf are a benzoate-and-

sulfite co-production - the acid kingdom's lesson repeats: the foods that the modern pantry

takes most for granted are, on inspection, small monuments of applied preservation science,

each with its own dose, its own history, and its own line in the schedules.
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The Southampton Question

A year after the benzene surveys, sodium benzoate was back in the headlines wearing a

different accusation: hyperactivity in children. The affair is the most misunderstood episode

in the molecule's modern history, and it deserves precision, because what the science

showed, what the regulators concluded, and what the newspapers said were three different

things.

In September 2007, The Lancet published a study by Donna McCann and colleagues at the

University of Southampton: a randomized, double-blind, placebo-controlled trial in which

153 three-year-olds and 144 eight-to-nine-year-olds from the general community drank,

over successive weeks, fruit-juice mixtures containing either a placebo or one of two

cocktails of synthetic food colors, each cocktail also containing sodium benzoate. Some of

the children, in some of the analyses, showed small but statistically detectable increases in

hyperactive behavior on the mixtures compared with placebo. The effects were inconsistent

between the two age groups and the two mixtures, and the authors themselves framed the

results cautiously.

The regulators read the study the way scientists read it, and their reading is the load-bearing

fact of this chapter. EFSA's expert panel assessed the McCann study formally in March

2008 and concluded that it provided only limited evidence of a small effect on activity and

attention in some children; that the effects were not consistent; and - the crucial point - that

because the mixtures always combined several colors with sodium benzoate, the study

could not attribute any effect to any single additive. No causal claim about sodium benzoate

alone was, or could be, drawn. The European Parliament, however, legislated on the politics

rather than the toxicology: since July 2010, foods in the EU containing any of the six

"Southampton colors" must carry the warning "may have an adverse effect on activity and

attention in children" - a label attached to the colors, not to benzoate, which requires no

such warning. Southampton's own university, summarizing the work, noted that whether

benzoate had any role at all could not be determined from mixtures. And the UK's Food

Standards Agency, which had funded the study, advised parents of children showing signs

of hyperactivity that cutting the named colors - again, the colors - might help.
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The honest summary, then, is threefold. The study was real, well-run and published in the

world's leading medical journal; it detected something; and what it detected was an effect of

mixtures in which sodium benzoate was a constant passenger, never the tested variable. The

science cannot clear the passenger completely - a mixture effect could in principle involve

every component - but no regulator, reviewing the whole evidence, has ever found grounds

to act against benzoate itself on behavioral grounds, and EFSA's 2016 re-evaluation of the

benzoates, conducted with the Southampton affair in full view, confirmed their safety

within the established acceptable daily intake. The affair's lasting significance is not

toxicological but cultural: it welded the phrase "E-numbers" to parental anxiety in a way no

re-evaluation has ever quite dissolved, and it taught the food industry a lesson it has acted

on ever since - that the cost of a synthetic preservative is no longer measured only in dollars

per kilogram, but in headlines per decade.

The affair also left a methodological mark on the science itself. The Southampton design -

community-recruited children, objective observer ratings alongside parent ratings, placebos

disguised in juice - set a standard that later additive-behavior studies have had to meet, and

its ambiguities set the standard's price: mixtures cannot convict molecules, small effects in

subgroups cannot bear national policy, and a single study, however well run, is a question,

not an answer. The follow-up literature has spent two decades trying to replicate and extend

the finding, with results that remain, on balance, suggestive for some synthetic colors in

some sensitive children and null-to-undetermined for benzoate itself. For the molecule at

the center of this book, the Southampton decade's true effect was therefore demographic: it

moved benzoate out of the toxicology journals and into the parenting magazines, where it

has lived ever since as one syllable of the phrase "artificial colors and preservatives" - an

identity by association that no regulatory clearance has quite been able to shake.
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The Urticaria Clinic

Between the toxicologist's population averages and the newspaper's panic stands a small,

well-documented clinical reality: some people react to benzoate. The recognition is old -

reports of benzoic acid provoking or aggravating nettle-rash, asthma and rhinitis in

susceptible patients run back through the twentieth century - and the modern allergist's

handling of it is one of the quietly civilized corners of the whole story.

The condition at issue is usually chronic spontaneous urticaria: hives that recur for months

without an obvious trigger. A fraction of such patients - the studies vary, but the fraction is

real - worsen on the dietary pseudoallergens, a loose category that includes the benzoates,

the salicylates, the azo dyes and certain other additives, and improve on an elimination diet

that excludes them. The mechanism is not classical allergy - no antibody, no anaphylaxis,

doses far below the toxicological radar - and the honest clinician describes it as intolerance

or pseudoallergy: a hyper-responsiveness, mechanism uncertain, proven by withdrawal and

challenge in the individual patient. The practical protocol is correspondingly individual:

exclude the suspects for weeks, reintroduce one at a time, keep what the skin permits.

Benzoate's place on the suspect list is one reason the dermatology and allergy clinics know

the E-numbers by heart, and one reason the substance's labeling matters not as politics but

as medicine: the patient hunting a trigger cannot hunt an invisible ingredient.

It is worth being exact about what this does and does not mean for the general reader. A

reproducible intolerance in a sensitive minority does not indict a substance for the majority

- peanuts prove that much - and no regulator has read the urticaria literature as grounds for

restriction beyond the labeling that lets the sensitive avoid the trigger. But the clinic's

existence disciplines the triumphant reading of the safety ledger in Chapter 17. The

averages clear the white salt; the clinic reminds us that averages are not people. The honest

sentence, which the regulators themselves increasingly write, is that sodium benzoate is safe

for the population and not for absolutely every person in it - and that the label, the dull little

E211, is the instrument by which the second half of that sentence is honored.

The veterinary footnote belongs here too, and it is not trivial. The cat, alone among

common domestic animals, conjugates benzoic acid inefficiently - its glycine pathway is
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feeble - and experimental benzoic-acid poisoning in cats, documented in the veterinary

literature of the 1970s, made the species a standing caution in the pet-food trade. The lesson

generalizes beyond cats: the safety of a food chemical is species-specific, dose-specific and

pathway-specific, and the human clearance that carries benzoate so comfortably through the

human liver is a property of human biochemistry, not of the molecule in the abstract. It is

the same lesson the hippuric acid story teaches from the other side - the body's chemistry is

the final regulator of every food chemical, and the bodies differ. A preservative is only ever

"safe" as a relationship between a molecule and a metabolism; the rest is arithmetic.

For the individual reader who suspects they are one of the sensitive few, the practical

literature is calm and concrete: keep a food-and-symptom diary, read labels for the

benzoates and their relatives, trial an elimination under a clinician's eye, and challenge

honestly before banning a food forever. The clinics report that many who begin the protocol

find their true trigger is narrower than feared - one dye, one preservative, one food - and

recover whole cuisines in the process. The label, once again, is the enabling technology:

without the little E211 in the ingredients list, the sensitive patient's detective work would be

impossible, and the molecule's best defense for its most vulnerable critics is the plain fact

that it is declared.
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The Safety Ledger

What, after a century of scrutiny, does the toxicological ledger actually show? The answer

is unusually complete, because few food chemicals have been re-examined as often, and the

examination converges.

Absorption and disposal come first, and they are the molecule's oldest defense. Sodium

benzoate eaten with food dissolves, dissociates, and is absorbed essentially completely; the

benzoate circulates to the liver, is activated to benzoyl-coenzyme A, conjugated with

glycine by glycine N-acyltransferase, and excreted in the urine as hippuric acid - the

pathway Liebig began mapping in 1829. The capacity of the pathway is large: at ordinary

dietary intakes the acid is cleared within hours, it does not accumulate, and the clearance is

so reliable that medicine uses it as a liver-function probe. Only at very high doses does the

glycine supply become a bottleneck - which is precisely the finding, from another wing of

medicine, that makes high-dose benzoate therapy a specialist procedure rather than a home

remedy.

On the toxicity proper, the modern re-evaluations are aligned. EFSA's 2016 panel,

reviewing the full toxicological literature - acute, short-term, subchronic, genotoxicity,

carcinogenicity, and a four-generation reproductive study in rats - found low toxicity across

the board, no concern for genotoxicity, no indication of carcinogenic potential, and a no-

observed-adverse-effect level of 500 milligrams per kilogram of body weight per day in the

pivotal reproduction study, from which it derived the acceptable daily intake of 5 mg/kg/day

expressed as benzoic acid. JECFA in 2021 went further: a new extended one-generation

reproductive-toxicity study showed no treatment-related adverse effects at 1,000 mg/kg/day,

the highest dose tested, and the committee quadrupled the group ADI to 0-20 mg/kg/day for

the whole benzoate family - noting that even the highest estimated dietary exposures in

young children, at 7.1 mg/kg/day, fit inside the new limit. The two numbers, 5 and 20, are

not a contradiction but a record of the science getting better in public: EFSA's figure stands

on the older pivotal study with a standard hundred-fold safety factor; JECFA's stands on

newer data with a refined, chemical-specific adjustment. What both agree on is the size of

the margin between what people actually eat and what any study has ever shown to matter -

a margin measured in hundreds.
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The genuine caveats are specific and worth stating plainly, because a book about a

preservative owes its readers the whole ledger. People eat benzoate daily from childhood,

and the EFSA panel's one flagged concern was exactly that: brand-loyal toddlers and

children drinking benzoated flavored drinks every day could, on its conservative modeling,

exceed its ADI - the finding that kept European regulators attentive to children's drinks. A

small number of people are genuinely sensitive: benzoate can provoke or aggravate

urticaria, asthma and rhinitis in susceptible individuals, a susceptibility recognized in

clinical practice for decades and the reason elimination diets for chronic urticaria commonly

exclude it. Cats are a special case entirely - felines conjugate benzoic acid poorly, and

experimental benzoic-acid poisoning in cats is a documented veterinary caution, one reason

pet foods treat benzoate with care. And concentrated industrial benzoate is an irritant to

eyes and airways, as its safety data sheet attests - a workplace matter, not a dietary one.

None of these caveats overturns the main judgment, and the main judgment, written and

rewritten by Wiley's successors on three continents for a hundred years, is this: at the levels

at which it preserves the world's acidic foods, sodium benzoate is among the most

thoroughly cleared substances in the human diet. The white salt stood trial in 1909 and has

been standing trial, on and off, ever since; the verdicts keep coming back the same.

One further line in the ledger connects the toxicology back to the history, and it is the dose

itself. The whole architecture of acceptability - the ADIs, the 0.1 percent - hangs on a

comparison that is worth doing in plain numbers. The old Remsen bound of half a gram a

day corresponds, for a small adult, to roughly the 5 milligrams per kilogram that EFSA's

2016 evaluation would re-derive a century later by formal uncertainty-factor arithmetic; the

two numbers, reached by utterly different methods in utterly different worlds, bracket the

same judgment. A person drinking a liter a day of a benzoated soda at the American

maximum takes in about a gram of the salt - above the older ADI, inside JECFA's newer

one, and comfortably below any dose at which any study has ever recorded an effect. That

is the honest state of the science: not a blank check, and not an indictment, but a margin -

wide, measured, and deliberately kept.
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Toluene into White Salt

Every gram of the world's food-grade sodium benzoate begins its life in a refinery. The

feedstock is toluene - the simple aromatic liquid that petroleum reforming and steam

cracking produce in vast tonnage for solvents, gasoline and chemicals - and the

transformation from toluene to white salt is one of the workhorse processes of industrial

organic chemistry. It is worth walking through, because the economics of the preservative

are the economics of this chain.

The first step is oxidation. Toluene is a benzene ring with a methyl group attached, and the

whole trick of the process is to burn that methyl group - and nothing else - three-quarters of

the way to carbon dioxide, stopping precisely at the carboxylic acid. Industrially this is done

in the liquid phase with air: toluene and a soluble cobalt or manganese catalyst - cobalt

acetate or naphthenate is the classic choice - are charged to a reactor, and air is sparged

through the hot liquid at temperatures around 150 to 200 degrees Celsius and pressures of a

few bar. The chemistry is a free-radical chain: the catalyst's metal ions shuttle between

oxidation states, generating peroxy radicals that pull hydrogen atoms off the methyl group;

the toluene passes through benzyl alcohol and benzaldehyde intermediates - the same

benzaldehyde that Liebig and Wohler made famous - and arrives at benzoic acid. The art is

in the control: too gentle and the reaction stalls at the intermediates; too fierce and the ring

itself burns, yield collapses, and the reactor fouls. The published engineering literature on

the process - kinetics, reactor design, even the mechanisms of the troublesome scale that

forms on the reactor walls - is a small field of its own, which tells you how much money

rides on running it well. Modern plants run it continuously, distill off unreacted toluene for

recycle, and purify the crude acid by distillation or crystallization to the grades the market

requires: technical grade for industrial uses, and food, FCC and pharmaceutical (USP)

grades for the pantry and the medicine chest, with purity specifications at 99 percent and

above and limits on the chlorinated and heavy-metal ghosts of the older routes.

The second step is almost embarrassingly simple: neutralization. The regulation quoted

earlier states it in one line - the salt is "produced by the neutralization of benzoic acid with

sodium bicarbonate, sodium carbonate, or sodium hydroxide." Benzoic acid is slurried in

water, the sodium base is added, the acid dissolves as it converts to its extravagantly soluble
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sodium salt, and the liquor is filtered, then evaporated and crystallized or drum-dried. The

product emerges as a white crystalline powder, granules, or - a form the food trade

particularly favors, because powder is dusty and slow to dissolve - as extruded "noodles" or

prills, and in solution for the beverage plants that meter it by the liter. The final steps are

quality control against the compendia: the Food Chemicals Codex and the national

pharmacopoeias specify the assay, the alkalinity, the heavy metals, the loss on drying; a

batch that meets FCC is saleable on five continents.

There is one historical footnote to the manufacturing story that repays a paragraph, because

it shows how completely the process chemistry won. The first industrial routes to benzoic

acid did not oxidize toluene directly; they chlorinated its side chain to benzotrichloride and

hydrolyzed that - a route that worked, but left organochlorine traces no food customer could

tolerate once the oxidation route matured. Even earlier, the acid came from hippuric acid

from urine works, and before that only from benzoin itself. The oxidation route swept all

before it because air is free and toluene is cheap; the benzoin groves of Sumatra and Laos,

once the world's sole source, retreated to their perfume, incense and pharmacopoeia niches,

where they remain - a living reminder that the feedstock of this industry was, within living

memory, a tree. Today the molecule flows the other way: the same plants that make food-

grade benzoate supply benzoin-free benzoic acid in bulk to the makers of plasticizers, alkyd

resins, caprolactam and benzoyl chloride, and the food salt is almost a sideline - a few

percentage points of a much larger benzoic economy. The salt is cheap because the acid is

cheap, and the acid is cheap because the air is free.

A word, too, on the toluene itself, because the preservative's supply chain is the fuel supply

chain. Toluene is one of the seven basic aromatics of the petrochemical age, produced in

every refinery and steam cracker as part of the BTX stream - benzene, toluene, xylenes -

and priced on the world's energy exchanges. The benzoic acid producer is therefore, willy-

nilly, a speculator in crude: the white salt in the pickle jar carries, buried a cent deep in its

cost, the price of oil. The industry manages this the way it manages everything else - by

integration. The major benzoate plants sit on or near refinery and chemical complexes,

Kalama on the Columbia with its river logistics, Rotterdam inside the largest chemical

harbor in Europe, the Yangtze plants amid the Chinese refining belt, each drawing toluene

over the fence and shipping salt and acid out by tanker and container. The geography of

preservation, mapped properly, is the geography of the world's refineries - the last way in

which a soda bottle is a small piece of the oil age.
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Inside the Oxidation Battery

Stand at the fence of a benzoic acid plant and the process of Chapter 18 becomes physical.

The heart of the works is the oxidation battery: a rank of tall reactors, each holding a

churning charge of hot toluene and catalyst, with air roaring up through the liquid from the

spargers at the base. The reaction is exothermic - the toluene's methyl group is being

burned, three careful steps short of ash - and the heat is the plant's first product, carried off

through coils and jackets to raise steam for the rest of the site. Over the reactors stand the

condensers and separators that catch the toluene vapor and water that the air stream carries

out, returning the toluene to the charge; the off-gas, scrubbed of its organics, goes to the

flare or the oxidizer. The crude benzoic acid leaves the reactors as a hot melt or solution,

and the back half of the plant is a refinery in miniature: distillation columns that strip the

light ends - unreacted toluene, benzaldehyde - for recycle, and take the heavies - the benzyl

benzoate, the biphenyls, the tar - off the bottom, leaving the heart-cut acid to be flaked,

crystallized or molten-hauled onward.

The salt plant is gentler and more exacting at once. In the neutralizing house the acid meets

caustic soda or soda ash in agitated vessels; the chemistry is instant, the art is in the

crystallization - the evaporators and cooling crystallizers that grow the salt, the centrifuges

that spin it free of mother liquor, the dryers and the prilling or extrusion lines that give the

customer powder, granule or noodle. Everywhere in the food-grade half of the works the

rule is the rule of all food-ingredient manufacture: stainless steel, filtered air, documented

cleaning, pest control, batch records - the chemical plant wearing the food factory's whites.

And at the end stands the laboratory, the smallest room on the site and the one that decides

everything, where each lot is assayed against the compendial monographs - the 99-percent

purity, the heavy-metals limits, the clarity of solution - before the white salt earns its

certificate and its truck. The whole edifice, a visitor realizes, exists to guarantee a tenth of a

percent in somebody else's bottle: a hundred million dollars of plant standing guard over a

cent of soda.

The plant's last piece of theater is the one the neighbors know: the smell. A benzoic acid

works announces itself faintly downwind with the sweet, balsamic note of the molecule

itself - the ghost of the incense trade hovering over the industrial estate, the one sensory
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clue that the feedstock and the frankincense share a chemistry. The old hands say you can

tell the plant's mood by the smell's strength: a tight works barely breathes, an upset one

perfumes the quarter. It is a fitting epithet for the whole industry this book has followed -

the ancient resin's molecule, made now by the tonne from refinery streams, still signing the

air with the smell that first taught human beings to want it.

The energy arithmetic closes the tour. The oxidation is exothermic enough that a well-run

benzoic acid plant is a net steam exporter; the energy embedded in the product is therefore

less the energy of manufacture than the energy of the refinery upstream that made the

toluene. When the carbon accountants come to the food industry - as they are coming - the

white salt's footprint will be read off the refinery's ledger, not the salt plant's: a few

megajoules of crude heritage per kilogram of preservative, spread across billions of

servings at micrograms of impact each. Even in the carbon age, the tenth of a percent stays

what it has always been: a small line item doing an outsized job.
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Kalama, Rotterdam, Widnes, Wuhan

The world industry that makes benzoic acid and its salts is small enough to name. It is a

handful of plants, and their locations tell the story of the molecule's globalization: one on

the Columbia River in the American Northwest, one on the Rhine delta, one on the Mersey,

and a rising cluster on the Yangtze.

The western anchor of the industry is the town of Kalama, Washington - not Kalamazoo, as

even careful writers sometimes misstate - where a chemical works on the Columbia River

grew over decades into the world's largest benzoic acid complex. The plant began life in the

1960s under Kalama Chemical, passed through the hands of DSM, and emerged in the

2010s as Emerald Kalama Chemical, the benzoate and benzyl flagship of a private-equity

portfolio - and the kind of quiet, dominant specialist that the big strategics covet. In 2021

the German specialty-chemicals group LANXESS bought Emerald Kalama outright:

enterprise value about 1.075 billion dollars, purchase price about 1.04 billion, the second-

largest acquisition in LANXESS's history, for a business with roughly 425 million dollars of

2020 sales and 90 million of EBITDA. With the deal came the three sites that still anchor

Western benzoate supply: Kalama itself; Rotterdam in the Netherlands; and Widnes, in

England's old chemical belt on the Mersey. LANXESS folded the food and personal-care

side into a new Flavors and Fragrances business unit within its Consumer Protection

segment, and the trade press noted what the price said plainly: preservatives had become a

strategic, high-margin business - "consumer protection," in the industry's own telling, as a

growth story.

The American second pillar is Eastman, the Tennessee chemical company, which makes

benzoic acid and sells food-grade sodium benzoate under the Probenz name from its

Kingsport complex - the kind of integrated, backward-linked producer whose toluene-to-

salt chain never leaves the fence. Around these two majors orbits a tier of long-established

specialists and formulators - the companies that buy the salt and sell the convenience: pre-

dissolved benzoate solutions, benzoate-sorbate blends, private-label preservative systems

for the world's ten thousand small beverage and sauce plants.
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And then there is China, which over two decades did to benzoate what it did to most bulk

fine chemicals: it built the biggest plants and took the price down with them. The flagship is

Wuhan Youji, a toluene-derivatives specialist with plants at Wuhan and Qianjiang on the

middle Yangtze, which describes itself - on Frost & Sullivan's numbers - as the largest

manufacturer of both benzoic acid and sodium benzoate in China in 2023 and the second-

largest in the world, with sales in more than seventy countries and a seat, since 2014, at the

drafting table of China's national food-safety standards for both substances. Tianjin Dongda,

in the northern port industrial zone, is the other historic Chinese name in the molecule, a

benzoic acid and benzoate producer of long standing. Between the Yangtze cluster and the

old Western triangle, the world's benzoate supply today is a duopoly of systems: the

integrated Western strategics selling grade, service and assurance at a price; and the Chinese

volume producers selling the salt itself, cheaper, everywhere. The buyer in Jakarta or Sao

Paulo or Lagos typically meets both offers. The history of which system wins which

customer is the history of globalization written in white powder - and the reason a bottle of

soda can carry the same E-number, made to the same compendial specification, whether it

was bottled in Rotterdam, Sao Paulo, Chennai or Lagos.

The labor and logistics of the trade add the last strokes. A modern benzoic acid and

benzoate complex is a mid-sized chemical works by the standards of its industry: the

oxidation battery with its towers and condensers, the neutralizing and crystallizing trains,

the dryers and prilling lines, the warehouse of supersacks and drums, and the quality

laboratory that signs each lot out against the compendia. The workforce is measured in the

hundreds, not the thousands - the LANXESS acquisition added about 470 employees across

three continents' sites - and the product leaves in every container the chemical trade knows,

from the 25-kilogram bag for the pickle works to the bulk tanker of solution for the bottling

plant. Between the factory gate and the food plant sits the distribution tier - the regional

chemical distributors, the importers who clear the food-grade paperwork, the blenders who

marry benzoate to sorbate for the sauce makers - and it is they, more than the producers,

who set the texture of the market for the ten thousand small customers. A condiment factory

in Coimbatore or Guadalajara does not call Kalama; it calls its distributor, and the

distributor's weekly truck is the true last mile of the benzoate economy.
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Grades, Forms and the Specification Trade

An outsider imagines sodium benzoate as a single commodity: a white powder in a bag. The

trade knows better. The molecule sells as a ladder of grades, a menu of physical forms, and

a bundle of certificates - and the money is in the ladder, not the molecule.

The grades are defined by the compendia. At the base sits technical grade: benzoic acid and

benzoate for the corrosion-inhibitor, coolant and industrial markets, where the specification

cares about assay and price and little else. Above it stands food grade, defined in the United

States by the Food Chemicals Codex - the FCC monograph that 21 CFR 184.1733

incorporates by reference - and internationally by the JECFA specifications and the EU's

purity criteria for E211: assay on the dried basis at 99 percent or better, limits on loss on

drying, on alkalinity, on heavy metals, on the chlorinated compounds and other ghosts of

the synthesis. At the top stands pharmaceutical grade, the USP and the national

pharmacopoeias, for the salt that goes into syrups, tablets and injectables, with the tightest

controls on related substances and the full documentation trail a drug master file requires.

The same white powder, three prices, three audits.

The physical forms are a technology of their own, driven by the customer's plant. The fine

powder dissolves fast and dusts badly; a powder cloud in a blending room is an operator's

misery and a housekeeping hazard. The granule flows better and dissolves slower. The

extruded noodle or prill - little rods of compressed salt - pours like sugar, dusts hardly at all,

and dissolves quickly enough; Eastman's Probenz line, for instance, sells the granular and

dense forms for exactly these reasons. And for the beverage industry there is the ultimate

convenience form: the salt pre-dissolved, shipped as a solution and metered by pump, so

that a bottling line never handles a powder at all. Every form is an answer to a plant

manager's specific irritation, and every answer costs a little more than the last.

Finally the certificates, which are the true product of the modern preservative business. A

food multinational buying benzoate in 2026 is buying, besides the molecule: kosher

certification, so the soda can carry the hechsher; halal certification; allergen and GMO

statements; proof the lot meets FCC and EU and FSSAI specs simultaneously, because the

same drink ships to ninety countries; audit rights over the factory; and a paper trail that will
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survive a regulator's inspection or a plaintiff's subpoena. This is what LANXESS's billion

dollars bought at Kalama: not kettles, which China builds cheaper every year, but the

accumulated trust of the specification trade - the audits passed, the dossiers filed, the

decades of uneventful deliveries. In the preservative business, the molecule is free. What

costs money is being believed about the molecule.

The price mechanics, finally, are the trade's open secret. Sodium benzoate sells, in ordinary

times, in the low single digits of dollars per kilogram - food-grade bagged material trading

on the export markets in a band that moves with toluene, freight and Chinese capacity. At

that price, the salt in a case of soda costs the bottler less than the crown corks. The

consequence for competition is brutal and clarifying: nobody wins the commodity business

on anything but cost, and cost means scale, integration and energy - which is why the

commodity end of the market has concentrated, decade by decade, into the few integrated

producers this chapter names, while the service end fragments into hundreds of distributors

and blenders whose margins live in the paperwork. It is a market structure the Poison Squad

would have recognized: the chemistry commoditized, the trust bespoke.
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The Market for Permanence

How big is the business of making food last? For sodium benzoate itself, the specialist-

market answer, as of late 2025, is precise enough to quote: MarketsandMarkets sized the

global sodium benzoate market at 304.9 million US dollars in 2025, projected to reach

372.3 million by 2030 - a compound growth rate of 4.1 percent a year, with food and

beverages the dominant application throughout. It is, in the cold arithmetic of the chemical

industry, a small market: a mid-sized specialty product, not a giant. But the small number is

misleading in three directions at once, and untangling them is a lesson in how to read the

economics of an invisible commodity.

First, the salt is the tail of a much larger dog. Sodium benzoate is made from benzoic acid,

and benzoic acid - with its far bigger outlets in plasticizers, alkyd resins, caprolactam,

benzoyl chloride and benzyl derivatives - is a market several times larger - just over a

billion dollars a year against the salt's three hundred million, with production capacity

reported by one industry report at roughly 840,000 tonnes in 2023. The preservative salt

rides on that scale: its price, its availability and its production geography are set by the

parent acid's economics, which is why a surge in toluene prices or a shutdown on the

Columbia River or the Yangtze is felt, weeks later, in the cost of pickles. The market reports

that track "sodium benzoate" are tracking the visible tip; the mass of the business is benzoic

chemistry, and the food salt is its most regulated, most branded, most visible outlet.

Second, the salt sits inside the larger economics of the things it protects. A preservative that

costs a bottler perhaps a cent or two per case stands guard over the beverage, condiment and

preserves industries - thousands of dollars of brand value per pallet. The asymmetry

explains the customer's psychology perfectly: nobody ever saved money buying cheap

preservative, because the downside of a failed batch, a recall, a moldy jar photographed on

social media, dwarfs a decade of ingredient savings. This is why the majors sell assurance

as much as powder - kosher and halal certification, compendial documentation, traceable

lots - and why the food-grade trade is stickier and more profitable than the tonnage

suggests. LANXESS did not pay a billion dollars for Emerald Kalama's kettle capacity; it

paid for the qualified positions inside the world's food plants, which take years to earn and

are hardly ever lost on price.
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Third, the growth is real and its geography is specific. The demand drivers named in the

2025 market analyses are the urbanizing, refrigerating, packaging billions of Asia, Africa

and Latin America: every supermarket shelf that replaces a daily wet market is new demand

for shelf-life, and benzoate - cheap, cleared, well understood - is usually the first

preservative a developing food industry reaches for. Against that pull runs the counter-

current of the rich markets, where "no artificial preservatives" has become a premium claim

and reformulation is a growth industry of its own. The two currents explain the forecast

shape: steady mid-single-digit growth, powered by the world's new pantries, in a molecule

whose Western flagship applications are quietly being re-engineered around it. The market

for permanence, in short, is moving - geographically downmarket and technologically

upmarket at the same time - and sodium benzoate, uniquely, has a foot in both movements:

the incumbent everywhere the shelves are new, and the line item under review everywhere

they are old.

The demand map completes the economics. By the market analyses' regional readings,

Asia-Pacific holds the largest and fastest-growing share - China's beverage and condiment

giants on one side, India's packaged-food boom on the other - with North America and

Europe steady, mature, and reformulating at the margins. The application ranking is equally

telling: food and beverages dominate, pharmaceuticals grow on the back of syrups and

excipient demand, and cosmetics and home care - the detergents and fabric softeners that

also spoil without preservation - round out the book. Beneath all of it runs the quietest and

largest driver of all: urbanization itself, the same force that created benzoate's market in

1875, still moving hundreds of millions of people a decade from the garden to the shelf.

Wherever dinner travels farther than the cook, there is work for the white salt.
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The Others: Sorbate, Propionate, Sulfite

Sodium benzoate has never had the pantry to itself. It is one member of a small working

guild of chemical preservatives, each with its own territory, its own temperament, and its

own century of argument - and the map of which preservative holds which food is one of

the most instructive charts in industrial chemistry, because it was drawn almost entirely by

the physics and biology of Chapter 13.

The guild's other weak-acid members divide the larder by acidity and habit. Sorbic acid and

its potassium salt - E200 to E203, discovered in the rowan berry in 1859 and industrialized

in the 1950s - are benzoate's closest rivals: effective to a somewhat higher pH, stronger

against molds, gentler in flavor, and so the owners of the cheese counter, the bakery filling,

the margarine tub and the wine cellar. Propionic acid and its calcium and sodium salts -

E280 to E283 - own the loaf: bread's enemy is the rope bacterium and the mold, and

propionate, with its tolerance for the near-neutral crumb, is the only weak acid at home

there, which is why the world's wrapped bread smells faintly of it and why the Indian

schedule pairs it, at 5,000 parts per million, with benzoate's humbler station. The sulfites -

sulfur dioxide and its salts, the oldest chemical preservatives of all, burning sulfur over

wine since the Romans - hold the wine barrel, the dried-fruit bin and the shrimp basket,

powerful antimicrobials and antioxidants whose own asterisk, the asthmatic's sulfite

sensitivity, earned them the first mandatory allergen labeling of any additive. Nitrites guard

the cured meats against botulism, with their own long controversy. The parabens took the

cosmetics cabinet. Nisin, the bacteriocin from the cheese vats, took the cans and the

processed cheese. Each territory was settled by experiment and locked in by regulation, and

the borders are visible in any supermarket: pick up the bread, the cheese, the wine, the ham,

the shampoo and the soda, and you have met the whole guild.

Benzoate's own territory, in that map, is the kingdom of acid: the carbonated soft drink, the

fruit drink and juice, the cider, the pickle, the olive, the sauce, the salad dressing, the jam,

the syrup. It holds that kingdom for the compounding reasons this book has given: it is

effective exactly where those foods live, below pH 4.5; it is nearly tasteless at use level

where sorbate can taste of itself; it is extravagantly soluble where sorbic acid is not; it is

cheap beyond argument; and it carries a century of regulatory clearance that no challenger
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has matched. Where it is weak, the guild's other members take over, and the modern

formulator's art is largely the art of combining the guild - benzoate with sorbate in the

sauce, benzoate with sulfite in the cider, benzoate with nisin in the processed cheese - so

that each weakness is covered by a partner's strength. The consumer sees one E-number at a

time; the factory sees a league table. And the league table explains the strange durability of

the whole arrangement: no single preservative can be "banned" or "replaced" wholesale,

because the pantry is not a monopoly but a federation, and the loss of any member uncovers

a territory that something worse - spoilage - immediately claims.

The guild's coexistence has a regulatory reflection worth noticing: the world's schedules list

the weak acids together, food by food, often with an either-or arithmetic. The Indian tables

quoted in Chapter 12 are typical - propionate for the bread, sorbate at a thousand parts per

million where mold is the enemy, benzoic acid at its three hundred, sulfite in the beverages

and dried goods - and the European annexes run the same way, a column per additive, a row

per food. To read such a schedule cover to cover is to read the pantry's immunization

record, and the first thing the record teaches is that nobody designed it. Each entry is a

fossil of a negotiation between a technology, a trade and a scare: the benzoate row carries

1909 in it, the sulfite row the asthmatics of the 1980s, the nitrite row the botulism wards

and the cancer scares both. The preservatives, alone among ingredients, have their

biographies written in the law - and benzoate's, the oldest and longest of the synthetic

entries, is the spine of the whole volume.

The comparison can be pushed one level deeper, into mechanism, because the guild's

differences are molecular. Sorbic acid carries its carboxyl on a short unsaturated carbon

chain, and it slips into the microbial cell on the same neutral-molecule terms as benzoate -

but once inside, its double bonds join the sabotage, interfering with the cell's enzymes and

membranes in ways the inert benzoate anion cannot, which is why sorbate hits molds

hardest and why the two acids, combined, cover each other's blind spots. Propionic acid is

smaller still, three carbons, the acid of Swiss cheese's own ripening bacteria, and its

familiarity to the grain-and-dairy microbes makes it the natural warden of the bread box.

The pattern is worth the reader's keeping: in preservation, as in pharmacology, small

changes in the skeleton redraw the map of effects - and the guild's division of labor, which

looks like custom, is inscribed in the structures. The benzene ring, the sorbate chain, the

propionate stub: three shapes, three kingdoms, one principle - get in uncharged, misbehave

inside.

81



P A R T  V I

Beyond the Pantry



C H A P T E R  3 2

The Medicine Chest

The oldest use of the benzoate molecule is not food but medicine - it was a drug for three

centuries before it was a preservative - and the strangest turn in its whole biography is that

in the late twentieth century it became a serious drug again, twice, in two utterly different

branches of medicine.

The first is a matter of life and death in the newborn intensive-care unit. A handful of

inherited defects of the urea cycle - the liver's machinery for converting waste nitrogen into

urea - leave a child unable to dispose of ammonia; it rises in the blood and poisons the brain

within days of birth. The emergency treatment, standardized since the 1980s, is a chemical

end-run around the broken cycle, and sodium benzoate is half of it. Given intravenously in

large doses, benzoate is conjugated with glycine in exactly the pathway Liebig mapped in

horse urine, and each molecule of hippuric acid excreted carries nitrogen out of the body

with it - a parallel drain opened when the main drain is blocked. Combined with sodium

phenylacetate, which clears glutamine by a second conjugation, benzoate forms the drug

Ammonul: the FDA label describes it as a nitrogen-binding agent for acute

hyperammonemia in urea-cycle-enzyme deficiencies, administered as a loading infusion

over ninety minutes followed by maintenance, and the outcome literature - the landmark

2007 New England Journal of Medicine study of phenylacetate and benzoate treatment -

records it transforming the survival of children with these once-uniformly fatal crises. The

same white salt that keeps soda from spoiling keeps certain newborns alive. Sodium

benzoate also persists in smaller medical niches: caffeine sodium benzoate, an old soluble

caffeine salt, has served for decades as an injectable treatment for the headache that can

follow a spinal tap, and benzoic acid remains an official antiseptic and antifungal of the

pharmacopoeias - Whitfield's ointment, the benzoic-and-salicylic salve, still treats fungal

skin infections as it has since 1907.

The second medical career is stranger and newer, and it lives at the frontier of psychiatry. In

the brain, sodium benzoate does something quite different from mopping nitrogen: it

inhibits D-amino acid oxidase, the enzyme that destroys D-serine, and D-serine is a

required co-activator of the NMDA receptor, one of the brain's central signaling switches - a

receptor whose underfunctioning is one of the leading biological theories of schizophrenia.
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Raise D-serine by blocking its destruction, the reasoning goes, and you might nudge the

NMDA system toward health. In 2013, a team led by Hsien-Yuan Lane in Taiwan published

in JAMA Psychiatry a randomized, double-blind, placebo-controlled trial: fifty-two patients

with chronic, stabilized schizophrenia received six weeks of sodium benzoate - one gram a

day, simply added to their existing medication - or placebo, and the benzoate group

improved significantly more, on both symptoms and some cognitive measures, with no

notable added side effects. Follow-up trials have tested the same one-gram dose in

clozapine-resistant illness and early psychosis, with mixed but genuinely encouraging

results, including a 2025 secondary analysis linking benzoate treatment to increased

glutathione and improved symptoms and function. Nothing here is a cure, and the authors

say so; but a pantry preservative with a GRAS rating and a century of human exposure is an

almost ideal candidate for repurposing - cheap, known, available - and benzoate's trial

record has made it a small, serious thread in the search for the next generation of

schizophrenia medicines. The molecule that Wiley fed to his squad to find its toxicity is

now being fed, at carefully chosen doses, to find its pharmacology.

There is a symmetry in the two medical careers that the molecule's biographers should not

pass over. The Ammonul use weaponizes the body's own disposal pathway - the hippurate

drain opened wide to carry off nitrogen - while the schizophrenia use weaponizes an off-

target pharmacology nobody designed: the inhibition of D-amino acid oxidase, a property

discovered in the biochemistry of the 1960s and parked for half a century until the NMDA

theory of schizophrenia gave it somewhere to matter. In both cases the drug is the same

white salt sold by the sack to the pickle trade, purified to the pharmacopoeia's standard; and

in both cases the dose dwarfs the dietary one - grams a day in the clinic against the

milligrams of the pantry. The clinical doses are themselves the quietest testimony to the

salt's basic safety: a substance that neonatologists infuse into infants by the gram, under

label, has already told you most of what you need to know about the tenth-of-a-gram in the

soda.
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The Dressing Table

The same bottle of white salt that guards the pantry stands, under a slightly different job

description, in the bathroom - and its career there is a compact lesson in how regulation

divides the world by use even when the molecule is one.

Cosmetics and personal care are benzoate's second-oldest industrial home. Toothpastes,

mouthwashes, shampoos, creams, lotions and lipsticks are all, chemically speaking, food for

microbes: warm, wet, nutrient-rich emulsions opened daily by unwashed hands. Without

preservation they would spoil on the shelf and on the face, and the preservatives that guard

them work by the same mechanisms as in food. Sodium benzoate, often paired with the

parabens or with phenoxyethanol, has been a standard of the cosmetic formulary for

generations, at levels typically around a few tenths of a percent. Its formal clearance is as

documented as its food clearance: the Cosmetic Ingredient Review - the American

industry's independent expert panel - published its Final Report on the Safety Assessment of

Benzyl Alcohol, Benzoic Acid, and Sodium Benzoate in 2001, reviewing the toxicology and

concluding the substances safe as used in cosmetics; the European Union lists benzoic acid

and its salts and esters in Annex V of the Cosmetics Regulation, with benzoic acid

permitted up to 2.5 percent in rinse-off products and sodium benzoate inheriting the family's

standing. The mouth, incidentally, is where the two regulatory worlds meet: a toothpaste is a

cosmetic that is swished around the oral cavity and partly swallowed, and the molecule that

the FSSAI schedules in a beverage is the same one the CIR cleared in the dentifrice -

different statutes, same salt.

The pharmacy shelf is the third home, and the oldest. Sodium benzoate is a working

pharmaceutical excipient: it preserves liquid medicines - the cough syrups and children's

suspensions that are sugar-water with an active ingredient, as inviting to a mold as any soda

- and it appears in the pharmacopoeias' own monographs with the same 99-percent assay as

the food grades. The excipient role is invisible by design: no patient has ever chosen a syrup

for its preservative, yet the preservative is why the syrup in the third week of a winter cough

is still medicine and not culture medium. Between the dressing table and the medicine

chest, benzoate's non-food career quietly re-runs the argument of the whole book in
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miniature: an invisible chemical, dosed low, doing a necessary job, carrying a century-old

dossier, and noticed only on the rare occasions it makes the papers.

The household chemicals round out the portrait. Liquid detergents, fabric softeners, liquid

soaps and household cleansers are, like creams and syrups, water-based products that

microbes will colonize if they can, and the preservatives that defend them work the same

benzoate-and-friends chemistry at the same fractions of a percent. When LANXESS

described the Emerald Kalama acquisition, it named exactly these outlets - food, household,

cosmetics and personal care - as the growth markets of the preservatives business, a

corporate way of saying that the white salt's second century looks like its first: the same

small molecule, dosed low, wherever the modern world stores anything wet. The pantry

made it famous; the house made it ubiquitous.

There is an irony here that the industry savors quietly: the consumer who rejects E211 in a

soda often washes with it an hour later. The cosmetic and household uses never attracted a

fraction of the food use's controversy - partly because the dose routes differ, mostly because

the anxiety market never colonized the bathroom shelf the way it did the pantry. The

molecule's reputation, like its mechanism, turns out to be site-specific. The same white salt

is a scandal in a soft drink, a non-event in a shampoo, and a salvation in an intensive-care

unit - a distribution of judgment that says more about the public's map of risk than about the

powder, and that the makers of both soda and shampoo read with close professional

attention.

The regulatory geography of the bathroom shelf mirrors the pantry's. In the United States

the CIR's word is expert consensus rather than statute, and the FDA's hand rests lightly on

cosmetic preservatives unless harm is shown; in the European Union the same family is

governed by the positive list of the Cosmetics Regulation, with its own maxima and its own

review machinery. Between the two systems the formulator of a global shampoo plays the

familiar game - one product, two rulebooks - and the benzoates, cleared on both sides for

generations, are among the shortest lines in the compliance file. It is the fate of well-

understood molecules to be boring in exactly this way: the paperwork of a substance

nobody has had to worry about for a hundred years is very dull paperwork indeed.
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Rust, Rockets and Radiators

The grocery shelf is not the half of benzoate's working life. The same two properties that

make it a preservative - it is a benign, water-soluble organic anion, and it interferes with

electrochemistry at surfaces - put it to work across the industrial landscape, in places no

shopper ever sees.

Start with rust. Sodium benzoate is a documented corrosion inhibitor for steel in near-

neutral water, and it has been one for most of a century: the classic studies of benzoate and

other metal benzoates as inhibitors in water and aqueous systems date to the 1950s. Its

theater of operations is the closed water loop. Mixed into engine coolants and antifreeze -

traditionally alongside sodium nitrite, each covering the other's gaps - it protects the cast

iron, steel, solder, copper and aluminum of an engine's cooling system; test-fleet studies of

benzoate-nitrite antifreeze ran in working vehicles in the 1950s and the combination

became a standard of the coolant industry, where benzoate or benzoate-derived packages

still appear in modern formulations. Painted into the wrapping papers and interleaves that

line steel coils, tools and machinery parts, it serves in the volatile-corrosion-inhibitor papers

that keep bright metal bright in transit and storage. And it works the same quiet shift in

radiator water, hydraulic fluids, and the water-based metalworking baths of the machine

shop. The mechanism is the anaerobic analogue of preservation: the benzoate anion adsorbs

at the metal surface and suppresses the electrochemical half-reactions that dissolve iron into

rust. A substance that stops a yeast from eating sugar stops oxygen from eating steel.

Then there is the loudest use of a quiet chemical. Compressed with an oxidizer - classically

potassium perchlorate - into the tube of a firework, sodium benzoate burns in pulsing,

oscillating bursts, and the pulses, resonating in the tube, produce the shrieking note

pyrotechnists call whistle mix. Sodium benzoate and its potassium sibling are the traditional

whistle fuels of the craft; the whistling firework, the whistling rocket and the whistling

"saturn missile" batteries of every fireworks display are burning benzoate, and the

pyrotechnic literature studies the oscillation mechanism to this day. Between the radiator

and the rocket, the molecule turns up in still more trades: as a stabilizer and preservative in

photographic processing baths in the film era; as a corrosion-inhibiting, preservative

additive in tobacco, where it also conditions the smoke; as the antimicrobial of choice in
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toothpastes, mouthwashes, shampoos and cosmetics, where the Cosmetic Ingredient

Review's formal safety assessment of 2001 cleared it for leave-on and rinse-off use; and in

the animal-feed trade, where benzoic acid and its salts preserve silage and feed and, dosed

deliberately, acidify piglet rations to hold down gut pathogens. Each of these is a small

industry of its own, and in every one the sales pitch is the same four words: soluble, stable,

cheap, cleared.

The tobacco chapter, too, is larger than a footnote. Benzoic acid and its salts have a double

life in the cigarette industry: as humectant-adjacent preservatives in the processed leaf and

reconstituted tobacco sheet, and - in the modern era - as deliberate additives that alter the

smoke's chemistry, benzoic acid being among the organic acids used to smooth and flavor

the blend. The amounts are small, the disclosure obligations patchy, and the health debate

around tobacco additives has largely passed benzoate by in favor of larger game; but the

tonnage is real, and it makes the leaf trade one of the molecule's larger non-food outlets,

invisible to every consumer including the one holding the cigarette. Between the radiator,

the rocket and the leaf, the pattern holds: wherever water, warmth and time threaten a

material that commerce wants to keep, the white salt gets an audition.
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The Bleach and the Blemish

No relative of sodium benzoate has lived a more double life than benzoyl peroxide, and its

two careers - in the flour bin and on the teenager's face - form the strangest side-story in the

whole benzoate family.

The flour career came first. Freshly milled wheat flour is faintly yellow from its carotenoids

and, more importantly, immature: its gluten does not yet make strong bread, and the trade

traditionally aged it for weeks in the bin. In the early twentieth century millers discovered

that traces of oxidizing agents did in hours what the bin did in weeks - whitened the flour

and matured the dough - and benzoyl peroxide, made from the benzoyl chloride of the

benzoic acid industry, became the standard bleaching and improving agent of the world's

white flour, used at tens of parts per million. The practice marched under the banner of

modernity for half a century, and then the twentieth century's suspicion of the bleached and

the processed caught up with it: Britain and the European Union banned the flour bleachers

in the 1990s, China followed in 2011, and India's schedule permits benzoyl peroxide only to

40 parts per million - a fossil of the practice, preserved in regulation. The white loaf that the

white salt's cousin whitened turned out to be a taste, not a necessity, and the taste faded.

The acne career is flourishing. The same oxidizing fury that bleached carotenoids in the

flour sack proved, in the dermatology of the 1960s, to be lethal to Cutibacterium acnes, the

bacterium of the blocked pore: benzoyl peroxide applied to the skin releases active oxygen,

kills the bacteria without breeding resistance - a claim almost no antibiotic can make - and

peels the plug out of the pore. Sixty years later it remains the most-used topical treatment

for acne on Earth, the active in a shelf of gels, washes and creams, alone and in combination

with the retinoids and antibiotics, and a fixture of the World Health Organization's Model

List of Essential Medicines. There is something worth pausing on in the symmetry. A

molecule born of the preservative industry's parent acid, discarded by the bakery for being

too much chemistry, was embraced by medicine for being exactly enough; and it is

available, cheap and unpatented, to every teenager on Earth. The benzoyl radical that Liebig

and Wohler first tracked through the bitter-almond oil has ended up, among its many

stations, in the most personal place chemistry ever reaches: the mirror.
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The regulatory coda completes the family portrait. Where the flour bleachers fell, they fell

by the list principle of Chapter 8: the permitted lists simply shrank, and benzoyl peroxide's

row was struck or capped, market by market, as the tolerance for cosmetic chemistry in

staple foods declined. The acne drug, meanwhile, thrived under the opposite regime - the

drug review, where efficacy and safety are weighed case by case - and the same molecule

that one statute expelled from the loaf another statute lists as essential. There is no

contradiction, only jurisdiction: a chemical has no moral status of its own, only uses, doses

and evidence. That is the deepest lesson the benzoyl branch of the family teaches, and it is

the lesson the whole benzoate story keeps returning to. The law does not regulate

molecules. It regulates what we do with them.
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The Chemical Family

Sodium benzoate is one member of a large and industrious family - the benzoates, benzoyls

and benzyls that descend from the same toluene feedstock and the same parent acid - and no

account of the molecule is complete without the relatives, because the family is where the

tonnage, and much of the modern significance, actually lives.

The parent, benzoic acid, goes first into the plasticizers and resins that never touch food.

Esterified with glycols, it becomes the dibenzoate plasticizers - fast-fusing, high-solvating

workhorses that go into vinyl flooring, adhesives, caulks and inks, and that have been

among the winners of the plastics industry's long retreat from the phthalates. Esterified with

benzyl alcohol - itself made from toluene by the chlorination route - it becomes benzyl

benzoate, fixative of perfumes, solvent of the dye and flavor trades, and the active of old

scabies lotions. Hydrogenated and dehydrated by more elaborate routes, the acid was for

decades a feedstock for caprolactam, the monomer of nylon-6: the Italian SNIA Viscosa

process ran toluene to benzoic acid to caprolactam on an industrial scale, an elegant detour

that built nylon from a one-carbon side chain. In the great age of European synthetic fiber, a

measurable share of the continent's stockings and tire cord began life as the same acid that

preserves its pickles.

Then there is the benzoyl branch. Treat benzoic acid's derivative benzoyl chloride - made by

chlorinating the acid or the toluene side chain - with sodium peroxide, and you get benzoyl

peroxide, a molecule with two careers as different as any in chemistry. In the flour mill, for

most of a century, it was the bleaching and maturing agent that turned fresh yellowish flour

white overnight; several countries have since banned that use, India among those restricting

it to 40 parts per million. In the pharmacy, the same oxidizing power that bleaches flour

kills the bacteria of acne: benzoyl peroxide gels and washes are among the most-used

dermatological preparations on Earth, listed on the WHO's roster of essential medicines.

The benzoyl radical that Liebig and Wohler tracked from bitter almonds in 1832 thus ends

the twentieth century inside both the bread bin and the bathroom cabinet.

Even the sodium salt's own sibling forms carry lessons. Potassium benzoate - E212 - serves

the low-sodium market: Coca-Cola's reformulations after the benzene affair kept benzoate

91



in some drinks but swapped the counterion, and the potassium salt is the standard choice

where sodium is unwelcome. Calcium benzoate, E213, completes the compendial set. And

the family's metabolic signature - the glycine conjugation that clears every one of them

through the same hippurate pathway - is what allows the world's regulators to evaluate them

as one group, as JECFA did in 2021 when it set its group ADI for benzoic acid, its three

salts, benzaldehyde, benzyl acetate, benzyl alcohol and benzyl benzoate in a single stroke.

The chemistry the Poison Squad fought over was never really about one white powder. It

was about the whole clan of aromatics that industrial civilization had learned to grow on the

benzene ring - the first, cheapest and most useful of all the coal-tar families, and the one

whose eldest daughter still stands, in her tenth-of-a-percent, in the pickle jar.

The family's future is being written in the plasticizer market, and it is larger than the

preservative story entire. The world's retreat from the phthalates - the ester plasticizers that

softened a century of vinyl and fell, one regulatory review at a time, into disfavor - has been

a windfall for the benzoate esters, whose dibenzoate plasticizers offer performance without

the phthalate dossier. LANXESS's own accounting of the Emerald Kalama purchase put a

quarter of the acquired sales into exactly these industrial specialties, the plastics, paints and

adhesives that the consumer side never sees. The benzene ring that Wiley's America knew

as a ketchup adulterant thus ends its second century as, among other things, a building

block of the green-chemistry transition - the replacement for the replacements' replacement.

Families of molecules, like families of people, are not responsible for their cousins; but it is

worth noticing, when the next preservative panic arrives, how much of the modern material

world sits on the same small aromatic core.
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The Benzoin Grove Today

The modern reader who has followed the molecule from refinery to soda bottle may be

surprised to learn that the original source never closed. The benzoin groves of Sumatra and

Laos still produce, still export, and still supply markets that the synthetic acid never

captured - a living appendix to the industrial story, and a standing invitation to its next

chapter.

The trade's modern geography is a narrowed version of the old one. Sumatra benzoin, the

block grade, comes from the Batak highlands of North Sumatra, tapped from Styrax

benzoin and its relatives by the same smallholder methods described in Part I; Siam

benzoin, the tear grade, comes from the hills of Laos and northern Thailand and Vietnam,

from Styrax tonkinensis, gathered into the long export chain to the fragrance houses. The

FAO's survey of the crop records an industry of persistent smallness: production in the low

thousands of tonnes a year between the two sources, prices graded by the fracture and the

nose, demand anchored in three old harbors - the incense and religious markets of Asia and

the Orthodox world; the perfumery and flavor trades, where benzoin's fixative warmth

remains a classic base note of the amber accord; and the pharmacopoeial trade, the tinctures

and inhalations that eight national pharmacopoeias still specify. Synthetic benzoic acid took

the bulk chemistry, but it never took the smell: no reactor makes the resin's accord, and the

perfumer's benzoin absolute, like the priest's censer, still begins on a tapped hillside.

The grove's economics are the economics of all such forest smallholdings, and they carry

the usual fragility. The trees compete for the hillside with coffee, cinnamon, rubber and the

other cash crops that promise faster returns; the tappers are aging; the middle chain is long;

and the market, though stable, is narrow. Development agencies have nursed benzoin

improvement projects in both Sumatra and Laos for decades - better clones, better tapping,

better grading - with the usual mixed results of such projects. And yet the crop holds on,

because its products are irreplaceable at their price and because the grove, unlike the

plantation, costs the forest nothing: a benzoin hillside is a wooded hillside, and the resin is

the rare cash crop that keeps the trees standing.
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For the benzoate story, the grove's persistence is more than sentiment. It is the molecule's

insurance policy and its conscience at once: proof that the substance was a natural product

before it was a synthetic one, a living link to the pharmacy of Nostradamus, and - should

the fermenters and the clean-labelers ever make botanical sourcing pay - a supply chain

already planted, tapped and waiting. The white salt's first factory has been in continuous

operation for at least five hundred years. It is still open.

The grove's lesson for the industrial reader is a final one about time horizons. A benzoin tree

takes eight to ten years to yield its first tears and then yields for decades; a toluene

oxidation tower pays back in years but depends on a refinery whose own life is now being

re-plotted by the energy transition. If the world's aromatics supply shifts - toward bio-based

routes, toward recycled carbon, toward fewer and larger refineries - the benzoate industry

will shift with it, and the old forest source, stable for five centuries, will still be standing in

the hills above Lake Toba. Industries come and go on the decade; groves and molecules

persist on the century. It is worth remembering, in a book about permanence, which of the

two wrote the first chapter.
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The Preservative Paradox

The deepest fact about food preservation is that it is an argument between two kinds of

harm, and the argument never ends. On one side stands spoilage: the microbes that waste

the food, sicken the eater, and - in a world that still loses or wastes a third of what it grows -

mock the entire enterprise of agriculture. On the other side stands the cure: the chemicals

that stop the microbes, each carrying some residue of doubt, some headline, some

Southampton or benzene affair in its past. Sodium benzoate sits precisely at the pivot of that

argument, and has for a hundred and fifty years. Every generation re-litigates it with new

instruments and the same logic, and the current generation's name for the litigation is "clean

label."

The clean-label movement is not a regulation or a science but a market verdict: shoppers in

the rich world increasingly read ingredient lists, distrust what they cannot pronounce, and

reward packages that promise "no artificial preservatives." The industry response has been

thorough and, in its way, scientific. The 2024 review literature on clean-label preservation -

much of it, notably, from India's own food-science establishment - catalogs the alternatives

now reaching the market: the bacteriocins, led by nisin and natamycin, proteins made by

food-grade bacteria; the "fermentates" and cultured dextrose or cultured sugar, produced by

fermenting sugars with protective cultures and sold under names that pass the shopper's

sniff test; the plant extracts - rosemary, green tea, citrus seed, the essential oils of thyme and

clove, which contain, among other things, nature's own benzoic acid; the organic acids in

their "natural" forms; and the engineering answers, high-pressure processing and aseptic

packaging, that preserve without chemistry at all. The major beverage houses have

reformulated in public; Coca-Cola's post-2008 retreat from sodium benzoate in many of its

drinks was the movement's early trophy, and the retail chains' published "no-no lists" now

formalize what a private-label product may not contain.

The paradox, stated honestly, cuts both ways. Every gram of preservative removed without

replacing the function shortens a shelf, and shortened shelves mean spoiled food, wasted

agriculture, and - at the margin, in poorer markets - the return of the diseases of spoilage

that the preservatives abolished. The Annual Review of Food Science's sober assessment of

eliminating antimicrobials is that the function is real, the replacements are partial, and the
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risks of doing without are borne most heavily by exactly the consumers the movement

claims to speak for. On the other side, the skeptic's case against benzoate specifically has,

after a century, been examined to exhaustion and found thin: the doses are tiny, the

metabolism is mapped, the ADI was quadrupled on new evidence, and the two genuine

scandals - benzene formation and the Southampton mixtures - were, on inspection, a

formulation problem and a colors problem respectively, both managed. The white salt that

terrified 1909 turns out to be among the best-evidenced molecules in the pantry. That is not

an argument for complacency; it is an argument that the honest question is never "chemical

or natural" but always "which risk, at which dose, in which food, for which people?" - the

Remsen Board's question, still standing.

The waste arithmetic sharpens the paradox to a point. The United Nations' food agencies

estimate that roughly a third of the food produced for human beings is lost or wasted

between field and fork - and the losses concentrate exactly where preservation is weakest:

the warm, poor, refrigeration-thin markets of the developing world, the very markets where

packaged, preserved food is now expanding fastest. Every percentage point of that waste is

harvests, water, land and emissions spent for nothing. Set against that ledger, the case for

the cheap, cleared, shelf-stable chemistry of benzoate's guild is not a convenience but a

climate and hunger argument of the first order - one that the clean-label conversation,

conducted in the full supermarkets of the rich world, has been slow to weigh. The honest

preservation policy of the twenty-first century will have to hold both truths at once: that the

rich pantry can afford its scruples, and that the world's pantry cannot yet afford to share

them all.
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C H A P T E R  3 9

How a Number Becomes a Limit

Behind every limit this book has quoted - the 0.1 percent, the 150 milligrams per liter, the 5

or 20 milligrams per kilogram a day - stands a piece of arithmetic that deserves to be made

visible once, because it is the arithmetic by which the modern world decides what may be

eaten.

Start with the animals. A regulatory toxicology program feeds the substance to rats or mice

at several dose levels for their whole lives, or across generations for the reproductive

studies, and watches for everything: weight, blood, organs, tumors, fertility, offspring. The

result of interest is the highest dose at which nothing measurable happens - the no-

observed-adverse-effect level, the NOAEL. For benzoic acid the pivotal numbers have been

remarkably stable and remarkably high: 500 milligrams per kilogram of body weight per

day in the four-generation rat study that EFSA took as pivotal in 2016, and 1,000 - the

highest dose tested - in the extended one-generation study that moved JECFA in 2021. Then

comes the humility. Humans are not rats, and some humans are more delicate than others,

so the committee divides the animal NOAEL by uncertainty factors - conventionally ten for

the species gap and ten for human variety, a hundred in all - to reach the acceptable daily

intake. EFSA's 5 milligrams per kilogram is 500 divided by 100. JECFA's 20 is 1,000

divided by 50, the committee having judged, on new toxicokinetic evidence, that half the

usual species factor sufficed. Every ADI in the world is made this way: an animal number,

divided by humility.

The last step is the confrontation with reality. The committee sets the ADI against the

exposure assessment - the measured or modeled estimate of what people, broken out by age

and habit, actually consume - and asks whether real diets fit inside the limit, with special

attention to the child who drinks the same soda every day. That confrontation, not the

toxicology, is where regulation bites: it is why EFSA's 2016 opinion, while clearing

benzoate's safety, warned that brand-loyal small children could exceed its ADI, and why the

world's beverage formulas quietly mind their youngest drinkers. The whole apparatus - the

dosed rats, the factor of a hundred, the market-basket surveys - can seem absurdly indirect

for a substance humanity has eaten for a century. But it is the apparatus that replaced the

Poison Squad, and its virtues are the squad's virtues made systematic: measured doses,
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watched outcomes, published numbers. Wiley asked his twelve men to discover what

benzoate did. Their descendants in the regulatory laboratories ask the rats, and divide by a

hundred, and the answer is written on the label of the world.

The arithmetic's weakest joint deserves its sentence as well: the whole structure assumes the

animal study saw everything. The NOAEL is not nature's truth but the experiment's limit -

the highest dose the study happened to test at its chosen sensitivity - and the history of food

toxicology is punctuated by effects found after the NOAEL was set, which is why the

benzoate file keeps being reopened and why the committees describe their ADIs as subject

to revision. The humility in the arithmetic is thus double: the factors of ten humble the

number, and the standing reviews humble the process. It is not a system that promises

certainty. It is a system that promises attention - and for a substance eaten daily by billions,

attention, sustained across a century, is the stronger guarantee.
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C H A P T E R  4 0

Reading the Label: Lagos, Mumbai, Everywhere

The preservative wars of the twenty-first century are fought not in Washington but in the

courts and supermarkets of the rising food markets - and one afternoon in Lagos in March

2017 produced the purest modern parable of benzoate's strange public life.

The case had begun a decade earlier, with a shipment. Fijabi Adebo, a Nigerian

businessman with a chain of shops in Manchester, exported Nigerian-made Fanta and Sprite

to England in 2007 - and lost the consignment when British authorities found the drinks out

of compliance with UK limits. Adebo sued the Nigeria Bottling Company, Coca-Cola's

Nigerian bottler, and the national food agency NAFDAC, and the wound festered in the

Lagos courts for nine years. Then, in February 2017, Justice Adedayo Oyebanji of the

Lagos High Court found for him: the bottled Fanta and Sprite, containing benzoic acid and

sunset yellow within Nigeria's Codex-derived limits but above Britain's, were ordered to

carry a printed health warning - that they could be harmful when consumed with vitamin C,

since benzoate plus ascorbic acid can, as the world learned in 2006, form benzene. The

ruling detonated across West Africa. "Don't take Coke, Fanta, Sprite with Vitamin C," ran

the headlines; the BBC interviewed Lagos mothers swearing off Fanta; Ghana's food

authority moved to reassure its own market; Coca-Cola and NAFDAC protested, correctly,

that the drinks were lawful and safe, and appealed; and toxicologists worldwide pointed out,

wearily, that the benzene formed in a warmed bottle was a fraction of what a Lagos

commuter breathed daily - while conceding, also correctly, that the underlying chemistry

was real and the limits were, genuinely, different in Lagos and London. The case settled

nothing and taught everything: that preservative regulation is national, that limits drift apart,

that trade collides the systems, and that a molecule's reputation in the twenty-first century is

decided as much in a courtroom and on WhatsApp as in any laboratory.

India, the country where this book is written, frames the same molecule in its own way. The

Food Safety and Standards Authority of India, in the Appendix A schedules of its 2011

food-products regulations, writes benzoic acid and its salts into the tables food by food -

120 parts per million in ready-to-serve beverages and brewed ginger beer, 450 in coffee

extract, 50 in Danish tinned caviar, GMP in flavor emulsions - a list whose very categories

(dry-mix rasogolla appears in the same tables, guarded by sulfite instead) map the Indian

100



pantry. India's food scientists, meanwhile, are prominent in the clean-label research that

seeks benzoate's successors, and India's chemical industry stands on both sides of the

molecule at once: a consumer market of a billion-plus moving onto packaged shelves -

exactly the growth the 2025 market forecasts are made of - and a manufacturing base that

knows toluene chemistry well. For the Indian reader, then, E211 is not a foreign curio. It is

in the ketchup on the dosa's plate and the syrup in the soda bottle, legalized by the FSSAI's

own schedule, manufactured a day's drive away, and argued over in the same terms - dose,

evidence, necessity - that Wiley and Remsen first fixed a century and more ago. The white

salt's wars are local now, and everywhere.

The Lagos case's deeper lesson deserves one more turn of the screw, because it is the lesson

of every modern food scare. The gap that detonated the affair was not between safety and

danger; it was between two lawful numbers - Nigeria's Codex-derived benzoate limit and

Britain's stricter one - and between two audiences who could not see the difference. In a

world where every product can cross a border and every headline crosses it faster, the

patchwork of national limits that regulators treat as ordinary becomes, at the border, a story

about poison. The industry's answer has been to formulate to the strictest market; the

regulators' answer has been the slow harmonization work of Codex; and the public's answer,

in Lagos as everywhere, has been to ask the oldest question in this book - what is actually in

the bottle? - with the newest amplifier yet invented. The white salt has survived the

pamphlet, the newspaper, the magazine and the television. It now lives, like everything else,

in the age of the screenshot.
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C H A P T E R  4 1

After Benzoate

What comes next for the world's first synthetic preservative? The honest forecast has three

strands, and none of them is disappearance.

The first strand is reformulation under pressure, already underway. In the rich markets, the

clean-label verdict stands, and the big brands will keep engineering benzoate out of flagship

products - not because the toxicology condemns it, but because the label economics do. The

replacements named in the current literature will keep maturing: bacteriocins and protective

cultures for the dairy and deli cases; fermentates for the labels; rosemary, clove and citrus

extracts for the marketing; high-pressure processing and aseptic filling for the premium

juices; and, above all, the hurdle philosophy made systematic - milder combinations, better

plants, cold chains, smarter packaging, so that no single preservative, benzoate included,

carries the whole defense. In that world, benzoate's share of the premium shelf keeps

shrinking, and the industry's own 4-percent growth forecasts are built entirely on the other

shelf: the new packaged-food economies of Asia, Africa and Latin America, where the

question is not "is it clean?" but "is it safe, cheap and does it keep?" There, benzoate's

century of evidence is its strongest selling point.

The second strand is the molecule's own reinvention. Today every gram of commercial

benzoate is born in a refinery as toluene; but benzoic acid is, after all, a natural product -

cranberries make it, cinnamon makes it, yogurt cultures make it - and the metabolic-

engineering literature has spent years chasing fermentative routes: engineered microbes that

build the benzene ring from glucose by the shikimate pathway, the same route plants use.

No such process yet competes with a column of hot toluene and air, and perhaps none soon

will; the petrochemical process is very good. But the direction is legible. A "bio-based

benzoate," made by fermentation and chemically identical to the synthetic salt, would

dissolve the clean-label objection at a stroke - the same molecule, a different ancestry - and

the first producer to file a food-grade dossier on fermentative benzoic acid will have found

the molecule's next hundred years. The benzoin groves of Sumatra, meanwhile, wait as they

have waited for five centuries: the original natural source, ready if the world's taste for the

authentic ever prices a forest above a refinery.
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The third strand is the unfinished science. The arms race with the spoilage yeasts continues

in the journals; the NMDA story continues in the clinics; and the monitoring continues in

the agencies, because the lesson of the benzene affair - that safety lives in the recipe, not the

molecule - is now a permanent part of how benzoate is governed. It is a safe bet that

benzoate will be re-evaluated again; it always is. What is harder to imagine is the verdict

that removes it. A century of trials, trials and re-trials has left the white salt where the

Remsen Board left it in 1909: lawful, limited, labeled, useful, and watched. For a chemical,

that is not a bad epitaph. It is a working life.

And there is a last, speculative strand, which belongs to the spirit of this series: the

molecule as material. The benzoate anion's talent for attaching itself to surfaces - the

property that makes it a corrosion inhibitor - has drawn the notice of the materials chemists,

and the research literature now carries benzoate and its relatives into self-assembled layers,

metal-organic frameworks, and the surface treatments of the circular economy, where

inhibiting rust is reframed as conserving the embodied energy of steel. The salt that began

as a tree's defense against rot may end its next century as one of industry's defenses against

its own entropy. It would be a fitting biography: the preservative, preserving.

The deepest reason to expect the molecule's survival, though, is not technological but

institutional. The world now possesses, in benzoate, a preservative whose evidence file is a

century thick: its chemistry understood to the radical, its metabolism mapped in the

newborn and the adult, its toxicity bounded by generations of rats and reviewed by every

standing committee on Earth, its manufacturing mastered at five sites and audited by every

customer, its limits harmonized across the schedules of two hundred countries. Every

alternative - the bacteriocin, the fermentate, the extract - begins where benzoate began in

1875: promising, thin on evidence, unpriced by time. The clean-label century will take its

share of the molecule's market, and should; but the white salt's real competitor was never

the natural alternative. It was always ignorance, and ignorance is the one opponent benzoate

has been beating for a hundred and fifty years.
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E P I L O G U E

The Long Table

There is a photograph held in the FDA's history office of Harvey Wiley's first squad at

dinner: twelve young men in shirtsleeves around a long table, white cloth, heavy crockery,

the chemists standing watch. They look like what they were - clerks and junior scientists

eating the most carefully measured meals in America. What is easy to miss, looking at

them, is that everyone alive today eats at that table. The experiment never really ended; it

was only scaled up. Every bottle of soda with E211 on the label, every jar of pickles, every

sachet of sauce on every continent is a place setting in a trial that has now run for over a

hundred years on billions of diners - the largest feeding study in human history, with

benzoate of soda as one of its oldest courses.

The white salt has kept strange company across that century. It has been a prophet's

pharmacy, a horse's urine, a radical in the founding paper of organic chemistry, a ketchup

baron's nemesis, a president's dilemma, a half-gram ruling, a line in the Code of Federal

Regulations, a whisper of benzene in a warm bottle, a parent's worry, a baby's medicine, a

yeast's opponent, a firework's voice, a rust-proof wrapping, a nylon's ancestor. It began as

the smell of a wounded tree on a Sumatran hillside, and it ends - for now - as a fourth-of-a-

cent ingredient in the cheapest insurance the food supply has ever bought: the insurance that

what is eaten far from where it was made, weeks after it was made, is still food.

Civilization, looked at materially, is largely the story of making things last - grain, milk,

fruit, meat, the harvests of one season against the hungers of the next. Salt, smoke, sugar,

vinegar and ice carried that story for ten thousand years. In 1875 a German chemist

proposed a new chapter, written in a white powder from a tree's perfume, and the chapter is

still being written - in the plants of the Columbia and the Yangtze, in the courtrooms of

Lagos, in the standards books of New Delhi, in the clinics of Taipei, and, twice a day,

unnoticed, in the small print on the back of the bottle. The next time you pour something

cold and bright and fizzy that has traveled farther than most people ever do, it is worth a

thought for the salt that walked it there: unloved, unpronounced, and, after a hundred and

fifty years of argument, still on duty at the long table.
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And the argument goes on, as it should. Somewhere tonight a quality manager is reviewing

a benzoate specification; somewhere a committee is scheduling its next re-evaluation;

somewhere a shopper is turning a bottle to read the small print; somewhere a farmer in the

Batak highlands is cutting the season's first channels into a Styrax trunk, harvesting the

resin where the whole story started. The long table is still set, the experiment still running,

the white salt still on duty. Its biography, like the food it guards, is not finished - only

preserved, for now, in the form you hold.
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A P P E N D I X

A Timeline of the White Salt

c. 1000s-1500s - Gum benzoin moves along the Indian Ocean and Silk Road trade routes as

"luban jawi," frankincense of Java, a staple of incense, medicine and perfumery from China

to the Levant.

1556 - Michel de Nostredame (Nostradamus) publishes his Traite des fardemens et

confitures at Lyon, describing the sublimation of "flowers of benzoin" from heated gum

benzoin: the first written isolation of benzoic acid.

c. 1596 - Blaise de Vigenere describes the same preparation; "flowers of benzoin" become a

standard of the European pharmacopoeias.

1770s-1780s - Carl Wilhelm Scheele and the eighteenth-century analysts characterize

benzoic acid as a defined vegetable acid.

1810 - Nicolas Appert wins the French preservation prize; the era of canned food begins,

creating the industrial pantry the preservatives will serve.

1829 - Justus von Liebig names hippuric acid from horse urine: the body's benzoate-

disposal pathway enters science.

1832 - Liebig and Friedrich Wohler publish "Investigations on the Radical of Benzoic

Acid," a founding paper of organic chemistry.

1840s - Wilhelm Keller's self-experiments trace benzoic acid to hippuric acid in human

urine: among the first human metabolism studies.

1863 - Eduard Lautemann shows quinic acid converts to hippuric acid in the body; the

xenobiochemistry of aromatics takes shape.

1860s-1870s - Benzoic acid produced commercially from hippuric acid and then from coal-

tar toluene; the molecule leaves the forest.

1875 - H. Fleck proposes benzoic acid as a food preservative in Germany, as salicylic acid

falls under suspicion.
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1879 - Germany's national food law; the permitted-list era of additive regulation begins in

Europe.

1883 - Harvey Washington Wiley becomes chief chemist of the USDA Division of

Chemistry.

1890s - Benzoate of soda becomes standard in American ketchup, cider, and soda-fountain

syrups.

1898-1899 - The "embalmed beef" scandal of the Spanish-American War fixes public

attention on preserved food.

1902 - Congress funds Wiley's hygienic table trials; the first Poison Squad dines on borax.

1906 - The Pure Food and Drugs Act becomes law (June 30); Heinz launches preservative-

free ketchup.

1907-1908 - Arvill and Katherine Bitting demonstrate shelf-stable ketchup without

benzoate; the benzoate trials of the Poison Squad run.

1908 - President Roosevelt creates the Referee Board of Consulting Scientific Experts

under Ira Remsen.

1909 - The Remsen Board clears benzoate of soda at up to half a gram daily; Wiley's

contrary verdict is overruled; the 0.1 percent era begins.

1911-1915 - Heinz wins the ketchup war; most major makers drop benzoate from ketchup.

Wiley resigns in 1912.

1925-1927 - Britain's Preservative Regulations establish the permitted-list principle;

benzoic acid is on the list.

1958 - The US Food Additives Amendment creates the GRAS category; sodium benzoate is

GRAS from the outset (later codified at 21 CFR 184.1733).

1960s - The Kalama, Washington benzoic acid complex begins its rise to the world's largest;

sodium benzoate enters engine coolants as standard inhibitor chemistry.

1970s-1980s - Sodium benzoate with sodium phenylacetate becomes the standard

emergency treatment for urea-cycle hyperammonemia.
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1983 - Krebs and colleagues publish the mechanism of benzoate's antifungal action:

intracellular acidification and the collapse of glycolysis.

1993 - Gardner and Lawrence publish the benzene-formation mechanism from benzoic acid

and ascorbic acid; the industry quietly reformulates.

2001 - The Cosmetic Ingredient Review clears benzoic acid and sodium benzoate in

cosmetics.

2002 - Congress's hundred-year-old experiment is complete: the hygienic table's centenary

passes with benzoate still GRAS.

2005-2006 - Benzene is rediscovered in benzoate-plus-vitamin-C drinks; the BfR, UK FSA,

FDA, KFDA and Health Canada survey, recall and reformulate; ICBA issues mitigation

guidance.

2007 - The Southampton trial (McCann et al., The Lancet) links color-and-benzoate

mixtures to child hyperactivity measures; Nigeria's Fanta/Sprite case begins with a

Manchester shipment.

2008 - EFSA assesses the Southampton study: limited evidence, no attribution to any single

additive; Coca-Cola announces benzoate phase-outs in many drinks.

2010 - EU warning labels required for the six Southampton colors - not for benzoate.

2013 - Lane and colleagues publish the JAMA Psychiatry trial of sodium benzoate as

schizophrenia add-on therapy.

2016 - EFSA re-evaluates E210-E213: ADI of 5 mg/kg/day as benzoic acid; exposure flag

for brand-loyal small children.

2017 - Lagos High Court orders benzene-warning labels on Nigerian Fanta and Sprite;

worldwide headlines.

2021 - LANXESS completes the billion-dollar acquisition of Emerald Kalama Chemical;

JECFA raises the benzoate group ADI to 0-20 mg/kg/day.

2025 - MarketsandMarkets sizes the global sodium benzoate market at 304.9 million

dollars, projected to 372.3 million by 2030.
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R E F E R E N C E

Glossary of the Preservation Trade

Acceptable daily intake (ADI) - The amount of a substance, per kilogram of body weight

per day, judged safe to consume every day for a lifetime; built from animal no-effect levels

divided by uncertainty factors. For the benzoate group: 5 mg/kg/day (EFSA 2016), 0-20

mg/kg/day (JECFA 2021).

Ascorbic acid (E300) - Vitamin C; antioxidant additive whose combination with benzoic

acid can, under metal catalysis, heat and light, generate trace benzene in beverages.

Benzoic acid (E210) - C6H5COOH; the active antimicrobial half of sodium benzoate; a

weak acid with pKa about 4.2, found naturally in cranberries, cinnamon, cloves and

fermented dairy.

Benzoin (gum benzoin) - The balsamic resin of Styrax trees of Southeast Asia; the original

natural source of benzoic acid, traded for a millennium as incense, medicine and perfume

fixative.

Benzoyl - The C6H5CO- radical, named by Liebig and Wohler in 1832; the persistent

chemical core of benzoic acid and its derivatives.

Clean label - The market movement favoring ingredient lists free of synthetic-sounding

names; the principal commercial force behind preservative reformulation in rich markets.

Codex Alimentarius - The FAO/WHO food standards program; the reference point for

national additive limits in most of the world.

Compendia - The official specification books (Food Chemicals Codex, pharmacopoeias)

against which food- and drug-grade substances are assayed.

Decarboxylation - The loss of a carboxyl group as carbon dioxide; the reaction by which

benzoic acid, attacked by hydroxyl radicals, becomes benzene.

EFSA - The European Food Safety Authority; re-evaluates the EU's permitted additives.

E-number - The EU's coding of permitted additives; sodium benzoate is E211.
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FCC - Food Chemicals Codex; the US compendium whose specification 21 CFR 184.1733

incorporates for sodium benzoate.

GRAS - "Generally recognized as safe"; the US category, created by the 1958 Food

Additives Amendment, for substances cleared by long use and expert consensus.

Hippuric acid - N-benzoylglycine; the harmless conjugate by which the body excretes

benzoic acid; discovered in horse urine by Liebig in 1829.

Hurdle technology - The doctrine of combining several mild preservation factors (acid,

sugar, carbonation, heat, preservatives) so no microbe can clear them all.

Hygienic table trials - Harvey Wiley's 1902-1908 human feeding studies of preservatives;

the "Poison Squad" experiments.

Ion trapping - The accumulation of a weak acid inside a living cell, driven by the pH

difference across the membrane; the engine of benzoate's action.

JECFA - The Joint FAO/WHO Expert Committee on Food Additives; sets international

toxicological benchmarks.

NOAEL - No-observed-adverse-effect level; the highest tested dose showing no

measurable harm in a study.

pKa - The pH at which an acid is half dissociated; benzoic acid's 4.2 fixes its working range

in acid foods.

Phosphofructokinase - The pacemaker enzyme of glycolysis, sharply inhibited when

intracellular pH falls; benzoate's primary target in the microbial cell.

Poison Squad - The press name for the twelve-man volunteer squads of Wiley's hygienic

table trials.

Referee Board (Remsen Board) - President Roosevelt's Board of Consulting Scientific

Experts (1908), chaired by Ira Remsen; cleared benzoate at half a gram daily in 1909.

Sodium benzoate (E211) - C7H5NaO2; the sodium salt of benzoic acid; the world's most-

used food preservative in acidic foods; GRAS at up to 0.1 percent in US foods.

Sorbic acid / potassium sorbate (E200-E203) - The weak-acid preservative family that

shares benzoate's territory, strongest against molds.
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Toluene - C6H5CH3; the refinery aromatic from which all commercial benzoic acid (and

hence sodium benzoate) is made by air oxidation.

Urea cycle disorders - Inherited failures of the liver's nitrogen-disposal cycle; acute crises

are treated with intravenous sodium benzoate plus sodium phenylacetate (Ammonul).

Zygosaccharomyces bailii - The preservative-resistant spoilage yeast of the soft-drink

industry; the natural counter to weak-acid preservation.
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