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RESUMEN. Henri Braconnot (1780-1855) fue un científico multifacético que
hizo importantes aportes a la Química y la Fisiología Vegetal. Descubrió la ni-
trocelulosa, la pectina, la glicina, la legumina, la populina, el pirogalol, los áci-
dos gálico y elágico; estudió la composición de las grasas, de la bilis y del jugo
gástrico, los ácidos producidos por la putrefacción del queso y la fermentación
de la leche, así como la producción de azúcar a partir de la acción del ácido
sulfúrico sobre materiales lígneos.

ABSTRACT. Henri Braconnot (1780-1855) was multifaceted scientist who con-
tributed significantly to the Chemistry and Physiology of Vegetables. He dis-
covered nitrocellulose, pectin, glycine, legumin, populin, pyrogallol, gallic
and ellagic acids, studied the composition of fats, of bile and gastric juice,
the acids produced by the putrefaction of cheese and the fermentation of
milk, and the production of sugar by the action of sulfuric acid on ligneous
materials.

until May 5th, 1801, when this group
was disbanded. While at Strasbourg,
Braconnot attended classes at the
École Centrale du Département de
Bas-Rhin and the École de Santé. He
learned natural history under Jean
Hermann (1738-1800) and chemistry
and physics under Fréderic Louis
Ehrmann (1741-1800). At the Central
School he was awarded prizes on
natural history (1798) and design
(1799). He also found time to learn
music and play guitar.4 Braconnot
spent six years at Strasbourg.

Before returning to civil life,
Braconnot decided to go to Paris to
study while promising his stepfather
to take a position in a pharmacy. He
devoted much of his time to the
study of natural history, chemistry,
and medicine, taking courses at the
Museum of Natural History, at the
École de Médecine (where he was reg-
istered for three semesters), and at
the École de Mines. Among his teach-
ers were Antoine-François Fourcroy
(1750-1809), physician; Claude-Louis
Berthollet (1748-1822), chemist;
René Louiche Desfontaines (1750-
1833), botanist; Barthelemy Faujas
de Saint-Fond (1743-1819), geologist;
Jean-Baptiste Lamarck (1744-1829),
naturalist; Geoffroy Saint-Hilaire
(1772-1844), zoologist; and George-
Louis Le Sage (1724-1803), physi-
cist.4

Braconnot also frequented the
École Gratuite de Pharmacie (which
eventually became the Collège de
Pharmacie) where classes of phar-
macy, chemistry, natural history and
botany were taught and also incen-
tive prizes were awarded. In the last
competition of the École, held on
September 9th, 1802, Braconnot was

LIFE AND CAREER1-4

Henri Braconnot was born in
Commercy, department of the
Meuse, on May 29th, 1780; the eldest
son of Joseph Gabriel Braconnot
(1735-1787), a lawyer practicing at the
royal bailiwick of the town, and
Barbe Simonnet. In 1787, after the
death of their father, Henri and his
younger brother André (1779-1801)
were sent to the town school, Collège
de Commerce, directed by the Bene-
dictines of Breuil, where the intellec-
tual interest of the students was
stimulated by corporal punishment.1

According to Labrude4 this educa-
tional method produced the opposite
result in Henri, he was not a good
student, he was rebellious and made
numerous foolish things, an attitude
that forced his mother to transfer
him first to a private institution in
Void, run by Paquet, and then to
private education by the vicar of
Commerce, whom he taught the ru-
diments of French and Latin, spell-
ing, but not the taste for classical
studies. The marriage of his mother

with Nicolas Huvet, a physician
working for the town of Commerce,
was very detrimental for both chil-
dren and, at the time of the Revo-
lution, when their stepfather was
appointed physician at the mili-
tary hospital in Strasbourg, he
took the opportunity to put Henri,
then 13 years old, as an apprentice
student with Romuald Graux, mas-
ter apothecary in Nancy. Henri
stayed two years with Graux and ac-
cording to the certificate he re-
ceived, he showed pleasure and
dedication to his training. Graux
also instructed Henri in chemistry,
botany, and related subjects.4

At the age of 15 Braconnot left
Nancy after being commissioned in
1795 by Jean Lamartillière (1732-
1819) the Commissaire des Guerres
(Commissioner of Wars), for military
service as “pharmacien de 3e class”
(student of pharmacy) at the Hôpital
de la Montagne in Strasbourg. He
stayed there until November 27th,
1800, when he was transferred to the
Army of the Rhine, where he served
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awarded the certificate of merit in
chemistry and the second prize on
botany.4

While in Paris Braconnot contin-
ued a research he had initiated at
Strasbourg, the analysis of a fossil
horn of an auroch that had been
found in an old cave, which he fin-
ished in 1799 published in 1806.5 In
this paper he demonstrated that the
horn contained, in addition to a large
proportion of calcium phosphate
and other minerals, about 5 % of
gelatin. This publication marks the
beginning of Braconnot’s scientific
career and fame, because at that
time it was believed that it was im-
possible to detect gelatin in a fossil.4

This research was followed by an-
other on the assimilation process of
plants.6

Braconnot returned to Nancy in
1802, after the ancient Société
Royale des Sciences, Lettres et Arts
(Académie de Stanislas), was inau-
gurated again on August 2nd, 1802,
under the name Société Libre des
Sciences, and under the patronage of
Napoleon. Many famous scientists
became its members, among them,
Fourcroy, Antoine Alexis-François
Cadet de Vaux (1743-1828), Jean-
Claude La Métherie (1743-1817),
Antoine Augustin Parmentier (1737-
1813), etc. Pierre Remy Willemet
(1735-1807) who was then démonstra-
teur de botanique at the Collége
Royale de Médecine, and the Faculté
de Médecine, presented Braconnot
to the Society; he was elected as
member résident on February 12,
1807, and eventually, in 1833, became
its president.4

After the death of Willemet
Braconnot secured the help of
Fourcroy to replace Willemet as Di-
rector of the Jardin Botanique de
Nancy, a position he held for the rest
of his career. This was a more hon-
orific than paying position, but it
carried with it the teaching of a
course of botany and the provision
of research materials. At the Garden
Braconnot occupied himself study-
ing the beet sugar and participating
as a chemist in the industrial plant
that Christophe Mathieu de Dom-
basle (1777-1843) had established in
the city, during the blockade of
France. This industry was ruined
after the fall of Napoleon when beet
sugar was replaced by sugar im-
ported from England.3

In 1814 he was requested, as a
former military pharmacist, to be-
come pharmacien major of the mili-
tary hospital that had been erected
in the castle of Bosserville, near

Nancy. Braconnot served in this po-
sition until the end of the Empire,
under very difficult sanitary condi-
tions because of the typhus that was
rampant. The castle allowed isolating
the soldiers affected by the illness
and thus protecting the civilian
population in Nancy.4

The large number of papers pub-
lished by Braconnot after 1806
promptly called the attention on
him. Thus, after the creation of the
Académie Royale de Médecine (De-
cember 20th, 1820), the King Louis
XVIII appointed him associé non-
resident; on September 15th, 1823,
he was elected correspondent mem-
ber of the Institute (Académie des
Sciences), by 39 votes in favor, out of
41, having failed in two previous oc-
casions. Other appointments were
member of the Société des Amis des
Lettres, Sciences et Arts de Metz
(1819-1820), and Chevalier de la
Légion de Honneur (November 4,
1828). He also served as member of
the municipal council of Nancy and
president of the Physical Sciences
Section of a scientific congress that
took place in Metz.4

After the death of his second hus-
band, Braconnot’s mother came to
live with him; his brother André who
had been sent to Guadeloupe,
Antilles, as a health officer, became
ill with the yellow fever and died
there in 1801.4

Braconnot suffered from stom-
ach cancer, which he refused to treat
based on the bad opinion prevalent
then about physicians and medicine.
In a letter written in 1802 he wrote:
“I am more and more convinced that
medicine, in the hands of a great
physician, is an extremely obscure
and uncertain art, it is only by ap-
proximation that the doctor is mak-
ing judgments and he is totally ig-
norant about what happens in our
sick bodies; this ignorance, which
makes medicine an imperfect sci-
ence and full of errors, moves me
away of wanting to penetrate its tor-
tuous labyrinths and I have no re-
grets not having considered it for my
situation.”1 Braconnot died on
January 13, 1855, leaving all his pos-
sessions to the city of Nancy. He
never married, always worked
alone, and did not leave a succes-
sor or student.4

Braconnot worked on the physi-
ology of plants and analyzed a vari-
ety of plant and animal substances.
His publications about the fossil
corn and assimilation in plants were
followed by observations about the
Phytolacca7, examination of the veg-

etable acids that neutralize potasium
and calcium hydroxide,8 a compara-
tive analysis of rubbery resins,9,10 the
nature and uses of nut husks,11

analysis of nux vomica12 and mush-
rooms.13,14 In the latter he discovered
two new acids that he named fungic
and boletic (fumaric acid) and chitin,
the earliest known polysaccharide.
From absinth (Artemisia absynthium)
Braconnot separated a febrifuge
principle similar to that of cinchona
and a resin that he named absin-
thic.15 In the same manner he sepa-
rated other materials that would
later find therapeutic uses, such as
salicin16, populin17 (benzoylsalicin),
ruthilin, etc. He studied pepper and
its active component (capsacin) and
sorbic acid.18 He found that gallnut
contained not only gallic acid but
also another acid that he named el-
lagic acid.19 From gelatinous fruits
he isolated pectic acid, pectin20,21 and
legumin22 (vegetable casein). Other
discoveries included pyrogallic
acid23 (pyrogallol), produced by heat-
ing of gallic acid, aposépédine24 (leu-
cine), and equisetic acid25 (malic
acid).

Braconnot studied fatty materi-
als and developed a very ingenious
method for separating the oily frac-
tion from the solid one.26 This work
led him almost to discover stearic
acid, of which he did not recognize
its nature and which he believed to
be stearin.

In 1817 he published a paper in
which he disproved the idea, enun-
ciated by Fourcroy and held by Jöns
Jacob Berzelius (1779-1848), among
others, that there existed a unitary
principe extractif (extractive prin-
ciple) in vegetable substances.27,28

A very important piece of re-
search was related to the action of
acids on wood, ligneous materials,
and several animal substances such
as gelatin, muscle fiber, and wool. He
discovered that sawdust treated with
concentrated sulfuric acid converted
into a gum that, in turn, was con-
verted into sugar (glucose) and an
acid residue that he called a vegeto-
sulfuric ulmin.29 In the case of gelatin
he discovered a sugar-like substance,
which he called sucre de gélatine,
later named glycocoll (glycine). Sul-
furic acid converted wool and
muscle fiber to a white substance he
called leucine. Study of the reaction
of concentrated nitric acid on potato
starch and wood led to the discov-
ery of xyloïdine (nitrocellulose), a
discovery that would lead Pelouze
and Schönbein to the discovery of
nitrocellulose.30
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 SCIENTIFIC ACTIVITIES
Braconnot’s scientific career cov-

ers the period 1806 to 1854, in which
he published over 110 memoirs, cov-
ering a wide range of subjects mostly
related to the chemistry of plants
and animals. He also made minor
contributions to geology and hydrol-
ogy. From now on it will be described
the most significant ones.

Plant physiology

(a) Plant development6

For a long time physiologists had
believed that the feeding mecha-
nism of vegetables operated by ex-
traction of nutritive juices sucked
from the ground. Johannes Baptiste
van Helmont (1579-1644) with his
famous tree experiment, had par-
tially destroyed this explanation by
proving that a willow tree weighing
50 pounds and grown in a box con-
taining 100 pounds of soil, had
achieved a weight of 119 pounds and
3 ounces, after being watered for 5 years
with distilled water only, although
the soil had suffered a mere weight
loss of 3 ounces. From these results
it was inferred that the willow tree
had found in the water all the nec-
essary materials to form more than
100 pounds of wood. Robert Boyle
(1627-1691), for his part, had planted
a seed of squash in an oven-dried
weight of soil. This seed, after being
watered with rainwater only, had
turned into a plant weighing more
than 14 pounds, although the soil
had lost a negligible weight. Henri
Louis Duhamel du Monceau (1700-
1781) and others had also succeeded
in growing and bringing to bear fruit
trees in moss watered only with dis-
tilled water, though the moss was
unable to provide soluble materials
because it had been previously
boiled with distilled water.6

Other scientists, particularly
Mathieu Tillet (1714-1791), had done
much work to prove that water and
air were the only substances needed
for growing plants. Tillet filled sev-
eral pots with different soil materi-
als, some with old plaster, others
with pure river sand, broken stones,
etc., kept them well closed to main-
tain their humidity, then sowed
them with wheat and obtained beau-
tiful ears whose grains grew again
into well-developed ears. Further
experiments showed that plants de-
veloped in media that could only
provide water, did not contain the
same amount of carbon that was
present in the original seeds.

In order to clarify these points,
Braconnot carried a series of experi-

ments in which, among other things,
he analyzed soil prepared by differ-
ent procedures: (a) The soil, black
and perfectly clean, was collected
between the well-grown roots of an
old tree and then treated with boil-
ing distilled water. The water, filtered,
was colorless and by evaporation did
not yield any sign of extracted matter
or any soluble substance, (b) 100 kg
of the same soil was reduced by des-
iccation to 20 kg, which indicated
that it had a strong capability for
water absorption, (c) the latter soil
was now distilled at a red heat and
yielded 4 g of a water that contained
traces of acetic acid, empireumatic,
and was partially neutralized by
ammonia; 2 g of acrid oil that froze
upon cooling and took a dark red tint;
123 in3 of a gas composed of 89 in3 of
a flammable gas, and 34 in3 of car-
bon dioxide; and a carbonaceous
residue weighing 8.5 g, which after
incineration left 2.4 g of light yellow
cinder. The cinder, which after being
treated with boiling water did not
take any particular flavor or colored
violet syrup green, seemed to con-
tain traces of calcium and no potas-
sium or nitrate or sulfate salts. The
cinder contained silica, ammonia,
and manganese. The overall analyti-
cal results indicated that this soil
was unable to provide the solutes
needed by the plant for its nutrition.
Nevertheless, Braconnot was sur-
prised to find that the developed
plants contained a large amount of
potassium, although none of this el-
ement had been detected in the soil.6

Afterwards, Braconnot per-
formed additional experiments this
time using substrata of different
nature. For example, he filled a box
with a large quantity of litharge of
known purity, then seeded it with
white mustard (Sinapsis alba), and
watered (distilled water) the set up
with precise amounts of liquid, at
different periods. The box was ex-
posed to abundant light and covered
with a glass plate to avoid the impu-
rities from air. The plants developed
well, flowered, and gave well-formed
siliques. Braconnot collected all the
seminal leaves and those that fell,
and also the plants after they had
achieved their maximum growth. He
washed their roots carefully to elimi-
nate all traces of lead oxide and
weighed them fresh and after dry-
ing. He performed many experi-
ments on the collected material,
such as distillation, incineration,
chemical reactions, etc. In a second
experiment the substrate was sulfur,
and was also planted with white

mustard. In a third experiment the
growing bed was lead particles. A
fourth experiment was done with a
bed of stones and sand, seeded with
radish seeds (Raphanus sativus).6

After finding that all the plants
prospered in the different media
Braconnot asked: “What can be con-
cluded from these extraordinary re-
sults where we see water playing
such an important role? Where do the
earths, alkalis, acids, metals, sulfur,
and phosphorus found in plants fed
only with pure water, come from? I
do not consider all these substances
as having been newly originated…
Now, if the vital force together with
light and caloric determine the
amounts of oxygen and hydrogen
that will form through the appropri-
ate condensations substances that
we consider simple, then this obser-
vation must show the road to exam-
ine under a new point of view the set
of substances for which chemical
analyses does not provide an an-
swer… By which sublime operation
can the oxygen and hydrogen of wa-
ter transform into most natural sub-
stances through organized ma-
chines?… This transformation of
water into raw and organized mat-
ter will, undoubtedly, be one of the
most extraordinary results of phys-
ics... Braconnot believed that these
results meant a return to the ideas
of Thales of Miletus (ca. 640 548
BCE), the first Greek philosopher,
who asserted that a physical ele-
ment, water or moisture, was the
first principle of things (all things
came from water).6

Today these conclusions look
awkward and perhaps funny, but
they should be judged against their
historical background. Lack of mi-
cro analytical techniques made
Braconnot reach the wrong conclu-
sions.

Braconnot summarized his find-
ings as follows: (a) vegetables find in
pure water all they need for assimi-
lation, (b) well depleted soil contains
no soluble materials and can only
provide plants with the water it re-
tains in abundance in a certain state
of division appropriate for their nu-
trition, (c) vegetables can grow in
any substrate, provided it does not
act on them and is completely in-
soluble in water, (d) organic force,
aided by sunlight, develops in plants
simple substances such as earths,
alkalis, metals, sulphur, phosphorus,
carbon, and perhaps even nitrogen,
and which probably do not corre-
spond to the same term defined by
the chemical analysis, (e) oxygen,
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hydrogen and fire seem to be the
only elemental substances that have
served to form the universe, and fi-
nally, (f) nature, in its simple stroll,
operates the most varied effects by
the most slight changes in the
means it employs.6

(b) The extractive principle of
vegetables27,28

During Braconnot’s time the
ideas about an extractif principle
(extractive principle) were still
prevalent among some scientists.
This concept defined a particular
principle, supposed to form the ba-
sis of all vegetable extracts, and char-
acterized by the following proper-
ties: it was a dark brown bitter solid,
brilliant, cracking, soluble in water
and alcohol but insoluble in water
when oxidized, susceptible of com-
bining with a very large number of
metallic substances, and decompos-
able by fire into different products
including an acid and ammonia.
Many chemists doubted the exist-
ence of such a principle and believed
it was only a generic name for a se-
ries of compounds containing an
acid substance, a dye, and nitrogen
matter. It was hard to accept that
plants contained nitrogen and basic
derivatives side by side with acids.
Actually, the basic nature of alka-
loids was accepted only in 1817 when
Jean-François Derosne (1774-1855)
prepared a crude extract of opium
with alcohol and water, and by addi-
tion of potassium carbonate precipi-
tated a salt (sel de Derosne). Derosne’s
alkaloid fraction lacked narcotic
properties and was probably narco-
tine, perhaps with meconic acid.4,31

Braconnot did not believe that
the extractif was a pure compound,
contrary to the beliefs of Berzelius
and Fourcroy, and more in agree-
ment with Michel Eugéne Chevreul
(1786-1889). He found it surprising
to see collected under the same ge-
neric denomination bodies of such
different nature; in spite of his many
investigations he had never been
able to find the characters attributed
to the extractif in the principles of
any plant.28 His involvement in the
subject was motivated by a question
raised in 1814 by Antoine Augustin
Parmentier (1737-1813): a prize was
established to be awarded to the one
who would solve by experience or by
reasoning, the question of the nature
of the extractif thus named by
Fourcroy. According to Fourcroy,
vegetables contained a substance sui
generis; an immediate principle that
constituted the essence of what was
called extracts, that is, plant juices,

reduced by evaporation to a certain
consistency. The principal character-
istic of the extractif was its oxidiza-
bility and Fourcroy thought that he
had identified it in the deposit
formed during the brewing of cin-
chona, a substance that pharmacists
had named cinchona resin. This
resin had been examined by Louis
Nicolas Vauquelin32 (1763-1829),
among others, and found to contain
a bitter principle, cinchona red, a
free acid, and a tanning substance.
Many chemists, particularly Humphry
Davy (1778-1819) and Berzelius,
shared this opinion. Braconnot ar-
gued against the extractif. He criti-
cized Berzelius for claiming that the
jelly obtained when cooking soap-
wort (Saponaria officinalis) in water
was the extractif.27

Others, like Edme Jean-François
Bouillon-Lagrange (1764-1844) and
Thomas Thomson (1773-1852), be-
lieved that the extractif was present
particularly in sienna (Cassia
acutifola) because its infusion ex-
hibited with reagents certain phe-
nomena attributed to the extractif.
It had also been assumed to be
present in the sap of trees, but
Vauquelin had said “My experiments
prove that the extract contained in
the sap of white birch, the same as in
other saps, is actually a dye, This dye
is not always the same because that
of the chestnut tree is hardly soluble
in alcohol; in others it dissolves par-
tially with the aid of heat, like that
of charm-hop (Ostrya carpinifolia)
and beech tree.”

Humphry Davy (1778-1819) re-
ported that natural rubber contains
a coloring matter that he regarded
as being the extractif. It had a red
brow color, a slightly astringent
taste, did not redden blue vegetable
dyes, was not precipitated by tannin,
did not melt on fire, and yielded ace-
tic acid by distillation.

To clarify the nature of extracts
in general and give a more precise
idea than the prevalent one, Bra-
connot tried to classify the sub-
stances containing nitrogen, taking
into consideration their taste. Con-
sequently, he divided the extracts
into five groups: (a) nitrogenated
extracts, slightly bitter; (b) nitrogena-
ted extracts, very bitter; (c) hydro-
nitrogenated extracts, very bitter; (d)
oxygenated extracts, sweet taste,
sometimes acid or astringent, con-
taining slight amounts of nitrogen;
and (e) oxygenated extracts, very
bitter. Then he made a detailed
chemical analysis of 17 representa-
tive examples, such as borage

(Borago officinalis), sienna, soap-
wort, valerian, belladonna, wild cu-
cumber, opium, aloes, colocynth,
wormwood, quinquina, and star
thistle.28

Far from finding the immediate
principles in the extracts, Braconnot
concluded that (a) a large part of
pharmaceutical vegetable products
and a large number of herbaceous
plants, seemed to contain two to four
animalized principles, the majority
of which had been confused without
further analysis with the alleged
extractif, (b) one of these animalized
principles, which was most fre-
quently found in vegetables, had a
more or less pronounced taste and
seemed to possess the dominant
medical virtue of the plant from
which it originated. It was soluble in
water and alcohol and was not af-
fected sensibly by most of the re-
agents, except for tannin and chlo-
rine and by ferric sulfate. The other
principle had a flat taste, was totally
insoluble in alcohol, soluble in wa-
ter, and was precipitated substan-
tially by many metallic solutions, by
alkaline earths, and by tannin. These
two principles were found associated
in the extracts of wild cucumber,
scurvy grass, soapwort, and a multi-
tude of other vegetables; (c) a small
number of extracts contained a bit-
ter non-nitrogenated principle that
was affected by no reagent, except
chlorine that precipitated it.
Thomson had found it in quassia
amara and Braconnot identified it
in gentian and in the small centaury;
(d) a large number of herbaceous
plants seemed to contain a vegetable
acid that was not always identical,
but could be considered, with slight
variations, as belonging to the same
variety of acids as apple acid (Had
Braconnot been able to answer these
questions he would have discovered
morphine, codeine, narcotine,
strychnine, brucine, and quinine);
and, finally, (e) there was no such a
thing as a principe extractif.28

Organic compounds in plants

Application of extraction tech-
niques led Braconnot to isolate nu-
merous organic compounds, which
today are considered as having bio-
logical or therapeutic value. Hence
forth more details about some of
Braconnot’s works related to these
discoveries.

 Braconnot wanted to under-
stand why hard waters, such as well
water, were inappropriate for the
cooking of peas, kidney beans, and
other similar legumes, which instead
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of softening up and opening like in
pure water, they became hard. In or-
der to find a satisfactory explanation
he believed it was necessary to study
in more detail the nature of the ma-
terials that composed these legumes,
particularly the impure extract that
Heinrich Einhof (1778-1808) had
separated previously and named
vegeto-animal extract. According to
Einhof this substance tinted red veg-
etable blue colors and released am-
monia when treated with calcium
carbonate. Braconnot found that the
extract contained a particular imme-
diate principle, which could not be
confused with any other material.
He established its presence in all
grains having a fleshy cotyledon,
such as those of the legumes or the
papilionaceae, and for this reason he
proposed naming it legumin (légumi-
ne, vegetable casein).22 Braconnot’s
procedure consisted in immersing
the dry peas in tepid water for sev-
eral hours, followed by pulping in a
mortar and filtering. The superna-
tant liquor, still turbid, contained the
legumin dissolved apparently by a
vegetable acid, and giving the liquor
the property of foaming consider-
ably by mixing. Partial evaporation
led to the separation of impure le-
gumin as a clear green pellicle,
slightly soluble, and of mucous ap-
pearance. Well washed with water it
did not change the blue color of lit-
mus. Contrary to Einhof’s claims,
Braconnot found that legumin did
not dissolve in alcohol; boiling alco-
hol eliminated the green color, prob-
ably caused by chlorophyll, and left
legumin in a very white state. Veg-
etable acids, such as oxalic, malic,
citric, etc., well diluted, dissolved
legumin easily while mineral acids
formed with it highly insoluble acid
combinations. Braconnot studied in
detail the reactions of legumin with
a large number of reagents, for ex-
ample, tartaric acid, gallnut, mercu-
ric chloride, alkalis, barium carbon-
ate, morphine, and iodine.22

Today it is known that legumin
belongs to the storage proteins, a
group that comprises proteins gen-
erated mainly during seed produc-
tion and stored in the seed to serve
as nitrogen sources for the develop-
ing embryo during germination.33

Another discovery came as an
offshoot of the investigation of the
fermentation of wet rice. Rice heated
mildly in water produced an acid li-
quor, which when distilled to total
dryness released acetic acid vapors
and left a gummy residue having a
marked acid flavor, different from

vinegar, and pointing to the pres-
ence of a second acid. Braconnot
separated the acid by boiling the
residue with alcohol, followed by fil-
tration and evaporation to a syrupy
liquid, which when left alone for a
few hours turned into a green crys-
talline very acid mass. This mass,
treated with an alcoholic solution
and zinc oxide, precipitated the zinc
salt of the acid. The latter was dis-
solved in hot water and decomposed
using an excess of baryte. The solu-
tion, evaporated to a syrupy consis-
tency, deposited an almost colorless
acid, which could not be crystallized
and was stronger than oxalic acid.
This acid distilled, decomposed like
other vegetable acids yielding car-
bon and acetic acid and no nitrogen.
It combined with potash or caustic
soda; the resulting salts were deli-
quescent, soluble in water, and did
not crystallize. It reddened litmus
and exposed to fire it melted and
decomposed.34

Braconnot made a detailed study
of many chemical reactions of the
acid and the characteristics of the
products obtained with calcium hy-
droxide, strontium carbonate, baryte,
magnesium carbonate, aluminum,
metallic oxides (white manganese
oxide, cobalt oxide, nickel oxide, zinc
carbonate, black mercury oxide, sil-
ver oxide, lead oxide, tin oxide, and
cupric oxide), and iron (it disen-
gaged hydrogen).34

 Braconnot wrote that he was at
a loss on how to give an appropriate
name to the acid, so different from
others, and hard to classify accord-
ing to the prevailing nomenclature
rules. For this reason he decided to
name it according to the town where
it was discovered: nanceic acid (acid
nancéique). An interesting footnote
from the editors of the journal noted
that Braconnot had not taken into
account that the nomenclature rules
adopted by the Académie des Sci-
ences of Paris, and later by chemists
from all other countries, forbade us-
ing the names of countries (or de-
rived words), and of course, more
strongly, the name of the town of
residence of the first to observe the
compound.34 Vogel proved that
nanceic acid was actually lactic acid.

 Braconnot was interested in ob-
taining gallic acid (3,4,5-hydroxy-
benzoic acid, C7H6O5) and for this
reason he compared the different
preparation procedures reported in
the literature in order to identify the
simplest and most advantageous.
The method described by Louis-
Jacques Thénard35 (1777-1857) in-

volved treating an infusion of wal-
nut with a solution of egg white.
Braconnot reported that in spite of
carefully following the procedure, he
was unable to obtain crystalline gal-
lic acid; he only got a dark brown
residue. Another procedure, recom-
mending the use of gelatin instead
of egg whites, yielded even worse
results. Carl Wilhelm Scheele’s
(1742-1786) lengthy procedure36 in-
volved necessarily the destruction of
part of gallic acid so Braconnot
thought that it should be possible to
shorten it and obtain a better prod-
uct in large amounts. Braconnot’s
improved procedure involved brew-
ing gallnut in water for about four
days, filtering with pressure, and
leaving the liquor for about two
months at a temperature between 18
and 25 oC . Although little of the li-
quor evaporated, it deposited a large
amount of crystallized gallic acid
that Braconnot separated by pres-
sure filtering through a cloth.
Braconnot found that the deposit
was composed mainly of gallic acid,
but also contained an additional new
acid, slightly soluble in boiling wa-
ter. The final preparative method
was based on mixing the colored gal-
lic acid with water and animal car-
bon, boiling, filtering the resulting
liquid, cooling it down and to pre-
cipitate a very white mass of gallic
acid, which Braconnot separated by
filtering through a cloth. Redis-
solved in hot water the powder crys-
tallized as snow white fine sleek
needles.19

 The following stage was exami-
nation of the new acid. The insoluble
powder diluted with a weak solution
of potash generated slightly alkaline
liquor having an intense yellow
color. Filtered and abandoned to it-
self, it ended throwing out an abun-
dant pearly deposit, which was sepa-
rated by filtration and washed with
water and found to be the potassium
salt of the acid. The acid was easily
separated by addition of diluted hy-
drogen chloride or acetic acid.
Braconnot studied its properties and
reported that it was an insipid, flat
white powdery solid, hardly soluble
in cold or boiling water, and slightly
reddening litmus. It was not decom-
posed by alkaline bicarbonates, even
when heated, but combined vigor-
ously with sodium or potassium hy-
droxide. The corresponding salts
were insoluble in cold and boiling
water. With ammonia it formed an
insoluble neutral salt. Braconnot
named the new acid ellagic acid (the
anagram of gallic acid, C14H608).

19
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 Today it is known that ellagic
acid is a natural occurring phenolic
compound found in many plants and
berries and exhibiting anticarcino-
genic and antimutagenic activity in
humans.37

Braconnot believed his method
delivered gallic acid very pure and
in large quantities. Nevertheless, he
was aware of Berzelius’s claim that
gallic acid should be produced pure
by sublimation. Hence, in order to
verify Berzelius’s claims he per-
formed several comparative experi-
ments with the acids obtained by his
technique and by sublimation. The
results led him to conclude that the
two techniques resulted in two dif-
ferent compounds and proposed
keeping the name gallic acid (3,4,5-
trihydroxybenzoic acid) for the one
prepared by his method and name
pyrogallic acid (1,2,3-trihydroxyben-
zene) the one prepared by sublima-
tion. Gallic acid was a very white
solid that did not show the presence
of tannin with gelatin. Exposed to
heat (not enough to cause sublima-
tion) it turned into a brown liquid
that crystallized on cooling and con-
tained a large amount of gallic acid
and a brown substance that precipi-
tated gelatin abundantly.23

The properties of the acid pre-
pared by sublimation did not allow
confusing it with ordinary gallic
acid, as had already been observed
by Edme-Jean Bouillon-Lagrange
(1764-1844) Pyrogallic acid tasted
fresh and bitter; at 13 oC two parts
pyrogallic acid dissolved in one part
of water while two parts of gallic acid
dissolved in 100 parts of water. Both
acids were soluble in ether.23

After a thorough study of both
acids Braconnot concluded: (1) gal-
lic acid prepared by the wet method
and purified by animal carbon may
be considered a pure substance, (b)
exposed to heat it transforms into a
tanning substance and pyrogallic
acid, and (c) combining pyrogallic acid
with tannin regenerates gallic acid.23

In another publication20 Bracon-
not reported the discovery of a new
acid, pectic acid (C17H24O16), first in
the tubercles of dahlia and Jerusa-
lem artichoke, and afterwards in ev-
ery vegetable that he examined,
among them in the roots of turnip,
carrots, pokeweed, black salsify,
peony, fiddle dock, and drop-wort; in
the stems and leaves of herbaceous
plants; in the cortical layers of all
trees previously deprived of their
external colored bark; in the fruit of
cucurbitaceous; and in all other
fruits and grains. According to

Braconnot the new acid was strongly
similar but not identical to the prin-
ciple known under the vague name
of jelly, and was easily obtained from
the different parts of a plant.

A study of the properties of pec-
tic acid indicated that it was hardly
soluble in cold water, although it dis-
solved enough to react with certain
reagents. Boiling water acted as a
strong solvent, the filtered liquid
was colorless and on cooling did not
precipitate. It was coagulated into a
colorless jelly transparent like ice, by
all metal solutions without excep-
tion, and by lime water, baryte wa-
ter, acids, sodium sulfate and so-
dium chloride, potassium nitrate,
etc. The alkaline combination; dis-
solved in water and heated mildly,
liberated carbon dioxide. The potas-
sium salt was very soluble in water
and precipitated as a transparent
jelly when diluted with alcohol.20

 The properties of the salt sug-
gested its many possible uses, par-
ticularly in confectionery. Braconnot
remarked that it was exceptional
how a very small amount of the acid
could communicate to large masses
of sugar water the property of jelly-
ing. Braconnot proposed naming the
acid pectic acid, from phkiz, coagu-
lum. He believed that this substance
was the same as the cambium of
Duhamel du Monceau.20

Other researches involved the
extraction of sorbic acid, the prepa-
ration of a large number of sorbates,
and the study of their properties.18

Nitrocellulose

 That nitric acid reacted with or-
ganic compounds was long known
before the work of Braconnot,
Théophile-Jules Pelouze (1807-1867),
and Ascanio Sobrero (1812-1888),
though knowledge on the subject
was somewhat limited, particularly
on the difference between nitration
and esterification. John Woulfe
(1727-1803) had synthesized picric
acid in 1771 by reacting indigo with
nitric acid and observed that the
product tinted silk greenish yellow.
The new dye was unsuccessful due
to its poor light fastness, but it was
still used to turn indigo to bright
green and to dye silk and wool yel-
low. The explosive characteristics of
the acid were discovered later; for
example, Giovanni Gioberti (1761-
1834) observed the strong explosion
that sometimes took place when re-
acting nitric acid with ethanol. Oth-
ers had prepared nitric derivatives
of organic compounds, noting in
many cases a powerful oxidation

process. There was much uncer-
tainty regarding the composition of
the products obtained; experiments
with it were conducted in 1885 in
Lydd, England, and the British
adopted it as an explosive material,
which they called Lyddite.38

The breakthrough came in 1833
when Braconnot reported about the
remarkable product obtained by
treating starch or ligneous materials
with concentrated nitric acid.30 Ac-
cording to Braconnot, it was known
that concentrated nitric acid reacted
with inorganic substances less
strongly that when it was diluted. He
believed that the same behaviour
should be observed with vegetable
substances, opening the possibility
of obtaining completely different
products. Diluted nitric acid dis-
solved potato starch producing a
mucilaginous liquid, very soluble in
water, but a completely different re-
sult was obtained using concen-
trated acid. Treating the starch with
several times its weight of nitric acid
also yielded a mucilaginous liquid,
totally transparent, which water to-
tally coagulated into a white casein-
like mass. This mass, after filtering,
washing, and drying, had the same
weight as the original starch. The
powdery solid was white and insipid,
did not change the color of litmus
but changed the color of iodine tinc-
ture to yellow. It did not react with
bromine and dissolved in boiling di-
luted sulfuric acid. Treated with con-
centrated sulfuric acid it yielded a
colorless solution, which was not
precipitated by water, it only became
stickier. It was easily dissolved by
concentrated hydrogen chloride,
particularly when heated mildly, but
was completely precipitated by wa-
ter from this solution, retaining all
its properties. It also dissolved eas-
ily into cold diluted nitric acid and
the resulting solution was precipi-
tated without difficulty by water and
alkalis; it produced oxalic acid by
evaporation, but no mucic acid
(galactaric acid, C6H10O8). An inter-
esting result was that the solid dis-
solved easily in warm acetic acid; a
small amount of acid yielded a thick
mucilage, from which water precipi-
tated a varnish-like substance. This
precipitate, dried under mild heat,
became a glass-white varnish-like
substance that kept its transparency
even when submerged in water. The
acid mucilage applied on paper or
any other substance, left a very bril-
liant varnish coat having a clear ad-
vantage over the ones produced by
the best gum or resin. A cloth im-
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pregnated with the mucilage and
then dried, kept its stiffness and
water resistance, even when boiled
with water. These properties pre-
dicted that new substance would
find important industrial uses.30

Commercial wood vinegar also
dissolved the precipitate, although
the solution became slightly turbid
on cooling. Ammonia and aqueous
caustic potash acted on it; however,
it agglomerated and became trans-
parent. Nevertheless, boiling yielded
a brownish solution from which ac-
ids precipitated the dissolved sub-
stance, slightly modified for it lique-
fied easily in boiling water without
solution, and acquired by drying the
transparency of gum instead of hav-
ing a matt white color.30

 The composition of the resulting
product, as well as the details of its
preparation, was poorly understood.
Similar results were obtained when
using lignin, resins, cotton and
linen, different sugars, and pectin.
Braconnot called the new material
xyloïdine (nitrocellulose) to point
out that it derived from wood. Al-
though he recognized that xyloïdine
caught fire easily, he did not realize
it extreme detonating properties. He
also attempted to make coatings,
films, and shaped articles from it
after finding that the nitrated de-
rivative dissolved easily in wood vin-
egar.

In 1838 Pelouze took to study this
substance and found that submerg-
ing paper, cotton, or linen tissues in
cold concentrated nitric acid, pro-
duced a parchment that was ex-
tremely combustible.39 Pelouze
expected that his detailed experi-
ments and findings would clarify the
questions left answered by Bra-
connot’s results. His procedure was
as follows: Reacting a mixture of
starch and nitric acid of a density of
1.5 (about 90 % weight acid) for some
minutes resulted in the complete
disappearance of the starch, with no
disengagement of gas. The ensuing
solution was immediately treated
with water and xyloïdine separated
completely. Filtration of the liquid,
followed by evaporation, left a very
small amount of solid residue. If in-
stead of precipitating the product
with water, the reaction liquid was
left in a closed vase, it slowly ac-
quired the various tints of a mixture
of nitric acid and nitrogen dioxide.
Water now precipitated xyloïdine in
decreasing amounts and the process
ended in about two days. Xyloïdine
had been destroyed completely and
transformed into a new acid, which

after evaporation had become a
white non-crystalline deliquescent
solid, weighing much more than the
original starch. No carbon dioxide or
oxalic acid was produced during this
reaction.

 According to Pelouze, xyloïdine
corresponded to starch in which one
atom of water had been replaced by
one atom of nitric acid. Nitric acid
in excess converted xyloïdine into a
very soluble substance (the acid
mentioned above), a result quite dif-
ferent from that of Braconnot, who
obtained from a given weight of
starch the same weight of xyloï-
dine.39

Braconnot also studied the action
of cold concentrated nitric acid on
lignin and gummy substances. Saw-
dust treated with cold concentrated
nitric acid swelled and softened
without dissolution, but when the
mixture was heated no efferves-
cence took place (a remarkable re-
sult, according to Braconnot) and a
mucilaginous solution was promptly
obtained, so thick that it congealed
when cooled down. The solid that
separated was very similar to the one
obtained by the dissolution of starch
in concentrated nitric acid. Cotton
and linen heated with concentrated
nitric acid dissolved similarly, with-
out apparent reaction, transforming
into xyloïdine, but cane sugar, man-
nite [C6H8[OH]6], and milk sugar did
not react. With these sugars a very
bitter substance was produced that
Braconnot did not examine. Treating
gum tragacanth, Arabic gum, inulin,
as well as saponin (that Braconnot
isolated from the bark of gymno-
cladus canadensis, American coffee
tree) with concentrated nitric acid
also yielded xyloïdine, and a very
bitter substance, which led him to
assume that these gums substances
contained a sugar principle.30

 Pectin also dissolved in concen-
trated sulfuric acid yielding muci-
lage that with water precipitated a
large amount of a substance totally
soluble in weak ammonia, which
Braconnot thought to be pectic acid.
Braconnot was unable to obtain
xyloïdine from the gum of flax rags
prepared by the action of concen-
trated sulfuric acid, not more than
from Arabic gum previously treated
with the same acid, a result which
to him seemed special. The mucilage
from flax seeds yielded only a small
amount of xyloïdine.30

 The discoveries of Braconnot
and Pelouze would not have called
attention had it not been by the sen-
sational news published in 1846 in

journals all over the world, that the
Swiss chemist Christian Friedrich
Schönbein (1799-1868, discoverer of
ozone) had announced at the meet-
ing of the Naturforschende Gesel-
lschaft held in Basel on March 11,
1846, that he had succeeded in con-
verting cotton into a powder more
powerful than gunpowder. In his
statement, Schönbein did not pro-
vide information regarding the
manufacturing process.40 As was to
be found shortly thereafter, Schön-
bein had improved the process by
immersing the cotton in a mixture
of nitric and sulphuric acid and then
washing the product to remove the
excess acid. The news caught the
immediate attention not only of
chemists, but also of political and
military circles. Chemists immedi-
ately related Schönbein’s discovery
to the findings of Braconnot and
Pelouze.

In a following publication41

Pelouze claimed that the material
prepared by Braconnot was different
from his: Xyloïdine was the product
that water precipitated from a nitric
solution of starch while Pelouze’s
product (which he called pyroxiline)
was the result of the action of nitric
acid on cotton. To justify this claim
he gave several examples of the dif-
ference between both products, for
example, xyloïdine dissolved in ni-
tric acid, while pyroxyline did not, it
remained for days without disap-
pearing and without changing its
weight. Xyloïdine was highly flam-
mable and detonated by shock and
when distilled in a retort left a con-
siderable residue of carbon; on the
other hand, pyroxyline detonated
violently when heated to 175-180 oC
and was impossible to distil.

Wood and rags sugar

Previously it was thought that
concentrated sulfuric acid led to the
carbonization of vegetables sub-
stances. Claude-Louis Berthollet
(1748-1822) believed that the hydro-
gen of the vegetable substance
united to the oxygen of sulfuric acid
and formed simultaneously water
and sulfur dioxide while the carbon-
aceous principle separated and pre-
cipitated. Fourcroy and Vauquelin
had found that no sulfur dioxide was
produced and explained their results
by an ingenious theory, which was
not established on rigorous facts.29,42

In 1819 Braconnot published a
paper29 describing the treatment of
wood sawdust, hay, cotton and hemp
rags, with sulfuric acid, followed by
the boiling and neutralization with



Revista CENIC Ciencias Químicas, Vol. 38, No. 2, 2007.

352

lime of the diluted aqueous solution.
The supernatant liquid was sugary
water. Weighing the different frac-
tions produced Braconnot noted that
there was an increase in weight com-
pared to the original weight of hemp;
he had obtained more sugar than the
original sawdust. He concluded that
“a certain amount of hydrogen and
oxygen…has been fixed to lignin in
the proportions to form water.” This
material balance was clearly in op-
position with the results of Fourcroy
and Vauquelin who claimed that the
vegetable matter decomposed and
separated into carbon and water.42 By
grinding rags in acid Braconnot ob-
tained a gummy material, soluble in
water that after neutralization and
evaporation yielded a product simi-
lar to Arabic gum. The sugary liquor
after several washings and recrystal-
lizations yielded a brilliant white
product.

The next set of experiment was
the study of the artificial gum pro-
duced by the action of sulfuric acid
on flax. This gum looked like Arabic
gum, was transparent, slightly yel-
low, odorless and insipid, although
it reddened litmus paper and be-
haved like an acid. It adhered
strongly to the vases where it was
prepared and left a shiny varnish on
the surface of a body. It burned with
a penetrating smell of sulfur dioxide.
Dissolved in water and treated with
nitric acid it precipitated a flocculent
matter, which Braconnot named ar-
tificial ulmin. An interesting finding
was that boiling the gummy sub-
stance with diluted sulfuric acid
separated it into two very remark-
able substances, one which was a
sugar that could be crystallized and
constituted most of the weight, and
another holding all the elements of
sulfuric acid and forming such a sin-
gular acid that Braconnot named it
acide végéto-sulfurique (vegeto-sul-
furic acid). The sugar had a fresh and
agreeable taste and produced a light
freshness sensation in the tongue;
it dissolved in hot alcohol and pre-
cipitated by cooling. Dissolved in
water and mixed with yeast it fer-
mented, producing a winy liquor
containing alcohol. According to
Braconnot the sugar was identical
with raisin or starch sugar.29

Braconnot remarked that the
conversion of wood into sugar
seemed a remarkable fact, particu-
larly when considering that one
weight of flax linen could be con-
verted in more than one weight of
sugar. It indicated that in the con-
version of wood into gum and sugar,

wood is the mucilage of the gum less
the oxygen and hydrogen in the pro-
portions to make water. This being
so, it was possible to follow the pro-
cess carried on by nature to create
the ligneous material. The latter, be-
fore its birth, was in the form of
mucilage in which the observed
small white grains seemed to be a
first draft of wood. This mucus had
been given the name substance
organisatrice (organizing substance)
or the cambium of Duhamel du
Monceau. Helped by the vital influ-
ence, this substance seemed to aban-
don part of the elements of water to
build up the phloem, the cortical lay-
ers, the sapwood, the parenchyma,
and finally, the wood itself.29

Replacement of the ligneous fi-
bers by gelatin led Braconnot to ob-
tain gelatin sugar, afterwards named
glycocholl (glycine) by Eben Norton
Horsford (1818-1893).

 Bile and gastric juice43,44

Ancient physicians considered
the bile to be soap because of its al-
kaline and detergent properties, al-
though contemporary scientists
such as Berzelius, Thenard, and
Fourcroy had rejected this view. In
order to clarify this point, Braconnot
decided to examine picromel, the
main constituent of the bile of most
animals; not found in human bile
although it is part of certain vesicu-
lar calculi. Picromel is a nauseating
colorless viscous substance having
a bittersweet taste, which was then
supposed to be the essential prin-
ciple of the bile but is now known to
be a mixture, principally of salts of
glycocholic and taurocholic acids.

According to Braconnot, picromel,
admitted to be a neutral immediate
principle of animals, behaved like an
acid, but hardly neutralized alkalis.
It reacted forming many strongly
bound substances. Braconnot’s first
objective was to separate the prin-
ciples composing picromel, i.e., fats,
resins, and acid liquor, and then to
study their properties and reactions.
Fats were easily separated by treat-
ing picromel with cold alcohol to
yield a mucilaginous liquid, which
treated with ether dissolved an acid
substance having the consistency of
pork lard. This material, compressed
between layers of gray paper, sepa-
rated into two distinct substances,
one a very white powder, harder than
candle wax, completely soluble in
cold alcohol and crystallizing into
fine needles melting at about 60 oC .
Braconnot believed that this fraction
was margaric acid (today we know it
is heptadecanoic acid, C17H34O2). The

liquid phase retained by the paper
was found to contain oleic acid. From
these facts Braconnot inferred that
these two fatty materials were com-
bined in the bile with sodium hy-
droxide, forming a real soap.43

Ancient scientists designated as
bile resin the picromel precipitated
from its solution by acids. However,
Berzelius believed that bile did not
contain resin and that the substance
that Thenard had compared to a
resin, was a combination of the green
matter of bile with the acid that pre-
cipitated it.35 Braconnot treated an
aqueous solution of picromel with
soap of Marseille, followed by addi-
tion of acetic acid, and obtained a
milky liquid, which after separation
by filtration produced a porous yel-
low green solid. This solid dissolved
in alcohol then evaporated, left a
very fragile matter looking like a
resin. Braconnot used sulfuric acid
to separate the resin from picromel
of ox. The resin was found to be a
totally transparent solid, heavier
than water, stable in contact with air,
grounded without difficulty into a
powder, soluble in cold and boiling
water, and easily dissolved by alco-
hol. It dissolved in concentrated sul-
furic acid, in nitric acid, and in hot
acetic acid. To Braconnot it was clear
that these properties plainly classi-
fied the substance as a resin.

 Braconnot also studied the liq-
uid phase of the dissolution of
picromel in sulfuric acid and found
it to contain two different sub-
stances, one a sugar and the other a
highly bitter alkaline product.

 Braconnot concluded that bile is
a true soap, that ox picromel con-
tains: an acid resin as a main com-
ponent; margaric acid; oleic acid;
animal matter; a very bitter sub-
stance of alkaline nature; a sweet
colorless principle, which becomes
purple, violet, and blue with sulfu-
ric acid; and a coloring substance.43

Another work was related to ex-
periences done with gastric juice,
about which they were divergent
opinions.44 William Prout (1785-1850),
Frederick Tiedmann (1781-1861),
and Leopold Gmelin (1788-1853) be-
lieved that the sour taste of gastric
juice was caused by hydrogen chlo-
ride while Chevreul, François Leuret
(1747-1851), and Jean Louis Lassaigne
(1800-59) attributed it to lactic acid.

 A Nancy physician by the name
of Blondelot provided Braconnot
with gastric juice from dogs. The
juice, deprived of the mucus by fil-
tration, tasted acid, sour, salty, and
astringent. By means of potassium
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ferrocyanate Braconnot recognized
that the astringent savor was due to
the presence of a salt of ferric oxide.

 The juice, distilled, provided an
acid product that treated with bar-
ite yielded crystalline barium chlo-
ride and precipitated white curds
with silver nitrate. The residue,
heated to a very high temperature,
released a sublimate of ammonium
chloride and carbon, together with
ferric oxide, calcium phosphate, and
sodium and potassium chlorides.

 Another portion of gastric juice
was evaporated to syrup consistency
and then treated with ether. The
ether solution was evaporated and
yielded a syrupy residue, slightly
colored and having a very bitter acid
taste. Diluted with water it deposited
a colorless acrid peppery oil that
Braconnot thought it recalled stale
cheese. This residue did not contain
lactic acid, only HCl, because when
treated with zinc oxide it only gave
the chloride of the metal. The por-
tion of gastric juice not soluble in
ether was treated with anhydrous
alcohol, and after evaporation it
yielded a syrupy liquid, still very
acid. When distilled, this residue
gave an additional amount of HCl
and ammonium chloride and left a
substantial amount of calcium chlo-
ride in the retort. Braconnot realized
thence that alcohol had dissolved
two different animal substances, one
which was precipitated by alkalis,
ferric sulfate, copper nitrate, and
another which did not react with
these reagents.44

 Braconnot submitted both sub-
stances to different essays and con-
cluded that gastric juice contained:
free HCl and sodium chloride in
large amounts; ammonium chloride;
the chlorides of iron, calcium, potas-
sium, and magnesium; calcium
phosphate; a colorless acrid oil; a
large amount of animal matter
soluble in water and alcohol; animal
matter soluble in diluted alkali; ani-
mal matter, soluble in water and in-
soluble in alcohol; and mucus.44

Milk products24,45

 Braconnot believed that Joseph-
Louis Proust’s (1754-1826) results on
the fermentation of cheese were not
reliable and thus decided to repeat
his experiments.

 Braconnot took cheese, well
drained but not washed, diluted it
with a similar amount of water, and
left it in a covered jar for one month
at 20-25 oC . The material was then
filtered through a cloth; the result-
ing liquid phase was very colored,
reddened litmus paper, did not show

the presence of hydrogen sulfide or
ammonium carbonate but contained
a substantial amount of ammonium
acetate. Distilled in a retort it sepa-
rated into a very fetid oil and left a
residue containing a white membra-
nous substance, which on heating
coagulated as casein mixed with cal-
cium phosphate. Evaporation of the
coagulum generated acetic vapors
and left a syrupy liquid, which di-
luted in alcohol separated into two
fractions, one formed by oxide
caséeux, (caseinate oxide) and the
other by ammonium caseinate dis-
solved in the alcohol. Braconnot
made then a very detailed study of
caseinate oxide and was unable to
duplicate some of Proust’s results.
For example, according to Proust,
distillation of the oxide produced
very little ammonia and treatment
with nitric acid gave an abundant
crop of oxalic acid and left little of a
bitter substance. Braconnot found
that distillation produced a large
amount of a fatty material having
the consistency of tallow; it also pro-
duced a vapor containing substantial
amounts of ammonium carbonate
and ammonium bisulfate. Treatment
of the oxide with nitric acid pro-
duced no oxalic acid but evaporation
of the solution generated a bitter
yellow oil, from which lime water
disengaged ammonia. To Braconnot
this material had all the properties
of an animal substance, which
seemed to contain very little oxygen;
hence the name of caseinate oxide
seemed totally inappropriate. Since
it seemed to form every time that an
animal substance is left to putrefy
Braconnot proposed naming it
aposépédine, from the Greek work
aposhpedwn, the result of putrefac-
tion (aposépédine is known today as
leucine).24

 Braconnot also repeated
Proust’s experiments regarding
caseic acid and concluded that the
latter was not a pure substance, it
was actually a mixture of free acetic
acid; aposépédine; animal matter
soluble in water and insoluble in dis-
tilled alcohol; a yellow very acrid oil;
an almost insipid brown resin; po-
tassium nitrate and acetate; and
traces of ammonium acetate.24

According to Berzelius, cheese,
freshly coagulated by an acid, could
be solubilized in water by means of
barium carbonate or calcium carbon-
ate. Evaporation of the solution left
a residue insoluble in water that
Berzelius believed was not the result
of the action of air on the dissolved
casein but of the combination of the

latter with the earth salt employed.
Chevreul believed that pure cheese
was very soluble in water, from
which it could be separated by heat,
the same as albumin, a result that led
him to admit Scheele’s opinion that
casein and albumin were the same
substance. Casein combined with
many substances yielding complex
products, difficult to analyze and
fractionate; for this reason its real
nature was not known.45

Braconnot heated white cheese
and observed that after some time it
separated into a glutinous elastic
mass and serum, from which potash
precipitated calcium phosphate and
a small amount of casein. The pre-
cipitate was a gelatin-looking solid,
which totally dissolved in cold or
boiling water generating a liquor
that looked like regenerated milk.
Braconnot went on to show some
possible industrial and domestic
uses of this material. It had a very
low cost because large dairies pro-
duced substantial amounts of white
cheese, which could be used com-
pletely for human consumption.
Soluble casein, associated in differ-
ent forms in foods, represented a
valuable resource, particularly in
long voyages. Its aqueous solution,
sweetened and flavored with lemon
skin, might offer the sick a sub-
stance appropriate for their weak-
ness and for the transition from a
vegetarian diet to an animal one. Its
solution conveniently diluted and
warm, and after adding with butter
and sweet water, produced an emul-
sified liquid very similar to milk.
Soluble casein had adhesive proper-
ties; Braconnot used it to glue glass,
porcelain, wood, and stones. The
water solution produced a brilliant
varnish plaster that applied to paper
let Braconnot manufacture labels
that slightly humidified will adhere
strongly to many surfaces. Bracon-
not listed a large number of addi-
tional possible uses, for example, to
give luster and consistency to silk
fabrics, bands, gauzes; to prepare
artificial flowers; English taffetas, to
clarify liquids, etc., etc.45

Pure casein was very easy to pro-
duce, the soluble casein was first dis-
solved in boiling water, the floating
cream separated and a small amount
of sulfuric acid added, which depos-
ited a coagulum of casein sulfate.
The deposit was washed and heated
with water and potassium carbonate
to dissolve the whole. Addition of
alcohol deposited the butter, potas-
sium sulfate, and a little of casein.
The remaining solution was filtered
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and the transparent liquid evapo-
rated producing a transparent mass,
which reddened litmus paper. Bracon-
not considered this matter to be
casein or caseic acid. The casein thus
obtained was a dry substance, inal-
terable in air, and could hardly be
differentiated from the best Arabic
gum. It dissolved completely in cold
or boiling water yielding a viscous
sticky liquid. Mineral acids, except
phosphoric, combined with dis-
solved casein coagulating it into a
white insoluble opaque mass. If the
viscous solution was diluted with
enough water no coagulation took
place. In addition to phosphoric acid,
no reaction took place with potassium
ferrocyanide, but addition of phospho-
ric acid produced an abundant coagu-
lum. Braconnot completed his paper
with a detailed description of the re-
action of casein with many com-
pounds, and the properties of the
products.45

Fatty materials

According to Braconnot, chem-
ists considered fats to be composed
of one unique substance, having the
same essential properties. From this
came the denominations tallow,
grease, pork lard, fat, and marrow,
already recognized by the ancients.
The consistency of grease varied in
a remarkable manner: It was hard in
ruminant quadrupeds, softer in hu-
mans than in vegetarian animals,
and almost liquid in all amphibian
mammalians, cetaceans, carnivores,
birds, reptiles, fish, insects, etc. On
the basis of this observation, Bracon-
not reasoned that fats were probably
a mixture of oil and tallow in vary-
ing proportions, which determined
the consistency of the product. A
fatty substance would be the more
fluid the more oil it contained, and
vice versa. He tried unsuccessfully
to separate the two components us-
ing reagents, until he came up with
a very ingenious method that con-
firmed his conjecture. His procedure
was based on the physical property
of olive oil to imbibe easily on gray
paper, particularly under pressure.
Thus he wrapped fatty and oily sub-
stances inside a pack of sheets of
gray paper, pressurized the whole
and as a result he not only discovered
the tallow and oil he was looking for,
but he was also able to determine the
relative amounts of both compo-
nents in ten different fatty sub-
stances (pork lard, tallow, beef and
mouton marrow, butter, goose and
duck grease, and the oils of olive,
colza, almond, and turkey). He also

described the general characteristic
of each phase.26

Braconnot then reported in detail
his experiences with tallow. The
material obtained by pressing mou-
ton fat was not pure enough; he
melted it in the presence of turpen-
tine, then froze the solution and
separated an additional 30 % wt. of
oil. Braconnot named the remaining
solid phase absolute mouton tallow.
This tallow was more compact than
the raw one, drier and less ductile
than candle wax, and less soluble
than spermaceti in boiling alcohol.
Absolute beef tallow was white, had
a more greasy aspect that mouton
tallow, and was more fusible and
hence less appropriate for the manu-
facture of candles. He thought to use
it for lighting purposes and together
with the pharmacist F. Simonin he
obtained a patent on July 29, 1818,
for the large scale production of
stearic candles.2,45 The manufactur-
ing procedure was basically the
same one used to separate the two
constituents of tallow, that is, pro-
gressive pressure. The solid that
separated was melted by boiling wa-
ter, treated with carbon black, and
finally filtered. The fragility of the
resulting solid was decreased by ad-
dition of 20 % of beeswax. Braconnot
named the candles céromimènes. An
improved process using stearic acid
was patented by Chevreul and Jo-
seph-Louis Gay-Lussac (1778-1850)
seven years later.47,48

 Braconnot also studied the prop-
erties of tallow by treating it with
acids (sulfuric, nitric and hydrochlo-
ric) and potassium hydroxide. First
he added sulfuric acid to it, then boil-
ing water. The remaining fatty ma-
terial was washed with water was
mixed with alcohol (or ether), frozen,
and expressed through a cloth. The
solid was treated again with alcohol
until a perfectly white substance was
obtained. Purified tallow combined
easily with alkalis and alkali carbon-
ate to form soaps. Tallow reacted
with concentrated nitric acid differ-
ently. The mixture was distilled but
most of the acid boiled off before
some nitrogen gas was generated,
mixed with carbon dioxide and a
volatile oil, which smelled like cori-
ander. The residual tallow, after be-
ing washed with boiling water had
an acrid taste and was softer than the
original material, probably because
of the presence of a brown oil, very
soluble in alcohol, which could be
eliminated with the aid of gray pa-
per. The purified material was dis-
solved in a small amount of hot al-

cohol and congealing by cooling.
Pressed on gray paper it left a snow-
white solid formed by fine odorless
pearly needles, very soluble in tepid
alcohol. These results led Braconnot
to assume that the material was dif-
ferent from adipocire (cholesterin,
cholesterol) and also different from
the one obtained using sulfuric acid.
An interesting result was obtained
by evaporating the aqueous solution
obtained by washing tallow after the
distillation process. The solid phase
produced was a flocculent very white
powder, hardly soluble. This powder
was a slightly sour acid, which
volatized complete when heated
with burning coal. It was totally
soluble in olive oil, in ether and tepid
alcohol, partly in cold water, and re-
acted promptly with alkalis.

 Braconnot also studied the reac-
tion between tallow and dilute boil-
ing nitric acid. The resulting product
could be separated into a white mass
and a yellow oil, very soluble in al-
cohol ether, and alkalis. The remain-
ing solid reacted promptly with al-
kalis, and was very soluble in ether
and tepid alcohol. Dilution of its so-
lutions deposited a flocculent solid
soft as candle wax (the attentive
reader will notice that in 1815 Bracon-
not had in his hands stearic acid, but
was unable to recognize its nature
and the presence of glycerin. Chevreul
would do it five years later).49

Braconnot reacted beef tallow
with potash and found that the re-
sulting product did not deposit the
pearly material (margaric acid) de-
scribed by Chevreul.49 Treatment of
the soapy liquor with a large amount
of nitric acid separated the fatty
material and oil formed during the
saponification process. Purification
of the solid phase led to an adipoc-
erous material, similar to that pro-
duced by the action of acids, which
under the action of potash produced
a very hard soap.

According to Braconnot, when
an acid or an alkali reacted with
tallow, the three constituent prin-
ciples, hydrogen, oxygen, and car-
bon, separated and combined in a
different order to generate adipo-
cire and an oil soluble in alcohol.
These two materials were essential
for producing a soap of good qual-
ity. Fats left to age became rancid
and in doing so they went through
the same alterations that they un-
derwent under the action of alkali
or acids; eventually attaining the
adipocerous state and becoming
more susceptible of forming
soaps.26
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Braconnot’s work on fatty mate-
rials was carried out at more or less
at the same time that Chevreul was
deeply involved in parallel studies.
Chevreul contested the priority of
some the discoveries in a letter he
sent to the journal Annales de Chimie.50

In this letter Chevreul reviewed his
earlier publications and among
other things, showed that he had dis-
covered two acids, which were new
kinds of fatty substances, and shown
that saponification took place in the
absence of oxygen. There is no ques-
tion that Chevreul had a much bet-
ter understanding of the nature of
fatty materials and their reactions.

François has discussed in detail
Braconnot’s contribution to the
knowledge of the structure and
chemistry of fatty materials.3
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