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I'NTRODUCT 'O N;

HE rules of the college of Philadelphia,

refpeting a medical education, have, a-
mong other things made it neceflary, that the
candidate for the degree of DocTorR oF ME-
DICINE fhall produce a ¢ Thefis, written in
the Latin or Englifh language, at his own op-
tion”. As it has been the cuftom in moft colleges,
to write medical differtations in the Latin lan-
guage, lhope it will not appear affeiZedly fingular
to choofe the Englifh language as the vehicle of
mine. I have no right to expeét, from its con-
tents, that it will ever be read in any country,
where the Englifh language is not perfeétly un-
derftood. Befides, the nature of my fubje&
made it neceflary to ufe ferms which I did not
think my#lf authorifed to convert into an imita-
tion of Latin. If Ihave erredin adopting the En-
glifh language as the medium for communicating
my opinions to the world, I hope the authority of
Dr. Franklin, Mr. Hopkinfon, Dr. Rufh and
many other gentlemen of abilities in the United
States, in favour of a perference of a modern

language for a modern publication, will {creen
me from cenfure,






FERMENTATIO N,

HERE are perhaps few procefles, or phoe-
nomena, that fall under the obfervation

of chemieal enquirers, that are {o little under-
ftood as the fubject of the prefent effay. This
want of certainty, we fhould {fufpe, arofe more
from the difficulty, than from the want of oppor-
tunities, for inveftigating the fubjeé, becaufe the
materials for experiments are not only in every
one’s power to obtain, butthe procefs is almoft
daily obtruding itfelf upon us. The chief ob-
ftacle to our advancement, in the knowledge
of the caufes and effeés of fermentation, is that
we reft fatisfied with explanations handed to us
by others. The fubje& appears to be of much
importance, both as a curious chemical procefs,
and as it refpeéts the economical arts, and the
art of medicine, and for that reafonI have cho-
fen it for the {ubjec of the prefent diflertation.
There are many difficulties attending the invefti-
gation, as every chemift muit confefs, and I may
perhaps aflign the fame reafon for thofe difficul-
ties that Mr. Henry of Manchefter did, when
treating of the fame {ubje&, that ** the obfcuri-
ty and intricacy of the path, on which Iam en-
tering, the almoft total want of guides and my
inadequate abilities to clear away the obftacles,
throw light on the dark parts, and point out thofe
which may be traverfed with eafe and certainty,

-
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place me in a fituation fruly difficult”. Thefe rea-
fons being applicable to me, in all their force, I
hope for candor and hberahty whenever I may
be found to ftep afide, from the common and re-
ceived opinions of chermﬁ:s, refpecting fermen-
tation. Some new opinions will be found in this
differtation, but as the {ubject will admit of elu-
cidation from experiment and as it would be
wrong to admit any thing as a fac, without hav-
ing afcertained it to be fo, I have introduced
{ome experiments to prove acknnwlegcd fadts.

In handling this fubje&, I fhall arrange it
under different {ections.

~ Sefion 1. 1 fhall confider the definition of fer-
mentation, the Subftances capable of it--and
its Phoenomena.

II. T fhall attempt an explanation of the Phoe-

nomena attending the fermentation of vege-
table fubftances.

II. I{hallmentionthe prcdudtsof fermentation.

1V. I fhall diftinguifk between a mere efcape
of air and a true fermentation.

V. I fhall mention the principal Zymics and
Antizymics. And,

VI. I fhall deliver fome analyfis of animal
matter ; the difference between animal and
vegetable fermentation.

SEGCTION I

Definition of fermentation---Subflances capable of |

ERMENTATION is a peculiar proce’
which certain parts of dead animal and veg
etable fubftances are difpofed to undergo, when
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combined with moifture, expofed to a degree of
heat between 50 and 120 of Fahrenheit’s ther-
mometer, and in contaé with air fit for combuf-
tion and animal refpiration.  The phenomena
attending the procefs are.

1. That the fermenting mafs becomes confide-
rably warmer than the atmofphere around it.

2. It emits a large quantit}-r of a fluid, perma-
nently elaftic, accompanied with an inteftine mo-
tion, and

3. There is always a remarkable change and
alteration in the Jfenfible and chemical qualities of
all bedies that have actually fermented. We
have here confined our definition to animal and
vegetable fubftances, but we have great reafon
to believe, that {everal mineral mixtures will
undergo {pontaneous changes, perfectly analogous
to fermentation; the gradual decompofition of
the natural pyrites, and the changes which take
place in an artificial mixture of the flowers of
{ulphur and iron filings, {feem to depend upon the
fame caufes, and are really attended with the
{fame phenomena; we have alfo taken dead ani-
mal and vegetable {ubftances only into our defi-
nition ; this may not perhaps be quite accurate ;
it is probable that animals, while alive and in
health, have certain parts in them that are con-
{tantly putrifying or fermenting, and it is poflible
that the fame thing happens in plants, but it is
probable that thefe living machines have a power
of expelling thefe putrid parts, as being incom-
patible with their own health, befides we find in
particular difeafes, efpecially in the order of
Exanthemata, that a fmall quantity of a difealed

B
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fluid has a power of agfimilating a confiderable
part of the fluids of another animal ; as for in-
{tance, in the {fmall-pox, in which Doétor Cullen
allows that a fermentation goes on inthe body ;
for, {peaking of the quantity of variolous mat-
ter, abforbed by common infecion, he fays,
“¢ altho’ it were larger than that thrown in by
innoculation, it is not afcertained that the cir-
cumftance of quantity would have any effe. A
certain quantity of ferment is neceffary to excite
Sermentation in a given mafs, but that quantity
given, the fermentation and aflimilation are ex-
tended to the whole mafs.” But this kind of fer-
mentation, which occurs in the living animal
body; cannot be examined here, for it is {o con- -
nedted with life (a principle which we do not
well underftand) that we can by no means imi-
tate it in the dead body; it is probable that the
contagious matter alts upon the animal as an ani-
mated machine, as well as matter, and that this aéti-
on modifies its effects; it is alfo a fubjeét of great
curiofity both to the Phyfiologift and to the Che-
mift, that the bleod of a patient, labouring un-
der the f{mall-pox, cannot communicate the
difeafe to another by innoculation, and it muft
certainly be very difficult to a Chemif to con-
ceive, why after the fluids of an animal have been
once fermented by the variolous matter, that the
fluids of the fame animal fhall never take on that
fermentation again, altho’ they muft have been

changed twenty times or more in the courfe of
life.

MorsTURE feems to be an indifpenfible requi-
fite in the procefs; the moft putrefcent and fer-
mentable {ubftances we are acquainted with
remain unchanged as long as they are keptdry ;
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{ugar is perhaps the only part in all vegetables
capable of fermenting, and it is notorious that it
may be kept for many years, and perhaps for
ages unchanged, and the pratice of the Indians
in merely drying their wvemifon, in order to pre-
ferve it, proves that the {ame thing is true re-
{peting animal fubftances.

HEAT accumulated in a fenfible ftate, to
a certain degree, feems alfo indifpenfible, and a
lefs degree than the loweft we have afligned ab-
folutely prevents fermentation. A quantity of
of {fugar and water which would have complete-
ly fermented in 24 hours, in an heat of 9go® was
kept unfermented from November laft, until the
middle of February, although the thermometer
for many days together, in that time flood be-
tween §0? and 60°.

The prefence of pure air, fit for {upperting ani-
mal life and refpiration, is {o effential to fermen-
tation, that without it, it cannot be excited ;
this opinion is generally admitted by chemiits,
and perhaps may be founded upon the experi-
ments made by the air-pump. Natural philofo-
phy teaches us, that certain fruits can be preferv-
ed in a vacuum for a long time, without becom-
ing acid ; but this is an entire affrastion of air:
however, we find that the prefence of air, unlefs
that air be pure, is not fafficient to excite fer-
mentation. I believe feveral experiments have
been made by others upon the fame fubjeét, but
it may not be improper to relate two made by
myfelf.

Experiment Firfi.

Part of a mixturg of fugar and water, which









i4 ik Y "9 N

In the firft place, Ithink wehave no evidence
that heat and motion are the fame thing.

24. Although neither heat, nor even eo/d, nor
any thing elfe, can be produced without mo-
tion, yet all motion will not produce heat:
for inftance, mercury may be agitated in a phial
tor feveral hours, without producing an increafe
of one degree of heat, and the fea itfelf, altho’
moft vmlﬂntly agitated, is ftill cold.

3d. 'The quantity of heat generated by mati-
on, is never in proportion to the rapidity of the
deftruction of the attraction of cohefion, as we
{ee when /alts are diflfolved in water; (for folu-
tion is faid to be owing to the {fame caufe;) for
example, nitre, when finely powdered, diffolves
very rapidly, and muft of confequence be at-
tended with great motion, but we are fo far from
generating heat, that the mixture becomes colder
than the air, as we find by its {inking the mercu.
ry in the thermometer.

4th. Sugar diffolves very rapidly in water,
but without producing any heat, although at the
inftant of folution there muft have been both mo-
tion, and the deftrution of the attraction of cohe-
fion. If the mixture is {uffered to ftand, it will fer-
mentand generate heat, even when there is-no at-

traction of cohefion to overcome, that we can be
{enfible of.

The heat occurring in fermentation muft,
think, be explained upon the theory of Duﬁtnr
Black re(pecting latent heat : it {feems probable,
that beat is a budy, or fluid, fuz generis, inherent
in all matter, and effential to its exiftence ; thag
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it enters into different bodies, in different propor-
tions, as an ingredient in their compofition, in
the {fame manner as eleéricity is fuppofed to ex-
ift in iron in conta¢t with the earth; whilft a cer-
tain quantity of heat is attached to all bodies, and
if I may be allowed the expreflion, mechanically
mixed with them, in contradiftinétion to the other
mode of union of heat with bodies, whichis then
chemically combined with them, or isin a larent
ftate. When the heat is in this {tate, it is called
Jenfible beat 5 becaufe it is capable of exciting a
certain {enfation, of raifing the mercury in the
thermometer, and it is governable by certain
laws, by this time pretty well afcertained.

When heat enters into bodies as a principle, it
is moft probably in different quantities in differ-
ent bodies, and it is very remarkable, that a
change in the common chemical qualities of bo-
dies alters very much the capacity of bodies to
contain heat as a principle, or in a latent f{tate;
hence it happens, that in almoft ali our chemical
procefles, an alteration of temperature takes
place. In fermentation, we {uppofe that the in-
flamable part or principle of the fermenting bo-
dy, has a tendency to combine with pure air, and
we fhall juft remark in this place, that the com-
buftibility of all bodies, is by Jome chemifts {up-
pofed to be owing to one homogeneous principle
called the principle of inflamability or phlogifion ;
this theory has had very powerful opponents, but
I think we have reafon to believe, that with cer-
tain modifications, it is true ; and it is moft pro-
bable that this principle is inflamable air. It is
alfo known, from direét experiments, particular-
ly of Dr. Prieftly and Mr. Kirwan, that pure air
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ference in colour, it is fometimes owing to cau-
fes which neither influence the qualities of the
wine, nor the fermentation it underwent, but the
molt material difference in the qualities of 7i¢h
wines, {uch I mean as have a proper quantity of
water, is their age; this excellence {feems efpeci-
ally to be owing to the more perfeét fermentati-
on and aflimilation of the diiferent parts of the
wine, for then the unfermented faccharine part
becomes perfeétly vinous, whilft the vinous part
already generated is fo flrongly antizymic as not
to {uffer any part to become acid.

Waines fomewhat diluted and expofed to the
neceflary conditions of fermentation go on to the
fecond ftage which is called the acetous or acid
fermentation, and the chief difference between
this and the vinous is, that all the phenomenaare '
in a lefs degree : the reflult of this fermentati-
on is vinegar ; the explanation of {fome of the va-

rieties of vinegar, may be underftood from what
we have {aid above.

SECTION 1V,

Diftinction between a mere Efcape of Air, and a
True Fermentation.

ERMENTATION is fuppofed to take place

in another procefs, I mean inmaking bread,

but I think we ought to be very cautious in ad-
mitting that a true fermentation takes place, or
is even neceflary in its preparation : 1 fhall per-
‘haps in the courfe of this feétion, ufe the common
language, but when the word fermentation is ap-
plied to the making of bread, I wifh it would be
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cvery particle muft be raifed ; the vifcidity of the

mafs retains it : It is now baked, and a ftill grea=
ter quantity of air is extricated by the increafed:
heat, and as the cruft forms, the air is prevent-

ed from efcaping ; the water is diflipated ; the:
loaf is rendered fomewhat dry and f{olid, and be-
tween every particle of bread we find a particle:
of air, as appears from the {pongy appearance of
the bread, owing to the apparent vacancies which

the air had made, by infinuating itfelf into it.

But let us attend to anether fa&, which thofe
whe {upport the dodtrine of fermentation will find
a great difficulty in explaining: 1f the dough be
kept longer than the proper time, without bak-
ing, it falls again as it is termed, or as I would
exprels it, all the fixed air which raifed it is diffi-
pated, and then being baked we get heavy bread,
exactly like the bread made with flour and water,
and haftily baked, which we know is tafbelefs.
Some will perhaps {ay the fermentationis over,
but this cannot be admitted; for aftér-the vinous
comes the acefous fermentation, but in this in-
itance we have no figns of acidity, neither can we
fuppofe that any fubftance is {fo fermentable as to
finith the vinous ftage of fermentation in nine
hours, for we found that the fame materials in
more favourable circumitances, required fixteen
hours' before the procefs bdegan; fometimes,
however, we deo find heavy bread that is acid,
but in {uch cafes I conclude that the acid came:
from the yeft, which had proceeded to that
~ {tage.

Another fa&t I would wifh to be attended to is;
that fermentation alters the efléntial properties
of bodies, as we have fhewnin Sect. 2d. and 3d.
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prizingly in the {pontaneous changes which they
undergo, when expofed to the neceflary condi-
tions of fermentation, for animal {ubftances emit
a feetid difagreeable {mell, and the elaftic fluids
is the vapor of wolatile alkali. 5

If with Docor Cullen we may believe that on-
ly certain parts of vegetables are alimentary, we
might fuppofe that the parts of the animal formed
of thofe alimentary parts, would in fome meafure
retain their nature;* his idea is, that it is only the
acid, fugar and oi/ of vegetables that render them
nutritious, and if that idea were juft, we ought
to find them in thofe animal fluids that are im-
mediately formed of the food; that an acid is
prefent in the 4lood, at leaft neutralized by {fome
faline bafe, is eafily demonftrated, but it may be
doubted whether it is ufeful to the animal; and
we have irrefragible proofs that an o7/, or at leait
“the conftituent principles of an oil exift in the
blood, for we obtain it by diftillation ; the tafte
of the urine of diabetic patients, proves the pre-
fence of fugar in the {yftem, which may have ei-
ther exifted formally in the blood, or been for-
med by fecretion, and the principles of it at leaft
muft have been afforded by the vegetable food.
I know of no direét experiments to afcertain the
prefence of fugar in the blood; I am in poffeflion
of one, however, that would feem to give plaufibi-
lity tothatidea. AsMr. Bergman had obtained the
acid of fugar from gum arabic, and from thence

* Since the five lalt feftions were printed off, I have met with a faét, that
tends to throw much light on this fubjeét, and proves that animal and vegeta-
ble matters are more allied te each other, than chemifls have heretofore ima-
gined; in vol. iv. part 2. of the Jalt edition of the Encyclopedia Britannica,
under the article Cuina, §. 114, we find the following obfervation. “ Ano-
ther kind of wine isufed by the Chinefe or rather Tartars, called lamb-wine.
1t 1s very flrong, and has a t{i’fagreeable {mell; and the fame may be believed

of a kind of [pirit diffilled from the flefh of fhcep.”


















