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TO THE

BARON de SPARGES and FAIENTZ,

KNIGHT of the ORDER of ST. STEPHEN,

AND

COUNSELLOR to his IMPERIAL andROYAL

MAJESTY forthe ITALIAN DEPARTMENT .

SIR,

OUR Protection confers Honour

γου

on the Sciences, while your Cul-

tivation extends them : You employ

the Power entruſted to you by his Im-

perial Majefty, in advancing the Hap-

pinefs of his People, by promoting

the Progrefs of Letters, and diffufing
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their kindly Influence. Your Atten-

tion unfolds the Abilities of Men, and

creates a Multitude of uſeful Citizens.

Your beneficent Activity affords a thou-

fand Refources to all thoſe who devote

their Talents to fcientifical Purſuits ;

and with this View in particular, you

enrich the Royal Cabinet of Natural

Hiſtory at Pavia, by procuring from

various Parts numberlefs Specimens

equally rare and valuable.

Yes, Sir, it is You, in whom Europe

beholds with Admiration the intereſting

Spectacle of a Minifter, who conceives

that he is faithfully diſcharging his

Duty to his Prince, while he enlightens

at once the Country and Age in which

he lives ; and whofe Relaxations from

Toil,confiſtinſeekingin newAcquifitions

of Knowledge, the Means of increaſing

the Number of happy Individuals.

Allow me therefore, Sir, to folicit

your Indulgence for the Work which I

prefume to offer, as a fmall Token of

my
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my lively Gratitude for the many Fa

vours which you have been inceffantly

heaping upon me. That Sentiment

will be ever deeply engraven on my

Heart, together with the profound Re-

ſpect with which I have the Honour to

be,

SIR,

Your moft humble

and most obedient Servant

LAZARUS SPALLANZANI ,
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THE

TRANSLATOR'S PREFACE.

LONG eſtabliſhed cuſtom ſeems to have

A conferred upon tranflators , the right of

annexing every epithet of praife, which lan-

guage affords, to the name of their author,

But of this privilege, however valuable, it

is not my defign now to take advantage,

The celebrity of the favourite friend of a

Charles Bonnet, and of the philofopher, to

whom the dying hand of Haller configned

the defence of Truth and Nature, would not

receive much addition from the encomiums

ofa writer, who chooſes to conceal his name.

Yet as fome uncommon experiments related

in the following volumes, may draw the at-

tention of perfons but flightly acquainted

with Natural Hiſtory, I think it my duty to

endeavour by fome means to engage their

confidence, left that which conftitutes one

of the chief excellencies ofthework ſhould,

A 4 by
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by creating ſcepticiſm in the reader, prove a

diſadvantage to it . Nothing appears more

likely to fhew what degree of confidence

may be repoſed in the philofopher, whom I

introduce, than an enumeration of the ſer-

vices which he has already rendered to this

ufeful and amufing branch of knowledge.

And I undertake this task the more willingly,

fince I have obſerved that they are not very

diſtinctly known, even to fome who are em-

ployed in this country in purſuits of the

fame nature.

To fever the different parts of animals, is

one of the moft effectual means of deftroying

them. If therefore I fhould affert that this

treatment will multiply fome animals, and

'do no injury to others, the propofition

will probably appear, in the eyes of thoſe

to whom this Preface is principally ad-

dreffed, to have all the extravagance of fable.

Nothing, however, is more certain . About

the middle of the prefent century Reaumur,

the great French philofopher, difcovered

that fome cruftaceous animals have the power

of reproducing the laft joints of their legs.

Soon afterwards, the regard of the world

was more powerfully attracted towards this

topic of Natural Hiftory, by Trembley and

Bonnet. From their obfervations it appears,

that
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that polypes, and feveral fpecies of worms,

are capable of forming anew thofe parts, of

which they have been deprived by defign or

accident. Some, however, of theſe animals are

conftructed with fo muchfimplicity, and they

all occupy fo low a place in the ſcale of exift-

ence, that Phyfiologifts were not diſcouraged ·

from attempting explications of phænomena

fo unexpected and fo repugnant to received

opinions. Their gelatinous confiftence, their

ductility, their uniformity of organization ,

afforded a fpecious foundation for the theory

of animal reproductions (a) . But the hiſtory

of every ſcience fhews, that at the dawn of

new diſcoveries, the light is too feeble to

guide Reaſon in her progreſs towards Truth .

A ſhort time evinced, that other principles

are neceffary to the explanation of this won-

derful property. In 1768, Spallanzani pub-

liſhed his famous Proſpectus , in which he

announced, that decapitated fnails not only

furvive this dangerous operation , but regene-

rate the part which they have loft, and that

the water-newt reproduces its legs and tail.

He moreover afferts, that the fame preroga-

tive belongs to frogs and toads in the form of

tadpoles. Ever fince the date of the Pro-

fpectus, the difcovery concerning fnails has

(a) See Contemplation de la Nature, Partie 9 .

been
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been a fubject of controverfy. The petulance.

of Voltaire, prompted him to level the ſhafts

of ridicule against the Italian Naturaliſt .

But he had more formidable opponents . The

celebrated meteorologift, Abbé Cotte, Adan-

fon, the Hiftorian of Senegal, and Bomare,

the compiler of the Dictionary of Natural

Hiftory, concurred in attacking him. Their

objections are founded upon numerous ex-

periments, in all which the fnails periſhed in

very different times, indeed, after the fepara-

tion of the head, but without the leaſt token

of reproduction . This contradiction impo-

fed upon the author the neceffity of vindicat-

ing the reality of his diſcovery, and he ac-

cordingly, in the Avant Coureur, a French

periodical paper, defcribed the manner in

which his experiments had been made . Nor

does his teftimony ftand fingle and unfup-

ported it has been confirmed by obſervers

ofno vulgar order ; by Lavoifier, by Shaffer,

by Bonnet and Senebier, fo that no weight

can now be allowed to the negative refults of

thoſe who oppofed the diſcovery. Though

the work, which thus created a ſchiſm among

Naturalifts before its publication , has been

fo long delayed, it has not been abandoned. It's

appearance may foon be expected. Befides

the curious experiments which I have men-

tioned,
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tioned, it will contain many upon the earth-

worm . Spallanzani, fays Mr. Bonnet (a) ,

has far outſtripped his predeceffors . He firſt

obſerved ſeveral fucceffive reproductions of

the head in the fame individual . He has

feen pieces cut out of the middle of the body,

become compleat worms, by producing a new

head and a new tail. He has varied the

tranſverſe ſections, and determined the points

at which reproduction no longer takes place.

He has afcertained what length every piece

muſt have, in order to regenerate a complete

animal. He has traced with care the mode

and progrefs of the regeneration . He has

alfo varied the longitudinal ſections . Hehas

attempted, but without fuccefs, to form

Hydras." It is therefore not unreaſonable

to infer, that the novelty and variety of the

experiments, will amply compenſate for the

delay.

The next confiderable work of Spallanzani,

was a ſeries of obſervations on the circulation

of the blood. On a function whichhas been

ftudied with fo much diligence byfucceeding

phyfiologiſts, from Harvey to Haller, mo-

dern ingenuity could not be expected to throw

much light. The illuftrious anatomift,

(a) Contemplation de la Nature, p. 249. Ed. nouvelle

en 8vo.

whom
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whom I have last named, had excluded moft

of the auxiliary powers, which, according

to preceding enquirers, concurwith the heart

in producing the perpetual motion of the

blood. But the Italian Profeffor, whofe ob-

fervations were made upon cold animals and

on the chicken, attributes this effect to the

heart alone. He allows nothing to the con-

traction of the veffels or any other co-operat-

ing caufe. He fhews, that in arteries and

veins of equal diameter, the blood moves

with equal velocity. I need not inform the

reader, that the rapidity of motion was very

generally fuppoſed to be much greater in the

former than in the latter clafs of veffels .

Manyfuppofe, that the arterial blood moves

more flowly, as it is at a greater diſtance from

the heart. From his numerous obfervations,

Spallanzani concludes, that it moves at leaſt

very rapidly in the capillary veffels of that

fpecies.

The velocity of the venous blood appeared

to increaſe regularly from the largeſt to the

ſmalleſt veins . In the latter the author con-

cludes upon the whole, that it is three times

as great as in the former. Though this de-

duction may ſeem infome meaſure to coincide

with the doctrines of the mechanical fect of

phyficians, yet the laws of hydraulics are

very
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very far from being ftrictly obferved here.

For as the fum of the diameters of the ſmall

veins many times exceeds the fum of the

diameters of the large veins , the difference

of velocity ought to be much greater.

The phænomena that offered themſelves

tothe obferver's regard in the aorta, were new

and curious. In the part contiguous to the

heart, the motion of the blood was unequal ,

and even ceaſed during the time of diaſtole.

This alternate ftagnation became gradually

lefs diftinct, as the diſtance from the heart

increaſed, and towards the more remoteregion

of the aorta totally difappeared . The velo-

city, however, was not fo great towards the

end of this principal artery, during the time

of the dilatation of the heart, as during its

contraction . This remarkable inequality va-

nishes altogether in the arteries of middle

fize, fuch as the pulmonary and the mefen-

teric, andthe motion ofthe vital fluid becomes

quite regular and uniform .

Haller, whofe obfervations on the chicken

have fo widely illuminated phyfiology,

feems to have been deceived with refpect to

the primitive colour of the blood. The

blood-veffels have, according to him, a tinge

of yellow. But the yolk, communicating

its hue to them, deceives the eye of the ob-

ferver,
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ferver. The addrefs of Spallanzani has dif-

fipated the illufion . He detached the vafcu-

lar membrane from the yolk, and fetting it

upon a plate of glafs, found that the yel-

low colour diſappears, and is fucceeded by a

pure red.

Of the red particles of the blood he ob-

ferved, that they do not turn round, accord-

ing to a common fuppofition , upon their own

axis, and that they have merely a progreffive

motion along with the other conſtituent parts

of that fluid.

#

Thus the teftimony of Spallanzani may be

added to that of others, in order to prove,

that the laws to which inanimate matter is

fubject, cannot be applied to living bodies.

It could not, however, be expected, that

mechanical phyfiologifts would yield without

a conteft to this attack upon their theory.

Accordingly Prochafka, a phyfician of Vi-

enna, has attempted to overturn thefe obfer-

vations. But his objections will only ferve

to ftrengthen the cauſe of his adverfary; and

it would be eafy, if this were the proper

place, to expofe their futility. It may per-

haps be fufficient to remark, that he has not

taken up the microſcope, and feen the con-

trary of what is related by the Italian Pro-

feffor, but with a temerity that can ſcarcely

be
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be too much reprobated, has oppoſed reaſon-

ing to experiment.

Thoſe diminutive beings that inhabit in-

fufions and the feminal fluid, have beenmore

fignalized than larger animals, by the diſputes

and the theories of philofophers. Since the

æra of that diſcovery, which laid open a

world before invifible to human inſpection,

Naturalifts have enquired into their origin

and nature with anxious curiofity, but with

a degree of fuccefs by no means proportional

to their labour. The fubject was involved in

uncertainty and contradiction , when Spallan-

zani undertook to inveſtigate it ; and in this

enquiry, in which the union of genius and

patience, invention and affiduity is ſo indif-

penfably neceffary, it will not be difficult to

thew, that he has fucceeded better than any

other obſerver. In the year 1765, he pub-

lifhed Microſcopical Obfervations relative to

the Systems of Generation ofMers. Needham

and Buffon. Continuing to ftudy this cu-

rious fubject with unremitting attention, he

produced ten years afterwards a larger work,

in which most of his former ideas appear con-

firmed by many repetitions, and amplified by

important additions. Of this work I am

about to gratify the reader, by a brief ana-

lyfis.

His
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His firſt effays were made with a view

to aſcertain the effects of heat. He boiled,

roafted, and even calcined ſeveral ſubſtances ;

but theſe violent proceffes, when conducted

in open veffels, did not prevent the appearance

of the animalcules . Nay, the infufions of

the fubftances that were boiled longeft were

the most populous for boiling, by haftening

their decompofition , contributes to a more

exceffive multiplication . In veffels hermeti-

cally fealed , very different phænomena occur .

The larger kinds (for theſe animalcules differ

very widely in fize) do not appear if the in-

fufion boils a fingle fecond ; and fo deleterious

is the power of heat under theſe circum-

ftances, that they are not evolved in a warmer

temperature than that which is marked by

the 92 or 93° of Fahrenheit's thermometer.

The more diminutive fpecies ſuſtain , in cloſe

veffels, a boiling heat for half an hour, but

not for three quarters. The author, defirous

of illuftrating his fubject by reſemblance and

contraft, was very naturally led to enquire

how far other animals and vegetables are ca-

pable of refifting the effects of heat. He

found in the firft place, that the eggs of cer-

tain animals poffefs this privilege in a more

eminent degree than the animals themſelves,

Thus tadpoles and frogs periſh at 110°, 111º,

whereas no degree of heat ſhort of 133 de-

ftroys
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ftroys their eggs (a) . Silk worms, and the

eruce of the butterfly of the mountain afh,

are unable to fuftain the degree of heat ex-

preffed by 108° ; but the eggs of both theſe

fpecies are not rendered unprolific by any de-

gree lower than 133°, and many bear an hot-

ter temperature with impunity. Large flies

die at 99° , their nymphs 110°, 111 °, their

maggots at 108°, and the eggs are ſpoiled

only at 140°.

The fame law extends to plants, and the

feeds from which they fpring . The feeds

of the bean, the French bean and trefoil,

fuftain unhurt the heat of boiling water,

whereas the plants themſelves are deſtroyed

by the temperature defigned by the 167th of

Fahrenheit's thermometer.

The feeds of plants are more capable of

refifting the action of fire than the eggs of

animals. Of the former, all on which the

experiments of Spallanzani were made, re-

fifted a dry heat of 167°, and many of 212°.

But not a fingle egg was hatched after it had

fuftained the 145th of Fahreneit's thermo-

meter.

(a ) It will be ſeen in the fecond Volume, that theſe

bodies are not eggs ; but this circumftance does not in

any way affect the refult of the experiment,

VOL. I. a
I fay
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I fay a dry heat, becauſe it appears that fire ,

in combination with water, acts with greater

efficacy.

Thus, if we except the larger animalcules

of infufions, the analogy between the inha-

bitants of the microſcopical and the viſible

world is complete, and thus every new ob-

ſervation in Natural Hiſtory, affords a freſh

example of the beneficent care of Provi-

dence. By what means HE, whofe wifdom

has ordained, that the generations of created

beings fhould follow each other in a regular

fucceffion, has fecured this privilege to the

rudiment of the future animal, who does not

with to be informed ?-But its extreme mi-

nutenefs keeps it fo remote from every fenſe

of man, that the imagination is left to form

conjectures unaffifted and alone. The dif-

ference, which is great, and confifts ofmany

degrees of heat, forbids us to ſuppoſe that

the covers, under which the germ is lodged,

can be the cauſe of fo remarkable an effect.

Nor can its fmallneſs be admitted as a fatis-

factory reaſon, fince we cannot but ſuppoſe

the particles of heat to be ſtill ſmaller. Is

the phænomenon owing to the dimnefs of

the fpark of life ? Analogy teaches, that this

fpark is lefs eafily extinguiſhed in thofe cafes

where it is lefs vivid . Thus animals in a

ftate



TRANSLATOR's PREFACE. xix

ſtate of torpor do not fo foon die after violent

operations, fuch as decapitation , as when the

vital energy is ftrong ; and infects plunged in

water, do not drown in winter fo foon as in

fummer. The hypothefis is not without

plaufibility, and the Phyfiologift will fup-

pofe, without much reluctance, that the

principle of life is lefs intenfe before fecun-

dation.

The Author next paffes, by an eaſy tran-

fition, to an examination of the effects pro-

duced by cold . He found that the germs of

theſe minute beings refift a very intenſe cold.

The animalcules themfelves of a ſmaller

fpecies are not deftroyed , as long as the water

retains its fluidity. And even in this cafe,

it is the congelation of the water, and not

the abfence of heat which proves fatal ; for

in water, in which the thermometer funk

16* below the point of congelation, but

which, by being kept at reft, was prevented

from being frozen, they furvived, though

their movements became indeed lefs brifk.

It deſerves to be remarked, that the ſpecies

which fuftained this rigorous temperature,

agreed perfectly in appearance with thoſe

which bore the greateſt heat.

In the profecution of his experiments, the

author found, that the animalcules of infu-

a 2 fions
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fions are deſtroyed by the odour of camphor

and turpentine, bythe fmoke of tobacco and

the vapour of fulphur, by urine and other

faline fubftances . The electrical fluid alfo

kills them inftantaneouſly, and they agree

with other animals in requiring the influence

of the air for the ſupport of life. Some

fpecies, however, are entitled to the notice

of the Naturalift, on account of the length

of time during which they live in void ſpace.

If fome perish in a day or two, there are not

wanting others which can fupport the abſence

of air for a month. Nor do they immedi-

ately diſcontinue the exerciſe of their func-

tions, or abate of the quicknefs of their

motions.

Since experiment has fucceeded to conjec-

ture, and obfervation grown more accurate,

men have diligently endeavoured to trace, by

deductions from facts , the origin of animated

beings. Among the fyftems which have

been invented, feveral have been built upon

the inhabitants of infufions, and the feminal

fluid . Writers, finding nothing in the pro-

duction of large animals to favour their para-

doxical opinions, have fought for refuge in

the obfcurity of minutenefs . Needham af

ferts, that certain filaments, obfervable in

infufions, are animated by an internal expan-

.

five
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five fpirit, and that after fwelling and per-

forming certain irregular progreffive motions,

they divide into fmall pieces , which being

more and more exalted by the expanfive force

that is continually purifying them, are at

laft converted into microſcopical animalcules.

This wonderful tranfmutation of vegetables

into animals, Spallanzani has diligently, but

in vain, fought. He has feen animalcules

appear before filaments, he has feen animal-

cules in infufions which never produced any

filaments, or in other words, any mould, and

he has feen filaments where there were no

animalcules . Befides thefe decifive obferva-

tions, he has difcovered the fource of Need-

ham's errors . Among the animalcules of

infufions, there is a ſpecies diftinguiſhed by

a long filament at the pofterior part of the

body, by means of which it fixes itſelf to

the fmall vegetable productions ; this fpecies"

is multiplied by the divifion of one individual

into feveral others . It must likewife be

remarked, that among microſcopical ve-

getables, there are fungufes in miniature.

They confift of a large head fupported

by a flender ſtalk . The miſtake, there-

fore, which gave rife to all theſe wild ideas

concerning generation, was fufficiently natu-

ral. It confifted only in confounding two

productions ,a 3
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productions, which, though they are fo ef

fentially different, do not ill agree in out-

ward appearance.

The various ways in which the ſeveral

fpecies of animalcules are multiplied, are a-

mong the most curious phænomena which

the microſcope diſcovers . Some divide into

equal parts ; the reader will have a clear con-

ception of this mode of divifion , if he will

form to himſelf the idea of an inflated blad-

der, with a ligature thrown round the mid-

dle of it. This will repreſent the first ap

pearance of divifion . The tranſverſe furrow

gradually becomes deeper and deeper, and at

laft the two individuals are connected only

by a point. Then an unexpected ſcene paffes

before the eyes of the fpectator. The other.

animalcules, though they at all times befides

carefully avoid impinging againſt each other,

now ruſh, by one confent, upon the place of

divifion, and the affiftance they thus afford,

together with the efforts of the united indi-

viduals, at laſt effects a feparation. This ap-

pearance of focial inftinct, in beings placed

at fuch a diſtance from thoſe which we are

moft accustomed to contemplate, will perhaps

feem apocryphal to thofe to whom I am

writing, fo much has it the air of a tale bor-

rowed from a defcription of fairy-land. It

is
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is therefore proper to inform them, that it

ſtands amply confirmed by the teftimony of

other naturalifts of veracity equally unfuf-

pected. Nor are examples wanting of a na-

tural divifion among animals more eaſily ac-

ceffible to the fenfes.

Some ſpecies are multiplied by a longitudi-

nal divifion, which fometimes begins at the

fore part of the body, and fometimes at the

hind part. Thus far the divifion is equal ;

but there are alfo examples of inequality, a

fmall piece only being detached from fome

kinds.

A fuperficial ftructure between two glo-

bules, may in fome inftances be perceived.

The obferver fuppofes that this ſtricture will,

as before, become gradually deeper, till

it terminates in a point, but is furprized by

an inftantantaneous feparation.

Groups confifting of four or five globules,

are often feen to float for fome time in an in-

fufion, and afterwards to ſeparate into bodies,

which are at first round, but in time are ſplit

into lobes, that ſeparate in thefame manner.

There is another mode of divifion yet more

extraordinary. Let the reader imagine a ſphe-

rical body formed of concentrical ſtrata, of

which each confifts of a number of ani-

malcules. Thofe which compofe the fuper-

ficiala 4
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ficial ftratum , part from the others , and ſwim

about the liquor. The next in fucceffion do

the fame, and fo on till the ſphere is decom-

pofed.

Theſe are not, as may very naturally be

imagined, a cluſter of animalcules that unite

and feparate at will. The author's obferva-

tions fufficiently proye the contrary, for when

he kept one apart from the reft, he found

that it grewin three or four days to a perfect

reſemblance of the ſphere from which it

fprang .

Of thefe modes of multiplication, it may

in general be obferved, that they are for-

warded by heat, and retarded by cold. The

divifion which in winter requires feveral

hours, is in fummer effected in a quarter of

an hour.

The inhabitants of infufions afford ovipa-

rous as well as viviparous individuals. In

all multiplication is exceedingly rapid . A

fingle individual foon produces an offspring

too numerous to be counted; and the quantity

in a fhort time furpaffes not only belief but

imagination. Their number, fays the au-

thor, exceeds that of the integrant parts of

the fluid . All putrefying ſubſtancés, and

water of every kind, contain prodigious mul-

titudes . Every drop is peopled with myriads .

Let
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Let the reader now reflect upon the quantity

of running, ftagnating, and falt water, and

then let him try to conceive the number of

thefe animals."

If unfatisfied curiofity fhould feek to pe-

netrate yet a ſtep further into the origin of

animalcules, the experiments of Spallanzani

will fupply the means of gratification . As

the phials in which infufions are contained

are more or leſs cloſely confined, a ſmaller or

larger number of animalcules appears in

them. Hence it is probable, that the at-

moſphere is the mighty magazine in which

Nature has repofited her immenſe ſtores of

the germs of thefe diminutive beings.

The manner and variety of their move-

ments deſerve likewife to be noticed . Some,

like eels, proceed by the contortion of their

bodies ; points and filaments growing out of

the body are the means by which others are

enabled to advance. Some move flowly,

others with a ſwift pace . Several ſpecies are

diftinguiſhed from all other productions of

creative wiſdom, by being unacquainted with

repoſe. In one fpecies certain filaments placed

at the pofterior part of the body, by being

alternately bent, and fuddenly made ſtreight

again, project the animal to a great diſtance,

as an arrow is fhot from a bow. Some con-

tinually
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tinually revolve like tops upon their own

axis, but this rotatory motion is attended

with a progreffive one.

The means by which they ſuſtain life, are

not the leaft engaging part of their history.

Some excite an eddy by moving rapidly the

filaments that are placed round the opening

of the mouth, and thus draw towards them

the particles of food that float in the liquor.

Others, with all the ferociouſneſs of rapa-

cious animals, purfue their weaker fellows.

In thefe, which may be termed animalcules

of prey, it is pleaſant to behold the repoſe

that follows fatiety, and the exertions that

are excited by hunger.

This fketch fhews, with fufficient evi-

dence, the falfehood of the principles upon

which Needham has conftructed his fyftem of

generation . The animalcules of infufions

neither ſpring from vegetables, nor can they

be confidered as other than real animals .

Having atchieved the overthrow of Need-

ham, Spallanzani proceeds to encounter a

more formidable antagoniſt. Buffon, whofe

ſkill in compofition has refcued the French

language from the imputation of feebleneſs.

and want of nerves, has founded a theory of

generation on the corpufcles, which the mi-

croſcope diſcovers in the feminal fluid . This

fluid
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fluid he affirms to be at firft full of ramified

filaments, which, after a certain interval ,

burft and emit anumber of fmall oval bodies,

attached to the filaments by a long thread.

After fome ofcillations they liberate them-

felves and move about, though but flowly,

on account of the incumbrance of the long

thread or tail which they are obliged to drag

after them. They afterwards lofe this thread,

and then their motions become quicker.

Some feem to change their ſhape and fize, and

thenalfo thevelocity oftheirmovements grows

graduallygreater. Theobferverfrequentlyfees

the oval changed into the globular figure,

and one corpufcle divided into two. Such

are the obfervations from which the French

naturalift concludes that theſe corpuſcles are

not real animals. The lofs of their tail, the

change of their figure, their formation under

the eye of the obferver, their divifion and

gradual diminution of bulk, are circum-

ftances which, in his opinion, concur to ex-

clude them from the animal kingdom. But

as they have an innate power of motion, and

fhew figns of vitality, he on the other hand

ſeparates them from inanimate matter, and

creates a particular order of exiſtences, under

the title of organic molecules. To theſe mole-

cules,
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cules caft in certain internal moulds, he at-

tributes the formation of all animated beings.

But this theory can no longer fubfift with-

out other proofs, for Spallanzani has taken

from it all the ſupport it received from the

inhabitants of the feminal liquor. His ob-

fervations on this fubject, bear fo cloſe a

refemblance with thofe on the animalcules of

infufions, that I fhall forbear entering into

a particular account of them. He has

brought irrefragable proofs that they do not

fpring from filaments, that they never lofe

their tails, and that their fize does not di-

miniſh or their activity increaſe in a regular

progreffion. He has fhewn, by comparing

their properties with the properties of other

animals, that they have an indiſputable right

to be ranked among the productions of the

animal kingdom. Buffon deſcribes them ast

furviving feveral days after they have been

expofed to the influence of the air, but Spal-

Ianzani always found that they died in a few

hours.

Concerning narrations thus contradictory,

the determination of naturalifts would be

different, and each would become a partizan

of the French or Italian philofopher, ac-

cording to his opinion of the veracity and

fkill in obfervation of the one or the other,

if
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if the latter had not diffipated every doubt,

by expofing the origin of the other's mif

takes.

When the feed has been taken from its re-

ceptacles, and the fpermatic worms have lived

theſhort ſpace afterwards allotted tothem , this

fluid, like every other animal ſubſtance, ac-

quires new properties, and lofes thoſe which it

before had. A new race of inhabitants fuc-

ceeds fooner or later with a fhape, ftructure,

and movements, totally different from thoſe

of the firft, but agreeing with the form,

which, according to Buffon , the organic

moleclues affume. Agreeably too with his

defcription, the feveral fucceffions become

gradually fmaller, till at laft the eye of the

obferver lofes them in indifcernable littleneſs.

Thefe occupiers of corrupted femen, are in

no refpect different from the animalcules of

infufions, but from the fpermatic worms they

are feparated by every mark which can enter

into the deſcription of the naturalift . The

ftructure, the ſhape, the manner and velocity

of motion, the place of refidence, the effects

of air, afford fo many difcriminative figns.

Before theſe experiments, the theory of

Buffon vaniſhes as an enchanted caſtle at the

approach of the deftined knight. But it is

pleafing to obferve, that while they fhewthe

falfehood
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falfehood of his fyftem, and the inaccuracy

of his obfervations, they are favourable to

his veracity. In his defcriptions truth is fo

entangled with error, as to fhew that his

judgment, and not his intention , was in

fault. A fufpicion, not perhaps deftitute of

plaufibility, has been fuggefted, that he had

feen the organic molecules with no other

eyes than thoſe of the imagination . I there-

fore experience no common fatisfaction , while

I bear this teftimony to the character of that

fublime and original genius, who, by paint-

ing the works of God in colours worthy

their variety, their beauty and their grandeur,

has rendered the Hiftory of Nature more al-

luring than the fictions of poetry.

If I may be allowed to introduce an inci-

dental remark, I would turn the attention

of the reader to the difficulty, under which

the moſt ardent imagination muſt labour,

when it attempts to conceive the production.

of organized bodies, without the aid offome

pre-exifting caufe, not effentially unlike

germs. In whatever proportion the feveral

forms of matter are combined, and in what-

ever manner the powers which Chemistry

chiefly diſcovers that they poffefs, are ſup-

pofed to exert themſelves, yet when a mind,

neither influenced by the love of paradoxical

opinions,
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opinions, nor actuated by the defire of con-

tradiction, tries to imagine how an animal

can be formed from ſuch materials arranged

by fuch caufes, it turns afide from the fpe-

culation in hopeleſs defpondency. When

Buffon fubftitutes his organic molecules and

internal moulds, he unluckily propoſes a

theory encumbered with all the difficulties

attending the hypothefis of germs, but def-

titute of its advantages .

In Spallanzani's experiments on the effects

of confined air, his ufual accuracy may be

recognized ; but that originality of concep-

tion, which diftinguishes his other works,

is not fo ftriking in this effay. The public

attention , at leaft, has been fo much turned

towards elaftic fluids, fo much has been writ-

ten concerning the effects of vitiated com-

mon air, and the feveral fpecies of gas upon

animal and vegetable life, that an analyfis of

theſe experiments would be a repetition of

what is to be found in a vaft variety of publi-

cations. I will only obſerve , that he attri-

butes the death of animals, kept in un-

changed air, to exhalations acting on the ner-

vous fyftem . If he is acquainted with the

writings of Prieftly, he will probably have

found reaſon to give his hypothefis a modi-

fication fomewhat different.

Certain



xxxii TRANSLATOR's PREFACE.

Certain animals, which lofe every property

and appearance that diftinguish them from

inorganic matter, and recover the exercife of

their functions, have drawn the regard of

Spallanzani. To the information afforded by

Leuwenhoeck, concerning the rotifer, he has

added many curious particulars . He has

diſcovered fome new fpecies endowed with

this remarkable property. He has fhewn,

that though they may be refufcitated after a

long ceffation of the powers of life, and a

certain number of times, yet theſe qualities

have their limits ; nor does immortality be-

long to theſe extraordinary productions of

Nature, any more than to other created

beings . He has defcribed the phænomena,

the lofs and recovery of vitality, with mi-

nutenefs and precifion .

The chief aim of the experiments on

moulds, is to trace the origin of that minute

vegetable. It had been rendered probable

by Micheli, the famous botanift of Florence,

that mould is propagated by granules, ſhed

in great abundance from the bursting heads.

of the plant. Against thisopinion, Mof-

cati advanced fome very fpecious objections ;

and upon the whole concluded, that mould

is the produce of fpontaneous generation .

But Spallanzani has determined the contro-

verfy
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verfy in favour of the Florentine naturalift,

by many well-imagined and well-executed

experiments ; ſo that both microſcopical ani-

mals and vegetables agree in their origin with

thoſe that have been conftructed upon a larger

model.

In the works which have ſupplied me with

the foregoing obfervations, there are ſeveral

incidental difquifitions, which will amply

reward the attention of the reader. But I

muſt omit them, left this preface ſhould be

extended beyond all bounds, There is,

however, one digreffion fo intereſting in it-

felf, and at the fame time ſo characteriſtic of

the genius of the author, that I am tempted

to produce it here.

Among the phænomena recorded in Natu-

ral Hiſtory, I recollect none more extraordi-

nary, than that ſtate of torpor into which

many animals fall at the ſettingin of the cold

ſeaſon . By what means this great change is

produced, whether the fluids are rendered un-

fit for circulation, whether the nerves are de-

prived of their influence, or whether the

muſcular fibre is no longer ſuſceptible of that

influence, philofophers have not, till very

lately, thought of enquiring . The great

claffical writer of France, the illuftrious

Buffon, firſt inveſtigated this curious topic

Vol. I, b of
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of comparative phyfiology. He confiders-

the temporary ceffation of the powers of life,

as ariſing from the refrigeration of the blood.

From ſeveral thermometrical obfervations he

concludes, that the temperature of theſe ani-

mals is equal to that of the atmoſphere, and

regulated by it. But the Italian Profeffor,

having repeated thefe obfervations with his

habitual accuracy, found, thattheſubjects of

Buffon's experiments are not to be numbered

amonganimals ofcold blood. In theirmouths

he has feen the liquor of the thermometer

rife to the roft degree, at a time when in

the open air it ftood at 35° or 36° . But the

genius of Spallanzani did not reft here. By

an experiment which alone would have raifed

its inventor to an high rank among Natural-

ifts, he at once compleated the overthrow of

Buffon's theory, and afcertained, at leaſt with

great appearance of probability, the cauſe of

the phænomenon. The tenacity of life by

which frogs, toads, and other amphibious

animals are diftinguifhed, is fufficiently

known. The heart of theſe animals may be

cut out, not only without immediately de-

ftroying them, but without retarding the

exerciſe of their functions, or impairing the

vivacity of their movements. Taking ad-

vantage of this fingular property, the author

evacuated
4
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evacuated the veffels of feveral frogs, newts,

and toads. He then buried them in fnow ;

the expected effect followed, and they foon

became torpid. Being expofed in this ſtate

to a proper temperature, the ſuſpenſion of

life was fucceeded by a complete recovery of

the ufe of their vital organs : infomuch that

there did not appear to be any difference be-

tween thofe which had fuftained the lofs of

their fluids, and thoſe which were fubjected

to the experiment unhurt and entire . The

cauſe, therefore, of this lethargy, is not con-

nected with any condition of the blood ; it

ſeems to depend on the privation of the irri-

tability of the mufcular fibre : Spallanzani

at leaft obferved , that no ſtimulants, not even

the electrical fluid itſelf, produced the ſmalleſt

contraction of the mufcles.

I am aware, that this enumeration of the

productions of Spallanzani is imperfect ; I

have purpoſely omitted a tranſlation of the

Contemplation de la Nature, and fome ſmaller

pieces, fuch as feveral articles in the Pro-

fpectus of the Siennefe Encyclopædia, Not-

withstanding the freedom of modern inter-

courfe between different nations, and the ad-

vantages of commerce, foreign books are not

fo regularly imported into this kingdom , but

that fome original and important work may

b 2
have
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have efcaped my enquiries. But the rude

ſketch which I have exhibited, will, I hope,

fulfil my wishes, and induce thoſe who have

no better means of information concerning

the worth of this diſtinguiſhed philofopher,

to hear him with reſpect and attention .

Of the following work, it is not neceffary

to attempt an analyfis . Its importance can-

not fail to ftrike the moſt careleſs obſerver.

In the firſt volume, we have a complete hif-

tory of one of the chief functions of the

body. The fecond diffipates much of the

darkneſs that has brooded for fo many ages

over the process of generation . When, how-

ever, I view theſe fplendid diſcoveries in their

brighteft light, when I confider them in their

relation to the art, of which the object is the

health of mankind, I cannot but own with ,

regret, that they have rather a negative than

a pofitive merit. Like other great advances

in phyfiology, they ſerve rather to extirpate

error, than to afford materials of very high

value for the true theory of medicine.

In executing the following tranſlation, my

principal aim was to give the preciſe meaning

of the author. My fecondary object was, to

preferve unfullied the purity of my native.

language .

The
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The firſt of theſe intentions, I hope, I

have fulfilled ; and I may, I think, venture

to affure the reader, that he may confider the

following work as the genuine repreſentation

of the original . It may, however, be ne-

ceffary to apprize thofe, who fhall compare

the Engliſh with the Italian, that I was com-

pelled, however reluctantly, to take fome

liberties with the author's phrafeology. His

defire of being perfpicuous, has fometimes

led him into diffufenefs . There occur too

frequently expreffions which clog the ſen-

tence, without introducing any new idea, or

illuftrating any propofition already advanced.

This defect did not fail to ftrike me on the

first perufal of the Differtations. But, per-

fuaded that the tranflators of books of ſcience

and of polite literature, ought to hold very

different objects in view, that exactneſs is the

buſineſs of the one and elegance of the other,

I tranflated the firſt differtation very cloſely.

Butwhen I came to confider myattempt, I im-

mediately perceived, that the ear of no reader

would tolerate it ; and fome judicious friends

concurring with me in opinion, I threw it

afide, and began the work again, with a de-

termination to prune this uſeleſs luxuriance.

I had performed more than half my taſk, be-

fore I met with a paffage in a judicious au-

thor,

S
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thor, which at once confirms my ideas, and

juftifies the freedoms I have taken . Mr.

Bonnet, in a letter to Spallanzani himſelf,

ufes the following terms:
" Vous êtes, en

general, très-clair & très-méthodique. Je

vous exhorterai ſeulement à vous refferrer un

peu plus dans certaines defcriptions, où vous

employez plus de mots, qu'il n'en eft befoin ,

Evitez encore les pléonafmes & les fynoni-

mes : ils n'ajoutent rien à l'idée (a) ,

On

That I have attained my other purpoſe I

dare not affirm. When the mind is moulded

to the idiom of one language, it cannot im-

mediately receive a new impreffion without

retaining fome traces of the former.

this account, it may fafely be afferted, that

tranflation, as far as mere expreffion is con→

cerned, is the most difficult fpecies of com-

pofition . When I read what has been printed

for fome time, I eafily perceive, that many

phrafes might be made neater and ſmoother,

though not perhaps more perfpicuous, which

I confider as the chief excellence of a work

of this kind.

That I might the more effectually recom→

mend my tranflation , I have added fome

things, which are not to be found in the

original .

(a) Œuvres ed. in 8vo. tum. XI. p. 322.

The
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The experiments of Dr. Stevens will

doubtless be well received. Such academical

productions are feldom very widely diffuſed,

and I have heard many with for a perufal of

them. I have not tranflated the whole dif

fertation, for the former part did not ſtrike

me as new, or peculiarly excellent. I will

not, by pointing out the circumftances, in

which they agree or disagree with thoſe of

Spallanzani , deprive the reader of an amufing

employment.

If Mr. Hunter's effay had been more re-

motely connected with the fubject of the

firft Volume, I would have caufed it to be

reprinted. It contains fo many uſeful views,

it is fo pregnant with the ſeeds of future dif-

coveries in phyfiology, that the attention can-

not be too often directed to it.

The papers of Mr. Demours and Mr. De-

braw will, I hope, be read with pleaſure at

the end of the fecond Volume. They are in

themſelves curious, and bear a near relation

to the contents .

It was my defign to have annexed a tranfla-

tion of Reaumur's Memoirs on Digeſtion ;

but I found, that the very ample account

given of them by the author, was quite fuf-

ficient for the information of the reader.

That
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That nothing might be wanting, which it

was in my power to fupply, I have tranſlated

the feveral Latin, French, and Italian paf-

fages, which it feemed proper to retain in

the text,

401

INTRO-



INTRODUCTION.

1

N the courfe of my public demonſtrations

in the year 1777, I repeated in the pre-

fence of my hearers thofe celebrated experi-

ments ofthe Academy of Cimento, that ſhew

the aftoniſhing force with which the ftomachs

offowls and ducks pulverize empty globules

of glafs in the ſpace of a fewhours . Finding

them perfectly exact, I conceived the defign

ofextending them to fome other individuals

of that clafs of birds which have been termed

birds with mufcular ftomachs or gizzards .

Such were the firft lines of an undertaking,

ofwhich till that time I had never entertained

the ſmalleſt idea, and which afterwards in-

creaſed in proportion to the increaſe of my

curiofity concerning à fubject of fo much

beauty and utility as the important function

of Digeſtion . Hence from animals with

mufcular, I was induced to proceed to thofe

with intermediate, and from theſe to animals

VOL. I. withB
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with membranous ftomachs (a) . Thus I

enjoyed the pleaſure of extending my re-

ſearches to the principal claffes of animals,

not neglecting Man, the nobleſt and moſt

intereſting of all . But theſe phyſiological

reſearches laid me under the neceffity of ex-

amining the moſt celebrated ſyſtems con-

cerning Digeftion, and ofenquiring whether

it is effected by trituration , by a folvent, by

fermentation, or by an incipient putrefaction :

or whether, according to the opinion of the

great Boerhaave, it rather depends upon all

theſe cauſes operating in conjunction . Thus

I was obliged to enter anew upon a queftion

of very ancient date, and though difcuffed

at great length by many phyfiologifts, yet

not in my opinion fufficiently elucidated ;

fince moft writers have chofen to follow the

delufive invitation of theory and hypothefis,

rather than the unerring direction of decifive

experiments. The impartial and judicious

reader, when he ſhall have perufed the pre-

fent effay, will be able to determine, whether

what I affert, is true or falfe.

(a) The I, LVIII, and CIV paragraphs will explain

what is meant by birds with mufcular, intermediate, and

membranous ftomachs.

DIS-
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CONCERNING

DIGESTION.

ON THE DIGESTION OF ANIMALS WITH

MUSCULAR STOMACHS , COMMON FOWLS,

TURKEYS, DUCKS, GEESE, DOVES, PI-

GEONS.

TH
OU
GH

1. HOUGH there perhaps exiſts no

animal, of which the ftomach is not

furniſhed with mufcles, yet there is a fingu-

lar clafs, juftly denominated by feveral natu-

ralifts animals with mufcular ftomachs, fince

that vifcus is provided in a remarkable man-

ner with very large and powerful muſcles.

To this clafs belong fowls, ducks, pigeons,

geefe, partridges, &c . So great is the ftrength

of theſe muſcles, that many have imagined

that they produce digeftion by acting violent-

ly upon the contents of the ftomach, and

breaking down and reducing them to a pul-

taceous mafs, in no refpect differing from

B 2
imperfect
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imperfect chyle. This notion was afterwards

applied to other animals, nor was man him-

felf exempted ; and it has been pretended,

that digeftion is univerfally owing to the

alternate action ofthe muſcles of the ftomach,

or, as it has been termed, to trituration.

II. Now, to confine ourfelves to animals

with muſcular ſtomachs, there was little diffi-

culty in devifing the means of determining

whether the comminution and folution of

food is effected by the gaſtric muſcles . Such

means have been invented and fuccessfully

applied by Reaumur. Let feveral animals

refembling each other in ftructure, fays that

great naturalift in his two excellent memoirs

on this fubject , of which I fhall make fre-

quent ufe in the fequel, be obliged to fwallow

metallic tubes open at both ends, and filled

with fome of their natural food, as grains of

the Cerealia when gallinaceous fowls are

the fubjects of our experiments .
Should

thefe grains, after they have remained a cer-

tain time in the ftomach, be broken down

and decompofed, we muft affign a diffolving

liquor as the caufe of the phænomenon, fince

the fides of the metallic tubes muſt have been

an infuperable obftacle to the exertions of the

gaftric muſcles upon the contents ; but if

they ſhould be retrieved in a found and entire

ftate, it must be acknowledged, that in theſe

animals digeftion does not depend on a fol-

vent, but on mufcular action . Such were

the means employed by this fagacious natu-

ralift . In fome metallic tubes perforated at

each end he enclofed grains of barley, and

obliged common fowls, turkies, and ducks,

to fwallow them. Several hours afterwards

the
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the animals were killed, and the tubes taken

out of the ftomach, but the barley was found

quite entire ; whence he inferred, that in

birds of the gallinaceous clafs the food is not

broken down by a folvent, but by ſtrong muf-

cular action .

III. This experiment is highly favourable

to the doctrine of trituration ; yet I think it

would have been much more conclufive, if

the fame refult had been obtained from other

individuals of this clafs, and if befides bar-

ley, other grains upon which they naturally

feed, fuch as wheat, maize, rye, chick-peafe,

&c. had been employed. I therefore refolved

to put each of theſe feeds to the teſt of expe-

riment in the following manner. I procured

fome tin tubes eight lines in length and four

in diameter, and incloſed in each a number

of the feeds juft mentioned inverfely propor-

tional to their fize . The ends of the tube

were left open, but iron wires were made to

pafs before them, fo as to croſs each other,

and form a kind of lattice-work . Common

fowls were the firft fubjects of my experi-

ments: I forced fome of the tubes into the

ftomach, conducting them with my fore-

finger and thumb through the cefophagus,

till I was certain they were in the cavity of

that vifcus. When this operation is properly

performed, neither fowls nor other animals

fuftain any injury. In twenty-four hours the

tubes were taken out, and the contents upon

examination appeared to be unaltered : even

the colour and tafte were unchanged, if we

except a flight bitter flavour which they had

acquired. They had imbibed a fluid , and were

a little fwoln . Andthe fame feeds incloſed in

B 3 and
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tubes, and left in the ftomach two and even

three days, underwent no greater change.

IV. Sometimes, after having forced the tubes

full of grains into the ftomach, I immediately

introduced fome of the fame grains looſe,

The latter were broken down in a few hours,

but the former remained entire.

V. The food taken fpontaneouſly by theſe

birds does not pafs immediately into the fto-

mach, but ftops for fome time in the crop,

where it is macerated, and becomes fofter.

Is fuch a previous maceration neceffary before

it can be diffolved within the tubes ? This

circumftance feemed to deſerve attention . I

therefore repeated the foregoing experiments

with feeds taken from the crop of a fowl,

after they had undergone a complete macera-

tion . Notwithstanding this preparation, they

underwent no change within the tubes.

VI. From thefe refults itwaseafy to predict,

that no new appearance would occur, if the

fkin fhould be taken off, as it really happen-

ed. It is proper to add, that other grains

treated in the famemanner were not diffolved .

VII. The mode hitherto practifed of ufing

tubes open at both ends, at which the gaſtric

fluid was certainly at liberty to enter, is that

of Reaumur. But this fluid having no other

accefs, cannot exert its action on the inclofed

grains fo powerfully as when they are looſe

in theftomach, as Reaumur ingenuously con-

feffes . To obviate this incovenience in fome

meaſure, I had the fides perforated with a

great number of holes . I had moreover re-

courfe toanother expedient. I employed hol-

low globules of braſs half an inch in diame-

ter, and pierced like a fieve, which I could

open
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open and ſhut at pleaſure by means of a ſcrew

worked upon the edge of the two hemi-

fpheres, into which each globule was divifi-

ble. With thefe new tubes and fpherules I:

repeated the preceding experiments, not only

upon common fowls, but upon ducks, tur-

keys, geefe, doves, and pigeons : and as a larger

quantity ofliquor could now find its wayto the

inclofed fubftances, they weremorethorough-

ly ſoaked, and had acquired a bitterer tafte

(III) ; but I could never perceive the ſlighteſt ,

token of folution, though they continued a

long time in the ſtomach.

VIII. Theſe facts furnish an irrefragable

proof, that the trituration of feeds in the fto-

mach of granivorous birds, is folely owing to

ftrong preffure and repeated and violent per-

cuffions: effects, produced by the powerful

muſcles with which that organ is provided.

}IX. The contents ofthe ftomach are fo vio-

lently agitated as to be driven in at the open-

ends and through the holes of the tubes and

fpherules, which occafions fome confufion .

Hence I have frequently found it of fervice.

to introduce thefe receivers whenthe ftomach

is empty, and to keep the animal fafting dur-

ing the whole time of the experiment.

X. The ftrong percuffion of the ftomach

renders another precaution highly neceffary.

Thethickness ofthetubes and fpherules fhould

be confiderable, otherwife the obferver, when

he takes them out of the ftomach, will find

them broken, cruſhed, or diſtorted in a moſt

fingular manner, if they have been long re-

tained . Reaumur mentions feveral accidents

of this fort (a) ; and I have ſeen inftances

(a) In the Memoir quoted above.

B 4 without
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without number of fuch contufions, one of

which I cannot forbear relating here. Hav

ing found that the tin tubes which I uſed for

common fowls were incapable of refifting the

ftomach of turkeys, and not happening at

that time to beprovided with any tin plate of

greater thicknefs, I tried to ftrengthen them

by foldering to the ends two circular plates

of thefame metal, perforated only with a few

holes for the admiffion of the gaſtric fluid ,

But this contrivance was ineffectual ; for after

the tubes had been twenty hours in the fto-

mach of a turkey, the circular plates were

driven in, and fome ofthe tubes were broken ;

fome compreffed, and fome diftorted in the

moft irregular manner.

XI. Ithentried the following means ofpre-

venting this inconvenience. Having perfo-

rated the circular laminæ in the center, I

paffed an iron wire through the holes , and

bound it tight round the outfide of the tubes ;

when the two ends met, they were twiſted

together. And now though the foldering

fhould be deftroyed, yet this contrivance

would prevent the circular laminæ from re-

ceding from the ends of the tube, unleſs the

wire paffing through them fhould be broken .

I prepared four tubes in this manner, and

gave them to a turkey fix months old . After

they had remained a whole day in the fto-

mach, I killed the animal ; and my aftoniſh-

ment was extreme at finding that the tubes,

in fpite of my expedient, were very much

damaged. All the iron wires were broken,

two where they were twifted, and the two

others at their entrance into the tubes : the

laminæ, fo far from remaining foldered tothe

tubes,
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tubes , were found amongst the food ; they

were not flat as at firft, but fome were bent

fo as to form an angle, fome curved, and in

others, one part was preffed cloſe tothe other.

The tubes had fuftained equal injury; two

of them were flattened as if they had been

ftruck by an hammer, the third was mould-

ed into the shape of a gutter, the foldering

of the fourth was deftroyed , and it was ex-

panded like a wafer .

XII . Theſe phænomena will lefs furprize

thoſe who have learned from Redi (a) and

Magalotti (b) , how ducks, fowls, and' pi-

geons pulverize hollow globules of glafs in

a very ſhort ſpace, and even folid ones in a

few weeks. I have already obferved, that I

repeated theſe experiments with the greateſt

fuccefs (c). Some fpherules of glafs blown

by the lamp, and fo thick that they would

feldom break when thrown on the ground,

were generally reduced to fmall fragments,

after remaining three hours in the ftomachs

of hens and capons ; the fragments were not

fharp as when they are broken by the efforts

of the hand, but as obtufe as if their edges

and points had been abraded by a grinding-

ftone. The longer the fpherules continued

in the ftomach, the more minutely were they

triturated ; fo that in a few hours they were

reduced to a mafs of particles, not larger than

grains of fand . The rapidity alſo of this

procefs appears in fome meaſure proporti-

onal to the fize of the animal . A wood-pi-

(a) Esperienze intorno a cofe naturali .

(b) Saggio di naturali eſperienze .

(c) In the Introduction .

geon
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geon generally breaks them lefs fpeedily than

a chicken, a chicken than a capon, but a

goofe the fooneft of all . The reafon is plain,

fince the larger fpecies have thicker andmore

powerful ftomachs .

XIII. From theſe and other facts which I

fhall adduce hereafter, we may collect how

much the celebrated Pozzi, formerly Pro-

feffor at Bologna, was miſtaken, when he con-

fidered the obfervations (a) of the Florentine

Academicians, and of Redi on the power of

certain animals to reduce globules of glafs to

pieces as falfe, becauſe he failed in his at-

tempts to repeat their expériments on pigeons.

Let me here introduce an incidental remark .

It is the cuſtom of certain dabblers in philo-

fophy to deny facts, however particularly de-

fcribed, and though related by perfons ofthe

higheft authority, merely becauſe their own

endeavours fail of fuccefs. But they do not

reflect , that this is acting in direct oppofition

to the principles of found logic, by which

we are taught that a thouſand negative

not deftroy a fingle pofitive fact, fince it is fo

very eaſy to omit fome one or other of the

many circumftances requifite to the fuccefs

of an experiment. The Bolognian Phyfician

has fallen into this error ; inftead of fo rafhly

inferring from his own obfervation the falfity

of the contrary event, he ought to have mul-

tiplied and varied his experiments ; and if

he had done this with proper precautions, he

would have confirmed, inftead of contradict-

ing the relation of the Florentine philofo-

can-

(a) In his fhort anatomical effay printed at Bolognia

byLælius a Vulpe.

phers.
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phers . We muſt fuppofe, that the ftomachs

of his pigeons were too weak and flaccid to

abrade and break fubftances of fuch hardneſs

as glafs, from their being in an unhealthy

ftate or too young ; for in thefe cafes they

are by no means capable of producing fuch

effects, as I have found from actual expe-

rience.

XIV, Mycelebrated countrymanVallifneri,

in his judicious anatomy of the oftrich, proves

that the hardeſt fubftances, fuch as ftones,

wood, glafs, and even iron itſelf, are reduced

to pieces in the ftomach of this enormous

bird by a folvent ; he alſo inclines to think,

that glafs is attacked and broken by a fimilar

liquor, which he imagines to exift in the

ftomachs of fowls, without the concurrence

of mufcular action . But the hypothefis of

Vall fneri is evidently groundlefs, for feeds,

as we have feen above, remain unaltered when-

ever they are defended by tubes . And when

pigeons, fowls, or turkeys, are forced to

fwallow feveral balls of glafs at once, fome

incloſed in tubes, and others naked, the lat-

ter are reduced to fmall fragments as ufual,

while the former remain entire. That the

gaftric mufcles are the fole caufe of this effect,

will appear ftill more evidently from facts to

be related in the fequel (XV) .

XV. Before I proceed farther in the recital

ofexperiments immediately relating to digef-

tion, it may be proper to mention fome other

phænomena analogous to thofe juft defcribed.

They may help to convey more diſtinct noti-

ons concerning this function in animals with

gizzards ; the fmooth and blunt fubftances

hitherto employed, could not injure the fto-

mach.



16 DISSERTATION I.

mach. It was therefore an object of curiofity

to enquire what would happen when ſharp

bodies were introduced . It is well known

how readily broken glafs will lacerate fleſh .

I gave a cock feveral fragments of a broken

pane, each about the fize of a pea ; they were

wrapped up in paper, to prevent the cefopha-

gus from being torn as they paffed through it.

I was well affured that this cover would be

immediately deftroyed on its entrance into

the ftomach, and leave the glafs at liberty to

act with its points and edges . The animal

was killed in twenty-four hours, and the

glafs was found in the ftomach ; but on this,

as well as former occafions, the angles were

fo far obliterated, that upon putting fome of

the fragments on the palm of one hand, and

rubbing them forcibly on the back of the

other, I did not receive the leaft hurt. Upon

weighing the glaſs , it appeared to have loft

twenty-four grains ; nor was it difficult to

difcover what was become of the miffing

particles, for the fides of the ftomach, when

viewed attentively, glittered with innume-

rable vitreous points. On the contrary, fome

broken bits of glafs, that were incloſed in

two tubes, of which one was given to a hen,

and the other to a turkey, and left twenty-

four hours in the ftomachs, were not at all

abraded at their points or edges .

XVI. Similar pieces of glafs, retained two

days in the ftomach of a wood-pigeon, gave

me an opportunity of obferving other re-

markable fractures and abrafions . As I have

mentioned this bird, I will relate a fact very

applicable to our prefent purpoſe. I gave a

wood pigeon an unpolifhed twelve-fided gar-

net,
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net, ofthe fize of a moderate nut, with the

intention of infpecting the ftomach in a few

hours afterwards ; the bird was confined in a

cage, but made its efcape by an unforeſeen

accident, and was confounded with many

others kept in another place, fo that I was

not able to diftinguish it ; it did not fall into

my hands for a month. The garnet, which

had remained all this time in the ftomach,

filled almoft its whole capacity ; a circum-

ftance which a little furprized me, fince it

had taken its food, and been nouriſhed very

well. But I was more furprized at finding

the angles ofthis hard ftone blunted in fome

places .

XVII. But the reader is impatient to know

what injury the ftomach received from the

retention of theſe ſharp bodies, and the vio-

lent agitation they must have undergone dur-

ing the abrafion of their moft pointed parts.

To fatisfy my own curiofity, as well as that

of others, I opened the cock and two wood-

pigeons (XV, XVI) , and examined the in-

ternal coat of the ftomach with the cloſeſt at-

tention, after havingwashedawaythecontents.

I moreover diffected it away from thenervous

coat; this was eafily effected : and I could now

examine it to greater advantage, but not-

withſtanding all my pains, found it perfectly

entire. No laceration, no divifion, not the

fmalleft jagged appearance; it was in every

refpect like ftomachs that had not afforded

reception to any unufual fubftance . Only

the coat of that ftomach which had retained

the large garnet for a month, was about three

times as thick as it commonly is.

XVIII.
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XVIII. Finding that thefe fowls fuftained

theſe experiments unhurt, I fubjected them to

twoothers far more dangerous. Twelve ftrong

tin needles were firmly fixed in a ball of lead,

the points projecting about a quarter of an

inch from the furface. Thus armed, it was

covered with a cafe of paper, and forced down

the throat ofa turkey. The bird retained it

for a day and half without fhewing the leaft

fymptom of uneafinefs . Why the ftomach

fhould have received no injury from fo horrid

an inftrument, I cannot explain : the points

of the twelve needles were broken off clofe

to the furface of the ball, except two or three

ofwhich the ſtumps projected a little higher.

The ball had not loft its general fhape, but

was marked with feveral indentations, that

certainly were not upon it at firft. Two of

the points ofthe needles were found among

the food, the other ten I could not difcover

either in the ftomach or the long tract of the

inteftines ; and therefore concluded that they

had paffed out at the yent.

XIX. The fecond experiment, ftill more

cruel, confifted in fixing twelve fmall lan-

cets, very fharp both at the points and edges,

in a fimilar ball of lead. They were fuch as

I ufe for the diffection of fmall animals .

The ball was given to a turkey cock, and

left eighteen hours in the ftomach ; at the

expiration of which time that organ was

opened, but nothing appeared except the

naked ball, the twelve lancets having been

broken to pieces ; I difcovered three in the

large inteftines, pointleſs and mixed with the

excrements ; the other nine were miffing,

and had probably been voided at the vent.

The
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The ftomach was as found and entire as that

which had received the needles .

XX. Two capons, of which one was fub-

jected to the experiment with the needles,

and the other with the lancets, fuftained

them equally well. My next with was to

know how much time elapfed before the

beginning of the fractures . By repeated ex-

periments on turkeys that were killed after

intervals fucceffively fhorter, I found that

thefe fharp bodies begin to be broken and

lofe their fhape in about two hours. This

at leaft happened in two individuals of the

fpecies : in one four of the lancets, and in

the other three of the needles were broken

within that ſpace ; the others were blunted,

but continued fixed in the balls .

XXI. Let it not however be fuppofed, that

the ftomach in this clafs of birds is never

vulnerable by fharp fubftances . In pullets

it certainly is fometimes very much injured."

I obliged two pullets to fwallow fome pins

from which the heads had been taken. One

was killed in eight, and the other in thirty-

two hours. The former had not at all fuf-

fered, but two pins were implanted in the

ftomach of the latter. Thefe ftomachs, as

well as thofe of many other animals, are full

of rugofities , in one of which the two pins-

were fixed almoft perpendicularly, one to the

depth of a line, and the other to that of three

lines : they were oppofite to the most muf-

cular part of the organ. Some force was

required to extract them ; at the puncture

appeared a little clotted blood, with an evi-

dent livid colour around.

3
XXII.
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XXII. But whatever conclufion we are to

draw from this laſt fact, it is certain , that the

ftomach of fuch birds is in general not

fubject to any injury from the introduction,

refidence, or trituration of thefe and the like

fubftances, as I have learned from a vaſt va-

riety of experiments. But how is it poffible,

fome will enquire, that the gaſtric muſcles

can contufe, triturate, and even fometimes

reduce to impalpable powder (as when glafs is

employed, XII, XIV, XV, XVI ) theſe pointed

bodies without injury to themſelves ? Ifthe

muſcles act with fo much force, muſt not

the fubftances neceffarily re-act upon the

mufcles ? And will not this re-action caufe

the laceration of the internal coat of the fto-

mach, which, though it is indeed very firm

and compact, cannot fuftain fuch violent

fhocks with impunity ?

XXIII. This objection was immediately

ftarted, upon the difcovery ofthe wonderful

force withwhich digeftion in poultry is effect-

ed, and an attempt was made to remove it in

the following ingenious manner. It had been

long known, that fowls, and other birds of

the fame clafs, have always a fmaller or larger

fupply of little pebbles in their ſtomachs . It

was therefore conceived, that theſe pebbles

ferve as a fhield to the mufcles. Hence it

follows, that the comminution of bodies

forced into the ftomach is the immediate ef-

fect of the pebbles, and only the mediate ef-

fect of mufcular action. Accordingly, the

Academicians of Cimento have obferved, that

thofe ducks andfowls that contain moſt ſtones

in their ſtomachs, fooneft reduce fpherules of

glafs to powder. Redi thinks, that the ftones

pérform
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perform the office of teeth (a) ; and Reau-

mur fuppofes them neceffary to digeftion (b) .

XXIV. In the courfe of my numerous ob-

fervations I can fafelyaffert, that I never opened

the ftomach of a pigeon, turtle- dove, dove,

partridge, fowl, turkey, goofe, &c. without

finding fmall ftones within it. I have alfo

found what is remarked by Reaumur, that

the fize of the ftones is apparently propor-

tional to the fize of the bird. They are ge-

nerally of a roundifh fhape, whether they ac-

quire it from friction within the cavity of the

ftomach, or have it before they are ſwallow-

ed . They are commonly bits of quartz,

fometimes mixed with calcareous fragments .

In the ftomach of a turkey hen I have count-

ed above 200, and above 1000 in that of a

goofe. Their exiftence is therefore indubi-

table. But is it equally certain, that they are

the immediate inftruments of trituration ?

He who is unprejudiced in favour of any the-

ory muft immediately perceive, that this is a

mere hypothefis, convenient indeed and plau-

fible, but requiring to be confirmed by ex-

periment.

XXV. To this teft I have endeavoured to

bring it, and would willingly hope thatI have

decided the queftion . According to the ob-

fervation of the Academicians, the birds that

contain moft ftones, fooneft triturate hard

fubftances . Nothing was more cafy than to

repeat the experiment. This I did upon ducks

and fowls, the two fpecies mentioned by thofe

learned writers, fometimes obliging them to

(a) I. c.

VOL. I. C

(b) Mem. cit.

fwallow
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fwallow globules of glaſs, fometimes ſmall

thin tubes of tin, and at others feeds de-

fended by aſtrong cover, fuch as nuts ofamo-

derate fize. It was neceffary that all circum-

ftances fhould be alike, that the birds fhould

be of the fame fpecies and age, and of equal

vigour, &c . Not to weary the reader with

too minute a detail, I fhall only mention the

refults. In a hen and two ducks, not abun-

dantly fupplied with pebbles, the injury fuf-

tained by the fubftances was not fo great as in

three other like fowls more amply provid-

ed with them . But in four hens the effect

produced was exactly the fame, as far as I

could judge, though the ftomachs of three

were lefs copioufly furniſhed than that ofthe

fourth .

XXVI. Having collected a largequantityof

ftones from the diffection of many gizzards,

I thought they might be uſeful in the prefent

inquiry ; I therefore gave a certain number

to fome fowls and ducks, while others were

left with thoſe which they had ſwallowed

fpontaneoufly. The former, accordingto the

obfervation of the Florentine Academicians,

ought to break hard fubftances fooner than

the latter. And fo indeed it fometimes hap-

pened, but at others the event was different .

Wherefore not being able to afcertain the ob-

ject of my enquiry by theſe experiments, I

had recourfe to other means of folving the

problem.

XXVII. The moft decifive mode of deter-

miningthe ufe of ftones indigeftion , evidently

was to take them away altogether, either by

expelling thofe already fwallowed, or by pre-

venting the admiflion of any at all . To eva-

cuate
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cuate thofe already accumulated, it was ne-

ceffary to confine the birds in cages where

they could not find freſh ones, and it might

be hoped, that the old ones would be gradu-

ally voided with the excrements . Accord-

ingly, feveral fowls, turkies, turtle-doves,

and ducks were confined feparately, and that

all fufpicion of their picking up pebbles might

be removed, the cages were raiſed to fuch an

height that they could not reach the floor

with their beaks. The bottoms were made

of ofiers placed at a diftance from each other,

that if the ftones fhould pafs out with the

excrement they might not remain in the cage,

and be fwallowed again, but fall to the ground.

I fed them myſelf the whole time, taking care

that the food, confifting of corn, vetches, and

maize, was free from every foreign matter,

ſo that I was certain not a fingle grain offand

or the ſmalleſt ſtone was ſwallowed bythem.

XXVIII. In the courfe of a few days I per-

ceived fome ftones among the excrement, and

they continued to be voided during the time

of confinement. Two days before the end

of the month, when they were to be killed ,

I forced fome to ſwallow tubes of tin , others

glafs globules, fome naked and fome armed

with needles and lancets (XVIII, XIX, XX . ) .

Ilikewife gavethemfome grains ofwheat, but

did not allow them to undergo the natural

procefs of maceration in the crop . On the

30th day every ftomach was carefully examin-

ed, and though I did not completely attain

the end in view, yet I gained confiderable in-

formation on the fubject. Not a fingle fto-

mach indeed was free from ftones, but they

were few in number, in fome inſtances not

C 2 amount-
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amounting to above four or five, and thofe

very ſmall . The contufions, however, on

the tin tubes, the indentations on the naked

balls, the fracture of the needles and lancets,

the trituration of the grain had alike taken

place in every ftomach ; nor did it appear,

that the diminution of the quantity of ftones

at all contributed to diminith the alteration

of the feveral fubftances, or to occafion any

injury to the organ that contained them. And

left it fhould be objected , that theſe hard bo-

dies themſelves performed the office of peb-

bles by rubbing violently against each other

in confequence of the action of the gaſtric

mufcles (an objection manifeftly trivial) I had

taken care that each bird fhould not have more

than one tin tube, or one glafs globule, &c.

Thefe folitary fubftances were bruifed or

broken just as effectually as when many were

put into one ftomach ; and this vifcus re-

mained as free from injury.

XXIX. Though thefe facts abundantly

prove, that trituration does not depend on the

ftones fwallowed by the birds in queftion , but

upontheſtrengthandaction of the gastric muf-

cles, Iyetwifhed for proofs moredecifive, from

obferving what happensin ftomachs that have

not received any ftones. The judicious reader

perceives at once, that to accompliſh my pur-

pofe, it was neceffary to procure young neft-

lings that had never been in queft of food.

Accordingly,fome wood-pigeons, of which

the feathers had not begun to fhoot, were

brought me ; but I was difappointed in my

expectations, for even their tender ftomachs

were not free from pebbles, which doubtless

were mixed with the food carried to them by

their
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their parents. Three of thefe young birds

were facrificed tomycuriofity. The ftomach

of the first contained eight ftones, of the fe-

cond eleven, of the third fifteen ; together

they weighed thirty-two grains, and confift-

ed chiefly of quartz.

XXX. As theſe experiments did not anſwer

my purpoſe, it was neceffary to take up the

enquiry at an earlier period, and employ birds

lefs advanced in growth; nay, for greater cer-

tainty fuch as were juft qutting the egg, and

therefore could not have received food from

their parents . The ftomach, it is obvious,

could not contain ftones of any kind. I was

at the pains of keeping feveral neftlings in a

warm place, while they remained unfledged,

and feeding them till they were able to peck.

They were then confined in a cage, and fup-

plied at firſt with vetches foaked in warm wa-

ter, and afterwards in a dry and hard ftate.

In a month after they had begun to peck, hard

bodies, fuch as tin tubes, glafs globules, and

fragments of broken glafs were introduced

with the food ; care was taken that each wood-

pigeon fhould fwallow only one of theſe fub-

ftances. In two days afterwards they were

killed. Not one of the ftomachs contained

a fingle pebble, and yet the tubes were bruifed

and flattened, and the fpherules and bits of

glafs blunted and broken: this happened alike

to each body, nor did the ſmalleſt laceration

appear on the coats of the ftomach .

XXXI. I did not confine my obfervations

to this one fpecies . With the fame view I fet

under a turkey-hen feveral eggs , partly her

own, and partly of a common hen. When

the chickens were hatched I took charge of

C 3
them
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them myself, and employed the fame precau-

tions as with thewood- pigeons (XXX). They

were confined for fifty-five days in feparate

cages, and their food confifted of various forts

of grain. The laft days they had to live, I

forced them to fwallow the hard indigeftible

fubftances fo often mentioned . Upon exa-

mination, the ftomachs appeared to be free

from ftones, yet the fragments and fpherules

of glafs, and the tin tubes, were not on this

account either the leſs or the more bruiſed or

broken. Hence then we have at length a

decifion of the famous queftion concerning

the uſe oftheſe pebbles, fo long agitated by

authors . It appears, that they are not at all

neceffary to the trituration of the firmeft food,

or the hardeſt foreign fubftance, contrary to

the opinion of many anatomifts and phyfiolo-

gifts , as well ancient as modern ; I will not,

however, deny, that when put in motion by

the gaftric muſcles, they are capable of pro-

ducing fome effect on the contents of thefto-

mach.

XXXII. But for what purpoſe are they de-

figned ? Iftheyare not neceffary to the tritura-

tion of the food, are we to fuppofe that they

contribute in any other wayto digeftion ? Do

they create a keener appetite, or maintain a

better ftate of health, as fome conceive ? Are

they found in the ftomach becauſe they are

cafually mixed with, and as it were conceal-

ed by, the food ; or, becauſe they are defign.

edly fwallowed, and even fought after ?

The first questions are already anſwered, or

rather precluded, fince we have found, that

birds unprovided with pebbles take theirfood,

are nouriſhed and grow juſt as well, and are

as
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as brifk and lively as others abounding with

them ; an obſervation I have made with great

fatisfaction upon young pigeons, turkies, and

chickens reared in the manner deſcribed above

(XXX, XXXI) .

XXXIII . The laft queftion will be readily

folved, if grown up chickens take their food

in the fameway as young ones ; for thefe fwal-

low every thing that comes in their way. I

haveoften ſcattered amongst them various fub-

ftances unfit for their nourishment, fuch as

pebbles, bits of brick, chalk , or rubbiſh,

which they pecked with eagernefs, whether

their ftomach was full or empty. One day I

threw before them a large quantity of the

fhells of the little fish, termed Lice by Con-

chologifts, which theydevoured till theircrop

was full, juft as if it had been the moſt agree-

able food. If they retain the fame difpofi-

tion when full grown, we mayreaſonablycon-

clude, that the collecting of pebbles is lefs

the effect of choice than ftupidity; as the

oftrich, according to Vallifneri and Buffon,

devours without diftinction whatever comes

in its way, fticks, and ſtones , and cords, and

glafs, and metals, &c. fuch is its dulnefs,

and fo obtufe its organ of tafte (a) . But

fowls grown to their full fize, and when

their natural instinct, that lay dormant while

they were young, comes to be unfolded,

change their manners in this as well as many

other refpects . A capon confined in a cage

by Redi, died ofhunger fooner than it would

fwallow pebbles offered to it in place of

(a) Buffon Hift . des Oifeaux. T. 2. Ed . in 12. Val-

lifn. Op. in fol. T. 1 .

C 4 food.
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food (a) . With me too three hens and one

turkey, kept feparately, died in the courſe of

afewdays,when inftead of giving them food , I

fcattered beforethemaquantity of fmall ftones .

After their death the number of the ftones

was the fame, though they would appear to

be of the most properkind, having been taken

from the ftomachs of other individuals be-

longing to the fame fpecies. When pebbles

are mixed with the food, I have obferved ,

that poultry, eſpecially when hungry, pick

them up. I fhould then incline to believe,

that the ftomachs of theſe birds generally

contain a quantity of fmall ftones ; not be-

cauſe they are fought for and felected by de-

fign, as many fuppofe, but becauſe they fre-

quently happen to be mixed with the food.

XXXIV . Havingfhewnthat thepebbles are

not the caufe of trituration , we muft con-

clude, that it is the fole and immediate effect

of the gastric muſcles, which, as it is well

known, are very ftrong, and compofed offirm

and compact layers, andmuft, therefore, when

fet in motion, act with great force . To be

more fully fatisfied of this, let the ftomach

of a dog, fheep, or a man be compared with

the gizzard of a duck, turkey, or goofe ; we

fhall then perceive the enormous difference

between the thick mufcular coat of the one,

and the thin one of the other.

XXXV. The internal coat , or that which

immediately lines the cavity of the ftomach,

deferves particular attention. In many ani-

mals, and in man himself, it is foft and vil-

lous ; but in gallinaceous birds it is hard and

(a) Degli Anim. viventi negli Anim , viventi.

cartila-
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cartilaginous. When feparated from the

next, which anatomifts call the nervous

coat, it foon becomes dry and very hard. In

turkies and geefe, in which it is thicker and

ftronger than in common fowls, I have often

diffected itaway, and fpreading it uponatable,

have drawn along it lancets, needles, bits of

glafs, and fuch fharp fubftances as are tritu-

rated in the ftomach without any perceptible

injury to it. If indeed my hand preffed with

confiderable force, thofe parts, over which

the keen bodies paffed, were difunited, whe-

ther it was ſeparated or adhered to the other

coats .

XXXVI. But thefe fubftances may act in a

quitedifferentmannerwhenunderthe direction

of the hand, than when fet in motion by the

gaftric muſcles, and when the internal coat

is not extended but forms a cavity, as it does

when the ftomach is entire . I therefore wifhed

to know what happens to fubftances incloſed

in the ftomach feparated from the animal, and

preffed externally with the palms of both

hands, andagitated in various directions . The

ftomach of a turkey hen was firit cleared of

its contents by forcing them out through the

pylorus, and then a large quantity of fharp

pieces of glafs were introduced, which were

kept in motion for a quarter of an hour by

preffure and percuffion on the outſide of the

ftomach. I was in hopes, that I ſhould thus,

in fome meaſure, imitate the natural motion .

Nor was the expedient altogether ineffectual ;

for the internal coat was only perforated with

two little holes, fuch as the point of a needle

would have made, and yet part of the glafs

was reduced to powder, and part had loft its

fharp
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fharp edges . Different effects then are pro-

duced, when this coat is fubmitted to ex-

periment after it has been removed from

its natural fituation , and when it adheres to

the others. Nevertheleſs I am willing to al-

low, that how it fhould be capable of blunt-

ing and breaking the keeneft bodies without

fuftaining any injury itſelf, ftill continues a

matter of great furprize.

XXXVII. But if the infide of the gizzard

be certainly agitated fo violently during the

trituration of the food, will not the motion

be perceptible on the outfide ? Reaumur, in-

duced probably by this reflection, laid open

the abdomen of fome of the fowls in quef-

tion , and watched the ftomach, but could

not perceive what he perhaps imagined took

place. They always feemed perfectly at reft,

except the gizzard of a capon, which con-

tracted and dilated alternately ; he moreover

faw certain fleshy cords moving in an undu-

lating direction, but very flowly and gradu-

ally (a).

XXXVIII. Ihave perceived fimilarmotions

in two turkey cocks . Upon preffing uponthe

ftomachforcibly withmy hand, I felt a flight

pulfation that produced a fenfation of creep-

ing, but was foon aware, that this was owing

only to the beating of numerous little arteries,

which run upon the furface of the vifcus.

When a perforation is made in the heart of a

living animal, and a finger introduced through

it, it is well known that ftrong preffure is

felt at the time of its contraction. I made

(a) Mem. cit.

this
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this experiment upon the gizzard of a duck,

but was not fenfible of the flighteſt com-

preffion.

Conceiving that the ftomach muſt exert its

principal action when it is irritated by fub-

tances filling its cavity, I introduced fome

nuts into the gizzard of a turkey hen, that

had been kept fafting for a day. During the

whole time I watched it attentively, through

an openingmade in the abdomen ; when it had

received only a few nuts it fhewed no fign of

motion, but when it was nearly full it fwell-

ed violently, and then collapfed again of a

fudden. Theſe alternations were fometimes

general, and at others confined to a narrow

fpace ; they did not continue ten minutes,

probably becauſe the death of the animal was

approaching from the aperture of the abdo-

men. The nuts were unbroken, but evident

contufions appeared upon the furface. This

diftinct view of the motions of the ftomach

I afcribe to unufual good fortune, fince, with

the exception of one only other turkey, the

ftomachs of many birds of the fame clafs re-

mained at perfect reft, after they had been

filled in the fame manner. If however we

confider the very morbid ſtate of the animal

when the abdomen is laid open, we fhall not

be much furprized at this phænomenon .

XXXIX . The various facts related in the

preceding paragraphs irrefragably prove, that

the food of ducks, fowls, geefe, partridges,

&c. muſt undergo the mechanical action of

the gaſtric mufcles, before it can be broken

down, and reduced to an impalpable pulp.

But are we to fuppofe, that digeſtion depends

on this 'action, and that fimple trituration

converts
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converts the aliment into that pultaceous mafs

denominated Chyme ? Or rather, that this

mafs is generated by means of juices either

prepared or collected in the ftomach; and that

trituration is a co-operating, but not the im-

mediate caufe of digeftion ? I imagined that

the tubes and fpherules, which had already

afforded me ſo much information , would not

now be without their uſe. If the gaſtric

juices convert into chyme the food which

trituration has prepared for digeftion, let fome

food fo prepared be inclofed in the tubes and

fpherules, and let us fee whether it will be

diffolved according to this hypothefis ; for it

must be thoroughly foaked in thefe juices.

I first filled a tube and fpherule with crumb

of wheaten bread mafticated, and introduced

them into the gizzard of a hen. In twenty-

three hours they were taken out, and the

quantity of bread was much diminiſhed, ef-

pecially at the ends of the tube, where it was

alfo fofter than at firft, and had acquired a

bitter tafte. Thefame tube and ſpherule were

forced into the gizzard of another hen, where

they remained fourteen hours ; after which

there was no appearance of bread in either of

the receivers.

XL. I repeated the experiment upon a third

hen, with bread of maize inſtead of wheat;

the tube and fphere were emptied in a day

and half. As there was here no trituration

nor any other power, except the action ofthe

gaftric fluid, it feemed reaſonable to conclude,

that this fluid had diffolved and converted the

bread into chyme, and fo enabled it to pafs

through the holes in the receivers . A doubt

however fuggefted itſelf, and kept me in fuf-

penſe ;



DISSERTATION I.
33

1

penfe ; without fuppofing the tranfmutation

of the bread into chyme, the gaſtric fluid by

merely diluting it, like water, might render

it capable of paffing out of the tubes and

fpherules.

XLI . A fubftance not foluble by fimple

maceration, and at the fame time fofter than

grain, upon which the gaſtric juices have no

action ( III, IV, V, VI, VII. ) , was wanting

to clear up the doubt. Flefh feemed to cor-

refpond to this defcription . Flefh is digefted

by many birds with gizzards, which for the

moft part are both frugivorous and granivo-

rous ; I therefore filled four tubes with fome

veal ( a) bruifed very fmall to fupply the want

of trituration, and forced them into the fto-

mach ofahen. Theywere taken out in twen-

ty-four hours, and the fleſh was in the follow-

ing ftate : In the tube that came first to my

hands it did not amount to above one-twen-

tieth of its original bulk, in two others it had

fuffered nearly the fame diminution ; the only

difference appeared in the fourth, which was

not open at both extremities like the other

three, but clofed at one end with a circular

plate of iron . The flefh contiguous to the

plate preferved its red colourand natural con-

fiftence, and did not feem at all wafted ; but

at the open end it was reduced to two thirds

of the length of the tube, of which it had at

firft occupied the whole ; the part that con-

tinued firm and red retained the true flavour

of flesh ; at the oppofite end it had entirely

loft that flavour, and the furface, to the depth

(a) Wherever I mention flefh without an epithet, I

mean raw fleſh .

of
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of a full line, was befides reduced to a pulp,

and had acquired a cineritious colour. The

inconfiderable refiduums in the other tubes

were altered in the fame manner.

The immediate confequences of thefe ex-

periments are felf-evident. The remarkable

diminution of the flesh arofe from its having

been in great meafure diffolved and digefted;

for all phyfiologiſts agree in confidering the

change of colour and taſte, and the tranfmu-

tation of the food to a pultaceous mafs in the

ftomach, as the characteriſtic marks of digef-

tion. The three tubes, of which the fides

were perforated and the ends open, admitted

the gaftric liquor at every part . Hence the

remarkable waſte of the flesh in them. The

cafe was different in the tube cloſed at

one extremity, and nothing can be more ob-

vious than the reafon ; for as the liquor could

only enter at one end, it could only there

diffolve the flesh.

XLII. This experiment decifively proves,

that the gaftric liquor was the cauſe of di-

geftion in the prefent inftance ; and it was eaſy

to forefee, that others upon the fame claſs of

birds would be attended with the fame re-

fult. Some tubes filled with flesh were next

introduced into the gizzard of a very large

turkey cock, but the lattice work at the open

ends, though it confifted of iron , could ill

withstand the action of fuch powerful muf-

cles . Upon examination feven hours after-

wards, it was found feparated from the tubes,

and coiled up in one mafs near the pylo-

rus, in the midft of the pebbles and fco-

riæ of the food, fome of which were jam-

med fo clofely in the tubes, that there

was fome difficulty in forcing them out with

6
the

1
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the point of a penknife. I could not per-

ceive the ſmalleſt fragment of flesh amongst

them , and remained in doubt whether it had

been digeſted, or expelled by theſe extrane-

ous bodies. I refolved to fubmit this fpe-

cies of bird to further experiments, but was

obliged to abandon the tubes, and have re-

courſe to the hollow fpherules, of which I

have ſpoken above (VII) . They were made

thick and ftrong, with many fmall pores

over the whole furface, in order to obviate

two inconveniencies, the one left the receivers

fhould be unable to refift the violent impulfes

of the ftomach, the other to prevent the mat-

ters compreffed and agitated by the action of

the mufcles from entering fo readily into

them. Two of thefe fpheres were given to

a turkey cock eleven months old, and in

twenty-four hours extracted from the giz-

zard. They contained at firft about twenty-

eight grains each of beef and veal bruifed

very fmall. Upon opening them after the

fame interval as before, and weighing the

fleſh, the beef was found to have loft nine,

and the veal thirteen grains. I must not

however omit to remark, that they were both

fully impregnated with gaftric liquor, and

confequently would have weighed till lefs if

they had been free from it. The beef and

veal, when touched with the point of a knife,

feemed tenderer than in their natural ftate, and

reſembled a foft paſte rather than flesh . They

had the bitter taste of the gastric juice with

which they were impregnated, and the colour

approached more to white than red . They

were replaced in the ſpheres, and kept twelve

hours in the gizzard of another turkey-cock.

Upon
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Upon a freſh examination, the beef weighed

only eight, and the veal only five grains. The

gaftric fluid had therefore produced a new fo-,

lution, and this procefs was entirely completed

after the ſpheres , into which the flesh was put

for the third time, had continued five hours

in the ftomach of a third turkey-cock.

XLIII. Fleſh is digefted by the gaftric li-

quor of geefe as well as of turkies. Eleven

grains of beef, inclofed in a ſpherule, were

entirely diffolved in two days in the gizzard

of one of thefe large birds .

I will not defcribe three other refults ob-

tained, one from an hen, and the two others

from two capons ; fince, with reſpect to the

digeftion of the flesh, they are exactly like

thoſe juſt mentioned .

All theſe experiments were made with fleſh

bruiſed very fmall ; this condition is not in-

deed indifpenfably requifite, but it very much

promotes digeftion . The bruiſed fleſh was

always diffolved in two days, but when entire

that procefs was not completed in four, and

fometimes not even in five days . The reafon

of this difference is obvious . The more fleſh

is bruifed, the larger furface does it acquire ;

and in proportion to the increaſe of furface,

more points are expofed to the action of the

gaftric liquor, which will confequentlyfooner

complete the folution.

XLIV. Before I proceed further and con-

clude the prefent differtation, I must notice

an experiment of Reaumur, which does not

perfectly agree with thofe juft related . The

greatest part of his memoir is employed in

Thewing the great force of the gizzard ofgal-

linaceous fowls in triturating the food; in

the
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the remainder he endeavours to prove, that

this vifcus contains no menftruum of fuffi-

cient efficacy to produce folution . In fup-

port of this propofition , befides the argument

derived from barley continuing unaltered

within the tubes, he adduces the following

fact, which requires to be particularly re-

lated . It is well known, how greedily ducks

devour, and how foon they digeft, fleſh. In

order therefore to obtain the information he

wanted, Reaumur had recourſe to this bird .

Having provided fix tubes, four of lead, and

two of tin, he inclofed in the former bits of

veal of the fize of a grain of barley, and in the

latter fome confiderably larger. Theſe fix

tubes he gave to a duck at different times ;

viz. a leaden one at ten o'clock in the morn-

ing, and another at eight in the evening ;

next day a third was given at fix in the morn-

ing, together with the two tin tubes ; laftly,

at nine the fame morning the animal was

made to ſwallow the laſt leaden tube, and at ten

was killed . Of the four leaden tubes, one

was voided the preceding day at nine in the

evening ; it was that which had been taken

at ten in the morning ; the other five remain-

ed in the gizzard, and the flesh was not only

entire, but as firm as at firft . Some of the

pieces retained their red colour, three of them

however had loft it . The whole capacity of

fome ofthe tubes was no longer filled by the

fleſh ; not that it had fuffered any diminution,

but becauſe it was compreffed by the ftones

and food, which had been admitted at the

open ends of the tubes . From this experi-

ment Reaumur infers, that no menftruum had

acted on the fleſh, fince it was not either com-

VOL. I. minutedD
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minuted or diffolved . And though he does

not affirm , that in the gallinaceous clafs di-

geftion is the effect of trituration alone, he

yet concludes, that the gizzard contains no.

folvent capable of decompofing and digefting

the aliment.

XLV. What has been above related, fhews

how far Reaumur's conclufion ought to be

extended ; when we fpeak of aliment of a

hard and compact texture, fuch as feeds, it

must be allowed, that the gaftric liquor has

no action upon them (II , III , IV, V, VI,

VII. ) ; but when we are confidering food na-

turally tender, like flefh, or fuch as is made

fo byart, like grain in the form of maſticated

bread, it must then be allowed, that a perfect

folution is effected by the gaftric juices alone

(XXXIX, XL, XLI, XLII, XLIII. ) . In

Reaumur's experiment the fleſh remained fo

fhort a time in the gizzard, that we cannot be

furprized if it was not fenfibly diffolved . If

we attend to the times at which he gave his

tubes to the duck, and at which he killed it,

we fhall immediately perceive, that the tube

which continued longeft in the gizzard, re-

mained in it only twenty-four hours ; a ſpace

infufficient, according to my experiments on

fowls, turkies, and geefe (XLI, XLII,

XLIII. ), for the gastric liquor of thefe birds

to diffolve any fenfible portion of fleſh in-

cloſed in tubes . I fhould however have con-

demned myſelf for a crime of omiffion if, to

the proof deducible from analogy, I had ne-

glected to add direct experiments on ducks.

Upon two ducks therefore I repeated the ex-

periment of the French Naturalift, with the

following variation ; four tubes, each con-

taining
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taining a bit of veal equal in fize to a barley-

corn, were given to a duck ; in two of the

tubes the flesh was whole, but in the two

others it had been previously cut into fmall

bits : in fourteen hours the gizzard was exa-

mined; the four tubes were found in it ; the

two entire pieces of fleſh were of their origi-

nal fize, but inclining to a white colour ; the

fmall bits were alfo about the fame fize as at

firft, but were converted into a gelatinous

paſte. The experiment was repeated upon

another duck, which was not killed till the

end of the ſecond day ; and now the tubes

that had contained the minute bits of fleſh

were entirely empty ; and in the others, only

fome flight traces of a gelatinous concocted

matter remained . Ifwe combine thefe facts

with others before related , it will appear, that

in the gallinaceous clafs, trituration and the

gaftric fluid mutually aflift each other in per-

forming the great function of digeftion ; the

former by breaking down the aliment, acts

as the pre-difpofing caufe ; the latter, when

it is thus prepared, penetrates into it, de-

ftroys the texture, diffolves the particles, and

difpofes them to change their nature, and to

become animalized .

XLVI. But what is the origin of this gaf-

tric fluid, fo ufeful in digeftion ? How is it

mixed with the food ? And what fucceffive

changes does the latter undergo from the

action of trituration , joined to that of the

gaftric liquor ? Thefe important queftions

required a strict examination of the oefopha-

gus and gizza
rd

, as alfo of the food durin
g

its paffa
ge
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gh
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"

the larger the fcale is, on which they are

conducted, I conceived that the larger fpecies ,

as geefe, turkies, ducks, and fowls, would

be the beft fubjects for thefe enquiries . To

begin then with the cefophagus of a gooſe,

this canal at the end towards the mouth, has

the appearance of an inflated inteftine ; it is

above a foot long, and at its origin about an

inch in diameter, but widens as it defcends,

for the ſpace offix inches and more, when it

contracts like a funnel, then enlarges again,

and this enlargement continues to the giz-

zard. The fophagus is membranous, its

fides are ſtrong and thick ; they are thickeſt

at three inches diftance from the ſtomach, on

account of a fleshy fafcia, of which I fhall

ſpeak below. If we look very attentively,

we can perceive the whole cefophagus covered

with points or elongated fpots, which are

moft numerous juft above the funnel. The

fafcia appears to confift of a multitude of cy-

lindrical bodies, larger than husked millet-

feed. Thefe bodies fhine through a fine

membrane, externally furrounding the faſcia.

XLVII. Ifthe cefophagus be inverted, and

the ſpots examined by the help of a glaſs, we

plainly perceive that they are follicular glands .

This likewife is confirmed by the appearance

of moiſture on the cefophagus, when they are

preffed . But the follicular glands that appear

through the fleshy faſcia like cylindrical bo-

dies, bigger than huſked millet, as we before

obferved (XLVI) , are far more eafily diftin-

guiſhable, becaufe farlarger. This fafcia,which

encircles the fophagus like a ring, is above

an inch in breadth, and about a line in thick-

nefs. Great part of it is invefted by a thin

covering
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covering of a deep yellow colour, and confe-

quently very liable to be torn . When this

is removed, the fafcia externally appears

white and rough, on account of the number-

lefs prominent papillæ, each ofwhich has an

evident pore in the center.
in the center. When the fafcia

is ftretched, and much more when it is pref-

fed between the fingers, a drop of whitiſh

turbid liquor gushes out at each pore into

the oefophagus ; and it may be enlarged, by

continuing the dilatation or preffure. The

liquor is denfe, fomewhat vifcid, of a fweet-

iſh, and at the fame time faltiſh taſte.

comprehend immediately that the pores are

the excretory ducts of the follicular glands

lying below, requires very flight anatomical

knowledge : the glands appear very diftinctly,

when the membrane in which the pores are

inferted, is removed. The follicles are of a

pale red colour, and full of a turbid liquor,

which oozes out from the excretory ducts,

when the oefophagus is kept under water.

To

XLVIII. Below the fleshy fafcia, the fo-

phagus becomes membranous again for nearly

the breadth of three quarters of an inch,

when it is inferted into the gizzard . This

organ is of the fize of the fift, remarkably

hard, and of an irregular elliptical figure ;

when opened lengthwife at the thinneft part,

it is divided into two large muſcles, each

above an inch in thickneſs, and compofed of

very compactfibres. It appears plainly, that

the whole action of thefe great muſcles con-

fifts in approximating with violence, and like

the fides of a vice, crufhing and breaking to

pieces all interpofed fubftances. As the ner-

vous coat adheres to theſe ſtrong muſcles,

D 3
and
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and as, however robuft, it might be injured

by fuch impetuous fhocks, nature has faga-

ciouſly inveſted it with a cartilaginous coat,

of a ftructure more capable of refiftance,

which internally lines the cavity ofthe giz-

zard.

XLIX. In turkies the cefophagus and fto-

mach very nearly refemble thofe parts in

geefe . The former, however, is more mem-

branous, and abounds more in follicular

glands of a larger fize, and confequently

more confpicuous. The excretory ducts may

be eafily feen, and the liquor of the follicles

may be readily forced out by preflure . This

liquor is tranfparent, and fomewhat vifcid ;

its tafte is rather fweet. But the cefophagus

of the turkey has one peculiarity not found

in the goofe; it is provided with a burfa or

bladder, well known under the name of the

crop or craw. In this fpecies it is very large.

The crop at the fides at leaft, if not at every

part, isfurniſhed with follicularglands, exact-

ly like the others. At the lower part of the

ofophagus we alfo find the fleshy fafcia, an

inch in breadth, and provided with follicles

much larger than thofe of the crop or œfo-

phagus, and in great abundance. The liquor

feems to have the fame properties as in the

goofe. It is vifcid, has a fweetiſh and faltiſh

tafte, a turbid white colour, and confiderable

denfity.

The gizzard, whether its form or the na-

ture of its coats be confidered, is exactly

like that of the goofe, only weaker and

fmaller in proportion to the inferior fize of

the bird.

L.
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L. I have obferved all that has been related

with respect to the gizzard and follicular

glands of the goofe and turkey in due pro-

portion in the duck, common fowl, and even

in ſmaller birds of the fame clafs , as the pi-

geon, partridge, wood pigeon, turtle-dove,

and quail ; with this peculiarity only, that in

the duck the cefophagus, inftead of forming

a crop, has the fame ftructure as in the goofe

(XLVI) . I fhall therefore omit a defcription

of thefe parts, andproceed to confider the fto-

mach in a phyfiological light.

LI. In fpeaking of this organ, I have never

mentioned either follicles or glands ; for in

the fowls hitherto mentioned, I could never

diſcover any. The internal coat, from its

cartilaginous nature, appears to be unfit for

the infertion of glandular bodies ; at leaſt I

was not able to find the fmalleſt veftige of

them ; nor did I fucceed any better in the

nervous or mufcular coats, notwithſtanding

I examined them very narrowly. Reaumur

having obferved a vaft number of fhort white

filaments between the cartilaginous and ner-

vous coats, entertained fome fufpicion of

their being tubes or veffels, placed there in

order to diſcharge their contents into the

ftomach (a) . I have found theſe filaments

in all the gallinaceous fowls I have examined ;

but cannot agree with him that they remain

attached to the nervous, when the cartilagi-

nous coat is feparated from it : for after fuch

feparation, I have ever ſeen them adhere to the

cartilaginous, never to the nervous coat ; but

any perſon may readily make the trial . Theſe

(a) Mem. Cit.

D 4 filaments
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filaments are very numerous ; they are pointed

at the extremity, oppofite to that which is

inferted into the laft mentioned coat, and

reſemble ſhort white down, diftinctly visible

by the naked eye in the larger birds ; fuch as

the goofe and turkey, but requiring the aid

of a glafs to be feen in the fmaller fpecies.

I have divided many of various fizes with the

points of very fine needles, in order to dif-

cover whether they were hollow or glandular,

but could never find any appearance of this

kind : I have alfo fqueezed them in order to

fee if any liquor would ooze out, but to no

purpoſe : and fo far from fufpecting theſe

filaments of Reaumur to be vafcular or glan-

dular, I ſhould rather ſuppoſe them to be

merely for the purpoſe of joining, or at leaſt

more cloſely connecting the cartilaginous

with the nervous coat.

We ſhall fee elſewhere, that ftomachs of

the membranous kind, when they are taken

out of the animal and rubbed dry, foon be-

come moift again : this moiſture comes from

invifible veffels and glands, difcharging_their

liquor into the cavity ofthe ftomach. I have

made the fame experiment on mufcular fto-

machs, but they always continued dry ; the

fame thing alfo took place, when I preffed

them underneath, though this is a very effec-

tual means of accelerating and increafing the

aqueous covering. Hence I have good

grounds for fuppofing, that the juices found

in muſcular ſtomachs do not properly belong

to them, but come chiefly from the cefopha-

gus, and in part from the duodenum , as we

fhall fee below.

LII.



DISSERTATION I. 45

LII. Nature however, has not failed to pro-

vide the quantity neceffary for digeftion . We

have ſeen the vast number of follicular glands

withwhichthe œfophagus is provided (XLVI,

XLVII, XLVIII , XLIX . ) ; they muſt needs

pour in their liquor in great abundance. And

experience confirms what reafon fuggefts. I

introduced aſmall piece of dry fpunge, previ-

oufly cleanfed from every impurity, into the

craw of a pigeon, in which it was left twelve

hours ; at the expiration of this time I opened

the craw, and took it out. The fpunge was

full of liquor, and on being fqueezed over a

glafs, afforded above an ounce. I employed

larger pieces of fpunge in fowls and turkies,

and obtained more of this cefophageal liquor ;

the quantity in a turkey amounted to feven

ounces in ten hours. A fimilar liquor is

procured in equal abundance, from fuch œfo-

phagufes asare dilated into a large canal , inſtead

of a craw, as in ducks and geefe (XLVI, L. ) .

This fluid is undoubtedly defigned to foften

the food which remains a certain time in the

craw, or in the large canal ; and this not only

difpofes it to be more readily broken down,

but very probably alfo communicates to it

fome quality that renders it more eaſily di-

geftible. But it is likewife certain, as I have

found from experiment, that a confiderable

part ofthis fluid defcends into the ftomach ;

not to mention that denfer and more vifcid

liquor which diftils from the fleſhy faſcia,

lyingatthebottom of the œfophagus, (XLVI,

XLVII . ) .

LIII. Thefe various cefophageal juices ac-

quire in the ftomach a bitter flavour, refem-

bling that of the food in this vifcus and as

this
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this tafte exactly reſembles that of bile, which

in theſe animals is difcharged through the

cyftic duct into the duodenum, I am tho-

roughly perfuaded that it arifes from this

fource, in confequence of the bile regurgi-

tating into the cavity of the ftomach, and

being mixed with the food and cefophageal

liquors collected there. I am confirmed in

this perfuafion by other facts, which I fhall

have a more convenient place for relating ;

not to mention the well known circumſtance

of the bile being found in the ftomach of

various animals (a) .

LIV. This collection of divers liquors in

the gizzard of our fowls, ferves as a men-

ftruum for the food, and for difpofing it to

be tranfmuted into chyle. But the firft ftep

towards this event is taken in the craw. It

is here that the aliment is penetrated by the

cefophageal liquor, and begins to change its

fmell and tafte: that ofthe hardeft texture is

prepared to be broken down when it defcends

into the ftomach, which in thefe birds may

be faid to ſupply the place of teeth.

But the way in which the food defcends

from the mouth into the ftomach, is deferv-

ing of attention. When our fowls are abun-

dantly fupplied with meat, they foon fill their

craw : but it does not immediately pafs

hence into the gizzard, where it does not

arrive till after it has been macerated in the

craw it always enters in very fmall quan-

tity, proportional to the progrefs of tritu-

ration in the ftomach. Here then, what

happens

(a) Haller Elem. Phyfiol. T. 6. Vallifn. Op. in

Fol. T. 1.

5
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happens in a mill, may be obſerved to take

place. A receiver is immoveably fixed above

the two large ftones which ferve for grind-

ing the corn ; this receiver lets the corn

which it contains, fall continually in fmall

quantity into the central hole in the upper

ftone, through which it paffes, and diffufes

itſelfin the void ſpace between the two ftones,

where it is broken down, triturated, and

pulverized by means ofthe ftrong friction of

the upper ftone that moves round with great

velocity upon that below. Meanwhile the

flour paffes from between the ftones, as fub-

ftances triturated by the gizzard, and diffolv-

ed by the gaſtric juices, are expelled through

the pylorus into the ſmall inteſtines .

LV. All this may be obferved, by infpect-

ing the alimentary canal during the timeof

digeftion . Ifthe bird has fed upon grains,

they are found in the cavity of the gizzard,

partly entire, but foftened by a fluid. That

part of the cefophagus that lies between the

end of the crop and the beginning of the

ftomach, either contains no grains at all, or

only a few quite entire. Trituration takes

place in the gizzard only. Thoſe which

have firft entered this cavity, are found to

have loft the farinaceous fubftance, and are

reduced to mere bran ; the fucceeding ones

are more or leſs broken, and the laft are en-

tire. Amid this mixture of bran, and bro-

ken and entire grains, we always find a femi-

fluid pultaceous mafs of a whitish yellow

colour. This is the farinaceous part of the

grains decompofed by the gaſtric liquor, and

converted into chyme. Meanwhile freſh

grains continue to fall into the gizzard, in

order
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order to undergo the fame tranfmutation :

this admirable procefs continues as long as

the grains continue to fall into the ftomach.

Theſe appearances and changes take place

alfo in animal fubftances, whenever birds

with muſcular ftomachs feed upon them.

LVI. At whatever time the ftomachs of

theſe birds happen to be opened, they always-

contain a certain quantity of gaſtric liquor.

This is less abundant when they are full of

food, (for in this cafe it is abforbed by the

food) than when they have little or none.

Ifwe wish therefore to be provided with a

large quantity of this liquor for experiments,

it should be taken from the empty ftomach.

Befides, in this cafe it is purer than when

mixed with the food . When examined in a

ftate of purity, its tranfparency, if we except

a flight yellow tinge, is little inferior to that

of water. It has likewife the fluidity, but

not the infipidity of water, being always a

little bitter, as well as falt. I have found

that the gizzards of turkies and geeſe moſt

abounding in gaftric juices, probably on ac-

count of their fuperior fize. I was induced

by the quantity they afforded to attempt an

experiment, which if it fucceeded, would

ftill further prove that trituration is only an

affifting or predifpofing, and not the efficient

cauſe of digeftion . It confifted in trying,

whether thefe juices retain their folvent

power out of the ftomach. For this purpoſe,

I took two tubes fealed hermetically at one

end, and at the other with wax : into one I

put feveral bits of mutton, and into the other

feveral bruifed grains of wheat, and then

filled them with the gaſtric liquor . In order

that
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that they might have the condition which in

theſe animals precedes digeftion, they had

been macerated in the craw of a turkey cock.

And as the warmth of the ftomach is pro-

bably another condition neceffary to the folu-

tion of food, I contrived to ſupply it by com-

municating to the tubes a degree of heat

nearly equal, by fixing them under my ax-

illæ. In this fituation I kept them at differ-

ent intervals for three days, at the expiration

of which time I opened them. The tube

with the grains of wheat was first examined ;

moft ofthem now confifted of the bare hufk,

the flour having been extracted, and forming

a thick grey fediment at the bottom of the

tube . The flesh in the other tube was in

great meaſure diffolved, (it did not exhale

the leaft putrid fmell) and was incorporated

with the gastric juice, which was hence ren-

dered more turbid and denfe. What little

remained had loft its natural redneſs, and was

become exceedingly tender. Upon putting

it into another tube, and adding fresh gaftric

liquor, and replacing it under the axilla, the

remainder was diffolved in the courfe of a

day repeated theſe experiments with other

grains ofwheat bruiſed and macerated in the

fame manner, and likewife upon fome fleſh

of the fame kind, but inftead of gaftric juice

I employed common water. After the two

tubes had remained three days under my

axillæ, I found that the grains, where they

were broken, were flightly excavated, which

was occafioned by an incipient folution of

the pulpy ſubſtance. The flesh had alfo

undergone a flight fuperficial folution , but

internally
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internally it appeared fibrous, red, firm, and

in fhort, had all the characters of flesh . It

was alfo putrid ; the wheat too had acquired

fome acidity, two circumftances which did

not take place in the grains and flesh im-

merfed in the gaftric liquor. Theſe facts are

then irrefragable proofs that the gaſtric juice

retains even out of its natural fituation the

power of diffolving animal and vegetable

fubftances in a degree far fuperior to water.

LVII. The gaftric juice which I employed

was taken from a turkey. That of a goofe

produced fimilar effects. I have further

found, that in order to obtain the folution of

animal and vegetable fubftances, this juice

fhould be fresh. It lofes its efficacy, when

it has been kept fome time in veffels, efpeci-

ally if they fhould happen to be open. It

alfo becomes inefficacious after it has been

ufed for an experiment. Laftly, a confide-

rable degree of heat, equal to the temperature

of man or birds, muſt be applied ; otherwiſe ,

the gaftric juices are not more effectual in

diffolving fleſh and vegetables than common

water. This artificial mode of digeftion is

well calculated to illuftrate the fubject I have

undertaken to treat ; but I fhall have oppor-

tunities of fpeaking of it at greater length in

the fubfequent differtations.

DIS-



[ 51 ]

DISSERTATION II.

CONCERNING THE DIGESTION OF AMI-

MALS WITH AN INTERMEDIATE STO-

MACH. CROWS. HERONS.

LVIII .

BY

Ytheterm intermediate ftomach,

I mean fuch a ftomach as, on

the one hand, is not properly mufcular, that

is, provided with thick and ftrong fides, as

in the gallinaceous family ( I. ) ; and on the

other, is not merely membranous, that is,

very thin, as in birds of prey and man, but

has an intermediate degree of thickness and

ftrength. The ftomachs of both the raven (a)

and grey crow (b) may be confidered in this

light, though in reality they approach nearer

to the mufcular than the membranous clafs .

The intermediate power of thefe ftomachs

contributes alfo to characterize them ; it is

(a) Theſe two fpecies are called by Linnæus, Corvus

cinerafcens, capite, jugulo, alis caudaque nigris .

Corvus ater, dorfo atro-coerulefcente, cauda fubro-

tunda.

(b) The hooded crow of Pennant. Corvus Cornix L.

こ

very



52 DISSERTATION II.

very far from being equal to the force of muf-

cular, but greatly exceeds that of membran-

ous ftomachs. Such tubes of tin, as doves

and pigeons would flatten and disfigure with

the greateſt eaſe, remain unaltered in the fto-

mach of crows . Thus alfo grain is triturat-

ed by the former, but continues whole in the

latter. Their gaftric muſcles however are

not inert. They exert a certain degree of

action, but it is far inferior to that of the

gizzard in the gallinaceous clafs . Thus,

though they cannot comprefs tin tubes, they

are capable of producing this effect upon

tubes of lead, provided they are very thin :

and thoſe that continue unaltered at firft, are

at length flightly incurvated or diſtorted at

the edges, and generally filled with frag-

ments of the food, evident marks of confi-

derable motion in the gastric mufcles; there

are no effects which thew fuch motion in

animals with membranous ftomachs, as we

fhall find in its proper place. I have often

feen theſe phænomena, having kept a great

number of grey crows and ravens : how ufe-

ful they have been in the courſe of my en-

quiries the reader will learn from a perufal

of the prefent differtation.

LIX . Theſe birds, as well as man, may be

denominated omnivorous. Herbs, grafs, legu-

minous feeds, flesh of every kind, alive or

dead, ferve equally for their nouriſhment.

As theſe two fpecies poffefs powers for the

concoction of various aliments, either entire-

ly the fame as , or ftrongly resembling thofe

of man, it is obvious, that the knowledge

obtained from them will greatly illuftrate the

4 procefs

4
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procefs of digeftion in us. They befides

feem formed on purpoſe to forward the views

of the obſerver. When we wish to know

what changes have been produced in fub-

ftances inclofed in fpheres and tubes, and

given to gallinaceous birds, it is neceffary to

extract the tubes and fpheres from their giz-

zards ; that is, it is neceffary to kill them.

Hence for every experiment we muſt facri-

fice an individual, at no fmall expence to our

philofophical curiofity. On the contrary,

we can perform fuch experiments upon

crows as often as we pleaſe, without deftroy-

ing a fingle individual. With respect to fub-

ftances, they are incapable of digeſting fuch

as the above-mentioned metallic receivers I

have diſcovered, that they poffefs the privilege

of returning them through the mouth, as

birds of prey vomit the feathers and hair of

the animals they have devoured, a circum-

ftance well known both to naturalifts, and

thoſe who train falcons for the field . But

whereas this vomiting generally takes place

every twenty-four hours in birds of prey, in

crows it happens at leaſt every nine, and com-

monly every two or three hours.

LX. As I obtained the fame refults from

both fpecies, I will employ in my narration

the generic name only (a) . My obfervations

were begun in winter, the moſt convenient

feafon for procuring a large number, owing

to the multitudes, efpecially of ravens, with

(a) Corvus is the generic name in Latin, and Cornac-

hcia in Italian, and Crow may very well ferve for it in

English,

VOL. I. E which
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which Auftrian Lombardy, and indeed al-

most all Italy then abounds. All the crows

which I could obtain, when newly taken ,

had a large collection of pebbles in the fto-

mach; the biggeſt were of the fize of ſmall

peafe, the leaft of that of millet : they were

of various forts ; I even found rounded pieces

ofbrick. But in lefs than ten days not a

ftone remained in the body, a circumſtance

which I learned from the inſpection of ſe-

veral ftomachs, when I had occafion to kill

fome crows in order to obſerve the anatomi-

cal ſtructure of the alimentary canal . They

were voided partly at the anus, as it appeared

from the excrements, and partly through

the mouth ; in the latter inftances they were

glued by the gaftric liquor to the outfide of

the tubes which I had forced them to fwal-

low, and which they afterwards threw up.

When unprovided with pebbles, they con-

tinued to eat and were nourished as well as

before. Hence it is to be inferred , that they

are not more neceffary to digeftion in birds

with intermediate, than in thoſe with mufcu-

lar ftomachs, as we have feen above (XXXI ) .

And as I inclined to believe, that the laft-

mentioned clafs do not pick up thefe ftones

from choice, but mere accident (XXXIII) ;

fo I confider the matter likewife with refpect

to crows, having obferved, that though un-

provided, they never peck them eagerly, even

when hungry, but ſwallow them only when

they happen to be mixed on purpoſe or by

chance with their food, and as it were con-

cealed by it.

3.
LXI.
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LXI. I began my experiments by putting

entire feeds in the tubes (a) . Thefe feed's

were beans and wheat. Thereader will eafily

perceive, that crows are not fo ftupid as to

take the tubes fpontaneously, but that it is

neceffary to force them down the throat, and

to paſs the finger along with them till they

are got into the ftomach. This I executed

in the way I had before done in animals with

mufcular ftomachs (III) . The tubes were all

thrown up in the fpace of three hours. The

beans and wheat appeared as at firft, excepting

that they were fomewhat foftened and fwelled

by the gaftric juice, which had penetrated

fome way into them. I replaced the grains

in the tubes, and introduced them again into-

the ftomach, where they remained two hours

longer, without undergoing any further

change. I repeated the fame experiment a

great number of times, and upon computing

the ſpace during which the tubes had con-

tinued in theftomach, I found that it amount-

ed to forty-eight hours ; in this interval the

feeds had fuffered no other alteration , except

being a little more moiſtened . The gaftric

fluid is therefore incapable of effecting the

folution of thefe vegetable matters .

LXII. But we have before faid, that they

were entire; on which account, this juice

could not act upon the farcinaceous fubftance

of the grain till it had traverfed the hufk ;

and this might have diminished its efficacy.

In order to determine how far the fufpicion

was well-founded, it became neceffary to re-

(a) Thefe tubes were the fame I ufed for gallinaceous

fowls, and I continued to employ them in the ſequel.

E 2
peat
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peat the experiment upon the fame feeds

bruifed . This was done, and four tubes full

of the coarſe flour were given to a crow :

they remained eight hours in the ftomach,

and proved the juftnefs of my fufpicion ; for

upon examining the contents, I found above

afourth part wanting. This could arise from

no other caufe but folution in the gaſtric li-

quor, with which the remainder was fully

impregnated. Another obfervation concur-

red in proving the fame propofition : the

largeſt bits of wheat and bean were evidently

much diminiſhed ; this muſt have been owing

to the gaſtric liquor having corroded and dif-

folved good part of them, as the nitrous acid

diluted with a large quantity of water, gra-

dually confumes calcareous fubftances. I re-

placedwhat remained ofthe feeds in the tubes,

and committed them again to the ftomach,

wherein they remained, at different intervals,

twenty-one hours ; at the end of which pe-

riod they were entirely diffolved, nothing

being left but fome pieces of huſk and a few

inconfiderable fragments of the feeds.

LXIII. Wheat and beans floating loofe in

the cavity of the ftomach, undergo the fame

alteration as in the tubes. When I fed my

crows with theſe feeds , I obferved, that be-

fore they fwallowed them they fet them un-

der their feet, and reduced them to pieces by

repeated ſtrokes of their long and heavybeaks.

And now they digefted them very well ; nay,

this proceſs was very rapid in comparifon

of that which took place within the tubes.

But when the birds either from exceffive

hunger or violence fwallowed the feeds en-

tire, the greatest part of them paffed out en-

tire
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tire at the anus, or were vomited . We can-

not therefore be furprized, that the gaſtric

juice could not diffolve them within the

tubes, fince it was incapable of effecting this

procefs within the cavity of the ftomach,

where its folvent power is far fuperior.

LXIV. To avoid being tedious, I will not

fpeak of other feeds fubmitted to the fame

experiments ; fuch as chicken-peafe, French

beans, peafe, and nut-kernels . I will rather

mention vegetable matters of a fofter and

'more yielding texture, which did not require

to be broken in order to be diffolved ; fuch

as crumb of bread and apples . Theſe ſub-

ftances are not only diffolved within the tubes,

but require a much ſhorter time than beans

and wheat. Several bits of a ripe apple,

weighing eighty-two grains, were put into

fome tubes, and diffolved in the pace of

twenty-four hours in the ftomach of a crow .

Four bits of another apple, weighing an

hundred and three grains, were diffolved in

little more than fifteen hours. Of an hun-

dred and feven grains of crumb of wheaten

bread, there only remained eleven after the

fpace of thirteen hours.

LXV. From vegetable I proceeded to ani-

mal fubftances. The greedinefs which crows

thew for theſe afforded a certain prefage, that

they would be diffolved within the tubes. I

filled eight tubes with beef, and gave them

to four crows, two to each . The flesh was

not minutely bruifed, as in the cafe of galli-

naceous fowls (XLII) , but each tube con-

tained an entire piece. An hour had ſcarce

elapfed when one was thrown up. The flesh,

upon examination, did not appear to be fen-

E 3 fibly
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fibly diminiſhed, but it was thoroughly foak-

ed in the gaſtric liquor. The juice was a

little bitter, and of a yellowish green colour ;

the flesh had acquired the fame tafte and co-

lour in feveral places. In an hour and three

quarters two other tubes were vomited up;

and now the fleſh began to fhew marks of

folution . The red colour was changed to a

dark cineritious hue, and the whole furface

was become flabby, and the coheſion of the

parts was deftroyed. In another tube, dif-

charged after the fpace of two hours and an

half, the folution had made a greater pro-

grefs . A dark covering of jelly furrounded

the flesh, which came away when it was

touched with the fingers ; when applied to

the tongue, it hardly exhibited the flavour of

flesh . The folution had proceeded ftill fur-

ther in four hours. Atthe expiration of that

time two other tubes were thrown up; in

theſe the fleſh did not amount to half the

original quantity. The remainder was fur-

rounded by the fame gelatinous covering,

under which it preferved its natural colour,

fibrous ftructure, and favour. There remain-

ed only two tubes, which were vomited up

feven hours after they had been taken . Both

were empty, the flesh therefore had been

completely diffolved, except a few bits of

jelly that adhered to the infide. I never

could perceive the fmalleft token of putre-

faction either during the progrefs, or at the

completion of the folution. And this ob-

fervation, that I may not be under the necef-

fity of repeating it continually, is to be ex-

tended to all the folutions performed not

only by other crows, but by all the animals

that
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that I fhall have occafion to mention in this

work ; for I can affert with the utmoft con-

fidence, that I have never been fenfible of the

flighteft ftench either in flesh or any other

fubftance which I introduced in tubes or any

other way.

ment.

Nothing could be more fatisfactory than

the information obtained from this experi-

It not only rigorously demonftrates,

that the gaftric liquor of crows is the folvent

of flesh incloſed in tubes without borrowing

the leaft aid from trituration , but it throws

ftill ftronger light upon the mode of opera-

tion of this menftruum in the gallinaceous

clafs . It begins by foftening the texture and

altering the colour ; next fucceeds the de-

compofition of the parts ; this tranfmutes

the flesh into a kind of jelly of a tafte dif-

ferent from that of flesh : the jelly is then

more thoroughly penetrated by the juice and

extracted out of the tubes , and in the fto-

mach is changed into chyle. It appears alfo,

that this fluid does not penetrate deeply into

the flesh, but acts on the furface only, dif-

folving and removing one layer at a time, if

we may fo fpeak, like other corroding men-

ftrua, until it comes to the innermoſt part,

which it alſo ſoftens and melts .

LXVI . We have feen , that the flesh in the

tubes fhewed no fign of ſolution till an hour

and three quarters had elapfed, and that this

procefs was completed at the end of ſeven

hours (LXV) . But are we to conclude, that

this is the meaſure of the time required by

the gaftric liquor for this operation or that

it would have been accompliſhed in a ſhorter

time, if the liquor had had free acceſs to the

fleſh ?E 4
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fleſh for it is certain, that the tubes are no

ſmall impediment to the gaſtric juice . What

then would happen if the impediment was in

part removed ? and what when it is entirely

taken away, by putting the flesh looſe into the

ftomach ? In order to folve the firft of theſe

interefting questions, I enlarged the perfora-

tions in the fides of the tubes as much as

poffible (VII) , then filled them with beef,

as before (LXV) , and introduced them into

the ftomachs of feveral crows . I now per-

ceived with pleaſure the ſuperior efficacy of

the gaſtric liquor. In an hour and an half

three of the tubes werethrown up, and above

a fourth of the flesh appeared to be wafted .

Two other tubes were diſcharged in leſs than

two hours, and contained little more than

half of their original quantity. And before

the completion of the fourth hour, the re-

maining tubes were entirely empty.

LXVII. Before I proceeded to the other

queftion, I thought of inverting the forego-

ing experiment (LXVI) , and instead of al-

lowing freer acceſs to the gaſtric juice, of

impeding it more and more, and at laft hin-

dering it almoſt entirely. I began with em-

ploying the ufual tubes wrapped in cloth ;

this, although it was thin, was fufficient to

prevent the folution of the flesh, which now

did not begin to take place till three hours

after the tubes were introduced into the fto-

mach, and was not completed till ten had

elapfed .

The linen in which the tubes had been

wrapped was fingle, I now doubled it in or-

der to hinder the ingrefs of the liquor more

effectually, and repeated the experiment in

the
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the fame manner. The fleſh afforded no token

of folution for four hours, and was not en-

tirely diffolved for a whole day.

Uponwrapping round another fold thefolu-

tion did not begin till nine hours had elapfed,

and at the end of a day the flesh was fcarce

half confumed. In other refpects the gaſtric

juice had acted upon the flesh just as it does

in open tubes, excepting only the flowneſs

of its operation. It was become externally

gelatinous, and incoherent in its parts. It

was tinged yellow in feveral places ; the tafte

and ſmell at the furface were not different

from thofe of the gaftric liquor.

I concluded thefe experiments, by trying

what would be the effect of putting fleſh

into tubes with only three or four holes.

After they had continued nine hours in the

ftomach, the refult was as follows : fmall ex-

cavations of greater or leſs depth were made

in the parts oppofite to the pores, and from

thefe excavations fmall furrows wandered ir-

regularly along the furface of the flesh. The

fleshy fibres both in the cavities and furrows

werebecome exceedingly tender, they had be-

fides lofttheir red colour, and were turned yel-

low. The reſt of the flesh was unaltered.

From what has been faid before, the origin of

the cavities and furrows evidently appears to

have been derived from the gastric juice,

which by infinuating itſelf through the little

perforations, had there diffolved and deſtroyed

the flesh ; the reft remained entire, becauſe

none of the juice could enter, if we except

a very flender ftream, which had produced

the furrows.

LXVIII.
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LXVIII. Let us now proceed to the fe-

cond question, by which we are led to exa-

mine howmuch more readily flesh lying looſe

in the ftomach is digefted than when it is en-

clofed in tubes . Taking fome of the fame

kind of flesh that had been ufed before, viz .

beef, I parted it into two equal portions, one

of which was again divided into ſmaller bits

before it was put into the tubes, while the

other was left entire. Each portion weighed

eleven pennyweights. I next gave the tubes,

which were eight in number, to a crow, and

to another bird of the fame fpecies, equally

healthy and robuft, I gave at the fame time

the whole portion of flesh, to which I had

previously faftened a thread .
This thread,

hanging out of the bird's mouth, and being

wrapped round the neck, I could draw up

and examine the flesh at pleaſure. And that

every circumſtance might be alike, I had

taken care that the two crows fhould have

their ftomachs empty. In thirty-fix minutes

one of the tubes was vomited, and at the

fame inftant I drew up the flesh from the fto-

mach of the other crow. The latter was

throughly imbibed with gaftric juice, efpe-

cially the part that refted upon the bottom of

the ftomach. It had loft its rednefs, and was

now of a dirty colour; it weighed forty-two

grains lefs than at firft ; on the contrary, the

fleſh encloſed in the tube retained its original

weight.

The tube and the flesh tied to the ftring,

were replaced in their reſpective fituati-

ons ; and in order that both might remain

the fame length of time in the ftomach,

I took care to return the tubes as they

were
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were thrown up. The flesh was entirely dif-

folved in three hours, when I immediately

killed the crow that had the tubes. Upon

collecting and weighing all the flesh that re-

mained in them, I found it to amount to

about feven pennyweights. Hence in three

hours and nine minutes it had loft four penny-

weights.

On the other hand, the flesh tied to the

ftring was reduced to half a pennyweight,

which confifted of a packet of membranous

or cellular fibres, the fleshy part having been

entirely diffolved. This experiment clearly

fhews, that fleſh left loofe in the ftomach is

more fpeedily digefted than when it is en-

clofed in tubes. And theory perfectly agrees

with fact ; for fince folution is the effect of

the gaftric fluid, it is evident that the food,

when looſe in the ftomach, is attacked by a

larger quantity than when defended by the

tubes .

LXIX. Young crows, as well as all other

young birds, eat more than the adult ; hence

I fufpected their digeftion to be quicker.

Having a neft of the grey fpecies brought me

in June, I made, among others, the experi-

ment related in the laft paragraph. The re-

fult was very fatisfactory. A quarter of an

ounce of beef, faftened as before, to a thread,

had fcarce touched the ftomach, when the

folution began, and in forty-three minutes

was completed ; but an equal quantity diftri-

buted in feveral tubes, required four hours

and a halfto be diffolved . Upon opening the

ftomachs of the two young birds, I imme-

diately perceived the caufe of this rapid fo-

lution ; they contained half a ſpoonful of

gaftric
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gaftric fluid ; a quantity feldom met with in

the ftomach of adult crows. As the neft-

lings require more food, Nature has furnish-

ed them with the means of an eafier and more

fpeedy digeftion.

It is fcarce neceffary to remark, that the ex-

periments related in the LVth and following

paragraphs, clearly evince this important

truth, that the digeftion of food is propor-

tional to the quantity of gaftric juice acting

upon it. When this liquor comes in contact

only with a few points, the decompofition is

very flow and inconfiderable (LXVII) ; when

freer accefs is allowed, the folution takes

place more fpeedily, and is more confiderable,

(LXV, LXVI) ; it is very rapid, when every

obftacle is removed, and the food is on all

fides expofed to the action of the folvent

liquor, (LXVIII , LXIX) .

LXX. It is a queftion of ancient date, and

ftill agitated by modern phyfiologifts, whe-

ther certain carnivorous animals are capable of

digefting bone. Among the various points,

which I propofed to difcufs in the prefent

work, I conceived that this well deferved the

reflection and attention ofthe philoſopher ; I

fhall therefore both here, and in another part

of my work, relate what I have obſerved on

the fubject. Ifwe look at a crow and a bird

ofprey devouring an animal, we ſhall be dif-

pofed to think that the latter has the power

of diffolving bone, but not the former.

When, for inftance, a hawk takes a pigeon,

it firft ftrips the back, and devours the muf-

cular part ofthe breaft ; then proceeds tothe

entrails ; and, laftly, ſwallows the ribs, ver-

tebræ and head, not even fparing the feet and

wings,
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wings, if it fhould happen to be very hun-

gry. Whenthe fame bird is given to a crow,

it fets about ſtripping offthe flesh ; but when

it has picked this clean, it leaves the fkele-

ton . This rejection of the bones, is how-

ever very far from being an indubitableproof,

in the estimation of the philofopher, that

they are incapable of digefting them. At

In

moft it inclines us to believe it probable ;

but fuch probability requires to be confirmed

by facts and being engaged in enquiries of

this nature, I could conveniently fubmit it

to the teft of experiment. As I happened to

be provided with fome phalanges of the hu-

man toes, I encloſed two in one ofthe ufual

tubes, which remained thirteen hours in the

ftomach. Theyweighed fifteen pennyweights

at firft ; nor was this weight at all diminish-

ed, or the bones in the leaſt ſoftened.

doubt whether the too great thickneſs of

thefe, bones might not have prevented the

gaftric juice from acting upon them, I had

recourfe to fmaller ones. Happening one

day to find one ofmy crows dead in the apart-

ment where I kept them, and the reſt affem-

bled round the carcafe in crouds, and de-

vouring it eagerly, I took one of the tibiæ,

broke it in two, and encloſed it in a tube.

The tube continued a whole day in the fto-

mach of another crow, but the bone was

neither foftened, or diminished in weight.

The fame thing was alfo obfervable, after the

bone had been left loofe in the ftomach for

fourteen hours longer.

LXXI. The greedinefs with which the

crows devoured their companion, induces me

to digrefs, for the fake of noticing a miſtake

of
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of the celebrated Dr. Cheyne. He pretends,

that crows cannot digeft the flesh of their

own fpecies ; and that when they happen to

fwallow it, they vomit it up again. Ipfa

Cornix (fays Haller, on the authority of

Cheyne) cornicis canem ingeftam non poteft

coquere & deglutitam vomitu rejicit (a) .”

But the truth is, that the flesh which my

crows devoured agreed very well with them,

nor did they throw any of it up again. Fur-

ther, in order to determine certainly whether

the above-mentioned writer had fallen intoan

error or not, I killed and plucked another

crow, and threw it into the chamber where

its companions were kept, when they imme-

diately leaped upon it, and devoured it with

the fame avidity as they had done the other,

without afterwards vomiting the leaſt parti-

cle of it. Upon killing and opening, three

hours afterwards , one which appeared to have

loaded its ftomach more than any of the reft,

I found the fleſh partly diffolved , and in the

form of a femifluid pulp, and partly in the

procefs of folution, the very ſtate in which

I had ſeen other fleſh.

LXXII. But let us return to the bones.

It appears that, whether large or fmall, they

are alike infoluble in the gaftric juices of

crows (LXX) . But is this true likewife with

refpect to thoſe of a ſoft ſtructure, and which

approach to the nature of a cartilage ? This

was preciſely what I wiſhed to know ; and in

order to determine it, I made ufe of another

tibia, taken from an unfledged crow, and

which therefore had not acquired its natural

rigidity, though it was fo hard as to break,

when I tried to bend it : and now the gaftric

(a) Phifiol. T. 6.

liquor
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liquor was not inactive. Of fifteen grains,

which it weighed at firft, it had loft five,

when it had continued fix hours in the fto-

mach encloſed in a tube. It was become fo

foft, that it was capable of being bent into

the ſhape of an arch. It continued to wafte

and become fofter ; and when it had remain-

ed twenty-feven hours in the ftomach, it was

fo much reduced as to reſemble a thin tube

paper. It was not at all gelatinous ; and

when it was preffed between the fore-finger

and thumb, it fhewed fome elafticity, by re-

covering its former fhape when the preffure

was removed. It was not fcabrous either in-

ternally or externally, but had rather acquir-

ed a greater degree of fmoothnefs during its

folution . In five hours longer concoction it

loft the shape of a tube, and was totally re-

duced to pieces .

of

LXXIII. I tried other tender bones be-

longing to larger animals ; and more or less

of them was diffolved , but with difficulty,

and after a very long interval . The folution

was moreſpeedy in young crows, probably on

account of the greater abundance of their

gaftric juices (LXIX) .

With respect then tothe queftion concern-

ing bones, we muſt conclude that they are

indigeftibleby crows, except only fuch as, on

account of their ſoftneſs , are rather to be con-

fidered as cartilage than bone.

LXXIV. In the preceding, as well as the

prefent differtation, I have always fpoken of

the ftomach as the place deftined for the con-

coction offood. And in truth, whether we

confult antient or modern phyfiologifts, or

confider my experiments, it will appear fo

clearly
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clearly proved, that it would be abfurd to en-

tertain a doubt ofit. But it may be proper to

enquire whether this operation belongs ex-

clufively to the ftomach in the birds in quef-

tion, or is partly carried on in the cefopha-

gus. The foundation of this enquiry refts

upon the manifeft decompofition, which has

been obferved in that part of the food that

is found in the cefophagus of fome animals,

as among others in the fea-crow and the

pike (a). In order therefore to afcertain this

point, I was led to make a few experiments,

which I will relate after I have given a fhort

deſcription of the cefophagus and ſtomach in

crows, and of the fources of the reſpective

liquors in theſe two cavities.

LXXV. The cefophagus is membranous,

and has no craw. When dilated it is cylin-

drical, if we except a flight contraction in

the middle. To the naked eye it would

feem deftitute of follicular glands , which

however become confpicuous when it is view-

ed with a glafs. They are in fuch abundance,

that there is not a fingle point of this canal

without numbers of them. The excretory

ducts are scarce difcernible, though they emit

the liquor of the follicles in great plenty.

To fee this, it is fufficient to pass the pulpy

part of the finger over them. The liquor is

of a vifcid nature, of a cineritious white co-

lour, and ſomewhat ſweetiſh to the taſte.

The inferiorpart ofthe cefophagus , has the

fame kind of fleſhy faſcia that has been no-

ticed in birds with muſcular ſtomachs . This

(a) Helvetius Mem. de l'Acad. 1719. Plot Nat,

Hift. of Staffordshire.

fafcia
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fafcia in crows is fcarce an inch long ; and

in them too, as well as in the clafs of birds

juft mentioned, is a tiffue of large follicular

glands very evident to the naked eye, of a

roundish figure, and full of a fweet fluid, lefs

vifcid than that in the fmall follicles in the

membranous part of the cefophagus, but

more denfe, and of a lighter cineritious hue.

LXXVI. In the gallinaceous tribe we have

fpoken of three coats, the cartilaginous ,

nervous, and mufcular (XLVIII, XLIX) ,

whichprincipallycompofetheftomach . Thefe

three coats are likewife found in birds with

an intermediate ftomach. When the carti-

laginous is feparated from the nervous coat,

and the latter is viewed with the naked eye,

it is feen to contain a multitude of whitish

little bodies inchafed in it, which have the

appearance of points ; but when examined by

the microfcope, change their appearance to

that of follicular glands, much ſmaller than

thofe in the fleshy fafcia (LXXV) ; theſe fol-

licles are full of a vifcid liquor, which they

diſcharge at the extremity turned towards

the ftomach, when they are preffed by the

finger, or any other body. The diſcovery of

thefe glands in the nervous coat having af-

forded me room for imagining, that they

might empty their contents into the ftomach,

I examined the cartilaginous coat with great

attention, in order to try if I could find any

minute pores for the tranfmiffion of the li-

quor into the cavity of that vifcus ; but I

acknowledge ingenuously, that I could not

difcover any. This however by no means

proves their non-existence ; for they may be

fo fmall as to evade the fight, even when

: .VOL. I. F aided
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aided by the microfcope . And I cannot but

believe, that theſe follicles, of which the ex-

cretory ducts are turned towards the ftomach,

are deftined by nature for pouring their con-

tents into that organ.

LXXVII . I now proceed to enquire whe-

ther, exclufively of the ftomach, digeftion is

at all performed in the cefophagus of crows.

In order to determine this, I firmly fixed to

an iron wire two equal pieces of veal, one of

them to the end of the wire, and the other

two inches above. I then forced it down the

throat of an hungry unfledged crow ; the

piece faftened to the end lay in the ftomach,

while the other occupied the efophagus.

To prevent them being thrown up, a ftring,

faftened to the upper end of the wire, came

out at the mouth, and was tied round the

beak. Thus I was enabled to draw up the

fleſh at pleaſure, and examine how much it

was diffolved. In an hour the piece that lay

in the ftomach was quite confumed, except

a little cellular fubftance; but the other piece.

was entire . It was again introduced into

the œfophagus, and re-examined an hour af-

terwards ; but now the cefophageal liquor

had begun to act upon the flesh : its weight

at firft was fix pennyweights, but now only

five and an half. It was kept upon the whole

fix hours in the cefophagus, and loft nearly

two pennyweights. Thefe experiments will

not permit me to refufe the oefophagus all

power of digeftion, an effect undoubtedly pro-

duced by the fluid of the follicles (LXXV) ;

but it is inconfiderable when compared with

that ofthe ftomach, fince this vifcus diffolv-

ed fix pennyweights of flesh in an hour,

I while
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while the cefophagus diffolved but two in

fix hours.

LXXVIII . The experiments I afterwards

made on young crows were ftill more deci-

five. The fame wire was employed, and two

bits of flesh were faftened to it juft in the

fame manner, the one occupying the fto-

'mach, the other the cefophagus . The for-

mer piece was generally quite diffolved before

the folution of the other began, though in

time this alfo was very fenfibly wafted . This

diminution upon one occafion amounted to

five pennyweights in the ſpace of thirteen

hours.

LXXIX. Laftly, in order to determinewhe-

ther it was part only of the cefophagus or the

whole of that canal in crows which poffeffes

the power of folution, I formed a cylinder of

fleſh half an inch thick, and of the length of

the fophagus and ftomach taken together.

I faftened this cylinder longitudinally to the

wire employed before, and forced it down the

throat of a crow, fo that one end touched

the bottom of the ftomach, and the other

reached almoft to the mouth. In a quarter

of an hour the whole circumference of the

cylinder was imbibed with a fluid, but at the

lower end only, which refted upon the bot-

tom of the ftomach ; the fleſh had begun to

be diffolved ; here it was become whitish.

In about an hour for near an inch, i . e. for

the whole length of the ftomach, fcarce any

of the cylinder was left ; and what little re-

mained was gelatinous and had loft its cohe-

fion, while the portion that lay in the fo-

phagus appeared to be unchanged ; but it did

not continue fo; a fort of erofion began to

F 2 take
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take place along the cylinder, which went

on, but with extreme flownefs. And as this

erofion extended along the whole length of

the cylinder, I had reaſon to believe the whole

length of the canal capable of concocting the

food in a ſmall degree, whenever it happened

to be lodged there for feveral hours. But

ſuch an event never happens when crows take

their food at pleafure, fince the pieces never

exceed the length of the ftomach. In this

refpect they differ from fome other animals,

in which the food, after they have fwallow-

ed it, reaches into the cefophagus .

LXXX. Upon confidering the great quan-

tity of fluid continually dropping into the

craw of gallinaceous fowls (LII) , it appeared

highly probable, that the concoction of the

food is not a little promoted by the delay it

makes there before it falls into the ftomach.

But the fact is juft the reverſe. The aliment

is indeed foftened and macerated (LII) , but

I could never perceive that it was at all dif-

folved at leaft, I could never fee any trace

of it on feveral vegetable matters, which had

been long retained in the craw. In a ſpace

more or lefs thort they become foft, and are

imbibed with a fluid ; but I have not been

able to perceive, that they were in the

leaft diffolved . We must therefore conclude,

that the cefophageal liquor in gallinaceous

fowls is different from that of crows.

LXXXI . But why is the food fo foon di-

gefted in the ftomach, and fo flowly in the

fophagus ? Is it becauſe the gaſtric fluid is

more efficacious, or in greater quantity, than

the oefophageal ? What are the properties and

characteristic marks of thefe two liquors ?

May
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May we hope that experiments out of the

body will be as inftructive as thofe made in

it ? To enable myfelf to procure a large quan-

tity of theſe fluids at pleaſure, was the first

ftep towards the folution of thefe problems.

And as fuch a quantity could not be easily

got by killing the birds, it became neceflary

to invent a contrivance for obtaining it from

them alive. To put bits of dry fpunge into

the tubes, and leave them fome time in the

fophagus and ftomach, appeared to be the

beft means of attaining this end ; for they

muft neceffarily be faturated with the liquor

of theſe cavities, and when vomited or drawn

up, will ſupply the experimenter with a con-

fiderable quantity, provided he has uſed many

tubes. Three tubes were introduced into the

ftomach of a crow, and four hours afterwards

vomited up ; the three little fpunges, when

they were taken out and preffed between the

fingers, afforded thirty-feven grains of gaſtric

liquor, which was frothy, of a turbid yellow

colour, had an intermediate taſte between bit-

ter and falt, and being ſet to ſtand in a watch-

glafs , depofited in a few hours a copious fe-

diment, As the fediment appeared to arife

from the food that was diffolved by the gaftric

juice (for the bird had taken food a little be-

fore it fwallowed the tubes) I repeated the

experiment upon another crow, of which the

ftomach was empty, and continued fo till the

tubes were thrown up. This precaution I

ever afterwards obferved, at the fame time

taking care, that the faft did not laft too long,

left it fhould induce a morbid ftate in the

animal. I was likewife careful to cleanſe the

fpunges from every impurity, by repeated

waſhings
F 3
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wafhings and dryings, before I made ufe of

them again. Upon repeating, with theſe pre-

cautions, the foregoing experiment with the

three tubes, I obtained thirty-three grains of

gaftric juice in a ſtate of purity. It differed

from the former in being of a tranſparent yel-

low colour, and in depofiting very little fedi-

ment ; it had the fame bitter and falt tafte .

It appeared to have very little volatility, as

it was kept feveral days in a watch-glafs

without fuffering almost any diminution .

When thrown upon burning coals, it extin-

guiſhed them inftead of taking fire ; and when

brought near a candle, it did not rife in flame.

Further, paper foaked in it and thrown upon

the fire, did not burn till the gafric fluid was

evaporated. It had not more volatility or in-

flammability when juft taken from the fto-

mach and ſtill warm.

LXXXII. The quantity, which was not

inconfiderable, obtained from three fpunges,

gave me hopes of collecting enough for che-

micalexperiments at large, and forattempting

artificial digeftion . Every crowwas capable,

as I found upon trial, of taking eight inſtead

of three tubes ; and as they would be thrown

up in a few hours, I could repeat the experi-

ment feveral times a day. Therefore to five

crows, of which I then happened to be in

poffeffion, I gave forty tubes furniſhed with

little fpunges, i . e. eight to each. In three

hours and a half all the tubes were returned

by the mouth, and the quantity of gaftric

fluid expreffed from them amounted to four

hundred and eighty-one grains. Many days

did not elapfe before I had collected thir-

teen ounces of liquor. I employed it for

the
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the purpoſes for which I had defigned it,

and which ſhall be mentioned in their proper

place,

LXXXIII, While I was engaged in theſe

experiments, I obferved feveral remarkable

things. The firft was, that the gastric juice

flowed in great abundance into the cavity of

the ftomach ; it fometimes happened, that one

of the fpunges was brought up in a quarter

of an hour after it had been fwallowed, and

in this ſhort ſpace it was confiderably loaded,

and in an hour as much as it could be. Se-

condly, whena confiderable quantity of fluid

has been obtained, another, and even a third

may be got immediately. Sometimes when

a crow has vomited up the eight tubes, I put

fresh fpunges into them and returned them

without delay; and this I repeated a third

time and found, that the quantity procured

the laſt time was as great as the fecond, and

even the firſt, Thirdly, the fluid had always

the qualities above-mentioned (LXXXI) , if

we except a difference of colour . It is com-

monly of a pale orange, but fometimes of a

cineritious yellow.

LXXXIV. I took the fame method to

procure the cefophageal liquor, with the va-

riation only of a fingle circumftance , The

tubes were now faſtened to threads , which

were brought out at the mouth, and tied

round the beak to prevent its being opened.

Thus the tubes were fixed in the cefopha-

gus, without the leaft danger of their get-

ting into the ftomach, or being thrown up,

Befides, I could draw themup at pleaſure . I

introduced four tubes at once into the fo-

phagus
F 4
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phagus of a crow, and extracted them in

three hours. I learned from this firft trial,

the fcantinefs of the cefophageal compared

with the gaſtric fluid . The four fpunges

fupplied me with eleven grains only. Doubt-

ing whether this might not bemere accident,

I repeated the experiment feveral times, and

allowed the tubes to remain longer in the

cefophagus, but the fpunges were very far

from being fo thoroughly faturated with fluid

as in the ftomach ; fo that direct experiment

proves the great abundance of the gaftric, in

compariſon with the cfphageal liquor. If

the ftomach and cefophagus of a 'crow be

laid open longitudinally, the latter will be

found to be moiftened with its proper fluid

only, while the former generally affords re-

ception to part of it likewiſe . Theory too,

in the prefent cafe, agrees with fact . The

natural pofture of crows, and indeed of moſt

other birds, is fuch, that the liquor which

oozes out from the internal furface of the

œfophagus, cannot but defcend to the lower

parts from the law of gravity, and thence

into the ftomach. This organ muft there-

fore be the receptacle of the oefophageal

fluid; but it is more than probable, that it

has a peculiar fluid alfo (LXXVI) : befides,

we are certain, that the bile is mixed in con-

fiderable quantity with the gaftric juices. I

have very frequently found the bottom ofthe

ftomach in crows full of it, and this is the

reafon why this juice is always bitter and

yellow . Further, upon opening the duode-

num longitudinally, I have perceived the

yellowish green veftiges of the bile, which

is
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is difcharged into that inteftine at the dif-

tance of at leaſt three inches from the pylo-

rus through the cystic duct, which evidently

arifes from the gall-bladder. The conjunc-

tion ofall theſe liquors, muft produce a quan-

tity of fluid far larger than that which de-

rives its fource from the cefophagus alone.

And I doubt not but this is the reafon, why

the food is digefted more ſpeedily and per-

fectly in the ftomach than the cefophagus

(LXXVII, LXXVIII) . Though I ſhould

alfo fuppofe, that this is in part owing to the

greater energy of the gaftric liquor from the

admixture of the bile, which never rifes into

the fophagus, as it appears from the juice

of that canal never being at all yellow or bit-

ter, but nearly infipid and colourlefs.

LXXXV. It remains now for me to fpeak

offome attempts to produce artificial digeftion

with the gastric juices, referving for ano-

ther opportunity the recital of the chemical

experiments made upon that fluid, obtained

both from crows and other animals, with the

view of acquiring as complete a knowledge

as poffible of its nature and properties. The

greater abundance I was able to procurefrom

crows, by means of vomiting, gave me the

advantage of inftituting a greater number of

trials, than with that of gallinaceous fowls

(LVI, LVII) , from which the gaſtric li-

quor could not eafily be procured without

killing them . I first wifhed to examine the

effect of the gaftric juices of crows upon

fleſh, in the open air. It was January, and

Reaumur's thermometer placed near the vef-

fel uſed forthe experiment, ſtood at the fourth

and
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and fifth degree (a) . For greater certainty

in thefe experiments, I eſtabliſhed a term of

comparifon, by employing fimilar veffels con-

taining the fame flesh infufed in water.

alfo took care upon the prefent as well as

other occafions, that the flesh fhould be com-

pletely immerfed in the refpective liquors,

and that the phials fhould be cloſed with

ftopples. For feven days the fleſh kept in

the gaftric juice, and in water continued the

fame. On the eighth I perceived a flight

folution, for upon agitating both liquors ,

feveralparticles feparated from the larger mafs,

and fell down to the bottom of the phials.

No further progrefs was afterwards made,

and the gaſtric fluid did not feem at all more

efficacious than common water; onlythe fleſh

immerfed in the former was preferved from

putrefaction , but not in the latter,

LXXXVI. In this experiment I had ufed

beef; I verified the fame obfervation upon

the more tender flesh of calves , chickens ,

and pigeons, notwithſtanding the heat of the

atmoſphere had now raiſed the thermometer

to ſeven degrees (b) . While I was making

thefe experiments in the natural temperature

of the air, I was employed about others of a

like nature in a warmer medium, viz . in a

ſtove, in which the heat varied between (c)

22° and temperate, And now the effects pro-

(a) Wherever the thermometer is mentioned in this

work, the fame, viz. Reaumur's is to be underſtood.

N. B. The fourth and fifth degrees of Reaumur's ther-

mometer anſwer to about forty-two and forty- three and

one-fourth of Fahrenheit's.

(b) Forty-eight and three-fourths of Fahrenheit's.

(c) Seventy-nine and a half of Fahrenheit's.

duced
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duced by the gaftric fluid , differed from thoſe

produced by water. In the latter the flesh

began to be alittle diffolved in two days ; this

was an effect of incipient putrefaction, as ap-

peared plainlyfrom afœtid fmell which began

to be exhaled. The fmell continued to increaſe

during the following days, and in a week

became intolerable, and the flesh was reduced

to a naufeous pulp . In the gaftric juice the

folution was more rapid, and exhibited dif-

ferent phænomena ; twenty-five hours were

fufficient to decompofe the fleſh contained in

it, and in a little more than two days there re-

mained only a very ſmall morfel entire. Theſe

folutions never emitted any bad fmell ; whence

it is evident, that they did not arife from in-

cipient putrefaction , like thofe in water, but

from a more efficacious and a different men-

ftruum, viz. the gaſtric liquor.

LXXXVII . Being now engaged by diffe-

rent occupations, I was obliged to interrupt

thefe experiments, and could not refume

them till the June following; and then tak-

ing advantage of the feafon, I expofed to the

fun two phials filled to a certain height with

gaftric juice from crows, in one of which

were immerſed ſeveral pieces of beef, and in

the other crumb of wheaten bread . Nine

hoursoffunfhinemuchforwarded theartificial

digeftion, which was the object of enquiry.

A good part of the flesh was reduced to a

kind of glue, that when it was handled ad-

hered to the fingers ; nothing like fleſh re-

mained in any of the pieces, but the nucleus,

which was ftill confiftent and fibrous, and

theſe two qualities it loft the next day ; after

having been expofed fix hours to the fun the

nuclei,
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nuclei, like the outfide, no longer retaining a

fibrous ftructure. The heat in the fun, as

well on the firft as the fecond day, was between

forty and forty-five (a). The gaſtric liquor

produced upon the bread a change analogous

to thatwhich the flesh had undergone. It not

only loft its white colour and was turned grey,

but had become viscous, and no longer pre-

fented to the eye the appearance, though it

retained fomewhat of the tafte of bread. Of

bread as well as fleſh immerfed in water and

expofed to the fun for the fame time, there

was a perceptible diminution ; but it was

very fuperficial and inconfiderable when com-

pared with that produced bythe gaſtric fluid .

The bread turned four, and the fleſh became

putrid, circumftances that did not at all ap-

pear in the other phials .

LXXXVIII. Thus a tolerably complete

concoction was obtained in the heat of the

fun; but it was reaſonable to ſuppoſe, that it

would be ſtill more perfect in the tempera-

ture of the ftomach. In the preceding dif-

fertation I have obferved, that by way of

fubftitute for the natural heat of the animal

that furniſhed gaſtric liquor for the experi-

ment, I fixed the tubes under my axilla (LVI,

LVII) ; fuch an expedient was neceffary,

fince glafs is incapable of refifting the violent

impulfes of the gizzard . But there was now

no longer the fame danger, and the experi-

ment might be made in the following man-

ner. Several glafs tubes fix lines long and

three in diameter, were hermetically fealed at

(a ) An hundred twenty-two, and an hundred thirty-

three and one-fourth of Fahrenheit's thermometer.

one
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one end, and at the other bits of flesh were

introduced, and then the tube was filled with

gaftric fluid. It was then very carefully ſtop-

ped with fealing-wax, and the tubes were

forced into the ftomachs of feveral crows .

Should digeftion now take place it might

be properly called artificial, fince it muſt

have been effected in clofe tubes, to which

the juices of the ftomach could have no ac-

cefs. But I foon found that the wax became

foft in the animal heat, and confequently did

not keep the tubes cloſely ftopt, as I wiſhed.

There was however no difficulty in fubfti-

tuting a firmer cement, which would not be

either melted or foftened ; and with fuch a

cement I repeated the experiment juſt men-

tioned, and others of a like nature, which I

will defcribe hereafter. I prepared two tubes

in this manner; they were given to a crow,

and returned by vomiting in an hour and an

half. I will not conceal my amazement at

finding, that the pieces of flesh encloſed in

the tubes were not in the leaft changed, un-

lefs it was in having acquired a blueish red

colour. My amazement was ftill more in-

creafed upon obferving, that they had under-

gone no further alteration after remaining

four hours longer in the ftomach of the fame

crow, encloſed as before in two fealed tubes .

Thefe bits of fleſh weighed in all twenty-

eight grains ; fo inconfiderable a quantity

would have been diffolved in a few minutes,

if it had been loofe in the ftomach, and in a

very few hours, if it had been encloſed in

tubes open at the ends .

LXXXIX . Did this unexpected failure

arife from the communication between the

external
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exernal air and that within the tubes being

cut off, or from a deficiency of gaſtric fluid,

or elfe for want of the action of the ftomach

upon the flesh ? I confidered maturely theſe

conjectural explanations, but they appeared

altogether infufficient . With respect to the

laft , it is repugnant to all thofe facts which

prove the folution of aliment within tubes,

open indeed at the ends, and perforated along

the fides, but which effectually prevent the

mechanical action of the ftomach upon their

contents. That the gaſtric fluid was in too

finall quantity for the folution of the fleſh, is

a fufpicion unworthy of attention ; for the

pieces were always covered by it, fo that the

quantity of fluid muſt have been greater than

that of folid. Laftly, the communication

between the external air and that within the

tubes being intercepted, cannot in all like-

likood be the reafon why folution did not

take place. In order to determine this cer-

tainly, I made the following curious experi-

ment. Having prepared feveral glafs tubes

of the length of fix inches, I fealed them

hermetically at one end, by means of a re-

verberated flame, and the oppofite extremi-

ties were drawn out fo as to form elongated

cones. Through the open end of theſe cones

I poured a quantity of gaftric fluid, together

with a few fmall pieces of flesh, which filled

two thirds of the wider part of the cone.

I then introduced the cones by their bafis

into the ftomachs of fome crows, allotting

one to each bird ; and when they refted upon

the bottom ofthe ftomach, their apexes came

out at the mouth . To prevent their being

thrown up, I uſed the precautions mentioned

in
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in another place (LXXVI) . Theſe conical

tubes muſt no doubt have been very incom-

modious to the animals, but they were ex-

ceedingly well adapted to the end I had in

view, fince a free paffage was allowed for the

external air into them. However, notwith-

ftanding this, the fleſh remained ſeveral hours

immerfed in the gaftric fluid, without ſhew-

ing any fign of decompofition .

XC. It is proper to apprize the reader, that

when the fealed tubes, or the cones, were

kept long in the ftomach, as, for inftance,

ten or twelve hours, the flesh was generally

reduced to a dark-coloured gelatinous pulp.

But this did not remove my furprize at fee-

ing fo flow a folution in thoſe clofe receivers,

in compariſon with the rapidity of the pro-

cefs in the ftomach. The gaftric juice was

quite freſh, it was in fufficient plenty, and

the flesh put in the tubes and cones was ex-

pofed to the fame degree of heat when it is

in immediate contact with the fides of the

ftomach .

If crows are killed during the proceſs of

digeftion, the bottom of the ftomach gene-

rally abounds in gaſtric juice, which when

comparedwiththatexpreffedfromthefpunges,

appears to differ a little, being more denfe

and bitter, and of a yellow inclining to azure.

The juice which is mixed with the food,

and occupies the upper parts of the ftomach,

approaches more to the nature of that with

which the fpunges are imbibed . Having

learned from experiment, that digeftion pro-

ceeds moft rapidly at the bottom of the fto-

mach, on account probably of the gaſtric

juice being more active and efficacious there

from
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from its immediate mixture with the bile,

which gives it the yellowish azure hue and a

bitterer tafte, I preferred this juice to that

from the fpunges, and repeated with it the

experiments with the fealed and conical

tubes mentioned in the LXXXVIIIth and

LXXXIXth paragraphs . But the event did

not answer my expectation, no folution of

the flesh taking place till feveral hours had

elapfed .

XCI. Upon comparing the laboratory def-

tined by nature for the procefs of digeſtion ,

and thefe receivers prepared by art to accom-

plish the fame end, I could difcover but two

differences ; the flesh in the veffels undergoes

the action of a fluid which is never renewed;

while, on the contrary, in the natural labo-

ratory it is continually fubjected to the action

of fresh juices, inceffantly fupplied by an

innumerable multitude of follicular glands .

Befides, the gaftric juices being confined

within the cavity of the ftomach, there is

little or no evaporation ; whereas, when ex-

pofed to the air, and confequently cooled,

they cannot but lofe fome of their more

volatile and active particles by evapora-

tion . Does then the flow folution of flesh

in cloſe tubes and in cones, depend upon the

gaftric juice being deprived by theſe two

caufes of part of that energy, on which di-

geftion depends ? I found from experiment,

that the former caufe, at leaft, the want of

renovation had great influence in retarding

the folution. If, instead of perfectly clofing

the tubes, I left a fmall perforation capable

of allowing ingrefs and egrefs to the gaſtric

juice, the folution of the flesh took place

much
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much fooner. The fame thing happened,

when, inftead of leaving the fame juice in

the cones all the while, I was at the pains

of changing it feveral times. But warmth

is another condition abfolutely indifpenfable

for rendering the gaftric fluid of theſe ani-

mals fit for digeftion . When this liquor is

kept in a temperature not more than four or

five degrees above the freezing point, its fol-

ventpower is fo much impaired, that it does

not feem more efficacious than common wa-

ter (LXXXV) . This is alfo obfervable at

feven degrees ( a) (LXXXVI) . In order to ren-

der the effects of the gaftric juice perfectly

fenfible, a ftronger heat is requifite, as from

ten to twenty-two degrees (LXXXVI) . Still

folution proceeds very flowly ; to remedy this

the animal heat is neceffary, viz . about thirty

degrees (b) (XC) . And fo remarkable is the

effect of heat in this particular, that the very

liquor, which, for want of being renewed,

concocts flesh flowly at thirty degrees (XC),

effects this very fpeedily at forty and forty-

five degrees (c) (LXXXVII) .

XCII. Every time I expreffed the juice

from the fponges, I washed them in pure

water, which was tinged yellow by the re-

mains. After having made fo many experi-

ments onthe gaſtric fluid in a ſtate of purity,

I conceived it might not be altogether with-

out its uſe, to make one with the water in

(a) Forty-feven three-fourths of Fahrenheit's thermo-

meter.

(b) Ninety-five one-half of the fame.

(c) One hundred and twenty-two, andonehundred and

thirty-three one-fourth of Fahrenheit's thermometer.

G which
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which the fpunges had been washed ; with

this water I therefore filled a ſmall glafs

phial, which was left expofed to the fun,

with a piece of flefh in it, for three days in

July. The flesh (which was mutton) fhew-

ed fome figns of folution . On the third day,

there appeared upon the bottom of the phial

à quantity of impalpable matter ofa cineri-

tious colour, confifting of particles feparated

from the fleſh immerfed in the liquor. Not-

withſtanding the feafon, as it ufually is in '

July, was very hot, it had acquired little or

no fœtid fmell ; whilft a fimilar piece of

flesh, expofed to the fun inthe fame manner,

but immerfed in water, became intolerably

putrid on the ſecond day.

XCIII. But it is time to quit the fubject

ofdigeſtion in crows, and to proceed to that

of herons, the other fpecies of bird which

I propofed to examine in this differtation .

The herons upon which my obſervations.

were made, and which the nomenclators

denominate cineritious , or grey (a) , muſt cer-

tainly be claffed among birds with interme-

diate ftomachs, fince the fides of this vifcus

have an intermediate thicknefs and folidity

between membranous and mufcularftomachs.

When this organ is dilated, it appears about

two inches wide, and as many long; its form

approaches to that of a cylinder. When

opened lengthwife, and obferved internally,

it prefents the appearance of ruge, of which

fome run in a longitudinal, fome in a tranf-

verfe, and others in an irregular and oblique

direction . The fides of the ftomach are co-

(a) Linn. Syft. Nat. T. 1. Bel. Av.

1

vered
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vered with a kind of gelatinous lining, of

fome confiftence, but eafily removed, and of

a colour between white and yellow. This

lining feems organized ; and I fhould be in-

clined to fuppofe, that it is the innermoft coat

ofthe ftomach. The nervous coat next pre-

fents itſelf; it is of a whitish colour, and

moderate thicknefs, but its texture is ftrong,

and it is not eafily lacerated . When this

coat has been cleaned and dried with a nap-

kin, and then diftended, and compreffed un-

derneath, it will be immediately coveredwith

an effufion of very fmall and fcarce viſible

drops, which enlarging and approaching to-

wards each other, form at laft a thin aqueous

veil. And if this veil be wiped away, and

the nervous coat be again diftended and

ſqueezed, another like the first will appear ;

and in like manner a third, a fourth, &c.

with this difference only, that the quantity,

of humidity is every time diminished . There

can be no doubt of this being a portion ofthe

gaftric fluid, difcharged directly into the ca-

vity of the ftomach. I have employed the

utmost attention in fearching whether this

liquor derives its origin from glands, or any

analogous bodies, but could never diſcoverei-

ther theone or theother; and therefore it muſt

be fuppofed to be fecreted by fmall arteries,

which open into the ftomach, and depofit

their contents there. After the nervous, we

have the mufcular coat, of a red colour, and

fcarce a line in thicknefs. It is compofed by

fleshy ftriæ, partly tranſverſe, partly longitu-

dinal. The former appeared tome to occupy

the furface only, the latter conftitute the

internal ftrata, and are continued to the ter-,

minationG 2
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mination of this coat. There is alſo another

coat, confifting of cellular fubftance, and

this is the laſt of all .

XCIV. The ſtomach always, and especial-

ly when empty, contains more or lefs gaſtric

fluid, of a bitter tafte, turbid yellow colour,

and generally of fome denfity . The bitter-

nefs is owing to the bile, which has this

taſte, but in an intenfer degree ; I have often

found it at the bottom ofthe ftomach, and in

the vicinity of the pylorus. The gall-blad-

der in length exceeds an inch ; its greateſt

diameter is of of five or fix lines ; in fhape it

reſembles a ſmall egg, ofwhich the ſharp end

is inferted into the liver. Notwithſtanding

many careful examinations, I am not certain

ofhaving found the cyftic duct ; I however

fufpect that it perforates the duodenum, at

the diſtance of fix inches from the pylorus ;

this I collect from a line of an azure-yellow

hue, which arifes from the gall -bladder, and

is inferted into that part of the inteftine.

XCV. Above the ftomach we meet with

the fame kind of fleshy fafcia, which I have

noticed in gallinaceous fowls and crows,

(LXVI, XLVII, LXXV) . In the grey he-

ron it exceeds an inch in breadth . This faf-

cia is alfo covered with the fame gelatinous

lining that invefts the ftomach (XCIII) .

Next we find the nervous coat of a finer tex-

ture than that of the ſtomach, of which it

appears to be a continuation . This coat,

when attentively viewed, looks like a fieve,

fo much is it perforated at every part . The

perforations are nothing but the apertures or

mouths of fubjacent follicular glands, occu-

pying almoſt all the infide of the fafcia, and

vifible
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1

vifible through it. If the nervous coat be

any where compreffed, a vifcid, cloudy, and,

as far as I could judge, infipid liquor oozes

out at theſe mouths, and continues to ooze

out ifthe preffure be continued. The folli-

cles that lie beneath, manifeftly ſupply this

fluid in fuch abundance. It would be fuper-

flous to defcribe theſe glandular bodies, fince

they exactly reſemble thofe of crows and

gallinaceous fowls ; whether we confider the

immenfe number of them, or their pofition,

contiguity, fhape, or colour. When we

raife this aggregation of follicles, we come

to the muſcular coat, which is verythin, and

confifts of ſeveral ftrata of long and com-

pact fleshyfafciculi ; next to which lies the laft

or external coat, the thinneft of all, and con-

fifting of cellular fubftance.

XCVI. The fophagus is about twelve

inches in length, and in breadth one and a

half. Its ſhape is nearly cylindrical, but it

becomes narrower near the ftomach. Upon

examining it externally with a microſcope, I

diſcovered that it was quite full of minute bo-

dies, which are, I fuppofe, glandular . When

it has been carefully inverted and inflated,

and the humidity, which always covers it,

has been wiped away, if now we lay hold of

one end, and fqueeze it forcibly, fo that it

fhall be enlarged in the adjacent parts, the

humidity will appear again ; and upon re-

peating the compreffion , it will be ſeen ſeveral

fucceffive times, juft as in the ftomach,

(XCIII) ; with this difference, however, as Í

conceive, that the humidity in the ftomach

derives its fourcefromfmallarteries, and in the

G 3
œfopha-
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cefophagus from minute glands , or fome ana-

Jogous bodies.

XCVII. It was natural to fuppofe that this

apparatus of fluids, which are conftantly

trickling into the cavity of the ſtomach and

cefophagus ofherons, are chiefly defigned for

digeftion . But the fmall number which I

poffeffed, and their almoft never vomiting,

like crows, indigeftible bodies , and confe-

quently tubes, did not permit me to make

fuch a feries of experiments as I could have

wifhed. I have however been able to make

the moft effential , of which one confifted in

enquiring into the manner of digeftion inthe

ftomachs of thefe birds. For this purpoſe I

had recourfe to the tubes, than which I do

not believe thereare any means better adapted

to fuch enquiries. It is well known that the

grey heron feeds on fishes, frogs, water-

fnakes, and feveral forts of aquatic worms and

infects . Thofe in my poffeffion devoured

frogs, and especially fifhes, with great greedi-

nefs ; and I therefore uſed them for my expe-

riments . They fwallow frogs of a moderate

fize whole. A whole frog, incloſed in a tin

tube, was introduced into the ftomach, to-

gether with a fish, of bulk nearly equal, in-

cluded in another tube. In twenty-four

hours,the heron was killed, and the ftomach

opened , though the tubes were very thin,

they had received no damage, ifwe except

two flight contufions upon one of them ; they

were fo light, that it was not difficult to

guefs that they no longer contained the fame

quantity of matter that had been put into

them. The little fish was all diffolved, ex-

cept fome of the ribs, a few bones of the

head,
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head, and a bit of the flesh of the back,

which was fotender, that the parts no longer

cohered. The frog's fhapewas more eafilydif

tinguishable than that of the fish ; the pulp

of the thighs, and even the bone itſelf, was

quite deftroyed ; but the ends of the lower,

as well as the upper limbs remained . The

integuments of the abdomen and thorax were

no longer to be found ; and the ſubjacent

fleſh was become fo foft, that it appeared to

have undergone a flight boiling. The bones

had acquired the foftneſs of cartilage. Theſe

remains ofthe frog and fish were impregnated

with gaſtric fluid, and tafted bitter. The

intelligent reader perceives the immediate

confequences of this experiment. In the

firft place the ftomach of herons acts with

fome force upon the ſubſtances it contains , as

we may collect from the flight contufions

upon one of the tubes. Secondly, digeftion,

which was in an advanced ſtate in the frog,

and quite complete in the fish, is not the ef-

fect of trituration , but of the gaſtric fluid,

which entering in at the open extremity ofthe

tube, or through the lateral holes, penetrated

the two animals, and by virtue of its folvent

power, partly confumed them; but it

made greater havock upon the fish than the

frog, on account of its being tenderer.

Thirdly, the efficacy of the gaftric fluid of

the heron is not limited to the folution of

foft parts, fuch as the fkin, fleſh, &c . but

extends to the hardeſt alſo, viz . the bones.

XCVIII. Of the laft circumſtance I wiſh-

ed to obtain greater certainty, by putting

bones alone into the tubes. We have al-

ready ſeen that crows are incapable of di-

gefting
G 4
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geſting hard bones, and that they digeſt ſuch

as are tender with difficulty (LXX, LXXII,

LXXIII) . It was therefore an object of

great curiofity to difcover what would hap-

pen in herons ; and it was eafy to fatisfy this

curiofity, by inclofing bones of feveral forts

in the tubes ; in one I therefore encloſed only

the tender bones of frogs or fiſhes ; in another

hard bones, viz . the thigh-bone of a turkey

broken into two pieces. The pieces of both

the hard and tender bones were formed into

two bundles, and tied with thread . After

an heron had retained theſe two tubes in its

ſtomach twenty-feven hours, it was killed.

It was with a mixture of furprize and plea-

fure that I faw the tube which contained the

fishes and frog's bones empty, while the

ftring remained entire. The gastric juice

had then perfectly diffolved the bones. But

this was not the cafe with refpect to the con-

tents of the other tube. I fhould have con-

fidered them as untouched, if they had not

appeared ſmoother, whiter, and perhaps thin-

ner than at first. They now weighed only

eleven pennyweights and fix grains , where-

as at firft they had weighed fourteen penny-

weights ; they had therefore loft of their ori-

ginal weight three pennyweights within fix

grains. If this experiment be compared with

that made upon crows, with the fame inten-

tion, it will appear evident, that the gaſtric

juice of the latter is lefs efficacious in dif-

folving bones than that of the heron. And

in truth, their nature requires that they ſhould

digeft every part of the animals upon which

they feed. gave them fome frogs, and

watched
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watched their way of eating them ; when of

a moderate fize they fwallow them whole,

when very large they feparate them into fe-

veral portions, and fwallow them without

parting the flesh from the bones . Since,

then, herons do not enjoy the advantage of

vomiting up fubftances incapable of being

digefted (LXXVII) , and the bones of frogs

and fuch animals cannot eafilybe voided at the

anus, Nature has wifely endowed the fto-

mach with the power of concocting and af-

fimilating bone.

XCIX. It was equally curious and impor-

tant to enquire, whether the cefophagus of

the heron as well as of crows, is capable of

performing digeftion (LXXVII, LXXVIII,

LXXIX) . The great length of the neck , and

confequently of the cefophagus, is extremely

favourable to fuch an enquiry. A flead frog

was forced half way down this canal with

the head downwards, where it was fixed by

a ftring, of which one end was tied round

the hind legs, and the other came out of the

mouth, and was wrapped round the neck.

In this fituation it remained two hours, and

more was effected than I could expect in fo

fhort a ſpace. The animal was indeed entire,

but was become very tender, though the

tenderneſs did not penetrate far below the

furface. This appearance of incipient con-

coction induced me to push the experiment

further, that I might fee how it would 'ter-

minate. The frog was therefore replaced in

its former fituation, where it continued three

hours longer ; I then thought it time to exa-

mine the animal, and drew up thethe pack-

thread, but nothing came up with it except

the



94
DISSERTATION II.

the hind legs and ribs ; the reft remained in

the throat, and an inftant afterwards I per-

ceived the animal tranſmit it into the fto-

mach. I found the legs and thighs half dif-

folved, and being very defirous of knowing

what had happened to the other parts of the

animal, I determined to kill the heron without

delay. Thefrog wasin theſtomach ; the ex-

ternal mufcular flesh was quite deftroyed, and

what remained entire was eafily divifible into

feveral portions, eſpecially at the articulati-

ons. The fame appearance of decompofition

had taken place, as if it had been macerated

in water; but it did not afford the fmalleft

mark of putrefaction.

C. Although experiment thus abundantly

evinced a fenfible concoction in the cefopha-

gus, I had not adverted to one circumſtance,

which however deferved attention, viz . to

fix the precife lofs which the fleſh under-

went in that cavity. I therefore repeated

the experiment with this view, but having

no frogs in my poffeffion, I fubſtituted fome

fleth with which I happened to be provided,

confifting of cow's lungs, to the amount of

half an ounce, forty grains. It was drawn

out of the cefophagus by means of the pack-

thread, after it had remained there thirteen

hours. It had loft feven pennyweights and

two grains.

As the cefophagus of the heron is mem-

branous, it is more than probable, that its

mechanical action did not concur in pro-

ducing this effect ; it however was proper to

prove this by direct experiment, which might

be done by means of the tubes. With them

therefore I repeated the experiment which I

5
had
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had before made, in order to determine, whe-

ther the fophagus of the heron is capable

of digefting food. Solution of the flefh un-

doubtedly took place within the tubes, and I

was convinced, that it did not depend on any

motion of the cefophagus, but on the efficacy

alone of the fluid which is fecreted by it.

CI. Another experiment yet remained to

be made, whence we might deduce not only

the exact diminution of the flesh, but the

proportion between its diminution in the

cefophagus and ftomach ; two globular pieces,

two-thirds of an ounce each, of cow's lights

were introduced, one into the cefophagus, and

the other the ftomach ; each remained feven

hours in its refpective fituation , when the

heron was killed ; the ball from the ftomach

at firft of the fize of a walnut, was now no

larger than a pea, and weighed only twenty-

eight grains. Thatwhich had lain in the œfo-

phagus was indeed reduced in bulk, though

but very little in compariſon with the other;

it had loft three pennyweights eighteen

grains.

Both theſe inftances gave me an opportu-

nity of remarking, that the juices, whether

of the cefophagus or ftomach, did not feem

to act by penetrating deeply into the ſubſtance

of the flesh, but by corroding the furface

the external layer was firft diffolved, and

then thoſe that lay beneath in their order.

And in reality, when I came to waſh the ball

taken from the cefophagus, and wipe away

the external gelatinous ftratum already dif-

folved by the oefophageal fluid, the next ſtra-

tum fhewed the natural fibrous, firm , and

red appearance; and when the ball was cut

into
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into two hemifpheres, the infide ſeemed per-

fectly found, without the fmalleft fign of

having been impregnated or touched by that

corrofive liquor. The fame obfervation is

applicable to the other ball ; for notwith-

ftanding its great diminution, within it was

quite found.

I had now but two herons left, and theſe I

facrificed to the defire of afcertaining ftill

further the exceffively rapid concoction

of the ftomach, compared with that of the

cefophagus. And in fact, I obferved it again

on two frogs and as many fiſhes, of which

the former continued eight hours in the œfo-

phagus and ftomach, and the latter nine

hours.

Thefe experiments incontrovertibly prove,

that the cefophagus of the heron as well as

of the crow, has the privilege of digeſting

any food that may happen to be lodged in it:

this privilege extends likewife to other ani-

mals, as we fhall fee in fome paffages of the

following differtations .

CII. The obſervations related in the pre-

fent and the preceding differtation , prefent

us with various inftances of agreement and

diifagreement in the digeftion of birds with

mufcular and with intermediate ftomachs .

Let us here, for the convenience of the

reader, collect into one point of view theſe

fcattered traits ; they may fix more firmly in

the mind all that we have obferved, whether

curious or interefting, in theſe two claffes of

animals . With refpect to the traits of re-

femblance, they may all be reduced to the

relation between the gaftric fluids . First

then it has been proved, that theſe fluids,

befides
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befides being alike in colour, are always falt

and bitter ; and that the bitter tafte derives

its origin from the bile, which regurgitates

through the pylorus into the cavity of the

ftomach. Secondly, thefe fluids are the im-

mediate agents of digeftion , both in muſcu-

lar and intermediate ftomachs, independently

of trituration . Thirdly, In theſe two or-

ders of birds the fluids act in the fame man-

ner in the folution of the food ; they firft

foften and next convert the furface into jelly,

then produce the fame effect upon the interior

parts, and fo infinuating themſelves gradually

till it is completely diffolved . Fourthly, they

do not entirely lofe their folvent efficacy as

foon as they are taken out of the ftomach,

provided they are heated to a proper degree,

as artificial digeftion proves. Laftly, The

fountains from which thefe fluids fpring are,

in great meaſure, the fame in both claffes,

viz. the follicular glands, with which their

organs abound.

CIII. The differences are in part reducible

to the inferior efficacy of the gaſtric fluid in

muſcular to that of the fame fluid in inter-

mediate ftomachs . Thus the gaſtric fluid in

theformer is incapable of diffolving the fame

aliment, which in the latter it eafily diffolves.

In like manner the food , which each kind of

gaftric juice decompofes and digeſts, is ſooner

fubject to this change from that which be-

longs to intermediate ftomachs . And this is

alfo the reafon, why artificial digeftion fuc-

ceeds much fooner with the firſt than the fe-

cond. The fame inefficacy that the gaſtric

juices of birds with mufcular ftomachs fhew

in decompofing certain aliments of a firm

texture,
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texture, extends alfo to their cefophageal

juices in decompoſing ſoft ſubſtances , not-

withstanding the latter are tolerably well de-

compofed by the cefophageal juice of birds

with intermediate ftomachs. The prodigi-

ous effects of trituration in mufcular fto-

machs, conftitute another very ftriking diffe-

rence between theſe two claffes of birds, the

feeble force of intermediate ftomachs being

fcarce comparable with the enormous power

of the other kind . Such a degree of force

was abfolutely neceffary in thefe, fince the

juices are incapable of decompofing food of

confiderable firmnefs, fuch as feeds, the na-

tural food of birds with gizzards ; and there-

fore an agent capable of breaking, tritura-

ting, and thus pre-difpofing them for digef

tion became neceffary ; and fuch are in reality

the gaſtric mufcles in thefe fowls.

DISSER-
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DISSERTATION III.

CONCERNING DIGESTION

MALS WITH MEMBRANOUS

་

MACHS. FROGS.

AND WATER

NEWTS.

-
SNAKES.

IN ANI-

STO-

EARTH

VIPERS .

FISHES. SHEEP. THE OX . THE

HORSE.

T

O examine at full length the nature of

digeftion is the object of theſe differ-

tations . By extending my enquiries to the

three claffes to which all animated beings

may be referred, I hope to be enabled to folve

the problem in a fatisfactory manner. Of

thefe claffes the firft comprehends animals

with mufcular, the fecond with intermediate,

and the third with membranous ftomachs.

The laft clafs is infinitely more numerous

than the two former. If we fuffer our ima-

gination to range over the immenfe multi-

tudes of quadrupeds, fish, reptiles, birds of

prey, not even excluding man himſelf, we

thall find, that they are all, or nearly all , en-

dowed with membranous ftomachs; not to

mention that numberlefs tribe of minute be-

ings, the greater part of infects . My tafk

would
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would have been endleſs if I had projected

enquiries, I will not fay concerning every

fpecies of animals included under thefe ge-

nera, a project which many academies would

not be able to execute, much leſs a ſingle ob-

ferver ; but concerning great part of them.

I was therefore obliged to confine myfelf to

refearches upon a fmall number. Thefe re-

fearches combined with others already re-

lated in the two firft differtations, will be

fufficient, if I am not very much mistaken,

to fet the theory of digeftion in a clear point

of view, both in animals and man . As the

various fpecies, which I take into confidera-

tion, cannot be all exhaufted in a fingle dif-

fertation, I fhall diftribute them into feveral,

beginning with the animals that are fituated

loweft in the ſcale of fentient beings, and

ending with that which occupies the higheſt

and nobleft place, with man.

CV. Let us begin then with frogs and wa-

ter-newts, two fpecies of fmall carnivorous

animals. As the mouth and cefophagus in

the former are large, it was eafy to introduce

tubes into their long ftomachs. But I was

foon aware, that it would be neceflary to

make experiments upon a great number at

once, if I wiſhed to know what changes the

fleſh encloſed within the tubes underwent in

the courſe of feveral days ; for the tubes were

very often vomited up, and at uncertain in-

tervals, fometimes in a few, fometimes in fe-

veral hours after they had been ſwallowed ;

at others again, after a whole day, and in

fome inftances, after a ftill longer interval.

As I knew, that this fpecies of animal very

greedily devoursanyfortof flesh that falls inits

way,
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way, I did not think of felecting, but took

what happened to come first to myhands, and

this proved to be a piece of the fmall intef-

tine of a ſheep, which I divided into twelve

portions, and encloſed them in as many tubes.

Theſe tubes were diftributed among fix of

my largeft frogs, two being allotted to each.

They were kept in a very large veffel of wa-

ter with high perpendicular fides, that they

might not make their efcape . I neglected

the tubes that were thrown up, and examine

ed thofe only which remained in the fto-

mach. In the ſpace of a day I obferved the

following refults. From the intervals of the

grating which lay before the open extremi-

ties of the tubes, there oozed out a cineriti-

ous matter, which, when touched, adhered

to the fingers, and formed long filaments .

Whenthe grating was removed, I perceived,

that this gluten was nothing but the flesh it-

felf, which at that part began to be decom-

pofed and to change its nature, retaining

however the characteriſtic marks of flesh in

the more internal parts of the tubes .

opening the ftomachs I did not find any gaf-

tric fluid ; they were quite dry.

Upon

CVI. In two tubes that were examined at

the expiration of two days, the flesh had un-

dergone a further decompofition.
It now

not only oozed out at the meſhes of the lat-

tice-work, but likewiſe at moſt of the per-

forations in the fides of the tubes ; and when

it was drawn out with the point of a pair of

forceps, and then freed by waſhing from the

vifcid mucilage, what remained of real fleſh

or inteftine was fo very little, that I donot be-

lieve it exceeded the thirtieth part of its ori-

VOL. I. H
ginal
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ginal weight. At the end of the third day

there remained but a fingle tube in one frog;

in this there was no flesh, but it had been all

diffolved into gluten, had oozed out of the

tube, and adhered to the fides of the fto-

mach, excepting a very ſmall portion that

was fticking to the tube. This vifcid matter

was infipid to the tafte, a certain proof that

the gaſtric fluid had effected this alteration

without the concurrence of any mechanical

ction of the ftomach. It must however be

allowed, that this fluid is exceedingly flow

in producing its effects, fince it required three

days. This flownefs muft have arifen either

from the fmall quantity or inefficacy of the

fluid, or perhaps from both cauſes . In confe-

quence of this tardy action I found in fimilar

experiments upon fix otherfrogs, that the flesh

in fome of the tubes was not entirely con-

fumed at the end of the fifth day.

CVII. The gaſtric liquor of frogs is not

however on this account incapable of con-

cocting in time fubftances which we should

have fuppofed above its power, viz. bones.

In a quantity of frogs brought me one day

by the fishermen, there was one fo large, that

Iwas induced by its enormous fize to kill it,

in order to fee what it contained ; I found,

that the enlarged bulk was owing to a moufe

in the cavity of the ſtomach. The hair had

begun to fall off, and the ſkin was becomefo

very tender, that it had loft its cohefion . The

fore as well as the hind legs had undergone a

greater degree of folution, the naked bones

only being left, and they were confiderably

wafted and converted into a femi-gelatinous

fubftance. The moufe upon being opened

appeared3
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appeared quite found internally, the deftruc-

tion was entirely confined to the furface, and

therefore occafioned by the gaftric fluid,

which had begun to act here on the external

parts, juft as it does in animals with mufcu-

far andintermediate ftomachs . The thinneſs

of the extremities permitted the fluid to pe-

netrate them with greater facility, hence it

had almoft confumed them without fparing

even the bones . In this inftance I could not

perceive any fign of trituration, forthe mouſe

was neither bruifed nor lacerated ; nor can I

conceive what other force can be exerted by

ftomachs compofed of fuch fine coats, be-

fides that of compreiling the bodies they

contain, when they happen to be very large.

CVIII. The mouth and throat of water-

newts are both fo narrow, that they would

not admit the ufual tubes, they however ad-

mitted others made in the fame form, but of

a ſmaller ſize, on purpoſe for them. From

having kept theſe animals in my house for fe-

veral years, both when I had occafion to exa-

mine the circulation of the blood, and to

obferve the admirable reproduction of their

limbs, I had learned, that the food which

they devour with the greateft avidity is living

earth-worms (a). Nearly the fame obferva

tion is made by my illuftrious friend Mr.

(a) I treat at full length of thefe aquatic lizards in my

three works intituled ,

Prodromo di un' opera da imprimerfi fopra le riprodu-

zioni animali,

Del Azione del Cuore ne' vafi fanguinei,

De' Fenomeni della Circulazione obfervata nel giro

univerfale de' vafi.

H 2 Bonnet,
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Bonnet, in his fine memoir concerning the re-

production of the limbs in water-newts, in

which he confirms my difcovery of this won-

derful reproduction in the cleareſt and moſt

decifive manner, after it had been questioned

by Meffrs. Adanfon and Bomare, for want of

addreſs and ſkill in making experiments on

this branch ofzoology ( a) . I had then recourfe

to earth-worms ; they were cut in pieces,

and placed alive in the tubes, which were in-

troduced into the ftomachs of feveral fala-

manders. The gaſtric fluid of thefe little

reptiles acted more fpeedily than that of

frogs (CVI) . The divided worms began to

change colour in fifteen hours, and to become

foft and flabby. About the thirtieth hour

the parts had loft their cohefion, and the

rings were no longer vifible ; and in lefs than

two days they were converted into a whitiſh

pulp, of which the greateſt part had run out

of the tubes.

CIX . The diffection and examination of

the ftomachs of newts, prefented me with a

phænomenon, which must not be concealed

from the reader, both on account of its fin-

gularity, and the light it throws on the pre-

fent fubject. This phænomenon is nothing

lefs than a great number of fmall white worms

in this vifcus, vifible to the naked eye ; of the

thickness ofa thread, and the length (at leaſt

the largeft) of two-thirds of an inch ; how-

ever ifwewish to examine themminutely, we

(a) The memoir is inferted - in Rozier's Journal for

November, 1777:

N. B. It is likewife reprinted in the late collection of

his works.

"

muft
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must employ the mifcrofcope. They are of

two forts; in one both extremities terminate in

a point, the other has one end pointed ; but

the other obtufe, and marked with a dark

fpot ; the latter fpecies is fhorter than the

former, and thinner in the fame proportion.

Each fpecies is furniſhed with rings, nar-

rower at the ends of the body, and wider at

the middle, as is generally the cafe in anu-

lar worms. Thefe two forts of worms are

not flat or compreffed, but round ; it is

therefore certain that they do not belong to

the genus of tania, or the gourd- worm, but

to that of round or columnar worms (teretes) .

They are not looſe in the cavity of the fto-

mach, as the worms lodged in the inteftines

of larger animals commonly are, but are al-

ways found with one extremity inferted to

fome depth in the internal coat of that organ ;

hence it requires fome force to detach them,

and frequently they break fooner than fepa-

rate. Of thofe that have the dark ſpot, the.

more obtufe end is fixed in the ftomach ;

it is impoffible to fay whether this is the cafe

with respect to others, fince both ends are

equally pointed. The loofe extremity pro-

jects into the cavity of the ftomach, fome-

times coiled up in the form of a circle,

and at others twiſted in a ſpiral . If the fto-

mach be taken out of the animal, and fet to

macerate in water, the worms live for many

hours without quitting their fituation : if

afterwards we feparate them with the hand,

without breaking them, and place them upon

fome fubftance, in order to obferve their

movements, they will be feen to writhe in

various directions ; fometimes bringing the

mouth
H 3
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mouth towards the tail ; fometimes ftretch-

ing themſelves in a right line ; and at others

making ftrange contortions, as is ufual with

reptiles in general.

CX. Not being able to conjecture for

what purpoſe the part perpetually inferted in

the fubftance of the vifcus, could be defign-

ed, unless it was to fuck the thinneft and

pureft part of the liquor; and confequently

fuppofing ittobe the head ofthe animal, or at

leaft fome analogous part, I tried to difcover

the mouth with the aid of the microſcope ;

but my endeavours were vain . I believe,

however, that I found the alimentary canal

it is a bright filver-coloured fpecies of intef-

tine, running along the worm, in a tortuous

manner, from fide to fide ; it is always full

of a number ofparticles, which fluctuate re-

gularly, like a buoy, probably impelled by

a fort of periftaltic and antiperiftaltic mo

tion . This canal is common to each fpe-

cies ; in that with a dark ſpot at one ex-

tremity (CIX), a fecond canal may be

ceived , it is ftrait, and probably (I thould

rather fay certainly) the receptacle for the

eggs ; for I have always obferved it more or

lefs full of a great number of corpufcles, ofan

oval fhape, floating in a very tranfparent.

lymph ; theſe corpufcles, when the worm is

not in motion, always continue at reft. If

we lay hold of the animal by its extremities ,

and break it in the middle, the little canal

will generally be broken, and the ovula will

make their efcape in a ftream from the lace-

rated part. It is not difficult to burst them

between two pieces of talc, when a thin fluid

fpirts from them ; after which the eggs be-

per-

come
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come dry and opake, confifting now of no-

thing but the empty envelope, as always

happens to the membranaceous eggs of ſmall

animals. Each worm of this fpecies is fur-

nished with thofe oval particles enclofed in

their canal ; if they are real eggs, as there is

great reafon for fuppofing, we must conlude

that every individual is an hermaphrodite ; it

will however remain doubtful whether they

are ftrictly fo ; i . e . have no need of copu-

lation, like fweet water polypes, and many

other forts of microfcopical animals, &c. or

elfe, in the wider acceptation of the term,

are like teftaceous and naked fnails and earth-

worms ; each ofwhich brings forth eggs and

living young, but requires the concurrence

of another individual.

CXI. It would not be an improper quef-

tion, if I were afked whether thefe worms

lodge in healthy newts, or rather in fuch

only as are difeafed. This doubt ſuggeſted

itſelf to me ; and in order to clear it up, I ex-

amined not only fuch as I kept at home, and

were therefore liable to the fufpicion of un-

healthinefs, but fuch alfo as were newly

caught, and full of health and vigour ; but

the ftomachs both of the one and the other

harboured alike thefe unpleaſant gueſts. But

it muſt be obſerved that they do not fix

their abode in all newts ; and that in thoſe

where they do, they are hot equally nume-

rous. Ofthe immenſe number I have open-

ed at different times, andwith different views,

three-fourths have had a family of worms

in their ftomachs ; which is fometimes com-

pofed of only five or fix individuals ; at

othersH 4
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others of feveral dozens, and at others again

of an hundred or more.

CXII. In my numerous examinations of

the ſtomachs of the different animals men-

tioned in this work, crows alone have exhi-

bited a phænomenon nearly reſembling what`

is found in newts ; I mean a quantity of

worms lodged in the ftomach . But thefe

worms are not inferted into the internal coat,

as in newts, but are found between the in-

ternal and the nervous . We are very well

acquainted with the little worms that live in

trees, and generally fix their abode between

the bark and the wood ; and lurking there

unfeen, devour the cortical part, which fur-

nishes them with an agreeable aliment. If

the bark ſhould be parted from the trunk on

purpoſe, or by accident, their devaftations

are expofed to view, in the form of excavat-

ed paths, winding backwards and forwards

in a ferpentine direction ; nor is it uncom-

mon to furprize the worms actually employed

in forming thefe excavations, which ferve

them at once for food and lodging . The

fame thing nearly is obfervable with refpect

to the worms of crows. If the internal be

parted from the nervous coat flowly and care-

fully, thefe animals are fuddenly expofed to

the eye, adhering for the moft part to the

back of the internal coat, lurking in certain

cavities formed in its fubftance, and which

in all likelihood, arife from the erofion of

thefe very worms. Further, we find fome

with both ends expofed, while the middle is

deeply buried in the fubftance of the internal

coat. Laftly, others have one extremity in-

ferted into this, and the other into the adja-

cent
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cent nervous coat ; butthey never make their

way into the cavity of the ftomach. Theſe

worms do not appear to differ from thofe in

newts, in colour, length, thickneſs, or in the

alimentary canal ; they have however oneeffen-

tial difference, theyare without rings, but have

a fmooth and flippery ſkin. In their motions

they are dull and languid ; when taken from

their abode, and placed in water, they live

many hours. They are found both in grey

crowsand rooks ; but I have never feenthem in

any part ofthe body except the ſtomach.

CXIII. But let us return to the worms in

newts (CIX , CX, CXI) , and confider them

in as far as they relate to digeftion . I affert

that their prefence is an incontrovertible

proof, that no fenfible degree of force is ex-

erted by the ftomach ; for how is it poffible

to conceive that the fides of the ftomach can

rub against each other, or at leaſt impinge

against the food, without doing the finalleft

injury to the delicate ftructure of thefe

worms ? I have more than once taken the

ftomach of a newt between my thumb and

finger, and compreffed it very gently, or rub-

bed it lightly, and upon opening it, have

always found fome rupture, fome difconti-

nuation in the parts of thefe worms.

must therefore conclude, that digeftion in

water-newts is folely the effect of the gaſtric

fluid, of which the efficacy has been already

fhewn in the decompofition of earth-worms

inclofed in tubes ( CVIII ) . I have alfo

feen this efficacy, in a manner equally ftrik-

ing, on worms which newts have taken and

fwallowed of their own accord. How tena-

cious thefe minute reptiles are of life, is

We

abun-
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abundantly proved by cutting them into fe-

veral pieces, in confequence of which they

do not die ; but on the contrary multiply, as

many worms being produced as parts into

which they were divided ( a ). It is

true, they do not ceafe to live after hav

ing remained ten or twelve hours in the fto-

mach of a newt ; nay, when they fill it too

full, they void fome alive and crawling by

the mouth, whether by actual vomiting, or

whether the worms, after various movements

in fo difagreeable a place of confinement, a

laft find their way out through the fopha-

gus. But they certainly die at laft , not be-

cauſe they are triturated or cruſhed to pieces,

for they continue whole feveral hours; the

gaftric fluid firft foftens and then converts

them into a gelatinous fubftance, and by a

continuance of its action, at length reduces

them to an impalpable mafs.

CXIV. But how came the tender worms

in the ftomach to efcape folution , when all

other infects, whether aquatic or terreftrial,

upon which the newt feeds, die and are di-

gefted ? If it should be faid, that this hap-

pens becauſe they have been habituated to

the ſtomach by long refidence, the difficulty

would be perhaps removed to a greater dif-

tance, but certainly not taken away altoge-

ther. As the caufe of this phænomenon,

we muft affign the inability of the gastric

fluid to decompofe thefe minute beings, how-

ever powerful may be its energy upon others

of a structure lefs delicate ; juft as a chemical

(a) See Reaumur, Bonnet, and myProspectus.

menftruum
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menftruum is capable of diffolving one me-

tal, but not another . Thus aqua regia dif

folves gold, but not filver ; or an acid that

combines with the calcareous, has no attrac-

tion for the argillaceous and filiceous earths.

Nearly the fame difference of digeftion is alfo

obferved in that of polypes provided with

arms; they fometimes fwallow their own

arms along with infects ; but though the

former die and are digefted, the fecond do

not in the leaft fuffer. Thus a polype infert-

ed into the ftomach of another polype, con-

tinues to live as before (a).

CXV. But let us proceed to ferpents, of

which I propofed to treat after frogs and

newts. Thofe which are moft eafily pro-

cured in the environs of Pavia are certain

terreſtrial ſnakes, called in fome provinces

of Italy, Smiroldi ( b) ; water-fnakes, which

manynaturalifts call fwimming (natrices) (c).

The first confiderably exceed the natrices and

vipers in fize. The largeſt are about an inch

and a half in thickneſs towards the middle of

the body, and forty - five and fometimes

fifty inches long. The lower part of the

body is white mixed with yellow and green

ftreaks, the upper part is blackifh, but to-

wards the neck and head interfperfed with a

milky white. They fly with greater ſpeed

than the water-fnakes, and far greater than

(a) Trembley, Mem. fur les polypes.

(b) Not defcribed by Linnæus or any other naturalift,

as far as I know.

(c) Natrix. Linn. Syft . Nat. T. 1. Natrix torquata.

Ray. quadr.

vipers.
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vipers. They are not inferior to the latter

in a fpirit of revenge, and their bite alfo

draws blood, as I have myfelf experienced,

but is harmlefs . Before I made ufe of the

tubes, I wished to acquire fome knowledge

of the cefophagus and ftomach. Having

therefore fkinned one, and blown up the œfo-

phagus in fuch a manner that the air could

neither paſs out above nor at the pylorus, it

appeared to me to refemble a large inteftine,

cylindrical for about the length of nine

inches, and becoming gradually narrowerbe-

low, fo as to form a funnel of the length of

four inches and an half. I foon perceiv-

ed, that this funnel was the true ftomach,

and the inteftine the afophagus. Both the

trachea and lungs run along the cefophagus,

to which they are firmly attached by means

of amembrane, as alfo is the heart, which has

the fhape of an elongated pyramid, fituated

at the origin of the lungs. We find like-

wife a vifcus arifing from the bafis of the

heart, afcending upwards along the fopha-

gus, and adhering in great meaſure to the

trachea: it is of the fame length as the lungs,

but its fubftance is different, being tender

and afh-coloured ; I could not then determine

what it was. Next below the lungs lies the

liver, which, together with the vena porta-

rum, refembles a long narrow leaf attached to

a verylong footftalk; both adhere to the fo-

phagus. Below the ftomach we find the

Ipleen, nine lines in length and of a very

acute oval fhape . The gall-bladder lies in

the region of the fmall inteſtines, confe-

quently at agreat diftance from the liver; when

we prefs it the duct is filled with bile, which

it
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it evidently diſcharges into the duodenum at

about the diſtance of an inch from the pylo-

rus. Near the gall-bladder we find another

body ſmaller than it, attached to the duode-

num, and of a fleshy confiftence . I ſhould

fuppofe it to be the pancreas.

CXVI. If we feparate the oefophagus and

ftomach from the lungs and other parts juft

deſcribed, and open it longitudinally, the

cefophagus appears fimply membranous; the

membrane of which it confifts is very thin

and of a filver colour. The ftomach is com-

pofed of thicker fides, and among the coats

whichcompofe it we have one of flesh, which

like the fleshy coats of other membranous

ftomachs, is very thin. I could not perceive,

that the cefophagus is provided with any

glands or follicles ; but I obferved, that the

ftomach was abundantly fupplied with them

throughout its whole length ; they diſcharge

part of their liquor on being preffed, and the

internal coat is moistened with it.

CXVII. I come now to experiments rela-

tive to digeftion. I found great facility, not

only in paffing the tubes into the ſtomach,

but likewife in bringing them up whenever

I pleaſed. I made an affiftant lay faft hold of

the fnake fo as to prevent its ftriking or

wreathing round the body, while I opened

the mouth and forced a tube in lengthwife,

and then, by means of a thin rod, thruft it

two or three inches down the throat. After

this the reft followed of courſe ; for I had

only to prefs with my fore-finger and thumb

the neck of the animal in the place oppofite

to the top of the tube, which was forced to

defcend for fome way down the cefophagus,

and
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and by a repetition of the fame manœuvre I

foon brought the tube to the bottom of the

ftomach, which I knew by the refiftance it

madewhen I attempted to push it lower ; for

now the narrow paffage of the pylorus pre-

vented its deſcent. By a like preffure, but

made in the oppofite direction, from below

upwards, I could bring up the tubefrom the

ftomach into the oefophagus, and thence out

through the mouth. I employed this con-

trivance for introducing the tubes into the

ftomach, and bringing them out at the mouth

in water-fnakes likewife, and even vipers,

managing the laft however with fome care,

which is very requifite, in order to avoid be-

ing bit bytheſe ferpents during theoperation,

when they are highly exafperated.

CXVIII. When I was opening fome of

my land-fnakes ( miroldi) to examine the ali-

mentary canal , I found in the ftomach of one a

wall-lizard not in the leaft injured or digefted.

I thought of employing it for my experi-

ments, as it muſt be a kind of food well

adapted to theſe reptiles. I therefore encloſed

a piece of the tail of this lizard in a tube,

whichcontinuedfora wholedayintheftomach

without its contents being at all diffolved .

Thirty-fix hours produced fomething more.

The tail of the lizard is compofed of a num

ber of little muſcles, enchafed one within the

other, and bound round by a thin anular

membrane. The piece of tail was placed in

the tube in fuch a manner, that the inveſting

membrane was in contact with the fides, and

the muſcles were bare at the open ends. The

membranehadfuftained noinjury,butthemuf

cles were eroded on the plane of ſection, and

a little
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a little excavated . Upon touching them I

found, that they had been converted into a

gluten of fome vifcidity. The gaftric fluid

then (for the mechanical action of the fto-

mach could produce no effect within the

tubes, were anyfuchaction to be exerted at all)

had begun to digeft the flesh, by diffolving

what lay at the ends of the tube before it at-

tacked that which was contiguous to the

fides ; not only becauſe it was not covered by

the membrane, but alſo becauſe it had freer

accefs at the ends : the ſolution however went

on, though very flowly ; for after the tube

had been five days in the ftomach, a little of

the mufcular flefh remained, and the mem-

brane was almost entire.

CXIX. The fleſh of a lizard's tail is rather

tough, and it was probable, that this cir-

cumftance had retarded the progrefs of di-

geftion; it was therefore proper to employ

fome of a lefs firm texture; accordingly part

of the liver of the fame animal was enclofed

in the tube, and given to a fnake ( miroldo) .

In this inftance digeftion was more fpeedy

for in three days and an half the tube was

quite empty.

But what if inftead of enclofing the flesh

in tubes, we ſhould introduce it into the fto-

machwithout anycovering? It was obvious to

fuppofe, that it would be fooner digefted,

fince the gaftric juice would have freer fcope

for its action. And fo in reality it happened.

A piece of lizard's tail of the fame fize as

in a preceding experiment (CXVIII) , did

not require quite two days for its digeftion ;

and a portion of liver, equal to that be-

fore-mentioned (CXVIII) , underwent the

fame
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fame procefs in thirty-two hours . Of this

I affured myſelf by opening the ftomachs of

the two fnakes, one of which had taken part

of the liver, and the other of the tail .

CXX. We come now to the water-fnakes

or the natrices. Nothing can be more ftrik-

ing than the reſemblance between the fto-

machandthe cefophagus in this , and the fore-

going fpecies . Befides the trachea, lungs,

heart, liver, vena portarum, having nearly

the fame configuration, and lying on the

fame parts of the oefophagus ; this cavity is

very capacious and long, confifts in like man-

ner of thin membranous coats , and ends in a

funnel, which is the true ftomach of the

animal. The gall-bladder too is about an

inch diſtant from the lungs, and depofits its

contents in the duodenum, by means of the

cystic duct . The ftomach alfo, as we have

obferved in the land-fnake ( miroldo), is

furnished with a great number of follicular

glands.

CXXI. It is eafy to learn the nature of the

food of water-fnakes, and we ought in con-

fequence to provide it for our experiments .

Among the antients Oliger Jacobeus, where

he treats of frogs, and among the moderns

Valifneri will fatisfy us, that theſe reptiles

live chiefly upon frogs . Next to man wa-

ter-fnakes may be denominated their greateſt

fcourge. They particularly frequent the

water ofditches, puddles, ponds, lakes, ſuch

in fhort as is frequented by frogs ; and here

they make an eafy prey of them, notwith-

ftanding they mutually give each other no-

tice when they perceive the fnake at a dif-

tance, by a kind of whiftle or outcry of dif

trefs ,
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trefs, as I have often obſerved, at which all

fly with the utmoft precipitation : Dante was

not unacquainted with this circumftance.

Come le rane innanzi l'inimica

Bifcia per l'acqua fi dileguan tutte,

Finchè alla terra ciaſcuna l'abbica (a).

A fisherman having brought me three very

large and vigorous water-fnakes, I gave each

at the fame time a tube enclofing a different

part of a frog; one had mufcle, the other

liver, and the third fpleen. The tubes were

left three days and an half in the ſtomach.

Upon forcing them out, I obferved the fame

kind of concoction that I had before ſeen in

frogs (CV, CVI ) . The flesh was beginning

to be changed into an adheſive cineritious

gluten; the interior parts were unaltered.

The tubes were now introduced a fecond

time into the ftomachs, and when they had

continued there two days they were found

empty; fome of the adheſive matter ſtuck to

the outfides of two of them.

CXXII. It is not unknown to naturalifts,

that this fpecies of fnake has no teeth, and is

confequently obliged to fwallow its prey

whole. In fummer I have often taken them

with whole frogs in the ftomach. It was

therefore not unreaſonable to ſuppoſe, that

they are capable of digefting the bones; and

the lefs fo, as it feems difficult for them to

be voided backwards, on account of the

narrowneſs of the intestines. It might in-

deed be fufpected, that theſe bones are vo

mited, as I have found to be the cafe with

VOL. I.

(a) Infern. Cant. 9. Fol . 161 .

I the
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the tubes, both in this and the former fpe-

cies ; but this is not a conftant and regular

evacuation, as in crows (LIX ) and birds of

prey, as we ſhall fee hereafter; but takes place

at uncertain intervals, and fometimes does

not happen at all for feveral days. In order

however to ascertain the fact, I broke two

tibiæ nine grains each to pieces, enclofed

them in the tubes, and forced them into the

ftomachs of two water-fnakes. After they

had continued there two days, they were be-

comefoft, andhad loft threegrains. Infivedays

more they were ftill fofter, and now weighed

together only five grains. Soon afterwards the

two fnakes died, and it was not in my power,

though I wiſhed very much to profecute

this curious experiment as far as it would go.

From the beginning however of the progrefs

we may fuppofe, that the bones would have

been totally diffolved, and confequently it is

highly probable, that water-fnakes digeft the

bones of thoſe animals upon which they feed .

A

CXXIII. By the activity of the gaſtric

fluid ofthe water-fnake in digefting not only

fleſh but bone, I was induced to try to pro-

cure a quantity that I might examine it more

particularly. For this purpoſe I employed

fpunges as before (LXXXI, LXXXII) , and

my fuccefs exceeded my expectations. Six

little fpunges, that had lain two hours in the

ftomachs of three fnakes, encloſed in tubes,

afforded me enough to fill a watch-glafs of a

moderate fize. It had the following quali-

ties ; the colour approached that of foot, it

had the fluidity of water, and evaporated very

flowly: it has both a falt and bitter taste, and

is not inflammable. Hence it appears to bear

a very
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a veryſtrong refemblance to the gaſtric fluid of

the otheranimals, uponwhichmyexperiments

havebeen made : this reſemblanceextends like-

wife to the odour, which is exactly like that of

the fame juices in birds of prey, of which I

ſhall ſpeak particularly in the next Differta-

tion. I referve the account of fome chemi-

cal experiments made upon this fluid, till I

fhall have an opportunity of fpeaking of the

examination of the other gaſtric juices which

I have already mentioned, or fhall have oc-

cafion to mention in the preſent work.

CXXIV. We have before feen the ſtrong

analogy between the configuration ofthe ſto-

mach and fophagus in land and water-

fnakes. In vipers thefe cavities havethe fame

general form ; nor do they differ with refpect

to the efficient caufe of digeftion . I repeated

upon them most of the experiments defcribed

above: feveral tubes, furniſhed with diffe-

rent forts of flesh, were left in their fto-

machs for a ſpace more or lefs long, and the

effect was juft the fame as in water and land-

fnakes ; it would therefore be fuperfluous to

defcribe them particularly. It will be better

to turn the reader's attention to fome experi-

ments on theſe three fpecies of reptiles dif-

ferently modified, but relative to the fame

fubject.

ČXXV. Having frequently opened theſe

animals when newly taken, I have fometimes

obferved, that their ftomachs are not large

enough to contain the whole prey, and that

part lies in the cefophagus. This part never

fhewed any mark of concoction , notwith-

ftanding what lay in the cavity of the fto-

mach was fometimes half digefted . Thus,

I 2 for
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for instance, I have found five or fix large

beetles in the body of a land-fnake or viper ;

thofe that lay in the ftomach were fcarce dif-

tinguiſhable, while, on the contrary, thoſe

in the fophagus were entire, or nearly fo .

I once faw a frog with the lower limbs,

which projected out of the ftomach, not at

all damaged, while the reft of the body lay

in the ftomach and was half reduced to a

pulp. Thefe experiments made by the fer-

pents themſelves gave me reafon to ſuppoſe,

that what takes place in them is exactly con-

trary to what happens in crows and herons,

for the reader will remember, that in theſe

birds the cefophagus is really capable of di-

geftion (LXXVII, LXXVIII, LXXIX,

XCIX, C) ; but in the animals in queſtion

it feems to belong exclufively to the ftomach,

A very fimple experiment was fufficient to

afcertain the point, Into the ſtomach of one

of thefe ferpents a frog, for instance, might

be fo introduced that part should lie in the

cefophagus. The frog might be faſtened to

a cylinder of wood, and thus firmly fixed in

the fame place. The cylinder ſhould touch

the bottom of the ftomach with its lower

extremity, and reach fome way above that

organ . I applied this apparatus to a water-

fnake, and at the end of the fixth day opened

it longitudinally. Upon examination my in-

clination to believe that the oefophagus was

without efficacy, was changed into firm per-

fuafion . The lower limbs, the part of the

animal that had lain in the ftomach, had no-

thing left but the bare bones, whereas the

whole body which had extended into the

efophagus had fuffered no injury.

CXXVI,
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CXXVI. The experiments related in the

CXVIIth and following paragraphs were

made in April, when the animals had lately

quitted their fubterraneous lurking places,

and ftill retained fomewhat of that torpor

which benumbs them during winter. At

this time digeftion, as we have feen, is a very

flow procefs . Are we to prefume, that when

they become more lively, active, and vigour-

ous, as the heat of the feafon increaſes, they

likewife perform digeftion more fpeedily ?

for the effect of heat in promoting the

ration of the gaſtric fluid appears from other

facts (LXXXVII ) . This idea was fuggefted

by reperufing the fine memoirs of the illuf-

trious Trembley on polypes, in which the

influence of the temperature of the atmo-

fphere upon the digeftion of theſe wonderful

animals is evident ; infomuch, that the very

food which in a hot ſeaſon is completely di-

gefted in twelve hours, when it is cold re-

quires fometimes two or three days . In or-

der to determine whether the fame thing

takes place in my reptiles, I chofe July for a

term of comparifon, when the difference, if

any exiſted, muft needs be more ftriking, as

the thermometer in the fhade ſtood at 22° and

23° *; whereas in April, when the first ex-

periments were made, it did not riſe above the

twelfth orfourteenth deg.t. Andnow upon

repeating the experiments already defcribed,

I found that heat has fome power in accele-

rating digeftion , but not fo much as I had

* Eighty-one and an half, and eighty-three and three-

fourths, F.

↑ Fifty-nine, and fixty-three and an half, F.

I
3 fuppofed .
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fuppofed. Fleſh in the tubes did not re-

quire above two days to be completely di-

gefted ; and when an equal quantity was in-

troduced into the ftomach by itſelf, about

half that time was fufficient.

CXXVII. Naturalifts were already ap-

prized of the tardinefs of digeftion in fer-

pents. In Bomare we read an account of a

ferpent at Martinico, which retained a chicken

in its ſtomach for three months, and did not

completely digeft it, for it ſtill preſerved

fome traces of its ſhape, and the feathers ftill

adhered to the ſkin (a) . It is a circumſtance

deferving of particular notice, and which I

fhall have occafion to apply in another place,

that flesh does not become fœtid from re-

maining long in the ftomachs of thefe cold

animals, as I have obferved in the courfe of

my experiments, and eſpecially in a viper,

which having been kept above two months

in my houfe, could not but be unhealthy ;

this individual retained in its ſtomach for fix-

teen days a lizard, which had been previouſly

macerated in the gaftric fluid ; nor could I

perceive that it had any odour, except that of

this juice. And yet fuch was the heat of the

feafon, that another lizard , about the ſame

frze, which I had placed out of curiofity in

a clofe veffel, containing a little water, emit-

ted an infupportable ftench before the expi-

ration of the third day.

CXXVIII. But what can be the cauſe of

this flowness of digeftion in ferpents ? As

they are cold animals, that is to fay, as their

blood very little exceeds the temperature of

(a) Dict. d'Hift. Nat.

the
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the air, it may feem probable that this pha-

nomenon might be owing to the want of that

heat, which is peculiar to animals of warm

blood. And I fhould not have been unwil-

ling toadmit this caufe, if other animals, with

blood equally cold, had not enjoyed the pri-

vilege of digefting their food ina much fhort-

er period, as we fhall foon fee (CXXXIV) .

We cannot affign a deficiency of gaſtric fluid

as the reafon, for their ftomachs abound with

it (CXXIII) . I cannot attribute it to any

thing but the inefficacy of the fluid itſelf;

and this is by no means fingular, for we have

already difcovered a circumftance nearly fimi-

lar in animals with mufcular ftomachs, in

which the gaftric juices do not fo foon di-

geft the food, as in animals with interme-

diate ftomachs (CIII).

CXXIX. Among fishes I will firſt treat of

that fpecies which bears fo ftrong a refem-

blance to ferpents, and is even confidered in

the chain of animated beings, as the inter-

mediate link between fishes and ferpents, I

mean the eel. The ftomach in this animal

varies from the ftructure generally obſerved

bynature ; it is not a canal immediately con-

tinued with the duodenum, but a kind of

blind gut, of confiderable length, ending in

a point ; after the food has been received into

this gut, and been digefted, it muſt afcend,

and return to the upper part of the ftomach,

in order to pafs into the duodenum, which

forms an acute angle with that upper part .

The natural figure of both may be ſeen in

Blafius's Anatomy of Animals (á) .

(a) Plate LII. Fig. 1.

I 4
Into
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Into the ſtomachs of four eels I introduced

feveral tubes, containing pieces of fish, the

food moſt agreeable to eels . In order to

preferve them alive, I turned them in a ſmall

ftew, whence I could take them at pleaſure.

They were killed at the end of three days and

eighteen hours ; and the tubes were found at

the bottom of the ftomach, entirely covered

with a dark-coloured mucus, which, on at-

tentive examination, appeared to be the re-

mains of the fifh, that by this time was di-

gefted. Uponwiping thetubes, and examin-

ing the infide, five out of eight were emp-

ty, and the three others contained a bit of

flesh of the fize of a vetch, but it had loft its

cohefion .

CXXX . Thisexperimentabundantlyproves,

that in this fifh digeftion is produced by the

gaftric fluid ; I therefore proceeded to expe-

riments uponfuch as are morejustly entitled

to the appellation of fishes. I chofe for this

purpoſe carp, barbels, and pikes, as they were

the moft eafy to be procured. It has been

long well known that the alimentary canal in

many fcaly fishes, is provided with one or

more blind appendixes, which, becauſe they

lie in the vicinity of the pylorus, have been

named pylorici; they are always full of a

white, mucilaginous, and faltiſh fluid, which

is difcharged into the canal, and derives its

originfrom anumberofglands lyingin theap-

pendixes. Infomefpecies theyarefew, inothers

in confiderable numbers, and in others again

exceedingly numerous ; they amount in the

fturgeon to an hundred; in thofe fpecies, in

whichthey are moſt numerous, the feveral faf-

ciculimeetinacommonduct; hence, notwith-

ſtanding

1
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ftanding their numbers, they diſcharge their

contents into the pylorus (a) by a few mouths .

In the three fpecies I have juft mentioned,

this fingular apparatus is not to be found ; but

the infide of the ftomach and inteftines is fur-

niſhed with yellow bodies, that probably

contribute in fome way or other to digeftion,

though I have not been able to aſcertain their

precife ufe. At first fight they look likeanu-

lar worms, adhering, as in newts, to the in-

ternal furface of the ftomach ( CIX) ; but if

we lay hold of them with the forceps, the

anular form vanishes, and we find that they

are real appendiculi to the ftomach and in-

teſtines . When ſtretched out, they are three

lines long ; each adheres to the villous coat

by a footftalk. If we ftretch them till they

break, a confiderable quantity of yellow li-

quor iffues out, and the body becomes fhri-

velled ; and if it be now removed from the

place of its infertion, we find under it a little

tumour, through which a globule fhines ob-

fcurely ; and if the tumour be cautiously

raifed, appears diftinctly : it is of a yellowish

whitecolour,fromtheliquorwhichitcontains.

Are theſe globules cluſters of glands, and the

vermiform bodies elongated ducts for convey-

ing the liquor into the cavity of the ſtomach ?

I would very willingly have adopted this no-

tion, if I had not found that theſe ſubſtances,

when compreffed from the lower end up-

wards, never diſcharge their contents, either

from the fummit, or any other part, contrary

to what happens when we fqueeze the folli-

(a) Haller, El. Phyf. T. 6.

cular
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cular glands in birds with muſcular, inter-

mediate, or membranous ftomachs. On this

account I fufpend my opinion on the fubject ;

although I fhould incline to fuppofe that they

are of fome ufe in digeftion.

CXXXI. Immediately under the teeth, the

very beginning ofthe cefophagus in the carp,

is moistened with a confiderable quantity ofa

whitish turbid liquor, of a vifcid confiftence,

and infipid tafte, which when wiped off is

inftantly reproduced : and we here find a num-

ber of white papillæ, broad at their bafis,

and terminating in a point, which, when

preffed, emit the fame kind of fluid . If we

make a gentle preffure any where near thefe

papillæ, a fluid iffues out, but, as I fhould

fuppofe, ofa different nature, fince it is tranf-

parent, thinner than the former, and not at

all vifcid . With the cefophagus, which is

very fhort, and of confiderable thickneſs, is

continued the ftomach, of a membranous

ftructure, and very thin . It is eaſy to dif-

tinguiſh two coats in this organ , the inter-

nal and the nervous ; in the latter thoſe glo-

bules, which left me in doubt whether I

ought to confider them as clusters of glands,

are buried (CXXX) . In this fhort defcrip-

tion, we fee fources capable offupplying the

ftomach with a large quantity of fluid, not-

withstanding it wants thepylorical appendixes .

CXXXII. The conformation of the fto-

mach in the barbel, does not correfpond ei-

ther with that of the carp, or various other

fifhes . The fophagus, ftomach, and intef-

tines conftitute a fingle gut, nearly as in

earth-worms, and a variety of infects ; this

gut is only a little dilated at the ftomach, and

con-
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contracted at the commencement of the in-

teftines . I could not difcover within this

canal any veftige of glands or analogous bo-

dies. However, both the cefophagus and fto-

mach are continually moiſtened with a fluid

in great abundance ; which when we prefs or

dilate either of theſe cavities, is feen to tran-

fude from the internal furface ; and fince, ac-

cording to every appearance, it does not arife

from glands, we muft fuppofe that it comes

from the open extremities of fmall arteries

terminating here.

CXXXIII . The ftomach ofthe pikehas the

fhape of a bag or fack, of much greater length

than breadth; it is full oflongitudinal rugæ,

ofa light flesh colour, and compofed of coats

fo thin, as to be femi-tranfparent. The rugæ

extend upwards into the cefophagus, which

is eafily diftinguiſhed from the ftomach by its

white colour, and greater thickneſs. There

is no appearance of glands either in the one

or the other, though both, and eſpecially the

ſtomach, abound with liquor.

CXXXIV . As fifhes are fubject to vomit-

ing, the tubes which I had introduced into

the ftomachs ofmy carps, barbels, and pikes,

were frequently returned ; and I was often

chagrined at finding them, after a few hours

continuance in the body, at the bottom of

the veffel uſed for keeping them alive. How-

ever, from frequently repeating my experi-

ments, though fo many tubes were ejected

prematurely, a few remained feveral hours

in the ftomach ; and thefe were fufficient to

fatisfy my wishes. In the prefent cafe, the

fame thing happened which I had fo often

obferved in other animals ; the flesh was di-

gefted
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gefted within the tubes, and that in a much

horter space than in ferpents (CXXVI,

CXXVII) . This obfervation was verified on

the barbels, carp, and pike ; the two latter

fpecies exhibited a phænomenon, too cloſely

connected with the prefent fubject to be omit-

ted. Happening one day to open a pike, I

found within it a little fifh, about three

inches in length, lying longitudinally along

the ftomach, fo that the whole head occu-

pied the cefophagus . I had here a clear view

of the origin and progrefs of digeftion . The

jaws of the fmall fifh retained their natural

colour, and appeared unaltered . The eye was

beginning to quit the orbit, and the gills had

loft their purple hue, and were become very

foft. In the ftomach the marks of digeftion

were more evident. The fleſh of the body

was more and more tender as I proceeded

downwards ; and towards the bottom it had

degenerated into a foft and fhapelefs mafs.

The extremity ofthe tail, which had lain at

the bottom of the ftomach, was entirely con-

fumed, and with it the vertebræ of the fpine,

and the adjacent bones.

CXXXV . I met with another fimilar cir-

cumftance in a little carp . It had fwallowed

a fmall lamprey, which was ftretched out at

full length, and occupied the whole ftomach,

and at least two thirds of the cefophagus .

The part that lay at the bottom of the fto-

mach was changed into a kind of mucilage,

in which there was no appearance of any or-

ganized part, except fome of the dorfal ver

tebræ. The parts that lay higher ftill co-

hered, but they came away from the animal

on being touched. The others, which oc-

1

cupied
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cupied the oefophagus , fhewed likewiſe marks

ofan incipient concoction .

Nothing can be more inftructive than theſe

two facts combined. They fhew, in the firft

place, that the bottom of the ftomach digefts

more quickly than the parts fituated above,

as we have feen in other animals (XC) : fe-

condly, that the cefophagus, as well as the

ftomach, is in fome meaſure capable of con-

coction, a circumftance that has been already

noticed with refpect to crows and herons

(LXXVII, XCIX, C, CI ) ; and which phy-

fiologifts have obferved before me in other

fishes. Laftly, that digeſtion in the œfopha-

gus is flower at its beginning, and in its pro-

grefs ; two things that have been remarked

in the birds juſt mentioned .

With refpect to the triturating power of

the ſtomach in theſe three fpecies of fishes,

not to mention that digeftion has been ob-

tained in the tubes without its concurrence,

I am of opinion that it has no exiſtence ; this

I infer, from no effect being produced by it

upon the tubes, upon which I have never

perceived the ſmalleſt bruife, contufion, or

injury, in my experiments on fiſhes, any more

than on frogs, newts, and ferpents , though

they were fo thin, that the flighteſt force

would have been more than fufficient to diſ-

tort or bruiſe them .

CXXXVI. From cold animals let us pro-

çeed to fome experiments on the ftomachs of

warm animals, fuch as fheep, oxen, and horfes.

Reaumur, in his fecond and laft Memoir (a)

concerning digeftion , after relating at length

(a) Hift. de l'Acad, Rọy. An. 1752.

his



130
DISSER

TATION
III.

his obfervations on a kite, flightly touches

on fome experiments upon dogs and fheep.

I will here quote the refults of his experi-

ments on the latter fpecies, referving thoſe

on the two others for another place. Defi-

rous of feeing whether digeftion in ſheep is

the effect ofthe gaftric fluid, he forced down

the throat of one of thefe animals four tin

tubes, two ofwhich were full of fresh blades

of grafs, and the two others of chopped hay.

Fourteen hours afterwards the fheep was

killed and opened, when the four tubes were

found in the firft ftomach, with their con-

tents ; and the grafs and hay were not in the

fmalleft degree digefted, and but little ma-

cerated.

Sufpecting that they would undergo fur-

ther alteration , and be even digefted by a

longer continuance in the ftomach, Reaumur

caufed eight other tubes to be prepared in the

fame manner, i . e. four to be filled with freſh

grafs, and the remaining four with hay.

The grafs before it was put into two oftheſe

tubes, and the hay before it was put into two

others, were moiftened with human faliva ,

All the eight were forced down the throat of

a fheep, which was killed thirty hours after-

wards ; during this interval, the animal had

' been kept ftrictly fafting ; this precaution

had alſo been obferved with refpect to the

former fheep, that had not retained the tubes

fo long. In the courfe of the thirty hours,

the greater part of the tubes were voided at

the anus, but a few remained in the first

ftomach.

But neither had the grafs or hay under-

gone the finalleft degree of digeftion ; they

pre-
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preferved their original form and dimenfions ;

and when they were pulled at the two oppo-

fite extremities, refifted efforts to break them

with the fame force that fimilar pieces of

grafs or hay, that had been a little macerated,

would have done. Hence it is inferred by

this illuftrious naturalift, that digeftion can-

not be effected in the ftomachs of fheep by a

folvent, unlefs that folvent be aided by tri-

turation he was however ingenuous enough

to confefs, that theſe two experiments are of

themſelves very far from throwing fuch light

upon the prefent fubject as he could have

wiſhed.

CXXXVII. The first thing I undertook

with refpect to fheep, was to repeat exactly

Reaumur's experiments. Thinking the tubes

I had hitherto employed too fmall, I hadfome

made eight lines in length, and four in dia-

meter. But I could not at first introduce

them into the ftomach. After I had put

them into the throat with my hand, though

I pushed them as far as my fingers would

reach, they were always returned . With

Reaumur's method I was unacquainted, for

he does not give the leaft information about

it. At laft an expedient occurred ; it confift-

ed in putting the tubes, provided with their

contents, into a hollow cane, and introduc-

ing this cane into the cefophagus ; I could

now push them forwards with a rod, till

they dropped out at the lower end of the cane

into the cefophagus ; and as the part of the

œfophagus into which the tubes were now

introduced, lay at a great diftance from the

mouth, the animal, in ſpite ofall the efforts

he made to return them, was obliged to re-

ceive
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ceive them intothe ftomach : tothe fame con-

trivance I had recourfe likewife in oxen and

horfes. Six tubes were given to à fheep ; in

twenty-feven hours it was killed and opened ;

it had eaten nothing during all the time it

retained the tubes ; and this precaution was

ftrictly obſerved upon every fheep upon which

experiments were made. Notwithſtanding

fo long a faft, the firft ftomach contained a

large quantity of grafs, fomewhat triturated ;

and though it had fed upon this before the

experiment, it was not yet digefted . In the

midſt of this grafs, that was thoroughly im-

bibed with a greenish fluid, with which

great part of the ftomach was filled, lay five

of the tubes ; the fixth had paffed to the fe-

cond ftomach, which may be confidered as

an appendix to the firft. The herbs which I

encloſed in the tubes, after they had been

impregnated with my faliva, were beet, tre-

foil and lettuce ; in three tubes they were

green, and in the reft dry. Upon opening

all the fix, I could not perceive that either

the freſh or the dried plants had fuffered any

diminution, or undergone any degree of real

concoction ; it was only become a little ten-

derer, andthe fresh herbs had loft their green

colour ; in ſhort, the refult of this experiment

was exactly like that of Reaumur's.

CXXXVIII. I ſhould then have fuppofed,

that in theſe animals digeftion depends on the

triturating power of the ftomach, if it had

not ftruck me, that, as the herbs enclofed in

the tubes had not paffed further than the first

ftomach, they might not perhaps have felt

the influence of that kind of gaſtric fluid,

which is requifite for the concoction of the

5
food :
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food for it is very poffible that this fluid

may refide in fome ofthe other ſtomachs, and

eſpecially in the fourth, in which the ali-

ments of animals with four ftomachs, fuch

as fheep, are always found inthe ſtate ofa very

foft pafte. Reaumur indeed did not perceive

any fign of digeftion even in the tubes that

had been voided at the anus, and confequent-

ly muſt have paffed through the other ſto-

machs. But this obfervation refted upon a

fingle experiment ; and to illuftrate ftill fur-

ther a matter of fuch importance, it could

not but be proper to repeat it . I therefore

treated another theep in the fame manner, and

allowed it to live thirty-feven hours after-

wards, that the tubes might have time to

pafs beyond the firft ftomachs. They did in

fact pafs beyond them ; and I found all fix

in the fourth, which anſwered the end I had

in view ; the three ſpecies of plants however,

mentioned above (CXXXVII) , both the

green and the dry, were entire, and feemed

only a little foftened by maceration .

CXXXIX. I was now about to declare in

favour of the neceffity of trituration in this

animal, when a doubt occurred. Neither

Reaumur nor myfelf had adverted to a cir-

cumſtance, which ever precedes digeftion ,

both in sheep, and every other quadruped en-

dowed with four ftomachs, as goats, oxen ,

deer, &c. I mean rumination . Weare taught,

both by diffection and daily experience, that

the food, when it has arrived at the fecond

ftomach, does not immediately proceed tothe

third, and thence to the fourth, but, on the

contrary, returns, and re-afcends up the œfo-

phagus ; and when it has reached the cavity

VOL. I. K of
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ofthe mouth, is mafticated and ground over

again, and impregnated with a large quantity

of faliva ; this procefs is repeated, till it be-

comes fit to be digefted . I therefore enter-

tained many doubts whether the phænomena

obferved by Reaumur and myſelf, were not

rather owing to the want of rumination than

of trituration . Wherefore, in order to de-

cide with certainty concerning digeſtion in

fheep, I perceived it would be neceffary to

repeat the experiments upon plants previouſly

triturated . And I did not conceive that this

trituration was fo peculiar in ruminating

animals, that it could not be fupplied by

man, provided he mafticated the herbs well,

and impregnated them thoroughly with fa-

liva. I therefore performed this eaſy opera-

tion ; the ufual tubes were employed ; in three

of them pieces of the green plants were en-

clofed, and in three others of the dried ; but

both had been well mafticated : the lines and

nerves that traverſe the leaves, were however

eafily diftinguiſhable. Left, when thus broken

downand divided, they fhould pafs out at the

lateral pores, or through the meſhes of the

lattice-work, I thought it would be proper

to enclofe each tube in a linen bag ; fuppofing

that in the prefent cafe that it would not be

broken, as that mufcular action, which is fo

confiderable in gallinaceous fowls, does not

exift in the animals in queftion . I gave the

fix tubes to a ram, together with fix others,

filled with the fame plants, but not pre-

viously mafticated , that I might be able to

form a comparifon . Fourteen hours after

the animal had taken them, he vomited three

at once ; and in thirty-three hours five more

6 were
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were voided at the anus ; at the end oftwo

days he was killed . Of the four remaining

tubes, two were found in the ftomach, and

the other two at the end of the duodenum ;

the bag in which they were enclofed was en-

tire. The tubes that had been vomited

had received more or lefs injury ; the con-

tents of two had not been mafticated, nor

had they undergone the fmalleft alteration .

The contents of the third had been mafti-

cated, and were evidently wafted ; for they

now occupied little more than half the tube,

whereas at first they had entirely filled it ;

they had acquired a fubacid tafte. Many of

the pieces having loft their natural firmness,

broke when I attempted to ſtretch them ;

the nerves only when they were pulled made

fome refiftance.

;

In two ofthe tubes voided at the anus, the

pieces of plant had not been mafticated

thefe did not feem at all diminiſhed, or was

the cohefion of the parts deſtroyed ; on the

contrary, the plants in the other three (which

had been mafticated) were reduced almoſt to

nothing ; the fmall remains confifted of bare

nerves, with a little of the leaf attached ;

and both the one and the other were fo much

foftened, that the flighteft force broke them.

The bag in which they were encloſed was

dyed green, particularly in its infide ; when

twifted and preffed between the fingers, it

yielded a livid yellow juice, of an acid taſte.

This was far from being the cafe in the bags

which contained the two tubes, ofwhich the

contents had not been chewed ; their infide

had fcarce a fhade of green ; and this fhade

was ſtill lefs perceptible in the juice expreffed

K 2 from
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from them. With refpect to the tubes found

in the laſt ſtomach, and at the end of the

duodenum, the contents of the former had

acquired a deep green colour, were a little

macerated, but had not loft much of their

natural firmnefs, and did not appear to be

diminiſhed in bulk. They had not been

mafticated, but thoſe of the two others had ;

and of them there remained only fome ofthe

largeſt nerves, which were themſelves very

tender, and half decompofed. I have already

obferved, that the tubes voided at the mouth

were more or lefs bruifed ; but all the reſt

were quite free from injury.

CXL. The reader is already aware of the

immediate confequences of thefe experi-

ments. In the firft place it appears, that the

gaftric fluid of fheep has no effect in digeft-

ing plants, unless they have been previouſly

mafticated ; otherwiſe it can only produce a

flight maceration, nearly as common water

would do in a degree of heat fomewhat ex-

ceeding the middle temperature of the at-

mofphere. Secondly, this fluid is abun-

dantly capable of digefting plants, provided

they are previoufly reduced to pieces by maf-

tication; its firſt effect is to ſoften them, and

deft:oy their natural confiftency ; it then pro-

ceeds to diffolve them, not even ſparing the

tougheſt parts, fuch as the nerves of the

leaves; of this folution we have a clear proof

in the green colour that appears on the linen

enclofing the tubes, and in the juice ex-

preffed from it (a) . Thirdly, the triturating

power

(a) In my agreeable refidence at Geneva in the fum-

mer of 1779, I had what I had long wifhed for, the fatis-

faction
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power of the ftomach does not at all contri-

bute to digeftion in fheep, but this proceſs is

entirely effected bythe gaſtricjuices . Fourth-

ly, no fuch power exifts in fheep, as we fee

from the tubes that were voided at the anus

and found in the ftomach having ſuſtained

no injury, notwithſtanding preffure alone be-

tween

faction of being perfonally acquainted with my illuftrious

friend Mr. Bonnet, and of enjoying much of his

converfation . I had alfo an opportunity of taking his

opinion on fome productions, which I defigned to

publiſh, and particularly the prefent work concerning di-

geftion. Three other reputable philofophers and excel-

lent judges of the ſubject were prefent at the reading,

Mr. Abraham Trembley, Mr. Johannes his worthy

nephew, and Mr. Senebier, Librarian of the Republic of

Geneva; and it did not appear to me, that my labours

were diſapproved by this refpectable affembly. Mr. Bon---

net gave me a book to perufe onthe fame fubject, which,

as it was new to me, gave mefears, left the author fhould

have anticipated me; it was intituled, " Effai fur la Di-

geftion, & fur les principales Caufes de la Vigueur & de

la Durée de la Vie. Par Mr. Batigne, M. D. Berlin,

1768, 12mo." But I was foon aware, that Mr. Batigne

and myſelf had purſued very different paths ; in his book

he does not enter into any experimental enquiry concern-

ing digeftion, but confines himſelf to reflections, which,

although they are very pertinent and fenfible, are calcu-

lated rather to excite than fatisfy the reader's curiofity.

Hence I fhould not have mentioned it, but for ſome ob-

jections ſtarted againſt Reaumur's Memoirs on Digeſtion.

Thefe I fhall touch upon in a few fhort notes, at ſuch

places of the text as they ſeem moft connected with. And

here it is proper to mention one objection relative to the

digeftion of ruminating animals, which, before I was ac-

quainted with Mr. Batigne's book, I had myſelf urged

againſt Reaumur, and which experiment proves to be per-

fectlyjuft. It confifts in fhewing, that the French natų-

ralift had omitted the maftication of the plants encloſed

K 3
in
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tween the fingers is fufficient to flatten them.

The contufion of the tubes that were vo-

mited is no proof of the contrary, fince it is

evident, that this contufion was produced by

the teeth of the animal during rumination,

Laftly, thefe vegetables acquire a flight acidi-

ty during folution , but of this we hall have

anotheropportunity offpeaking hereafter (a) ,

CXLI. This quadruped feeds not only upon

grafs, but upon corn alfo whenever it meets

with it ; it is likewife very fond of bread.

In order therefore to confirm ftill farther

what has been advanced, I thought it would

be very proper to make an experiment upon

fomekind of grain. I felected wheat for this

purpofe; and as it may beprocured under the

various forms of feed, flour, and bread, I

chofe to make trial of all three . Six tubes

were filled, three with theſe fubftances with-

out any other preparation, and three others

with the fame after they had been well maf-

ticated . The tubes were enclofed in linen

bags as before, and given to a lamb fix months

old. It was killed thirty hours afterwards ;

none of the tubes were either vomited or

in the tubes before he introduced them into the ftomachs

of fheep, which was the reaſon why they were not digeft-

ed. Nearly the fame objection is urged by the learned

phyfician in theſe terms ; " The experiments ( of Mr. de

Reaumur) upon ruminating animals are ſtill lefs conclu-

five ; the grafs contained in the tubes could be only ma-

cerated, fince it was neither chewed nor broken down a

fecond timebyrumination." (L. c. Troifieme Reflexion

fur les Experiences de Mr. de Reaumur) . It was a piece

of juftice due to Mr. Batigne not to overlook this paf

fage,

(a) In the laft differtation.

voided
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voided at the anus ; they were found partly

in the thirdand partly in the fourth ftomachs.

The refult of this experiment coincided with

that related above (CXL) . The grain , flour,

and bread, that had not been mafticated , were

indeed penetrated thoroughly by the gastric

fluid, but not at all diffolved . On the con-

trary, the corn which I had firſt bruiſed with

a peſtle and then ground between my teeth

and reduced to a coarfe pafte, was in great

meaſure confumed ; nothing remained in the

tubes but fragments of the bran, with

fome ſmall remains of farinaceous matter ad-

hering. The like had happened to the flour

and bread, what remained confifted of a mu-

cilaginous mafs, without any appearance of

what it had originally been . This matter

had a flight degree of acidity, a quality which

was far more evident in the bread, flour, and

grain that were not diffolved by the gaſtric

fluid for want of previous maceration .

CXLII. The vast quantity of gaſtric fluid

with which ruminating animals are continu-

ally fupplied, was already known to phyfio-

logifts, and particularly to the great Haller.

After a faft of two whole days, I have found

thirty-feven ounces in the two firft ftomachs

of a fheep. It was green, but I know not

whether this colour is natural to the fluid, as

the yellow hue to that of crows (LXXXI) ;

or rather whether it is adventitious, and de-

rives its origin from the plants on which

thefe animals feed , of which, notwithſtand-

ing fo long a faft, there were ſtill fome re-

mains inthe two ftomachs. The great quan-

tity of juice I had collected induced me to

try whether, like that of feveral other ani-

K 4 mals,
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mals, it was capable of digefting food out of

the body. Itherefore enclofed feveral pieces

of the leaves of lettuce in two fhort glaſs

tubes (which I had previouſly filled with the

juice), and fealed them with wax at each

end. The contents of one tube, as before,

were mafticated, while thofe of the other

were left untouched. It was proper on the

prefent occafion to employ a term of com-

pariſon, by repeating the fame experiment

upon two other tubes filled with water. That

theſe four tubes might be expoſed to a degree

of heat nearly equal to the temperature of

fheep, I fixed them under my axillæ, two

under each axillæ, where they continued

forty-five hours. The leaves immerfed in

the gaſtric fluid, which had been previouſly

macerated, had undergone no inconfiderable

change. Befides the lofs of their bright

green colour, they were converted into a kind

of glue, in which it was juft poffible to find,

with the point of a penknife, a few nerves,

which were the only remains of the organi-

zation of the plant. This was far from be-

ing the cafe with the leaves that had not been

mafticated; for all the pieces were diſtin-

guiſhable, and the only difference was, that

they did not afford fo much refiftance as at

firft . The leaves immerſed in water, both

thoſe which had been chewed, and thoſe

which had not, had not loft either their co-

lour or confiftence. From this compariſon

it appears, that the gaftric fluid does not act

on the plant as a mere aqueous fluid, but as

a real folvent, nearly as it acts in the ftomach

itſelf. Nor was the heat to which it was

expoſed under my axilla a condition without

its
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its part in the production of this incipient

digeftion ; for in pieces of the fame leaves of

lettuce mafticated in the fame manner, but

kept in my apartment, of which the tem-

perature was about fixteen * deg. there ap-

peared only a fuperficial maceration, notwith-

ftanding they remained immerſed in the fame

gaftric fluid for the fame ſpace of time.

CXLIII. I clofed my enquiries concerning

the digeftion of ruminating animals by fome

experiments on oxen. In thefe the fametubes

and plants were employed as before, and the

refults perfectly coincided with thofe obtain-

ed from theep; only in the preſent inſtance,

Nature was more fpeedy in her operation .

Before twenty-four hours had elapfed, the

tubes,whichhad been given to two oxen, were

voided along with the excrements ; they were

not in the leaft contufed or injured . When

taken outof the linen bags and examined, they

werefound to contain little more than the bare

ribs and nerves of the leaves of beet, lettuce,

and trefoil (which leaves had been previously

mafticated) . The nerves were alfo in fome

degree macerated, and the flighteft violence

was fufficient to break them. On the con-

trary, pieces of the fame plants that had not

been fubjected to maceration were indeed

flightly concocted, and their colour was a

little faded, but they were entire . When

applied to the tongue, they tafted fubacid,

like thoſe which had been in the ftomachs of

fheep (CXXXIX, CXLI) .

The horſe does not chew the cud, but he

refembles the ox in the membranous ftruc-

* Sixty-fix, Fahren .

ture
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ture of his ftomach, and the food upon which

he lives . I was therefore defirous of feeing

what changes mafticated plants would under-

go by continuing a given time in the fto-

mach of this quadruped alfo, enclofed as

ufual in tubes. Here too they were di-

gefted, as I learned from fome lettuce and

trefoil enclofed in two tubes, which were

voided in fifty-two hours.

CXLIV. When I reflect upon the various

animals to which my enquiries concerning

digeftion have been hitherto extended, I per-

ceive, that the ruminating fpecies very nearly

refemble birds endowed with mufcular fto-

machs, with respect to the action of the gaf-

tric fluid . In both, that fluid requires an

agent capable of breaking down and tritu-

rating the food, before it can diffolve and

digeft it. From the mouth of granivorous

birds, where it undergoes no real alteration ,

the aliment paffes immediately into the craw,

where it is foftened and macerated ; from this

receptacle it defcends into the ftomach : the

triturating power of this organ performs the

office of teeth, and breaks, grinds, and,

if I may fo fpeak, pulverizes it, and thus

renders it fit to be diffolved by the gaſtric

fluid, and converted into chyme. Nature

employs a fimilar contrivance in ruminating

animals. The hay and grafs defcend im-

mediately into the first and fecond ftomachs,

in nearly the fame ftate as when they were

browfed. Here they are ſoftened by the exu-

berance of gaftric juices, as feeds in the

craw of birds with gizzards. But as the

ftomachs of ruminating quadrupeds have no

fenfible triturating power (CXXXIX, CXL,

CXLIII) ,
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CXLIII) , and the aliment requires tritura-

tion, nature has wifely provided for this by

caufing it to afcend, in confequence of a

gentle ftimulus to vomit, into the cavity of

the mouth, where, bymeans of rumination,

it receives the neceffary predifpofition to be

digefted by the gaftric fluid, as happens to

the food in the ftomachs of granivorous

fowls, after they have been properly triturat-

ed by the gastric muſcles.

DISSER-
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THE SUBJECT OF DIGESTION IN ANIMALS

WITH MEMBRANOUS STOMACHS CON-

TINUED . THE LITTLE OWL. THE

SCREECH OWL , THE FALCON .

EAGLE .

THE

CXLV.

R

EAUMUR having treated in

his first memoir of the mode

of digeftion in granivorous and herbivorous

fowls which are provided with gizzards, in

his fecond proceeds to enquire into the na-

ture of that function in carnivorous birds, of

which the ftomach is membranous. From

the facts related in the first memoir he con-

cludes, that there does not exiſt in the giz-

zard any folvent capable of feparating the

particles of the food. This feparation, he

thinks, is effected by a force refembling that

exerted by mill-ftones, viz . the action of ſto-

machs of this conftruction upon their con-

tents . He is moreover of opinion, that

the facts adduced in the ſecond memoir prove

the
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the exiſtence of a menftruum in membran-

ous ftomachs, capable of diffolving and di-

geſting the aliment without borrowing any

aid from the action of the folid parts.

As the great object of the firſt differtation

was to enquire experimentally into the mode

of digeftion in fowls with muſcular fto-

machs, I had there an opportunity of confi-

dering fully Reaumur's experiments on that

fubject ; and we have accordingly feen, that

the confequences he has deduced from them

are by no means to be admitted in their full

extent. This is plain from the XXXIX,

XL, XLI, XLII, XLIII, XLVth para-

graphs, to which, for the fake of avoiding

uſeleſs repetitions, I refer the reader. The

prefent differtation, in which the ſubject of

digeſtion in membranous ftomachs is con-

tinued, is the proper place for confidering

the experiments related in the ſecond memoir.

As of all fowls birds of prey approach neareſt

to man in the ftructure of the ftomach, he

chofe one of thoſe large kites that are com-

mon in France, for the fubject of his enqui-

ries . The periodical vomiting, common to

all birds of prey, allowed the French na-

turalift to make a variety of experiments on

the fame individual . He employed tin tubes

filled with different fubftances, eſpecially

fleſh, which, after having been fome time

in the ftomach, were thrown up, and gave

him an opportunity to examine the effects

produced upon the contents. That the flesh

was more or lefs digefted according to the

length of its continuance in the body of

the animal, was the general and invariable

refult
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refult obferved by Reaumur (a) . Hence he

justly infers, that in this cafe digeftion is

produced by the gaftric fluid, without the

concurrence of any triturating power, He

mentionsfomeotherexperiments,whichIfhall

have occafion to confider below, andconcludes

from analogy, that digeftion in other birds

with membranous ftomachs is produced in

the fame manner. He laments however, that

from the death of his kite, and his neglect-

ing to fubftitute other animals in its ftead,

he could not adduce facts fufficiently nume-

rous to illuftrate the fubject fully. He pro-

mifes to fupply the deficiency on fome future

occafion, but his death, by which a few years

afterwards natural philofophy loft its great

(a) Mr. Batigue thinks, that fleſh encloſed in tubes

was infufficient to convey a precife idea of the alteration

it undergoes in the ftomach, as it is only macerated in

tubes, and not digeſted. " On voitde plus que la viande

mife dans les tubes ne peut donner une idée precife des

changements qu'elle fubit dans l'eftomac de l'animal, puis

qu'elle n'y eft que macerée & non point digerée." (L.

c. premiere Reflection fur les experiences de M. de Reaumur. )

The author must allow me to obferve, that in this attack

he mifreprefents Reaumur, who, p . 465, &c . of the

Mem. of the Roy. Acad. exprefsly fays, that the fleſh

given to the kite was not merely macerated or foftened,

but completely digefted, and at laft entirely confumed.

He might indeed have objected to the fmall number of his

experiments, as infufficient to afcertain the efficient caufe

of digeftion, if that philofopher, whofe ingenuoufneſs was

equal to his fkill, had not perceived and publicly owned it

himſelf. That tubes, provided the experiments are pro-

perly made and varied, are well adapted to fhew the

change produced upon food in the ftomach, will be abun-

dantly proved by the facts adduced in this treatiſe.

ornament,
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ornament, prevented him from fulfilling his

promiſe.

CXLVI. I do not prefume that I fhall be

able to accompliſh, what neither this illuftri-

ous naturalift, nor any other, as far as I know,

has effected . But fimply with the view of

continuing myobfervations and reflections on

digeftion in fowls with membranous fto-

machs, I fhall relate fome experiments on

various birds of prey, of which fome feek it

by night, and others by day. Among the

former, I have uſed fuch as I could moſt ea-

fily procure, the little owl and the fcreech-

owl . Thefood whichIgave the firft-mention-

ed fpecies (a ) , and which it eagerly devoured,

has enabled me to folve, among other pro-

blems, one that exercifed the fagacity of M.

de Reaumur. Finding that the gaftric fluid

of the kite digefted flesh, he wished to know

whether it would alfo digeft vegetables ; a

circumftance he did not think probable, when

he confidered the repugnance carnivorous

birds fhew for them ; and fo in fact it hap-

pened. When beans, peafe, wheat, inclofed

in tubes, had lain fome time in the ftomach,

they were thrown up juft in the fame ſtate as

they had been fwallowed: nor did boiling

difpofe them to be diffolved any better by

the gaſtric fluid . Some fparrows, which I

gave myowls, afforded me an opportunity of

obferving the fame phænomenon . As they

fwallowed them whole, they of courfe would

receive into the ftomach feathers and food

(a) This fpecies is called by Buffon petite chouette,

Hift . Nat. des Oifeaux, T. 2. Ed. in 8vo. and by Lin-

næus Arix pafferina, 1. c.

not
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not yet digeſted by the fparrows, and confift

ing of grain or bread. Now, after the fleſh

has been digefted , the feathers are vomited

generally in the form of a hard ball ; and

along with the feathers the grain, which,

though it is much foftened by maceration,

yet continues whole. And if the matted fea-

thers be difentangled, we may generally per-

ceive evident traces of bread. Hence we

have a clear proof that the gaſtric fluid pro-

duces no change on fuch vegetables.

CXLVII. This fact, fimple as it is, fhews

two things, of fome importance to be no-

ticed : first, that the ftomach of this bird is

really membranous, and without anypower of

trituration this appears from the grains

(CXLVI) continuing whole, though they

had been foaked till they were become ſo ten-

der, as to burst on being gently fqueezed be-

tween the fingers . I would not however

alledge that the ftomach has no action at all ;

for the globular mats of feathers can only be

produced by this vifcus contracting as the

Heſh is digefted.

The digeftion of the bones alfo deferves

attention. It cannot be faid that they are

voided along with the excrements ; for I

muſt foon have been aware of this, as I kept

my owls in cages ; nor, for the fame reaſon,

could it have eſcaped my notice if they had

been vomited . I have indeed fometimes

found two orthree little bones, as a dorfal ver-

tebra, or a piece of the cranium, among the

matted feathers, but never any thing like the

whole ſkeleton . We must therefore con-

clude that they are digefted

CXLVIII.
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CXLVIII. Reaumur's kite was capable of

digefting bone, though of the hardeft tex-

ture, and encloſed in tubes (a) . Though

the experiment juft related is fufficiently de-

cifive, yet, as the bones were looſe in the

ftomach, to be abfolutely certain that the

effect was produced by the gaſtric fluid alone,

it was proper to repeat it with a tube ; with

this view a piece of the thigh of a pigeon

was put into one of the fame tubes that I

ufed before : thus two experiments, one on

the digeftion of fleſh, and another on that of

bone, were made at once. By long practice

upon birds of prey, I learned how to keep

the tubes in the ftomach as long as I pleafed.

When I had given one of my tubes to an

owl, after it had been full fed, I found it

was not thrown up till all the food was di-

gefted . This obfervation is applicable to all

other birds of prey. The fame thing alfo

happened when they were fed fparingly. All

the difference was, that as the full ftomach

requires more time to be emptied, the tubes

were retained longer, and vice verfa. When

they were fafting, the tubes were fure to be

returned in two or three hours . This ob-

fervation, together with the knowledge I had

acquired from experience, of the time thefe

birds take to digeft a given quantity of food,

enabled me to guefs pretty exactly how long

the tubes would continue in the ftomach.

I return now to the tube in which part of

a pigeon's thigh had been put. After feven-

teen hours continuance in the ftomach, the

bone was no where changed except at the

VOL. I.

(a) Mem . cit.

L broken
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1

broken ends, which were a little foftened,

The flesh, by which it was covered , as well

as the integuments, had begun to be diffolv-

ed, for the furface was become exceedingly

tender. In fourteen hours more greater effects

were produced. The flesh was confiderably

wafted , the bone was fhortened at the ends,

and was fo foft, as to yield to the preffure of

the finger. In twenty-feven hours more,

there was no remains of flesh or periofteum ,

and the Bone was a good deal fhorter than at

firft . I could not but be defirous of feeing

the end ofthe experiment, and therefore re-

placed the bare bone in the tube. When it

had remained twenty-one hours in the fto-

mach, it had loft the marrow, and the inter-

nal cavity was enlarged, though the girt was

leffened. This arofe from the corrofion of

the internal and external furfaces at the fame

time. Both furfaces were covered with a

yellow fluid, that had at once a bitter and

falt taste; and points of gelatinous matter

were difperfed over them. The bone, thus

halfdiffolved, was put again into the tube, and

left thirty-two hours longer in the ftomach .

If the reader can conceive a cylinder of thin

paper, uneven at the ends, and perforated

with feveral holes, he will have an idea of the

ftate of the bone when it was taken out ofthe

tube. It was covered with the fame fluid,

which must have been the gaftric liquor;

and the gelatinous points now alfo were dif-

perfed over the furface ofthe leaf; this jelly

was the offeous matter itſelf, reduced to this

ftate by the action of the gaftric fluid . Laft-

ly, nine hours longer continuance in the fto-

mach, left only a few fmall chips . This

one
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1

the

one experiment convincedme, that the gaftric

fluid of the little owl is capable of digeſting

bone as well as flesh, without the concur-

rence of any external agent : it alfo fhews the

gradual progreſs of digeſtion .

CXLIX. Having fo far fatisfied my cu-

riofity, it remained to enquire into the nature

of this fluid, and its effects out of the ani-

mal body. With the fmall fpunges, by

means of which I obtained fo large a quan-

tity from crows (LXXXI, LXXXII), I pro-

cured it in due proportion from the fpecies of

owl in queſtion. I ſay in due proportion ; for

it is evident, that as the ftomach of thefe

birds will not admit fo many tubes as that

of crows, it cannot yield fo much gaftric

fluid . Befides , I had only fix little owls,

whereas I could get as many crows as I

pleaſed. It was wonderful how foon the

punges were filled with liquor . As they

were introduced into the empty ftomach,

they were foon thrown up, agreeably to an

obfervation made above (CXLVII) ; and yet

they were as full of juice, as if they had been

dipped in water ; and freſh ones immediately

forced down the throat, yielded a nearly

equal quantity. I obferved the fame thing

in crows (LXXXIII) . Whence it appears,

with what care Nature provides a large fup-

ply of gaftric liquor in thefe animals, as di-

geftion is entirely dependent upon it . The

juice was inftantly fqueezed out of the

fpunges into a ſmall glafs ; it appeared to

have the fluidity ofwater, but was of a red-

difh-yellow colour, like the yolk of an egg.

This colour was not inherent in the gaftric

liquor ; it arofe from an immenfe number of

L 2 very
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very fmall yellow corpufcles, ſcarce percep-

tible by the naked eye, but eafily feen by

help of the microfcope. In a fewhours they

fubfided to the bottom, in the form ofa yel-

low ſediment, and left the fluid above tranf-

parent, like water, where it has been freed

from mud that was diffufed through it, and

rendered it turbid . The firſt time I faw this

phænomenon, I fufpected it was owing to

fome impurities that remained in the fto-

mach, and were mixed with the juice. Be-

fore the next experiment, in order to be cer-

tain that the ftomach was free from hetero-

geneous fubftances, I kept the animal fafting

for a longer time than ufual ; but this did

not prevent the yellow colour from appear-

ing. Upon opening the ftomach of an owl

that had been long kept fafting, I could find

no foreign fubftance, but the fluid was as

yellow as that fqueezed out of the fpunges.

I was therefore convinced that theſe particles,

though I could not diſcover their origin , did

not come from any remains of the food.

The gaftric liquor of the little crow, like

other gaftric liquors, is a little falt and bit-

ter : it evaporated fooner than water. It

leaves a fediment of the yellow particles ,

which gradually becomes dry, and forms a

blueish yellow cruft ; it is not at all inflam-

mable. It has one property common to every

gaftric fluid I have hitherto examined, or

ihall have occafion to mention in the fequel ;

though it is expofed to the open air forweeks

and months, in the hotteft feafon, it never

becomes putrid.

CL. Such are the properties of the gaſtric

liquor of the finall owl, when examined

alone.



DISSERTATION IV.
153

alone. Let us proceed to the effects it pro-

duces on flesh out of the body. In theſe

experiments I ufed calves inteftines, a kind

of food which this bird devours very greedi-

ly. Forty-fix grains were immerfed in fome

recent gaftric fluid ; and at the fame time an

equal quantity of the fame inteftine was put

into a phial exactly like the former, and an

equal quantity of water was poured upon it.

Whenever I have made experiments, with a

view to compare the effects of the gaftric li-

quor and water, I have taken care that all

circumftances fhould be alike. To prevent

evaporation, the mouths of the phials were

ftopped with paper ; they were fet near a kit-

chen fire, where the ufual heat was between

thirty and thirty-five degrees . In eleven hours

fome black fpots began to appear upon the

inteftine in the gaftric fluid, which were at

first thinly ſcattered over it, but became gra-

dually more numerous, till in twenty-four

hours they almoft covered it . During the

formation ofthe fpots, I examined the intef-

tine with the microfcope, and found that

where they appeared, the flesh was ſoftened,

and had loft its fibrous texture. When they

had ſpread over the whole piece, I took it

out of the liquor, and waſhed it with pure

water ; and now it recovered its white co-

lour, for the black covering confifted of a

thin ftratum of flesh, which the gaftric fluid

had concocted. It was very eafily rubbed off,

and fell to the bottom of the water in ex-

ceedingly fmall particles, where it formed a.

black fediment, and when viewed by the mi-

croſcope, feemed to be a collection of mole-

cules of flesh, with no appearance of fibres.

L 3 When

1
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When the piece of gut was dried, it weighed

only twenty-eight grains, and had therefore

loft eighteen , the piece that had ftood in

water for the fame length of time, was quite

fœtid ; whereas the other emitted no difa-

greeable fmell : after washing and drying, it

was found to have loft feven grains . Both

pieces were again put into the phials, with

the fame quantity of water and gaſtric fluid,

and left in their former fituation for two days,

The latter had now loft its fhape and organi-

zation, and was converted into a black muci-

lage, of which the particles had no longer

any coheſion. The gaftric liquor had there-

fore diffolved the piece of inteftine complete-

ly ; an effect, which neither water nor putre-

faction had produced upon the other ; for

there was a remainder of nineteen grains, that

not only retained its fibrous ftructure, but

made confiderable refiftance when I attempted

to tear it.

fo-

CLI. I did not neglect to examine the

ftomach and cefophagus of this fpecies of

owl, as I conceived that it would be impro-

per to omit a brief defcription of theſe or-

gans in the animals upon which my experi-

ments were made. If the beginning of the

duodenum be tied, fo as to ftop the air from

paffing, and the upper end of the oefopha-

gus be inflated, we get a view of the

phagus and ftomach dilated to their utmoſt

extent ; together they reſemble a pear, or ra-

ther a gourd, of which the belly is formed

by the ftomach, and the neck by the œfo-

phagus ; when infpected against the light,

the latter appears femi-tranfparent, and the

former quite opake . If they are cut longi-

tudinally,
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tudinally, and ſpread upon a table, we find that

the transparency of the cefophagus is owing

to the thinnefs of its fides, which thicken

as they defcend, and render the lower part as

opake as the ftomach . It becomes not gra-

dually, but fuddenly thicker, from the mul

titude of follicular glands that form the fame

kind of tranfverfe fafcia, that I have defcrib-

ed in other birds ; in this fpecies it is about

five lines broad. Thefe glands continually

fecrete into the cavity of the fophagus a li-

quor almost infipid, of a turbid white co-

lour, and of fome denfity; in a word, re-

femblingthecefophageal juice of other birds.

At the beginning of the ftomach the folli-

cles difappear, nor could I find the fmalleſt

veftige of any thing like them in the coats,

though I fearched with care. Are we then

to fuppofe that the fource of the fluid, which

is always to be found in the ftomach, is

from the numberless glands lying at the bot-

tom of the cefophagus ; this is probably true

of part; but that no fmall part comes alfo

from the arteries of the ftomach itſelf, the

humidity, like what I have defcribed in other

animals (XCIII, CXXXII), has furniſhed

me with an indubitable proof; for it imme-

diately appears again, after it has been wiped

off ever fo clean.

CLII. This defcription will apply to the

cefophagus and ftomach of ſcreech-owls : I

have made experiments on two fpecies ofthe

owl; one variegated with many colours,

among which the red and brown, or dull

yellow, predominate ; upon the head are two

curious tufts, in the fhape ofa crefcent ; the

L 4 other

.
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other ſpecies has not this tuft, but is adorn-

ed with a greater variety of elegant colours :

the iris is dufky, in the former it is yel-

low (a) . My firft experiment was made upon

one of the long-eared owls, and the refult

greatly furprized me. It threw up two

tubes in about three hours after it had taken

them, nor was the flesh at all changed ; I

could not perceive any alteration , even when

it had continued upwards of feven hours in

the ftomach. If I had not been very cauti-

ous in forming opinions, I fhould have con-

cluded, that the gaftric juices of this fpecies

are infufficient of themfelves to produce di-

geftion ; but I reflected , thatafingleexperiment

did not warrant fuch a conclufion, and that

fome adventitious circumftance might have

affected the refult . The bird feemed quite

ftupid, and reduced very much in its flesh ;

hence it was probably unhealthy, and confe-

quently incapable of digefting its food pro-

perly. This fufpicion was confirmed by the

account of the perfon from whom I had it,

who informed me, that it had refuſed food

ever fince it was taken, which was now four

days . It was an old bird ; and, upon turn-

ing to Buffon, I found that, in order to rear

individuals of this fpecies, it is neceffary to

catch them young, for the old ones will not

take fuftenance in confinement (b) . In two

days and a half longer, that in my poffeffion

(a) The former fpecies is called by Linnæus ftrix otus,

and moyen duc by Buffon ; the latter ftrix ftudula and chat

buant.

(b) A. 1. C₁

1

died
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died without taking any food, and returning

what I forced down the throat.

CLIII. This owl fell into my hands in

winter ; the fpring following I procured two

young ones from the neft, which devoured

food with eagernefs whenever hunger preffed

upon them: I now repeated my experiment,

and the refult was exactly the reverfe of the

preceding ; the flesh in the tubes fhewed

figns of folution in three hours and three

quarters, and in feven was entirely diffolved .

This convinced me, that the failure of the

foregoing experiment was not owing to the

inefficacy of the gaftric fluid, but to the

morbid condition of the animal ; which ei-

ther leffened its quantity, or, what is more

probable, impaired its quality. I might,

therefore, have omitted mentioning that fai-

lure; but it was better to relate it, in order to

fhew, that when the food inclofed in tubes

is not digefted, we are not immediately to

infer, that the gaftric fluid is not capable of

producing this effect.

CLIV. But my young owls digefted not

only fleſh, but bone ; and that of a hard tex-

ture, fuch as the bones of fheep and oxen,

not to mention thofe of pigeons and fowls.

The refult was effentially the fame as in the

preceding fpecies (CXLVII, CXLVIII ) ;

inftead, therefore, of dwelling upon it, I will,

relate, at fome length, a fact, which, in my

opinion, deferves to be noticed. I gave one,

of my owls a frog, and in an hour killed it,

The ftomach was exceedingly dilated, and

was incapable of containing the whole frog,

ofwhich the head lay in the cefophagus, and

ftretched the fides confiderably, the hind

legs
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legs lay at the bottom of the ftomach, and

the flesh was fo much wafted, that the bones

were nearly bare: the integuments of the

thighs and trunk were almoft corroded, and

the flesh was as tender as if it had been boil-

ed. The head, which lay contiguous to the

fafcia of follicular glands at the bottom ofthe

cefophagus, had begunto be diffolved. This

experiment fhews notonly that flesh is digefted

with great quickneſs by the gaftricliquor, but

likewife that it is digefted equally foon in the

cefophagus and ftomach; an obfervation I

had not yet made upon any other animal.

CLV. Before I killed both theſe owls, I

was defirous of having fome of their gaſtric

juice, that I might fee whether it retained

like others its power of digeftion ; and I found,

that flesh is completely diffolved by it even

when it is affifted by a proper degree of heat.

CLVI. In the other ſpecies, the tawnyowl,

the fame phænomena occurred with refpect

to the folution of flesh and bone in the tubes,

whether we confider the digeftion of fleſh and

bone in tubes, or the ſpeedy digeftion in the

cefophagus (a), or the remarkable flowneſs

(a) WhenI was compofing the text I was ftruck by a

reflection, for the infertion of which this is the proper

place. If we compare the prefent with the LXXVII,

LXXVIII, LXXIX, XCIX, Cth, CIft, CXXXV,

CLIVth, it will appear, that the cefophageal before its

mixture with the gaſtric fluid, in many animals, is endow-

ed with fome degree of digeftive power. This virtue,

though it is generally only exerted in conjunction with

the gaftric fluid, yet in ſeveral animals produces its effects

in the oefophagus, as we have feen on more than one oc-

cafion, when the fubject was animals of which the fto-

mach is not capacious enough to hold all the food (which

is fwallowed with great eagerness ), and part muſt there-

fore be lodged in the cefophagus.

of
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of that procefs out of the body. Upon an

individual of this fpecies I made an experi-

ment, which had been unfuccefsful on the lit-

tle owl. Obferving, that when they were

hungry and open their beak very wide, if I

dropped a pea, French-bean, or cherry into it

theyfwallowed it with as much avidityas if it

had been the pleafanteft kind of food, I was

defirous of feeing whether the ftomach would

digeft vegetable fubftances. With this view

I encloſed fome of the feeds juft enumerated

in fome tubes, and forced them down the

throat, but to no purpofe ; for though the

liquor fwelled them, and perhaps altered the

colour, they underwent no diminution of

bulk. They were thrown up undigested in a

day ortwo, a circumftance which fufficiently

fhews, that fuch kind of food, notwithſtand-

ing they appear to relish it, is ill adapted to

their gaftric juices. The greedinefs with

which they fwallow fuch fubftances can arife

only from that blind appetite, in confequence

of which birds take whatever is offered them.

CLVII. Being fatisfied with thefe expe-

riments on nocturnal birds of prey, I turned

my attention to fome of the diurnal ones .

My firft fubject was a falcon given meby my

illuftrious friend the abbe Corti, formerly

profeffor of natural hiftory at Reggio, and

now fuperior of the College of Nobles at

Modena, a philofopher well known in the

republic of letters by feveral fine publica-

tions . It was of the fize of a common hen,

and appeared to belong to the fpecies deno-

minated lanarius by Linnæus. I foon found,

that I could not handle this bird fo familiarly

аб

"
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as thofe which I have had occafion to men-

tion hitherto. The ftrong beak and long

fharp talons would not eafily permit me to

open the mouth by force, and thruft the

tubes down the throat. I however contriv-

ed a method of introducing them into the

ftomach without the bird being aware ; it

confifted in cutting fome flesh in pieces,

making holes in them, and concealing the

tubes in theſe holes. When the falcon was

hungry he ran eagerly to the pieces of flesh,

and fwallowed them whole. For the fraud

to fucceed, it was neceffary that the tubes

fhould be quite covered with flesh ; for if

any part of them was bare, the falcon would

put them under his talons and tear the flesh

away with his beak and fwallow it, leaving

the tubes.

CLVIII. My firft experiment was made.

with a view to afcertain, whether it was ca-

pable of digefting bone independently of the

action of the ftomach. The refult was fuc- ,

cefsful ; but I have before faid fo much on

the fubject of the digeftion of bone, that I

fhould omit relating the prefent inftance par-:

ticularly but for a new and important pha-

nomenon, which renders the detail neceffary.

The bone confifted of little fplinters of an

ox's thigh bone; they were very hard and

compact, and of various fizes, from a grain

of wheat to a bean ; they weighed together

fixty-feven grains ; I put them into two

tubes, in which they were rather cloſely

crammed. To prevent their falling out of the

tubes when they began to be diffolved , and

confequently to get looſe from each other, I

put the tubes in a linen bag, a precaution

which
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which I had before employed, and continued

to employ occafionally in future. In twenty-

four hours the bones had ſhifted their re-

fpective places and rattled in the tubes, a cir-

cumftance that fhewed the bulk to be dimi-

niſhed. They were moift with gaftric li-

quor, but had none of thofe gelatinous points.

which I had feen in an experiment both on

the little owl (CXLVIII) , and the two other

fpecies. Theſe points were, as I then re-

marked, the offeous matter converted into

jelly or chyme by the gaſtric liquor. But

what is extrordinary was, that thefe fplinters

retained their original hardneſs and rigidity;

fo that at first fight one would not have fup-

pofed, that the fluid of the ftomach had had

any effect upon them. However, the con-

trary was certain ; for when the gaftric li-

quor was wiped off, they weighed onlyforty-

two grains. I now replaced them in the

tubes, and examined them again after they

had been two days in the ftomach.
The

pieces of the fize of grains of wheat were all

deftroyed but two, which were now no larger

than millet. Three of the fplinters were at

firft as big as beans, but now reduced to the

fize of maize. Thofe of an intermediate

fize were diminiſhed in proportion . During

the whole time they all continued hard. At

the third examination , after fifty-feven hours

longer continuance in the ftomach, the three

large pieces only were left, and they were

now no larger than millet ; when I ftruck

them with an hammer, I found that they re-

tained their original hardneſs.

The gaftric liquor therefore of the falcon

does not, like that of owls and many other

animals,
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animals, infinuate itſelf into the fubftance

of the bone, but acts on the furface only.

The phænomenon, I think, may be thus ex-

plained : conceive a bone to be compofed,

like wood, or to bring a more familiar in-

ftance, like an onion, of a great number of

ftrata. The ftrata of the onion are of con-

fiderable thicknefs, but we must imagine,

that in bone they are exceedingly thin . The

gaftric fluid of owls or other animals will

firft diffolve the upper ftratum, but while it

is doing this it will penetrate and foften the

contiguous ftrata, without diffolving them.

Hence the tendernefs of bone that has lain

in the ftomachs of animals. On the con-

trary, we muſt fuppofe, that the gaſtric li-

quor of the falcon has no power of pene-

trating the internal ftrata, but that its action

is limited to the furface. According to this

fuppofition the bone will be digefted without

having the internal parts foftened, and thus

ftratum after ftratum will be taken away, juft

as it would happen if we had a menftruum

capable of diffolving only the fuperficial

layer of an onion without acting upon the

others.

CLIX. Before I concluded pofitively that

the gastric juice does not foften bone at all,

I determined to obferve its effects when it is

at liberty to act without any obſtacle; for it

is poffible, that its efficacy might be impair-

ed by paffing through the cloth. I there-

fore took a piece of the fame thigh bone

from the thickest part, and worked it into a

fphere by the lathe, to prevent the angles

injuring the fine coats of the ftomach ; it

was then given to the falcon . My purpoſe

was
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was to obferve whether as it was diffolved it

was alfo foftened.

It continued five days in the ftomach with-

out becominginthe leaft tenderer. The fhort-

ening ofits diameterfhewed that it was leffen-

ed in bulk. Meantime the falcon threw up

the fphere once or twice a day, according as

he was fupplied with food ; for, as I have

obferved with refpect to other birds of the

fame clafs (CXLVIII) , he did not vomit in-

digeftible bodies till he had digeſted the other

contents of the ftomach . To caufe indigef-

tible ſubſtances to remain in that cavity af

ter digeftion was over, I gave him fresh food;

for experience had taught me to judge, when

that period was approaching, Iwas fure to at-

tain my purpofe; fince when the crop is full

offood, the contents ofthe ſtomach cannot be

evacuated through the mouth. By this con-

trivance the falcon was made to retain the

globe twenty-two fucceffive days. It is

fcarce worth while to obferve, that it was

not foftened, fince the inability of the gaf-

tric fluid to produce this effect has been fuf-

ficientlyprovedbefore ; but the remarkable di-

minution it underwent deferves to be noticed .

The fphere was at firft four lines and an half

in diameter, and when it had been thirty-five

days and feven hours in the ftomach it mea-

fured only a line and about a third ; it pre-

ferved its form perfectly ; the fame may be

faid of its poliſh ; there was not a furrow,

nor an indentation, nor an afperity of

fort upon the furface. This fmoothnefs is,

I think, a clear proof, that the ſtomach of

this fpecies has no triturating power, other-

wife the globe would have fuftained fome

any

injury
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injury from the friction and impulfes of fo

many tin tubes as were introduced into the

ftomach during its continuance there .

CLX. Let it nothoweverbe imagined, that

bones of a texture lefs rigid require fo much

time to be diffolved ; this was very far from

being the cafe . My falcon would eat awhole

pigeon at once, for birds of this kind always

when they take any large prey fill themſelves

quite full , and then continue feveral days

without food . My falcon refufed the en-

trails, the tips of the wings, and the beak ;

the reſt he devoured with the utmoft greedi-

nefs . But no bone or flesh was ever vomit-

ed, nor did any thing pafs out at the vent in

the form of bone or flefh ; the excrements

now, as well as at other times, confifting of a

femifluid matter, partly white and partly

black. When dry it might be reduced to an

impalpable powder by rubbing between the

fingers. This animal therefore digefted not

only the flesh, but the bones of a pigeon, and

that in the fhort ſpace of a day; for at the

expiration of this time it would eat a fecond

pigeon .

CLXI. While I was examining the man-

ner in which the falcon digefts bone, I was

ftruck with a thought that had never occurred

to me during the whole train of the fore-

goingexperiments; it was to enquire whether

the gaftric liquor befides bone is alfo capable

of digefting fome other animal fubftances,

fuch as the enamel of the teeth, the tougheſt

tendons, and horn. With this view I en-

clofed two incifors from the lower jaw of a

fheep in a tube, which the falcon retained

three days and feven hours. Wherever the

enamel
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enamel did not extend they were corroded

and wafted, but the other parts were unin-

jured, and as brilliant as at firft. In four

days and an half longer continuance in the

ftomach the fang was nearly diffolved, but

the enamel was perfectly found. The teeth

were kept two days more in the ftomach

without the tubes, but no further effect was

produced ; whence it was neceffary to infer,

that the gaftric juice of the falcon is incapa-

ble of diffolving the enamel of the teeth; a

circumftancewhich isnotveryfurprifing, fince

it differs from every other offeous fubftance.

CLXII. I have elſewhere obſerved, that

birds of prey, and confequently falcons,

vomit the feathers of the birds which they

eat (LIX) ; it is therefore evident, that the

gaftric fluid cannot digeft them. The fmell

emitted byburning feathers fhews, that they

approach the nature of horn ; it was there-

fore reaſonable to fufpect, that corneous fub-

ftances would not be diffolved in the fto-

mach, a fufpicion which was verified by the

event. Some pieces of ox's and fheep's horn

were as ufual concealed in fleſh, and given to

the falcon. In a few days they were thrown

up entire and uninjured. I have remarked,

that the internal coat of the ftomach in gal-

linaceous fowls is not tender and yielding,

as in many animals, but firm and cartilagi-

nous (XXXV, XLVII, XLIX, L) . Hav-

ing frequently obferved, that when burned

it exhales an odour very much like feathers

and horn, I fuppofed that it would in like

manner elude the action of the gaftric fluid,

which really happened ; and not only in the

thick coats of turkeys and geefe, but in the

VOL . I. thinM
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thin ones of pigeons, blackbirds , and quails .

When I gave my falcon the whole ſtomach

of any of theſe fowls, the other coats were

foon digefted, but the cartilaginous remained

entire.

In tendons the refult was different; for

my experiment I chofe an ox's tendo achillis,

one of the moſt tenacious tendons that is to

be found in animal bodies. It was hung to

dry in fummer for feveral weeks, and thus

became fo hard, that a keen knife would

hardly cut it. However, the gaſtric liquor

of the falcon diffolved it both when it was

encloſed in tubes, and looſe in the ſtomach .

CLXIII . Moft fhoes have the upper lea-

ther of calf-fkin , and the ſole of ox's hide .

Both theſe fubftances are very readily digeft-

ed by carnivorous animals when freſh : this

at least is the cafe with the falcon ; but the

contrary happens when they have been tan-

ned. Another fact has warned me how cau-

tious we ought to be in forming general rules

in phyfics. Who would not have concluded

from the laft experiment, that every other

kind of leather is alfo indigeftible ? Yet the

reverſe happened in fheep-fkin dreffed, and

dyed yellow . Some lifts of it were encloſed

in tubes, and completely digefted in ſeven

' hours .

CLXIV. As I had found the gaftric fluid

of other carnivorous animals incapable of

digeſting vegetable matters, it was more than

probable, that the fame thing would take

place in the falcon. I however thought,

that it would be proper to afcertain this point

by experiment, if for no other reaſon, yet on

account of the recent inftance of the uncer-

tainty
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tainty of analogical arguments (CXLIII) .

At the fame time I was defirous of deter-

mining whether digeftion is the effect ofthe

gaftric liquor folely, as it feemed more than

probable. The falcon could very well take

fix tubes at a time : four were filled with

various vegetable fubftances, fuch as crumb

of bread, chick-peafe, flices of pears and

apples ; in the fifth and fixth were encloſed

mutton and beef. Upon thefe fubftances

the effects of the gaftric fluid were ex-

actly the reverfe. The flesh was totally dif-

folved in twenty-feven hours, but the vege-

tables had undergone no alteration .

fresh tubes, containing in the middle a bit

of flesh, and at the fides mafticated bread

and boiled peafe and chick-peafe, decided the

queftion ftill more clearly. The vegetables

were undiminished, but the flesh, which was

furrounded by them, was entirely deftroyed .

Thus the incapability of the gaftric juice to

diffolve vegetables, and its efficacy on fleth,

were fully proved .

Two

CLXV . By means of little fpunges I pro-

cured this fluid fometimes when the fto-

mach was empty, and at others when it con-

tained fome remains of the food, in which

cafe it was always turbid and full of hete-

rogeneous matters, of a cineritious yellow

colour, and had not much fluidity . When

the ftomach was empty it was fufficiently

clear, without any extraneous fubftance, had

an intermediate colour between yellow and

white, was very fluid, and had a faltiſh and

bitter taste. With this I attempted experi-

ments on digeftion out of the body, like

thofe I have before mentioned in feveral paf-

M 2
fages.
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fages. The refult was not different. I ob-

tained the folution of various kinds of fleſh

by renewing the liquor from time to time,

and by applying a heat of thirty deg. the

common temperature of theſe animals . With

thefe precautions I moreover caufed nearly

the half of a fplinter of a bone of beef,

weighing forty-four grains, to be diffolved .

CLXVI. Having made thefe experiments,

in my opinion the moſt intereſting the fub-

ject admits, my next buſineſs was to exa-

mine the ftomach and ofophagus . How-

ever, three hours before I killed my falcon,

I fed him , in order to fee what effect is pro-

duced upon the food in the craw. It was in

part in this cavity, and part had defcended

into the ftomach, where it had begun to be

decompofed. It was immerfed in the gaſtric

fluid , and this incipient digeftion had the

fame appearance as it has out of the body.

The flesh in the craw, even that which was

upon the point of paffing into the ftomach,

was only a little difcoloured ; this circum-

ftance fhews that digeftion is performed only

in the latter cavity, and that in the craw the

food is only difpofed to be diffolved more.

readily.

CLXVII. When a ligature is made below

the pylorus, and air blown in at the top

of the cefophagus, this part of the alimen-

tary canal reſembles a large inteftine about

five inches long ; a little more than halfway

down the cefophagus is dilated and forms the

craw, though we fhall find, that it has this.

name improperly, ifwe compare it with the

craws of gallinaceous fowls, which lie at

the fide of the cefophagus, or rather without

it;
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it ; whereas in the falcon the craw is a con-

tinuation of that cavity . If we invert and

again inflate the cefophagus, and then exa-

mine it in a ſtrong light, or with the micro-

fcope, we canperceive an immenfe number of

glands from the beginning to the fleshy faf-

cia, not excepting the craw. If we blow in

fresh air, and obferve it again with the glafs,

we ſhall ſee the glands, which are of an ob-

long ſhape, and project a little above the plane

of the fophagus, each emit a drop of liquid ;

this liquid is fo vifcid, that one of thefe

drops may be drawn out into a filament an

inch or more long ; it is infipid to the tafte.

The moſt confiderable part of the cefopha-

gus, is full of theſe glands, and is entirely

membranous ; it only becomes mufcular at

the commencement of the fafcia, which in

the falcon, as well as other birds, feems to

confift only of numberlefs follicular glands,

and is above an inch in breadth . Thefe fol-

licles are cylindrical, and are all connected

by a fine membrane ; they have one of their

extremities implanted in the external, and

the other in the nervous coat of the ftomach :

through the latter, the excretory ducts open

and diſcharge the fame kind of whitish and

vifcid matter that has feveral times been de-

fcribed as belonging to birds that have fimilar

follicles. Thefe glands and follicles abun-

dantly fupply the ftomach with fluid ; and

though it is fometimes deftitute of glandu-

lar bodies, yet a liquor continually poured

into the cavity by exhalant arteries, forms an

addition to that which comes from the œfo-

phagus, as is evident from the moiſture which

M 3 appears
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appears upon the fides when they have been

wiped dry feveral times.

1
CLXVIII. The eagle on which my expe-

riments have been made, belongs to the fpe-

cies called by Mr. Buffon the common eagle,

becauſe it is found upon most of the high

mountains of Europe ; it was known to

Ariftotle, by whom it is called Mehavάetos , or

the black eagle. Hence it has received

the denomination of Falco Melanpetus from

Linnæus, who refers, with whatever pro-

priety, the eagle and falcon to one family.

Though fome naturalifts reckon two fpecies

of the common eagle, the brown and the

black, I ſhould incline with Buffon and Arif-

totle to ſuppoſe, that there is only one . The

difference in colour may depend on the diffe-

rence of age ; for we often fee animals of

different ages belonging to the fame fpecies

differ in colour. At the time I was in pof-

feffion of my eagle I had an opportunity, of

feeing five others, four dead and prepared,

and one living, in the poffeffion of the counts

Caftiglioni of Milan, two noblemen equally

remarkable for politeness ofmanners and ſkill

in natural philofophy. Thefe animals all

varied from each other in colour, fome being

of a black more or lefs deep , and others of

a darker or lighterbrown ; yet they agreed in

the effential characters of the fpecies . They

were all nearly of the fame fize, fomewhat

exceeding that of a turkey-cock, their legs

and feet were covered with feathers, the nails

were black, the feet yellow, the bill blueish,

and the bafe was covered with a bright yel-

low cere: fuch are the characters which, ac-

cording
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cording to the French naturalift, the brown

has in common with the black eagle.

CLXIX . The ordinary food of my eagle

confifted of live cats and dogs , when I could

procure them. It eafily killed dogs much

larger than itſelf. When I forced one of theſe

animals into the apartment where I kept the

eagle, it immediately ruffled the feathers on

the head and neck, caft a dreadful look at the

dog, and taking a fhort flight, immediately

alighted on his back . It held the neck firm

with one foot, by which the dog was pre-

vented from turning his head to bite ; and

with the other grafped one of the flanks, at

the fame time driving the talons into the

body ; and in this attitude it continued, till

the dog expired , in the midſt of fruitless

outcries and efforts . The beak had been

hitherto unemployed, but it was now uſed for

making a ſmall hole in the fkin, which was

gradually enlarged ; from this the bird be-

gan to tear away and devour the flesh , and

went on till it was fatisfied . I muft not

omit obferving, that it never ate any ſkin, or

inteftine, or bone, except very fmall ones,

fuch as the ribs of cats and fmall dogs .

Notwithſtanding this ferocity, and violent

impetuofity in attacking animals, it never

gave any moleftation to man . I , who was

the feeder, could fafely enter the apartment

where the bird was kept, without any means

of confining its movements, and beheld thefe

affaults without dread or apprehenfion : nor

was the eagle at all hindered from attacking

the living prey I offered it, or rendered fhy

by my prefence. As it was not always in my

power,M 4
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power, or at leaft in my will, to give it liv

ing food (for I had not always dogs and cats

at hand ; and gallinaceous fowls, which are

equally acceptable, were too expenfive) I fub-

ftituted fleshwhich, though it was notfo well

reliſhed, was not difagreeable . In general,

when it had fleſh at will, it only made one meal

a day. I found, by weighing what it ate,

that thirty ounces of flesh ferved it one day

with one another. This fpecies of eagle is

provided with a very large craw, which of

courfe is the firft receptacle of the food ; and

when it was at liberty to eat its fill, this vif-

cus was generally diftended to a larger fize

than that of a turkey-cock full of grain . It

gradually contracts in proportion as the fleſh

paffes into the ftomach, juft as it happens in

gallinaceous fowls .

CLXX. Some of the firſt times I obferved

my eagle eat, I was ftruck by a phænome-

non, which conftantly recurred whenever it

took food. After it had fwallowed a few

mouthfuls, a thin ftream began to flow from

each noftril, and to run down the upper fide

of the beak ; at the end they joined, and

formed a large drop, which fometimes fell

on the ground, but generally paffed into the

mouth, and was mixed with the food. This

drop was continually renewed by freſh fup-

plies from the noftrils, as long as the animal

continued to feed, and after that it ceaſed to

appear. This liquor was of a fky-blue co-

lour, had a falt tafte, and was nearly as fluid

as water. But why does it flow only while

the eagle is feeding ? and what is its uſe ?

It flows at that particular time only, I fup-

pofe,
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pofe, becauſe the receptacle in which it is

contained is then only compreffed ; and the

preffure arifes from the motion of the mouth,

or the impulfe of the food against the pa-

late, near which this receptacle lies . Ofthe

ufe of this fluid, I candidly own my total

ignorance . I fufpect, however, that as it is

mixed with the food, it ferves, like the fa-

liva, to moiften it, and facilitate digeftion .

CLXXI. It is commonly thought, and the

opinion has the fanction of the best natura-

lifts, that birds of prey, and especially eagles,

never drink . What I have obferved is, that

the fpecies mentioned in the prefent differta-

tion, were left even for feveral months with-

out water ; they did not feem to fuffer the

fmalleft inconvenience from the want of it

but when they were fupplied with water,

they not only get into the veffel, and fprinkle

their feathers like other birds , but repeated-

ly dip their beak, then raiſe their head, in

the manner of common fowls, and fwallow

what they have taken up ; hence it is evident

that they drink. For the eagle it was necef-

fary to fet the water in a large veffel, other-

wife, by its attempts to drink, the veſſel was

fure to be overturned.

CLXXII . To collect into one point of

view every thing relative to digeſtion, let us

examine another opinion, more immediately

connected with our fubject. It is faid by

feveral celebrated naturalifts and phyfiolo-

gifts, that the eagle, when unable to pro-

cure flesh, will feed upon bread . To afcer-

tain this point, I made various experiments.

I first fet before the bird both fleſh and wheat-

en bread ; and finding that it ran towards the

6 fleſh,
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fleſh, without even cafting a look upon the

bread, I fet only the latter before it, and this

after a day's faft, when it muſt have been

preffed by hunger ; I did not however attain

the end I had in view, and therefore kept it

fafting for another day, but ftill to no pur-

poſe. When the bread was fet near it, it

would just look at it, and then turn its eyes

towards fome other object. When I had

prolonged the faft to the fourth day, the

bird ran towards me, as I opened the door of

the apartment, but with no other view than

to afk for food ; I offered it a piece of bread,

but in vain, for, without even touching it,

it returned to the place where it ſtood before

my coming in. I might have carried the

trial ftill further, but was afraid of the ani-

mal finking under it .

CLXXIII . I therefore abandoned this mode

of experiment, and thought it would be bet-

ter to make the eagle fwallow fome bread ;

for it would either be always thrown up,

and then it would be reafonable to infer,

that this was an unfuitable kind of food ; or

in cafe it fhould neither be vomited, nor

voided unaltered along with the excrements,

and the animal fhould fhew no fymptoms of

uneafinefs , we must conclude that it is di-

gefted and affimilated . I concealed the bread

in fome fleſh, as I had done in my experi-

ments upon the falcon (CLVII) , and had re-

courſe to the fame expedient, whenever I was

defirous that my eagle fhould take tubes or

other fubftances . For though this ferocious

bird was exceedingly gentle towards me, who

was his feeder, yet itmight have been hazard-

ous to irritate it ; and that would have been

unavoid-
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unavoidable, if I had opened the beak, and

thruft bread down the throat by force . The

firft portion of bread which the eagle fwal-

lowed concealed by flefh, amounted to half

an ounce. Indigeftible bodies, fuch as fea-

thers, ufed to be thrown up eighteen, twen-

ty, or, at moft, twenty-four hours after they

were received into the ftomach. But the

bread was not vomited in that period, or a

day longer ; nor did the excrements appear to

be altered or mixed with bread . I then gave

the animal a whole ounce, inſtead of half an

ounce of bread, none of which was vomited

or voided unchanged at the vent. The fame

thing took place, when the quantity of bread

was increafed to fix ounces. My laft expe-

riment upon bread, was to fubftitute the

cruft instead of the crumb ; but the refult

was just the fame ; and, notwithſtanding the

eagle had fhewn fo little appetite for this

kind of food, its health did not appear to

fuffer. And I was obliged to conclude, that

this fpecies ofvegetable is digefted, and con-

verted into real nutriment, as well as animal

matters. I could not therefore refufe to ac-

cede to the opinion of thoſe, who affirm that

eagles, when much preffed by hunger, will

feed upon bread, though mine would not

touch it.

CLXXIV . But in what manner is bread

digefted in the ftomach of the eagle ? Is it by

the gastric juices alone, or affifted by tritu-

ration ? Is any fuch action exerted by it ?

In fhort, what is the immediate caufe of di-

geftion ? Thefe queftions are too cloſely

connected with the object of my enquiry, to

be paffed over unnoticed . To begin then

1

with
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with the firft. Tubes employed in my ufual

manner, would determine the mode of di-

geftion . And in the prefent cafe, I obferved

what I had before obferved in fo many other

animals, that trituration had no part in this

function, and that it was the fole effect of

the gastric juices . While the eagle retained

the tubes, a ſpace that never uſed to exceed

twenty-four hours (CLXXIII) , the bread

which they contained was completely dif-

folved . If they happened to remain longer

in the ftomach, the gaftric fluid had cor-

roded the bread, and given it a yellowish

colour and a bitteriſh tafte . Where the ac-

tion of that fluid had been chiefly exerted,

the bread was changed into a gelatinous pafte,

which had nothing of its original taſte.

CLXXV. But the tubes fhewed , that the

gaftric liquor of the eagle diffolves not only

bread but cheeſe, at leaſt that fort which in

Auftrian Lombardy goes under the name of

formaggio piacentino or lodigiano. This power,

poffeffed bya bird properly carnivorous, of di-

gefting a fubftance fo different from fleſh, in-

duced me to try whether it is capable of pro-

ducing the fame effect on other matters, and

particularly vegetables. But with refpect to

the latter, I did not find that the efficacy of

the gaftric fluid extended any further than

bread; for feveral feeds of the cerealia, both

raw and boiled, did not appear to undergo any

alteration in the tubes, or when looſe in the

ftomach. It is fomewhat ſurpriſing, that this

fhould be the cafe with wheat, when wheaten

bread is fo perfectly digefted . We fee at

leaft, that vegetables must be triturated be-

fore
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fore they can be digefted bythe eagle, as well

as by gallinaceous fowls (XLV).

The foregoing experiments, and the con-

curring obfervations of others (CLXXII ) ,

fhew, that fome animals, fuppofed to be

ftrictly carnivorous becauſe they live always

upon fleſh, and are provided with the moſt

formidable weapons for feizing and deſtroy-

ing their prey, may yet, under certain cir-

cumftances, change their difpofition and

manners, and become frugivorous. Thus

we read of animals naturally herbivorous, as

horfes, fheep, oxen, gradually quitting their

ufual aliment, and learning to live upon

flesh (a ) . I too can produce a recent inftance

in a young wood-pigeon, a fpecies of bird

which is univerfally known to feed upon any

thing rather than fleſh. By dint of hunger

I brought it gradually to relifh fleth fo

well, that it refufed every other kind of fuf-

tenance, even grain, of which it is naturally

fo greedy. Such changes, whether effected

by defign or accident, will not excite the

fmalleft degree of furprize in thoſe who

know, that of the various kinds of food

ufed by man and animals, the gelatinous part

fupplies the nutriment, and that this exifts

alike in vegetables and animals (b) . The

example of the eagle among carnivorous,

and of the horſe, ox, pigeon among frugi-

vorous animals , do not however warrant us to

conclude, that the former can be univerſally

converted by art or chance into the latter,

and reciprocally ; for, on the other hand, we

(a) Haller. Phyſ. T. 6. (b) Ib. T. 1 .

have
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have Reaumur's kite (CXVI) and my owls

and falcon (CLXVI, CLVI, CLXIV) , which

were incapable of digefting vegetable fub-

ftances (a) ; not that thefe fubftances are

unfit for affording them nouriſhment, but

becauſe the gaftric liquor is incapable of de-

compofing them, and extracting the nutriti-

ous jelly.

CLXXVI. With refpect to the fecond

queftion, whether the ftomach of the eagle

triturates its contents ? I think I have abun-

dant proof, that it poffeffes no fuch power.

Not to mention the numerous tin tubes that

remained fo long in it without receiving the

flighteft injury, I can fafely affirm , that I

(a) Mr. Batigne, in his critical reflections on the ex-

periments of Reaumur pretends, that we are are not to

conclude, becauſe vegetables undergo no change in the

ftomach of the kite, that the gaftric liquor has no action

upon them . He fuppofes, that its inefficacy aroſe from

the vegetables not having been previously mafticated.

Premiere Reflexion fur les Experiences de M. de Reaumur.

But in this Mr. Batigne is miſtaken. After I had

compleated my differtations on digeftion, I procured a

kite of the fame fpecies as that of Mr. Reaumur, and

had it therefore in my power to repeat and vary his expe-

riments. I conftantly found, that bread, grain, &c. were

thrown up unaltered, both when enclofed in tubes and

loofe in the ftomach, though they had been previouſly

well mafticated. This fact agrees with my obfervation

on the falcon, of which the gaftric liquor could not digeft

mafticated crumb of bread. I will add, that an owl, fed

with chewed bread alone, died upon the fourth day ; and

upon diffection, the bread was found in its ftomach un-

digeſted. It is therefore evident, that the incapability of

the gastric liquor of fome animals to digeft vegetables

does not arife from the want of previous trituration or

maftication, and that this fluid is eflentially unfit for dif-

folving fuch fubftances.

2 could
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could never perceive the ſmalleſt contufion

upon the grain (which I gave the bird naked

in order to try whether it could digeft it)

(CLXXV) , whether raw or boiled ; in which

cafe, the fmalleft compreffion or impulfewould

have left evident marks upon the furface.

Theſe facts are confirmed by the following

obfervation : I took fome ftrips, about a line

in breadth and three inches in length, of ex-

ceedingly thin fheet lead, and rolling them

up in the form of a fpiral, introduced them

in fome pieces of flesh into the ſtomach of

the eagle, in which they continued eighteen

hours. The leaft force would have fufficed

to have deſtroyed the fhape of thefe ftrips,

and being totally inelaftic, they would pre-

ferve whatever alteration or diſtortion they

might receive from preffure or percuffion.

However, when thrown up they retained

their fpiral form ; a clear proof that they had

not been ſubjected to violence of any kind.

Let it not however be fuppoſed, that I

mean to exclude motion entirely from the

ftomach of the eagle. Having frequently

found foreign fubftances within the tubes,

and fixed in the perforations, I could not but

fuppofe, that they had been driven into them

by fome force, and this force could be no

other than the agitation of the ftomach,

which was either extrinfical, and produced by

the adjacent vifcera, or the peristaltic move-

ment by which the food is expelled through

the pylorus. I only affert, that the fto-

mach of the eagle has no action capable of

breaking and triturating the aliment, as I

think I have abundantly proved . It is like-

wife clearly aſcertained, that the gaſtric fluid

is
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is the efficient caufe of digeftion by the ex-

periments made with bread and cheeſe en-

clofed in tubes (CLXXV) ; but this will be

more fatisfactorily fhewn bythe experiments

relative to the digeftion of animal fübftances,

which I am now to relate.

CLXXVII . The first thing I wiſhed to

know was what changes fleſh undergoes

in the craw, and I had therefore to contrive

a method of getting it back at pleaſure. Had

this bird been of the fame gentle and peace-

ful difpofition as gallinaceous fowls, this

would eafily have been effected ; for I should

have had only to prefs the portion of fleſh

that lay highest in the craw upwards with

my thumb and fore-finger, and by a con-

tinuance of this mancuvre fhould have

brought it out at the mouth. By this fim-

ple contrivance I have often examined grain

from the craw of fowls, pigeons, and fuch

birds ; but the ftrength and ferociouſneſs of

the eagle altered the cafe totally. After

much reflection , I thought of an artifice effen-

tially the fame as that adopted for gallinace-

ous birds. I gave my eagle only three or

four pieces of Hefh, of which the laſt was

tied in the fhape of a crofs with a fine pack-

thread three or four feet long. The eagle,

preffed by hunger, devoured the flesh greedi-

ly without regarding the ftring, of which

the greater part hung out ofthe mouth ; nor

did the bird make any efforts to fwallow or

throw it up. When I thought it time to

examine the piece of fleſh I pulled the ſtring

forcibly, andthe eagle, without growing en-

raged; opened its beak and allowed me more

room for recovering the ſtring, and by con-

fequence



DISSERTATION IV. 181

fequence the fleſh that was faſtened to it.

Sometimes I uſed confiderable force, but did

not fucceed, probably on account of the fleſh

being got too low down in the craw; in this

cafe, to free the eagle from the inconvenience,

I cut the ftring clofe to the beak, and gave

it fome flesh, which carried down the pack-

thread before it into the ftomach, whence it

was thrown up in a fhort time ; but I have

more frequently fucceeded in drawing up the

fleſh, and thus obtained an opportunity of

examining it at leifure. I never could find,

that the craw or its juices are capable of di-

geftion. Its weight was nearly the fame af-

ter it was drawn up as before it was fwallow-

ed, nor did it feem as if it was upon the point

of being digefted ; the furface was only a

little tenderer, and had loft its redneſs ; it

was imbibed with a fluid that was neither falt

nor bitter, but quite infipid . Fleſh therefore

is not digefted, it is only macerated in the craw

of the eagle, as grain and grafs in the craw

of gallinaceous fowls .

CLXXVIII. We must therefore conclude,

that the whole procefs of digeftion begins

and ends in the ftomach. If then it was of

confequence to know what happens to fleſh

in the craw, it is of much greater impor-

tance to obferve how it is altered in the ſto-

mach. But as the expedient to get the fleſh

back, mentioned in the laft paragraph, would

not be of any fervice, I contrived ano-

ther, which anſwered wonderfully well . I

enclofed the fleſh I gave my eagle in little

nets with ſmall meshes, which were gene-

rally vomited empty; but in fome there were

confiderable remains of flesh . The pieces I

VOL . I. N uſed
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ufed for theſe experiments were globular,

and the remains almoſt always retained that

figure. They were thoroughly impregnated

with gaftric liquor, and had both a bitter

and falt tafte. The furface was gelatinous ;

when this was removed, the fibres were eaſily

diftinguiſhable, but were as tender as if they

had been boiled, and the colour was changed

to a reddish blue. When this ftratum of

tender fibres was taken off with a ſharp knife,

that below was firmer and lefs difcoloured,

and at the center the flesh did not appear to

have undergone any change either in its con-

fiftence or colour. It is needlefs to obferve

that theſe experiments prove, that the gaſtric

fluid diffolves flefh. The permanency ofthe

globular form clearly fhews, that trituration

does not take place, but the whole effect, to

repeat it once more, is produced by the gaf-

tric liquor, which acts upon the furface, and

diffolves one ftratum after another till the

whole is confumed, as we have feen the fame

fiquor of other animals act as well upon fleſh

as other fubftances (LXV, CI) .

CLXXIX . This laft experiment rendered

it fuperfluous to try, whether the gaftric fluid

of the eagle will diffolve fleſh encloſed in

tubes. Taking this for granted, I proceed-

ed to enquire, whether digeftion would be re-

tarded in proportion to the toughnefs of the

fleſh with which they were filled . With

this view fome of the liver, of the mufcular

flesh of the thigh and heart, a bit of the

brain, and a piece of tendon were encloſed

in fo many diftinct tubes. They continued.

thirteen hours in the ftomach, and the gaf-

tric fluid acted upon them just as I had ima-

gined
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gined it would. The tube containing the

piece of brain was quite empty; of the liver

onlya very ſmall part remained; the refiduum

of the mufcular flesh of the thigh was more

confiderable ; that of the heart was ftill

greater ; but of the tendon there remained

moft of all. Theſe remains of fleſh and ten-

don had the fame appearances as I had

obferved in the balls of flesh that were in-

troduced into the ftomach without tubes.

The gelatinous matter on the ſurface, the

tenderness of the fibres lying immediately

below, and the confiftence of thofe at the

center clearly fhewed, that the gaſtric juices

had acted upon the flesh encloſed in tubes

juft as upon what was left loofe in the fto-

mach (CLXXVIII) .

CLXXX . Mynext wifh was to know whe-

ther its activitywould be impaired or deſtroy-

edbypaffing through linen before it gottothe

flesh . With this view, two pieces of the

fame tendon and heart, equal in fize to thoſe

employed in the foregoing experiment, were

put into two linen bags, and given to the

eagle ; in eighteen hours they were thrown

up. At first the fides of the bags were dif-

tended by their contents, but now that which

contained the flesh was a good deal collapfed ;

for half of it was diffolved : the other had

more of its original diftenfion ; for not above

one- third of the tendon was confumed.

Upon comparing together the diminution of

the fubftances in the bags and in the tubes

(CLXXIX) , I found, that in the former cafe

it was lefs, notwithſtanding the bags con-

tinued eighteen hours, and the tubes only

thirteen . It is therefore evident, that the

N 2 linen
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linen is a greater obftacle to the action of the

gaftric liquor than the tubes .

CLXXXI. From my experiments upon

crows (LXVII) it was obvious to conjec

ture, that as more folds of linen were wrap-

ped round the animal fubftances , the action of

the gaftric liquor would be ftill lefs confi-

derable. I therefore gave the eagle fix bags,

containing each an equal portion of beef;

the firft was fingle, the fecond double, and

fo on. The bird retained them twenty- three

hours, when they were all vomited at once,

as ufually happened to tubes and other indi-

geftible matters, which when ſmall are

thrown up all at once, and when large one

immediately after another . The two firſt

bags were empty, and the remainder of fleſh

in the four others were larger as the folds

were more numerous, fo that in the fixth it

was the largest of all . It had however under-

gone fome diminution, and the gaſtric fluid

had therefore begun to diffolve it, notwith-

ftanding the fix folds, as appeared from its

being impregnated with it, and from the

tenderness of the fibres, and the change of

colour on the furface. My next with was to

try whether the juices of the ftomach were

capable of penetrating through a denfer fub-

ftance ; I therefore fubftituted cloth in the

ftead of linen, and having put fixty-eight

grains of beef in the bag, tied fome pack-

thread very tight round the neck . In four-

teen hours it was vomited, and being appa-

rently of the fame fize as at first, it was re-

turned immediately into the ftomach, where

it continued twenty-two hours longer. I

now found that the cloth, notwithstanding

its
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its cloſe texture and great thickneſs which

amounted to four-fifths of a line, was tho-

roughly penetrated bythe gaſtric liquor. The

flesh was alfo moift with it, and appeared,

upon being weighed, to have loft twenty-

feven grains. Twenty-feven grains had then

been diffolved, and as no veftige of them

was to be feen in the infide of the bag, it

was evident that they must have paffed out

through the pores of the cloth, and confe-

quently that the gaſtric fluid is capable of

reducing flesh to particles of the utmoſt te-

nuity.

I

CLXXXII. I have before obferved, that

the eagle devours the fmaller bones of dogs

and cats along with the flesh (CLIX) . When

gave that in my poffeffion a bird, it would

alfo ſwallow all the bones, except thofe of

the extremities ; and as they were not thrown

up, there was good reafon for believing that

they were digefted, a circumftance that ex-

actly agrees with my obfervations on falcons

and various other birds (XCVIII , CXLVII,

CLIV, CLVIII) . But greater certainty was

defireable, and this I endeavoured to attain in

the following manner : two pieces of the rib

of a ſmall dog, each about two inches long,

were tied together, and two thigh bones of

a cock ; this packet was retained twenty-

three hours ; but the bones were very much

altered during that time. The two pieces of

rib were reduced to the thinneſs of a mem-

brane ; the leaft violence was fufficient to

break them ; they were totally inelaftic, and

had loft all their marrow. The two thigh

bones now reſembled tubes of parchment;

they were eafily compreffible, and when left

№ 3
to
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to themſelves recovered their ſhape, and af-

ter being bent they would become ftrait

again . Upon one of the tibiæ thus wafted

and altered there was a very fingular appear-

ance; about one-fifth was ftill offeous, but

tender, yielding to the touch, and much at-

tenuated. It is therefore apparent, that the

juices ofthe ftomach are capable of diffolving

bone, and that in a fhort fpace. I was unwil-

ling to throw afide thefe bones thus reduced

almoſt to nothing, and therefore tying them

up in a bundle I gave them again to the

eagle, in order to fee whether they would be

entirely diffolved, or, like a caput mortuum,

retain their membranous appearance ; but

being apprehenfive that this could not be fo

well afcertained if they were naked in the

ftomach, I encloſed them in a tube. It was

retained thirteen hours, and upon examina-

tion was entirely empty; it was therefore

reaſonable to infer, that the gaftric fluid had

now completed the folution .

CLXXXIII. The readineſs with which

thefe bones, of a texture by no means ten-

der, were digefted, led me to fuppofe, that

the hardeſt would not refift the action of the

gaftric liquor. To determine this, I began

by giving the eagle a ſphere of bone worked

at the lathe out of an ox's thigh bone, of the

fame diameter as that which had been uſed

for the falcon, and taken from the fame in-

dividual (CLIX ) . Upon that occafion I ob-

ferved, that the falcon did not diffolve it

during the long ſpace of thirty-five days and

feven hours . In the prefent cafe it was every

day vomited, and immediately returned, and

in twenty-five days and nine hours it was

completely
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completely digefted . The eagle is then ca-

pable not only of digefting the hardeft bones,

but of digeſting them in a fhorter ſpace than

fome other birds of prey. In the account of

my experiments on the falcon I remarked

two things, firft, that its diameter decreaſed

without any change of fhape; fecondly, that

the texture was not foftened during the

whole time (CLIX) . The first phænome-

non occured on this occafion, the fphere

not only maintained its figure, but continued

as fmooth as when it came from the lathe.

But with refpect to the fecond circumftance,

there was a wide difference; for notwith-

ſtanding the hardneſs of the bone, the fur-

face was fo foft every time it was thrown up,

that it was eafy to pare off flices with a knife,

which were as pliant as cartilage. The gaf-

tric fluid then of the eagle, befides diffolving

the fuperficial ftrata, penetrated into the fub-

ftance of the bone and foftened it ; an effect

which that of the falcon is incapable of pro-

ducing. Penetrating, however, as it is, it

has no action on the enamel of the teeth, any

more than that of the falcon (CLXI) .

CLXXXIV. We have feen how much

more fpeedily the gaſtric fluid of the eagle

digefts bone than that of the falcon ; the

fame obfervation may alſo be extended to

fleſh . The former bird required thirty ounces

a day (CLXIX ), the latter was fatisfied with

twelve, and fometimes with ten . The gaf-

tric liquor of the one then diffolves, in an

equal ſpace of time, three times as much as

that of the other, and confequently the ra-

pidity of digeftion in one is triple of that in

the other. I fhould however, upon mature

reflection,N 4

H
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reflection, be inclined to confider this greater.

rapidity as apparent, rather than real . The

eagle indeed digeſts three times as much fleſh

as the falcon in the fame time, but then the

gaftric juice of the former is far more copious.

than that of the latter ; and if we fuppofe it to

be three times as much, a fuppofition very

admiffible, as we fhall foon fee, every third

part will diffolve a quantity of flesh equal to

that diffolved by the whole gaftric fluid of

the falcon. The fame remark is applicable

to other animals . With how fmall a quan-

tity of flesh is the little owl fatisfied in com-

pariſon with the eagle, and confequently

how inconfiderable is the folution effected by

the gaſtric liquor ; but then how trifling

does the quantity of that liquor appear when

we confider that of the eagle ! The fame re-

flection will recur when we compare a lamb

with an ox, or a hare with a horfe. But with

reſpect to the cafe in queftion, I could not

deviſe any more effectual means of determin-

ing whether the greater effect produced by

the juices of the eagle arofe from the greater

abundance folely, or in part alfo from its fu-

perior efficacy, than to give each of theſe

birds a fmall quantity of flefh at the fame

time, and obferve what would be the event .

It would either be digefted by one as foon as

by the other, and then the fame efficacy muft

be afcribed to both ; or elfe the eagle would

digeft it more fpeedily than the falcon, in

which cafe the fmall quantity of flesh would

not allow us to fuppofe, that the fluid of the

falcon could not fo foon diffolve it on ac-

count of its being in fmaller quantity, and

we must therefore conclude, that it is lefs

capable
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capable of digeſting fleſh than that of the

eagle. This experiment I have often re-

peated, not only upon the falcon and eagle,

but upon the two fpecies of owls alfo, and

crows, and the refult has been, that fome-

times one and fometimes another of theſe

birds has digefted the fmall portion of fleſh

fooneft ; nor did the eagle at all diftinguiſh

itſelf above the reft. As the difference of

time was very inconfiderable, it may be over-

looked, and we may fafely fuppofe, that the

digeftive power of the gaftric fluid is nearly

equal inthefe feveral fpecies, and confequently

that the eagle has no pre-eminence above the

reft. It may however be objected, that with

refpect to bone, at leaft, the prerogative of

digeftion belongs to the eagle in preference

to the falcon, which takes above thirty-five

days to diffolve the fame ſphere which the

eagle diffolves in lefs than twenty-fix (CLIX,

CLXXXIII ) . I can adopt this opinion

without much reluctance, fince there is no

inconfiftency in fuppofing, that two menftrua

may agree in the effects they produce upon

one body, but differ with refpect to another;

nay, this idea is confirmed by the facility

with which the gaftric fluid of the eagle pe-

netrates into and foftens bone, a quality which

that of the falcon does not poffefs in the

fmalleſt degree ( CLXXXIII, ČLIX) .

CLXXXV. Let us now proceed to fhew

the great abundance of gaftric fluid in the

eagle in compariſon with ſmaller birds, fuch

as the falcon, the owl, &c. To procure this

fluid I was not obliged, as in other animals

(LXXXI) , to ufe fmall fpunges. The eagle

fupplied me fpontaneously. Very foon after

it
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it was in mypoffeffion I was aware, that along

with the tubes a quantity of gaſtric fluid was

thrown up, fo that the floor was often quite

wet with it. It was eafy to deviſe a method

of catching it before it fell on the ground ;

for the eagle rarely moved from the place

where it took food, and therefore generally

vomited the tubes on the fame fpot. Upon

this I fet a large glafs veffel, and thus was

enabled to collect a large quantity of liquor,

which generally exceeded three-fourths of

an ounce a day on thofe days when the vo-

miting took place, a quantity which I could

not even hope to procure from all the above-

mentioned birds of prey taken together.

What I obtained in this manner was extreme-

ly well fuited to my purpoſe, not being a-

dulterated with heterogeneous matters ; for

it was always thrown up when the ftomach

was empty, as I knew bythe avidity which

the animal fhewed for fresh food at this time.

Its fmell, which I cannot defcribe, is not

difagreeable, but very much reſembles that

emitted by the gaftric liquor of other birds

of prey . If we except the colour, which in

the others is yellow, but in the eagle cineri-

tious, it exhibited the fame qualities, whe-

ther we confider the bitter and falt tafte, the

turbid appearance, which is almoft infepara-

ble from the one as well as the other, its

fluidity, which nearly approaches that ofwa-

ter, its difpofition to evaporate, or the total

want of inflammability.

CLXXXVI. The gaftric juice of the

eagle, as well as that of other animals, is ca-

pable of digefting animal and vegetable mat-

ters out of the body. It has even produced

an
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an incipient folution of bone, and an almoft

complete one of cartilage ; but the experi-

ments were made in a confiderable heat; for

otherwife little or no folution took place, and

the gastric juices of the eagle now only

prevented thefe fubftances from becoming

putrid.

Upon this fluid I made two experiments,

to which I had not fubjected that of other

animals. On a very cold day in winter I ex-

pofed a ſmall quantity in a glafs , on a win-

dow, along with two other glaffes contain-

ing water, in one of which was diffolved a

quantity of common falt fufficient to give it

a ftronger tafte than the gaſtric fluid had.

The thermometer fet befide the glaffes ſtood

at 5 deg. below o (a) . Of the three liquors

the first that was frozen was the common

water, the next was the falt water, and the

laft was the gaſtric fluid . When I carried

them into my apartment, where the tempe-

rature was three and an half deg. above o,

the firft that thawed was the gaftric fluid,

next the brine, and laftly the water. It muft

therefore be fuppofed, that this gastric juice.

is capable of refifting cold more than com-

mon water. As this cannot be attributed to

its faline principle alone (otherwiſe it would

have been fooner frozen than the brine) , it

is neceffary to admit fome other principle ca-

pable of retarding congelation, whether fpi-

rituous or oily, or of whatever other nature ;

and the cloſe analogy fubfifting between the

gaftric liquor of the eagle and other animals

(a) Twenty and three-fourths, Fahren.

renders
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renders it highly probable, that a like princi-

ple exifts alfo in them.

My fecond experiment was the following :

having learned from Mr. Levret (a) , that

the juices of the ftomach have the power

of diffolving the inflammatory cruft of the

blood, I procured fome of it from a pleuritic

patient, and immerfed it in a phial of the

gaftric fluid of the eagle. The event com-

pletely anſwered my expectation ; for in two

days and a half, in a temperature of 15 deg.

the cruft was entirely diffolved, and convert-

ed into a liquid of a dark hue: this can oc-

cafion no furprize ; for if the gastric fluid

can diffolve animal fubftances of a far harder

texture, fuch as mufcle, cartilage, bone, out

of the body, it will much more eafily pro-

duce the fame effect upon the inflammatory

cruft of the blood.

CLXXXVII. Here the death of the eagle,

which happened fomewhat more than five

months after it had been in my poffeffion ,

put a stop to my experiments . I however

refolved to examine the parts that are fituated

internally, the only enquiry relative to di-

geftion that could now be made. During

the diffection I found, that this individual

was a female ; for there were many eggs,

fome ſmaller and fome bigger, attached to

the ovaria. It was confequently much larger

and ſtronger than the male of the fame fpe-

cies; for it is a conftant obfervation, that the

male in birds of prey is about a third ſmaller

and weaker than the female ; whereas, in

(a) Art d'Accoucher.

other
•
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other claffes , the male exceeds the female in

both thefe refpects (a ) . The inteſtinal canal

was full of the ufual folds and convolutions ;

when ftretched out at full length, it was

about fifty-nine inches long from the begin-

ning of the duodenum to the end of the

rectum . There is a double pancreas, and

each portion is perfectly diftinct and ſeparate ;

but the fame obfervation has been made upon

other animals. Both thefe glands are of a

bluish flesh-colour, of an oblong shape, and

fmaller towards the end. There is a differ-

ence in the fize, one being an inch and an

half in length, whereas the other is only

an inch and three lines . They lie parallel,

are fituated about five inches from the pylo-

rus, and ftretched along befide the duode-

num, one on each fide, and are attached by

cellular fubftance . At about fix inches dif-

tance from the pylorus an apparent cord,

tinged internally with a dark azure-colour,

lies upon the duodenum . If we trace it

backwards, we find it gradually enlarged,

and at laft inferted in the gall-bladder, which,

in fhape and fize, refembles a wood-pigeon's

egg. From what has been before obferved

(LXXXIV, CXV) , it is eaſy to gueſs the uſe

of this cord ; it is the duct through which

the bile paffes from the bladder into the duo-

denum. Ifthe gall-bladder be preffed gently

the cord becomes immediately tinged with a

deeper azure, and the liquor runs into the

duodenum : if we open that gut, the upper

part is found tinged with a greenish azure

(a) Buffon. 1. c. T. 1 .

bile,
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bile. Upon wiping it away, the entrance of

the duct becomes vifible, and freſh bile runs

into the duodenum when the preffure is re-

newed. The gall-bladder lies towards the

right lobe of the liver, but is not covered by

it. The bile is rather denfe, and has a ftrong

bitter taste.

CLXXXVIII . When I infpected the fto-

mach I was aftoniſhed at its fmall fize, when

compared with the crop. The latter cavity

is capable of containing thirty-eight ounces

of water, whereas the ftomach can ſcarce

hold three. We must therefore fuppofe,

that the great quantity of flesh devoured by

this voracious bird paffes flowly from the

craw to the ftomach, in proportion as it is

digefted and expelled into the inteftines .

Hence it is eaſy to comprehend how a fingle

meal may ſerve feveral days ; for a large prey

will be equivalent to ſeveral ſmaller ones. I

cannot give a better idea of the ſhape of the

ftomach, than bycomparing it to a man's leg

and foot. At the point of the toes lies the

pylorus, the foot reſembles the bottom of

the ftomach, and the leg the upper part. The

fleſhy faſcia full of follicular glands, which

in other birds, whether granivorous or car-

nivorous, is fituated just above the ftomach,

in the eagle is contained within its cavity,

and makes up the fuperior and larger half.

The internal coat of this fafcia is fo thin and

delicate, that it tears upon being flightly

rubbed with a cloth. We come next to the

nervous coat full of an infinite number of

pores, out of which, when preffure is made,

iffues a vifcid, cineritious, and infipid liquor.

Upon removing this coat thefe pores appear

to
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to be the excretory ducts of the follicles, of

which one extremity adheres to this, and the

other to the mufcular coat ; next the laft

mentioned lies the external coat, which ap-

pears to be membranous . The glands are

cylindrical, a line and one-fourth long; they

are tied together by a number of membran-

ous filaments . This fhort deſcription fhews

the entire reſemblance between the faſcia of

the eagle and other birds. The four coats

pafs on to the inferior part of the ftomach,

and extend to the pylorus. The mufcular

coat feemed to merit a diftinct examination.

It confifts of two ftrata. That which lies

next the nervous coat is formed by fleſhy faf-

ciculi, of a lively red colour, running in a

longitudinal direction . The other is of a

paler red colour, and the fibres interfect thoſe

of the other coat at right angles, and of

courfe run tranfverfely. Notwithſtanding

their nearness they are perfectly feparate from

each other, like the rings of certain worms,

particularly of the earth-worm, which they

moreover reſemble in their bluish flesh-co-

lour. Theſe two thin ftrata doubtleſs cauſe

the various motions of the ftomach, ofwhich,

the effects have appeared in fome of the ex-

periments related above . This coat is one-

fourth of a line in thickneſs ; upon the faf-

cia it is thinner, and I could only find the

tranfverfe ftratum ; whence it ſeems probable,

that the motion of the ftomach chiefly takes

place in the lower part, which has no, at

leaft no apparent, glands ; but as a thin tranf-

parent liquor oozes out on flight preffure, as

in the ftomach of birds belonging to the fame

clafs (XCIII, CLI, CLXVII), we muſt

conclude,3
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conclude, that it abounds in ſmall arteries ,

which perform the office of glands .

CLXXXIX . The death of my eagle hap-

pened a few hours after it had taken food,

hor could I difcover the cauſe . Moft of the

fleſh was in the craw, and a little only had

defcended into the ftomach . It lay at the

bottom near the pylorus, but fhewed no ap-

pearance of being digefted, whether on ac-

count of the morbid condition of the ani-

mal, or becauſe it had but juft fallen into

the ftomach. It was foftened by the gaftric

juices, that tafted very bitter, which, as well

as its yellow hue, was owing to the regurgi-

tation of the bile into the ftomach, and thefe

qualities were more apparent in the vicinity

of the pylorus . The flesh in the crop was

not altered in confiftence or colour, except

that which lay in contact with the fides ; this

was a little difcoloured and fomewhat ten-

derer than at firft, circumftances that ac-

cord with what was faid at the clofe of the

CLXXVIIth paragraph .

Upon emptying, inferting, and then inflat-

ing the craw, the furface was covered with a

multitude of fmall drops, which, when unit-

ed byfome flat body paffing over them, form-

ed a fluid as tranfparent and thin as water; it

feemed to have a bitteriſh favour. Upon in-

ſpecting the places whence the drops arofe,

they ſeemed fo many points, which the mi-

crofcope fhewed to be minute pores . Hence

it appeared, that every part of the crop a-

bounds with thefe perforations, which I had

no heſitation in fuppofing to be the excre-

tory ducts of a multitude of glands lying be-

tween the coats, as I had alfo found in the

craws
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craws of other birds (XLIX, L, CLXVII) .

In fearch of them I diffected away the inter-

nal coat, which, in thickneſs and ftrength,

refembles the nervous coat of the ftomach,

of which perhaps it is a continuation . But

neither in the fubftance, or between it and

the muſcular coat, did I find any appearance

like glands. All that I could perceive, when

I held the internal coat against the light, was

the pores
pores already mentioned, that looked

like lucid points. Nor did the muſcular or

the external coats, which laft is membranous,

contain any glandular body. I was there-

fore obliged to conclude, that the fluid ooz-

ing out in the form of numberless drops

upon the internal furface of the craw is fe-

creted, not by glands, but by arteries too

final to be confpicuous. The rest of the

œfophagus is alfo full of theſe pores, and the

fame fluid iffues out from them; no fmall

part of which muft run into the cavity of

the ftomach, and contribute to the formation

of the gaſtric menftruum, which is com-

pofed of this and the proper fluid of the fto-

mach, of the bile, and the pancreatic juice.

VOL. I. DISSER-
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DISSERTATION V.

THE SUBJECT OF DIGESTION IN ANIMALS

WITH MEMBRANOUS STOMACHS CON-

CLUDED . THE CAT . THE DOG . MAN.

WHETHER DIGESTION

AFTER DEATH .

TAKES PLACE

CXC.

TH

HE great difficulty with which

cats are forced to fwallow tubes,

and the facility withwhich they vomit them,

hindered me from making experiments upon

this irritable animal in the manner I could

have wifhed. Among, however, a vast number

of unfuccefsful trials I have once or twice

fucceeded, and thus have been enabled to il-

luftrate one chief object of my enquiries, I

mean the efficient cauſe of digeftion . I have

ufed every effort to oblige this animal to

fwallow bread and flesh, their ordinary food,

encloſed in tubes, and in two individuals, one

an adult, and the other a young one, have

forced them into the ftomach . Both were

killed, one after having retained tubes filled

with
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with fleſh nine, and the other with bread five

hours. The former were found near the py-

lorus. The outfide was wet with gaſtric

juice, the grating at the ends was entire, as

alfo were the tubes, upon which there did

not appear any bruife or other injury. Two

of the tubes were empty, the third contained

a bit of the fize of a lentil-feed macerated in

the gaſtric fluid. The center preferved the

colour, confiftence, and taſte of flesh ; the

furface was changed into a greyish jelly of a

bitteriſh tafte.

The tubes containing bread having re-

mained only five hours in the ftomach, were

not empty. It had been chewed before it

was put into the tubes, by which it was

moulded into the fhape of cylinders fix lines

and three-fourths long. Theſe cylinders

were not completely diffolved , a portion a-

bout four lines long remaining towards the

middle of the tube, which was externally

gelatinous, but internally retained the cha-

racters of bread. This experiment then fur-

niſhes an irrefragable proof, that the gaſtric

fluid, as well in the cat as in other animals

with membranous and intermediate ftomachs,

is the efficient caufe of digeftion indepen-

dently of any triturating power.

CXCI. If the ftomach be inverted and

then inflated, it will be covered with humidi-

ty, though care fhould have been taken to

wipe it dry. This humidity will appear re-

peatedly after the ftomach has been freed

from it, a phænomenon common, as we have

feen, to various other animals. It is not

poffible to difcover the pores from which

this fluid iffues by the aid of a microfcope,

Q 2 nor
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nor can any glandular bodies be perceived in

the coats, or the intervals between them ;

but when the ſtomach is held againſt the

light, and examined with a glaſs of great

magnifying power, a number of bright flat

meſhes or eyes appear through the coats.

I could not however determine the nature of

them, notwithſtanding I confidered the dif-

ferent parts of the ftomach with fome at-

tention.

CXCII. My fuccefs with dogs was much

greater than with cats. I could make them

take more tubes without being liable to the

inconvenience of having them vomited. I

could not however force them down the œfo-

phagus, for this operation was attended with

the fame danger as in the falcon and eagle;

whenever I attempted it, the animal uſed all

its efforts to bite me. But as they would

fwallowthem fpontaneouſly, like thofe birds,

I had only to conceal them in pieces of flesh,

and throw them upon the floor of the place

where the victim of my curiofity was kept.

As I always took care he fhould be hungry,

he generally ran towards the fleſh, and ſwal-

lowed it eagerlywithout maftication ; where-

as, the cat would keep it in the mouth, and

after chewing it for fome time, throw out

the tubes generally compreffed by the action

of the teeth, and fwallow the fleſh only.

I repeated the experiment that fucceeded

with the two cats (CXC) upon a dog ; the

animal took fix tubes, four full of various

kinds of animal fubftances, as coagulated

blood, lights, mufcle, and cartilage ; the two

others contained chewed crumb of bread.

In fifteen hours the dog was killed , and the

ftomach
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ftomach examined ; it contained only four

tubes ; the other two had not been voided,

and I fuppofed they must have paſſed on to

the inteftines, where I found them among

the excrementitious matter at the beginning

of the rectum . Before I defcribe the ap-

pearances in the tubes, let me fay a few

words of the juices with which the ftomach

abounded. As it contained nothing but the

tubes, we may confider them as pure, They

were of a yellow colour, very bitter, almoſt

without fmell , not fo fluid as water, and to-

tally deftitute of inflammability. Thefe

juices evidently confift of two fubftances,

onevery thin, the othervifcid and gelatinous ,

appeared from a depofition of the latter af-

ter ftanding a few hours. If the veffel was

fet near the fire the clear part evaporated,

and left a cruft which was formed by the

gelatinous matter.

The two tubes that had paffed out of the

ſtomach were empty, if we except fome ex-

crementitious matter that had got in through

the meſhes of the grating. Of the other

four three were empty, nor could I diftin-

guiſh which had contained bread and which

fleſh . The tough and compact cartilage

alone filled part of the tube in which it had

been put, but as far as I could judge by my

eye, it was half wafted . It exhibited the

fame appearances as on a former occafion ; it

was imbibed with gaftric fluid , and had ac-

quired the fame tafte, at leaſt on the furface,

It was fo foft, that it feemed to approach

more to the nature of membrane than car-

tilage.

CXCIII,0
3
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CXCIII. The refult of this experiment

does not coincide with an obſervation in the

Prælectiones Academica of the illuftrious

Boerhaave, commented upon by Haller. The

paffage is fo important, that I must quote it

as it ftands in the original. , Receptum eft

in hominum opinione quod offa animalibus

fubigantur ; cuin Helmontianis olim fenfit

Boerhaavius ; ut vero certior effet, curam ad-

hibuit, ut obfervaret, quid cibis fieret in

ventriculis animalium valde cibos coquen-

tium, & experimento cognovit non fubigi .

Dedit cani devoranda inteftina animalium,

famelicus erat, affatim deglutiit, fubegit mi-

nime & per extremum inteftinum pendula

mifere poft fe traxit. Dedit famelico cani

offa butyro inunéta, reddidit furfura, neque

quidquam diffolvit nifi quod in aqua diffolvi

poteft . Dedit carnes, reddidit fibras carnis

exfuccas. Dedit ligamenta, ea poft tridium

nihil mutata egeffit.'

I reſerve till hereafter what I have to fay

on the famous problem concerning the di-

geftion of bone by dogs, and now confine

myſelf to that part of the experiment that

relates to the inteftine, fleſh, and ligament,

I muft candidly own, that the different re-

fults obtained by Boerhaave and myſelf fur-

prized me. My furprize increaſed when I

confidered, that the fubftances were looſe in

the ftomach of his dog, and of courſe more

liable to be attacked and diffolved by the

gaftric liquor ; whereas, the tubes muſt more

or lefs impede its accefs . Upon further re-

flection it occurred to me, that perhaps the

dog was affected by fome internal malady,

which might alter the properties of the gaf-

tric fluid, as in the owl mentioned in the

fourth
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fourth differtation, of which the gaſtric fluid

was rendered unfit for digeftion by too long

fafting (CLII) . This reflection however

was not quite fatisfactory, and therefore to

clear up the matter, I thought it would be

better to repeat Boerhaave's experiment, and

give adog fome inteftine, in order to fee what

changes it would undergo in the alimentary

canal. A middle- fized dog accordingly

eat four pieces of the colon and ileum of a

fheep, and at the fame time took two tubes,

containing each a portion of the fame intef-

tines. The tubes were voided before the

time I had fixed for killing the animal, for

both were found among the excrements

within about eleven hours after they were!

fwallowed. When the tubes were waſhed

clean, I found that the pieces of inteftine:

were about half digefted . The folvent hav-!

ing acted upon both furfaces had reduced

their thickness confiderably, but what was

left ftill retained its original ſtructure .

then waſhed the excrements, and diſcovered

feveral pieces of inteftine, wafted indeed, as

well as thofe contained in the tubes, yet eafi-

ly diftinguiſhable.

I

CXCIV. This experiment does not exactly

coincide with that of Boerhaave ; it is not

however totally repugnant to it, fince the

pieces of inteftine were not completely dif

folved . My long acquaintance with the cir-

cumſtances attending digeftion gave rife to a

conjecture, which I refolved to fubmit to

the teft of experiment. The digeftion of

thefe pieces of inteftine, faid I to myfelf,

was not complete in the fhort ſpace of eleven

hours (CXCIII) ; but may it not be ſo in a

0 4 longer
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longer time? Is not the quantity of folution

in fome meaſure proportional to the quantity

of time? Does not this appear from unde-

niable facts related in the foregoing differ-

tations ?

In order to verify my conjecture, I had only

to contrive a method to prevent the inteſtine

from paffing fo foon through the pylorus ;

and this, I conceived, might be done by en-

larging the tubes beyond their ufual fize. I

got the laft-mentioned dog to take three fuch

tubes filled with as many pieces of the large

inteftine of a ſheep, as amounted to half an

ounce and four penny-weights. The tubes

were concealed in pieces of the fame intef-

tine. The dog, which as ufual, was hungry

at the time of the experiment and was ftill

kept fafting, voided fome excrement in twen-

ty-one hours, and upon minutely examining

it, I thought I had fome foundation for be-

lieving, that my conjecture was not fallaci-

ous ; for though fome membranous and fi-

brous fragments appeared among it, which

could be nothing but pieces of the inteftine

in which the tubes were concealed, yet they

weremuchmore wafted, and much less eaſily

diftinguishable than in the former experi-

ment (CXCIII) , on account of their longer

continuance in the body. As the process of

digeftion is lefs rapid in the tubes than in the

open ftomach, I let the dog live twentyhours

longer, at the end of which the three tubes

had remained forty-one hours in the fto-

mach. They all three lay cloſe together at

the inferior orifice of the ftomach, wrapped

up in fome bits of rag, which in all likeli-

hood the animal had ſwallowed before the

experiment,
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experiment, and both the tubes and rags

were immerſed in gaftric fluid . I make no

mention ofthis juice, having found it to pof-

fefs the properties defcribed in the CXCIId

paragraph. The reader is more intereſted in

knowing what happened to the inteftines

contained in the tubes . Nothing could have

fucceeded better than this experiment : two

of the tubes were empty, and what remain-

ed in the third did not amount to eleven

grains ; and thus I had the fatisfaction of

finding, as I had conjectured, that the in-

complete digeftion of pieces of inteftine

fometimes obferved in dogs, is no proof of

the inability of the gaftric fluid to diffolve

them ; it only fhews, that they have not been

long enough fubjected to its action . Hence

the reafon of Boerhaave's miſtake appears

evident. Perceiving fome inteftinewhich he

had given to a dog hanging out behind, he

concluded that the animal could not digeft

fuch fubftances (CXCIII) ; whereas from

the facts juft adduced it is obvious , that they

had only not continued in the ftomach a fuf-

ficient length of time.

CXCV. Theſe facts alfo fhew, that fleſh

in the ftomach of the dog lofes its fibrous

ftructure, which it retains only when it hap-

pens to be voided foon after it has been fwal-

lowed. But it might be objected by a rigid

partizan of Boerhaave, that I have not ftrict-

ly proved, that the folution extends to the

fibres ; for they may have been gradually fe-

parated from the common mafs, and paffing

out at the pores, and eſpecially through the

meſhes of the lattice-work, have left the ca-

vity of the tube empty. I therefore thought

t

it .
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it wouldbe proper to throwfurtherlight upon

the fubject by a decifive experiment. If

pieces of flesh were inclofed in purfes of very

thick linen, they would either be diffolved.

and leave no veftige behind them, as by

other animals in like circumftances (LXVII,

CLXXX, CLXXXI) ; and in this cafe we

muft infer, that dogs are capable of diffolv-"

ing fleſh completely, or elfe the fibres would

remain in the purfes, and then we fhould be

obliged to agree with Boerhaave, that the

digeftion of flesh by dogs confifts in expref-

fing the juices and converting them into

chyme, while the folid parts remained un-

altered. But along with the flesh I fubjected.

harder and more tenacious animal fubftances,

fuch as tendon and ligament, to the teft of

experiment. Six bags of very thick linen

were given to two dogs ; four contained four

different forts of flesh, viz . beef, veal, horſe-

flesh, and mutton ; and the two others ten-

don and ligament of an ox. Each bag con-

tained a quarter of an ounce ; and it is to be

obferved, that the contents were not cut into

fmall pieces . Being apprehenfive left theſe

bags, though of fome bulk, would pafs

through the pylorus before the time for ex-

amining them, I tied to each a bit of dry

fpunge. They continued four days in the

ftomachs of the two dogs ; but fearing left

fo long a faft might be hurtful to the ani-

mals, and of courfe difturb the procefs of

digeftion, I fed them feveral times, though

rather fparingly. At the expiration of the

time juft mentioned, I killed and immedi-

ately opened them. The experiment fuc--

ceeded juſt as I could have wished ; for all

the
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the bags were in the cavity of the ftomach.

Sufpecting that they might have been torn

by the teeth of the dogs, I took particular

care to examine, but they were whole, and

upon being cut open the four firft were as

empty as if they had never contained any

flesh , but of the tendon and ligament there

remained about the fize of a hazle-nut ; there

was no hole in either of the bags . Theten-

don appeared, upon being weighed, to have

loft three-fourths, and the ligament above one

half. I examined with particular attention,

whether this diminution of bulk and weight

arofe from the expreffion of the juices, but

the contrary was evident; for they were as

pulpy and moift as at firſt. Hence I had

every reaſon for concluding, that the gaſtric

fluid had really attacked and diffolved the

folid parts, fo as to enable themto pass through

the pores of the linen . The fame thing had

happened to the flesh. The folution was

ftill further confirmed, by the condition of

the external ftrata of the tendon and liga-

ment, which were become fo tender as to be

torn by the flighteft violence . I was thus

fully convinced of the efficacy of the gaftric

fluid of the dog in diffolving the fibres both

of flesh, tendon, and ligament, though the

procefs is lefs rapid in the latter on account

of their greater tenacity and harſhneſs . That

Boerhaave's dog fhould void the ligaments

unchanged on the third day (ea poft triduum

nihil mutata egeffit, CXCIII) , if by this ex-

preffion he means that they retained the na-

ture of ligament, and it feems incapable of

any other interpretation , I have not the fmal-

left fcruple in believing, having feen the

fame
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fame thing in a ligament that had been four

days in the ftomach of a dog. It had indeed

undergone a confiderable diminution, a cir-

cumftance which the celebrated Dutch phy-

fician would alſo have obferved if, inftead of

judging by his eye, he had taken the pre-

caution of weighing it before it was fwal-

lowed, and after it had been voided.

CXCVI. We now come to confider whe-

ther dogs are capable of digeſting bone ; a

problem which, if we may rely upon the

obfervations of feveral celebrated phyfiolo-

gifts and phyficians, would appear to be de-

cided in the negative , We have already feen

that Boerhaave's dog, after having eaten bones

dipped in butter, produced no other change

upon them than fimple water would have

done (CXCIII ) , This he alfo endeavours to

confirm by the following remark: " Deinde

in ftercore canino, quod Album Græcum vo-

cant, fragmenta offium pene non mutata re-

periuntur, & fit mera offium rafura, quæ

dentibus canis adrofit, exfuccorum & inunam

maffam reductorum. It appears from fome

notes on this paffage and his great work (a),

that his illuftrious difciple, Albert Haller,

adopted the fame opinion . Dr. Pozzi alfo

afferts in his work quoted above ( XIII ) , that

dogs do not digeft bone. Of the two expe-

riments which he relates, the following ap-

pears the most conclufive. He gave a dog

that had been fafting five days three bones

which, though dry, the animal fwallowed

for the fake of the butter with which they

were anointed. One of the bones weighed

"

(a ) El. Phyf. T. 6.

three
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three ounces, another two, and the third

one. In three days they were voided, and

had only loft fix grains .

Such are the most powerful arguments ad-

duced by phyfiologifts againſt the vulgar opi-

nion. This opinion however found in Reau-

mur an able advocate, one who eminently

poffeffed the difficult art of making experi-

ments with fuccefs. Of the feveral produc-

tions by which he has fignalized himſelf,

none have contributed more to his reputation,

than the two beautiful memoirs on digeftion,

which I have fo often quoted with applaufe.

To illuftrate the prefent curious and intereft-

ing fubject he made the following experi-

ment (a) . Two compact cylindrical bones,

each feven lines long and two in diameter,

were given to a fmall bitch, which was killed

in twenty-fix hours. The bones that were

ftill in the ftomach were diminiſhed in bulk,

and it appeared to him that feveral lamina

were taken away. They had moreover ac-

quired the flexibility of horn, though they

were at first rigid and inelaftic . Hence he

infers, that they had been in part diffolved

bythe gaftric fluid .

CXCVII. After having thus noticed the

experiments of others, let me relate my own.

In the ftomach and inteftines of the dog,

mentioned in the CXCIId paragraph, I found

feveral pieces of bone . They feemed to be-

long to fome quadruped, probably a ſheep,

and muſt have been eaten before the dog came

into my poffeffion. I did not weigh them,

but as far as I could judge by inspection,

(a) Mem. 2.

they
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they amounted to above fix ounces . Upon

washing and then examining them attentive-

ly, I perceived certain fcars and longitudinal

furrows, of which I doubted whether they

were produced by the gaſtric liquor or the

teeth of the dog ; befides, many of the angles

and edges were evidently blunted, at the fight

of which the idea of what happens to the

hardeſt bodies in a mufcular ftomach re-

curred . I moreover obferved, that theſe

places were not fo hard as the thicker parts

of the bone. But thefe phænomena only

fuggefted doubts, which I refolved to diffi-

pate by the light of experiment. To obtain

this, I filled tubes with pieces of bone, and

gave them to a dog. The bones were of va-

rious kinds and degrees of hardneſs : the

tubes, which were two in number, were put

in a bag of linen, in order to prevent the bits

of bone from getting out. To allow the

gaftric juices a proper time for producing

their effects, the dog was fuffered to live for

feven days, and during this time was fed

moderately. One of the tubes, though they

were rather large, had paffed into the cœcum,

and was furrounded by feculent matter ; the

other remained in the ftomach . They were

neither of them empty, but their contents,

which at firft weighed three-fourths of an

ounce and eighteen grains, now amounted

only to four penny-weights and feven grains .

All the angles and edges were deftroyed. The

fofteft bones had fuffered moft. They could

now be eafily cut in the thin places with a

knife. The thinneft parts of the bone were

diffolved and had paffed through the bag, not

a veftige of them remaining. This experi-

ment
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ment proves two propofitions, viz . that the

digeftive powers of the dog act upon bone as

well as flesh ; though the latter, on account

of its foftnefs, is more fpeedily diffolved,

and that the gaftric juices are the fole effi-

cient caufe of digeſtion .

CXCVIII. This experiment was repeated

three times, and the refult was effentially the

fame; but there occurred two circumftances

that deferve to be noticed. One ofthe dogs

produced only a fmall diminution of the

bones in eight days, though it was fed plen- '

tifully, and feemed to be in perfect health

the whole time. This fhews, that little or

no effect being produced upon the bone,

which fometimes happens, as in the cafes al-

ledged by Boerhaave and Pozzi (CXCVI),

is no proof ofthe inefficacy of the gaſtric fluid

of this animal ; it only fhews, that the di- '

geftive powers are unequal ; nor ought this

to excite our furprize, as the fame thing is

obfervable in our own fpecies.

The other remarkable circumftance, to

which I alluded, is the reverſe of the pre-

ceding. Among the bones given to one of

the dogs, were two dentes incifores from

the upper jaw of a ſheep. It has been al-

ready obferved, that the enamel of the teeth

receives no injury from the gaftric fluids

that are capable of diffolving the hardeſt !

bones, fuch as thofe of the eagle and falcon

(CLXI, CXXXIII) ; yet the gaftric fluid of

the dog in queftion, damaged this denfe fub-

ftance. I have now before me the two teeth,

which I keep as a curiofity. The enamel of

one is corroded in two, and of the other in

three places ; the five cavities are above a line

- long,
I
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long, and penetrate to the nucleus of the

bone. The roots of the teeth were almoſt

entirely deftroyed. Thepowerful menftruum

of the ftomach, had made greater havock

among the other bones that were encloſed

along with the teeth ; the excavations being

wrought in a tenderer fubftance were more

confiderable. Upon comparing this phæno-

menon with the furrows mentioned in the

CXCVIIth paragraph, I have no doubt

but they were occafioned by the gaſtric fol-

vent. It deſerves to be remarked , that in the

cafe where the enamel of the teeth was de-

ftroyed, the linen bag had not ſuſtained the

fmalleft injury, though the folvent neceffa-

rily paffed through it : nor is this to be won-

dered at ; for we have inftances of many gaf-

tric fluids that are capable of decompofing

the most compact animal fubftances, though

they do not produce any effect on the fofteft

vegetable matters (CXLVI, CLVI) . This

is alfo true of chemical menftrua ; the nitrous

acid diffolves the hardeſt calcareous ftones,

but leaves the moſt friable gypfum and clay

untouched.

CXCIX. Though my experiments on dogs

decifively prove, that digeftion is the effect

of the gaftric fluid alone ; yet it was proper

to enquire, whether the fides of the ftomach

have any motion during digeftion , and what

that motion is? There were two ways of

making this enquiry ; mediately, that is, by

the effects ; and immediately, that is, by

opening the abdomen and infpecting the

ftomach.

With refpect to the first mode, though I was

certain that the ftomach of the dog had no

confiderable
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confiderable motion, becauſe neither the

tubes nor the bags had fuftained any injury;

yet in order to fee whether it has any motion

at all, I gave a dog fome thin tubes open at

the ends, which were therefore liable to be

compreffed by the fmalleft violence. But I

could not find the leaft contufion upon them,

after they had been three days in the ftomach.

The infpection, however, of the tubes, pre-

fented a phænomenon which fhewed, that

the fides of the ftomach had not been inac-

tive all the time. Upon opening this vifcus

I found a maſs of hairs, which were of a

different colour from thofe of the dog, and

could not therefore have been fwallowed

while the animal was licking itſelf. They

muſt have belonged to fome other animal

that had been devoured by the dog, before it

fell into my hands. Theſe hairs were not

only floating in the ftomach, but many of

them had likewife got into the tubes ; and

this muſt have been effected by the action of

the ftomach.

CC. I opened five living dogs, taking care

not to wound the ftomach. This operation

was performed foon after they had taken

food ; for I prefumed that the mufcular fi-

bres, irritated by the diftenfion , would con-

tract more confpicuously at this time. The

ftomach of the firft was perfectly quiefcent

when it was left to itſelf. But when the

point of a knife was drawn over it, the parts

that were touched and thofe that were adja-

cent immediately contracted, and then re-

turned to their former fituation . Upon

throwing round a ligature above the cardia

and below the pylorus, and taking the fto-

VOL. I. machР
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mach out of the body, I thought I perceived

a flight peristaltic motion, but it was of fhort

duration. The contraction and dilatation

continued to fucceed each other in the places

that were touched with the knife, or any ir-

ritating body, for half an hour. The fto-

mach of the fecond was not only deftitute of

fpontaneous motion, but was infenfible to

every ftimulus . In the third ftomach the

peristaltic motion was very confpicuous ; the

contraction began juft below the fuperior

orifice, and proceeded with a gentle undula-

tion to the pylorus, and the dilatation regu-

larly followed. This fpectacle lafted for feven

minutes. And I could refufcitate the mo-

tion by irritating the upper part of the fto-

mach, but it continued only a little while.

The peristaltic movement did not appear on

the ftomach of the fourth dog, but irritation

would excite it. And it was in this cafe con-

fined to the ring or circular band correfpond-

ing to the place where the ftimulus was ap-

plied . This band contracted gently, and

diameter of the ftomach was fenfibly dimi-

nifhed ; in a few minutes it dilated juft as

flowly. In the fifth ftomach the periftaltic

motion was as apparent as in the third ; it

lafted fome minutes longer, and when it had

ceafed in all the other parts of the vifcus, a

band just above the pylorus continued theſe

alternations . The contraction was fo confi-

derable, that the oppofite fides of the fto-

mach almost touched each other ; but all

theſe motions were exceedingly flow, nor

did the fides of the ftomach ever dilate or

contract fuddenly or forcibly.

CCI.
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CCI. At the fame time I examined the

ftomach of fome cats in the fame manner.

The refult was exactly alike. A gradual

movement of contraction and dilatation, be-

ginning at the upper end and extending to

the lower, was generally perceptible .

All theſe experiments, and the reader will

find fimilar ones in Haller, though made

with a different view (a), clearly fhew, that

the motion of the ftomach of the dog and

cat are not capable of triturating the food,

but calculated to carry it flowly from the

fuperior to the inferior orifice of the fto-

mach, and thence expel it into the duodenum .

From the great number of dogs that were

fubjected to theſe experiments I collected a

large quantity of gaftric fluid, and found it

as capable of producing an incipient digef-

tion out of the body, as that of feveral other

animals mentioned above, both of boiled and

raw meat, and likewife of feveral vegetables .

It was however neceffary to apply a pretty

ftrong heat, and to change the liquor feveral

times, as in other inftances.

CCII. Blafius , in his laborious and accu-

rate anatomy of the dog, fays, that the in-

ternal coat of the ftomach is compofed of a

congeries of glands (b) .(b) . My opportunities

of afcertaining this have been frequent. I

have examined it with mynaked eye andwith

the microſcope, but could never perceive any

glandular appearance . Upon wiping it dry

and preffing it, it is covered with an aqueous

exfudation, but I could not diftinguish the

(a) Mem. fur les part. irrit. & fenfib . T. 1 .

(b) Anat. Anim.

P 2
pores
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pores from which this exfudation iffues . I

have examined feveral pieces with the folar

and the fimple microfcope, and in fome per-

ceived a vaft number of lucid points, while

in others there appeared nothing of this kind.

I then examined the back part, which is con-

tiguous to the nervous coat, and immediate-

ly faw, that it is compofed of a congeries of

oblong particles, of apale flesh- colour, cloſe-

ly compacted together . Thefe are probably

the glands of Blafius; but I cannot affirm

that they are really glands, not having been

able to diftinguish the characteriſtic marks of

glandular bodies in them. But however this

may be, it is certain they are deſtined to

tranfmit a fluid into the ftomach ; for when-

ever they are preffed, the above- mentioned

exfudation appears upon the internal furface.

And this fluid may be expreffed ſeveral days

after the ftomach has been taken out of the

body.

I have before faid, that the pores from

which the gaftric liquor iffues are invfible ;

but the parts contiguous to the pylorus muft

be excepted, in which they are very confpi-

cuous. Upon comparing the fluid that thus

oozes out with that which is collected in the

I ftomach when it is opened, we ſhall find a

very ftriking difference. The latter, as we

have ſeen above, is yellow, bitter, and fome-

what gelatinous (CXCII). But the former

has not one of thefe properties, being co-

lourlefs, infipid, and very fluid . Hence it

is evident, that the gaftric liquor of the dog,

that liquor which is the efficient caufe of di-

geftion, confifts, as in other animals, of fe-

veral different principles , viz . of faliva, of

the
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the cefophageal juice, of that which is pe-

culiar to the ftomach, ofthe pancreatic juice,

and of bile.

CCIII. To complete my reſearches on ani-

mals with membranous ftomachs, it remain-

ed to examine that of Man . One may indeed

draw very plaufible inferences concerning

human digeſtion, from obfervations on this

numerous clafs ; efpecially from birds of

prey, the cat and dog, which reſemble us

fo much in the ftructure of the ftomach.

But analogical arguments are probable in-

deed, but not conclufive. And it is an ob-

ject ofmuch higher importance to attain cer-

tainty in Man than in animals . In the writ-

ings of antient and modern phyficians no

topic is more frequently difcuffed , yet there

is little elfe befides fuppofition : direct expe-

riments made upon Man are entirely want-

ing, and their reſearches are illuminated only

by the twilight of conjecture, and fupported

by precarious hypothefes. If therefore it

was neceffary on other occafions to have re-

courfe to experiment, on the prefent it was

abfolutely indifpenfible. Upon reflection it

appeared, that the principal experiments were

reducible to two heads, viz. to procure hu-

man gaftric fluid, in order to examine it inthe

manner that of animals has been examined ;

and to ſwallow tubes full of various vege-

table and animal fubftances, in order to fee

what changes they undergo in the ſtomach.

I will candidly own, that the latter kind gave

me fome apprehenfion . The hiftories of in-

digeftible fubftances occafioning troubleſome

fymptoms, and being vomited after a confi-

P 3
derable
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derable time (a) , occurred to my mind.

alfo recollected inftances where fuch bodies

had stopped in the alimentary canal . Other

facts however where the reſult was contrary,

and of more frequent occurrence, gave me

confidence. Thus we every day fee the

ftones of cherries, medlars, plums, &c.

fwallowed and voided with impunity. This

confideration at laft determined me to make

a trial with as great caution as poffible.

CCIV. I fwallowed in the morning faft-

ing a linen bag, containing fifty-two grains

of mafticated bread . All the following ex-

periments were made under the like circum-

ftances. I retained the purfe twenty-three

hours without experiencing the ſmalleſt in-

convenience, and then voided it quite empty.

The ftring uſed for fewing and tying it was

entire, nor was there any rent in the bag it-

felf. Hence it is plain, that it had not re-

ceived any damage either in my ftomach or

inteftines. The fortunate refult of this ex-

periment gave me great encouragement to

undertake others. I immediately repeated

it with two of the fame bags, with this va-

riation, that one was double, and the other

had three folds . My motive obviouſly was

to fee, whether thefe additional folds would

impede digeftion . The bags were voided in

twenty-feven hours, and the double one was

empty; but the other ftill contained a ſmall

quantity that had yet the characters of bread.

CCV. From vegetable I proceeded to ani-

mal fubftances. In a fingle linen bag fixty

grains of boiled pigeon were encloſed, and

(a) Haller, Phyf. T. 6.

in
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in another the fame quantity of boiled veal ;

both were previouſly mafticated . The purfes

were voided in eighteen hours and three-

quarters, andthe flesh was entirely confumed.

Inftead of fixty I next employed eighty grains,

of which the bulk was not fo great as to

make me apprehend any danger from its pafs-

ing down the cefophagus, and ſtill leſs from

its getting out through the pylorus, as at

this time it muft of neceffity be very much

diminiſhed in bulk. The flesh had been pre-

viouſly boiled and mafticated . I retained it

twenty-nine hours, at the expiration ofwhich

time there remained eleven grains undiffolv-

ed . This fleſh differed in appearance from

that which is taken undigefted out of the

ftomachs of animals . The furface of the

latter is gelatinous, but the former was as

void of fucculency as if it had been fet un-

der a prefs . This appearance, which is ana-

logus to that of the bread in the preceding

experiment (CCIV) , made me fufpect, that

perhaps the human ftomach might poffefs a

power of compreffing its contents, though

others of the fame ftructure are deftitute of

fuch a power. I therefore determined to

bringthis fufpicion to the teſt of experiment.

CCVI. Finding that I could digeft dreffed

meat that had been mafticated, I wiſhed to

know whether I was capable of digefting it

without maſtication . I fwallowed eighty

grains of the breaſt of a capon, encloſed in a

bag. The bag was retained thirty-feven

hours. So long a ſpace had produced confi-

derable effects, for it had loft fifty-fix grains .

The furface of the remainder was dry, but

the internal fibres appeared to be more fuc-

P 4 culent.
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culent. The piece feemed to have been di-

gefted equally, for it retained its original

ſhape.

CCVII. I next wifhed to know whether

this dryness of the furface would take place

in raw as well as dreffed flesh . I did not

doubt but I ſhould digeft it in this ftate more

or lefs fpeedily ; for the human ſtomach is

adapted to the digeftion of the one as well as

the other, whole nations living upon raw

fleſh, and raw fish being eaten in fome ma-

ritime countries ; not tomention that oysters,

cockles, &c. in the ftate they are taken, are

among the delicacies of the elegant and luxu-

rious, though a food of difficult digeftion .

I took fafting fifty-fix grains of raw veal and

as much beef, encloſed in two bags, which

were returned about the middle of the next

day. Of the veal, as it was the tenderer,

there remained fourteen grains, and of the

beef twenty-three. In both there was the

fame drynefs on the furface as if the bags

had been wrung, or preffed by fome external

violence.

CCVIII. As then this phænomenon is

conftant, are we to fuppofe, that the digef-

tion of flesh and bread, which is produced

by the gaſtric fluid within the bags, is aided

by the triturating power of the ftomach ?

Does any fuch power exift at all ? I could

devife no better means of diſpelling thefe

doubts, than by obferving what happens to

animal and vegetable fubftances encloſed in

tubes . Should they either not be at all or

imperfectly digefted, we muſt infer, that

there was wanting fome circumftance either

neceffary, or at leaſt expedient ; and we might

prefume,
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prefume, that it is trituration . I was then

under the neceffity of fwallowing tubes.

Having fuffered nothing from the former ex-

periments, I entered upon theſe without

much apprehenfion . Inftead of tin I had my

tubes made of wood, fearing left the refi-

dence of themetal in the ftomach and bowels

fhould be productive of bad confequences,

although I never perceived any in other ani-

mals. The gaſtric fluid had never corroded

it, the colour was only turned to black. My

wooden tubes were five lines in length and

three in diameter. The fides were, as ufual,

perforated with a great number of holes, in

order to allow free ingrefs to the juices of

the ftomach, along the whole length of the

tubes, as well as at the ends. To prevent

the entrance of the fœculent matter during

their paffage through the long track of the

inteftines, they were encloſed in linen bags,

a precaution not always employed upon other

occafions of the like nature. At first I took

a fingle tube, containing thirty-fix grains of

boiled veal previouſly mafticated. The tube

was voided empty in twenty-two hours. The

cover of linen was entire, and had prevented

any extraneous matter from getting in.

CCIX . This experiment, which is by no

means favourable to the doctrine of tritura-

tion, induced me to attempt others before I

drew any conclufion . As the tube was ca-

pable of containing above thirty-fix grains, I

put in forty-five. I retained it feventeen

hours. There was a refiduum of twenty-

one grains ; and now appearances were chang-

ed ; the veal not only had its natural fuccu-

lence, but the furface was foft and gelatinous,

the
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the center alone remaining fibrous. The

jelly was fweet, its fmell was not at all pu-

trid, any more than that of the refiduums in

the purfes. Thefe appearances were obferv-

ed in three other experiments with boiled,

and one with raw flesh of feveral different

kinds. I hefitated not to conclude, that in

Man, as well as numberlefs other animals,

the gaftric fluid digefts the food without the

concurrence of trituration . It is indeed not

poffible that it ſhould concur ; for I have di-

rect proofs, that no mufcular action capable

of producing fuch effects is ever exerted by

the human ftomach. Among the wooden

tubes employed in thefe experiments, I pro-

cured fome to be made fo thin that the flight-

eft preffure would crush them to pieces ; and

though I frequently ufed them, not one was

ever broken. If I took off the linen cover,

which was always entire, and examined them

with ever fo much attention, I could never

perceive the ſmalleſt fiffure.

CCX. Thefe perfectly coincide with the

following facts. Cherries and grapes are faid

to be voided entire (a) . I refolved to afcer-

tain by my own experience the truth of theſe

obfervations. I firft fwallowed four unripe

grapes, becaufe in that ftate they have greater

firmnefs. In a day they were all voided with

the ſkin whole ; the colour was changed from

a greyish white to yellow. I next made trial

of ripe grapes, which, as every one knows,

burft on the flighteft preffure . Of twenty-

five which I fwallowed eighteen were voided

entire, of the other feven the fkins only ap-

(a) Haller, Phyf. T. 6.

peared.
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peared. I made the fame experiments with

many cherries, as well ripe as unripe, and

by far the greater number were voided en-

tire. Thefeexperiments, together with thoſe

made on the thin tubes, afford the moſt con-

clufive evidence, that no triturating force is

exerted by the human ftomach .

I fhall be perhaps afked, what is the cauſe

of the drynefs of the fibres, fo often ob-

ferved in fleſh encloſed in the linen bags,

which would appear to have been forcibly

preffed (CCIV, CCV, CCVI, CCVII )?

Upon confidering the matter I was led to

fuppofe, that the inteſtines are more concern-

ed in this phænomenon than the ftomach.

While the bags remain in the ſtomach, the

fleſh is converted into a gelatinous matter ;

for there is no reafon for believing this hap-

pens in the tubes only, andnot in the bags. But

when they are protruded into the inteftines,

they must be furrounded and preffed bythe

fœculent matter. Hence the jelly is fqueez-

ed out, and the fibres lofe their fucculence.

And this, not the action of the ftomach, I

take to be the caufe why cherries and grapes

are now and then burft.

CCXI. Having thus eftabliſhed this fun-

damental propofition, viz. that the digeftion

of flesh and bread is produced in myftomach

by the gaſtric fluid independently of tritura-

tion (CČIV, CCV, CCVI, CCVII, CCVIII,

CCIX, CCX), I had before me a fine field

for experiments that could not fail to fuggeft

fome important truth . The neceflity of maf-

tication is fufficiently known . There is, per-

haps, no perfon who has not fome time or

other been fubject to indigeſtion for want of

having



224
DISSERTATION V.

having performed this properly. In the

courſe of my experiments I had ſwallowed

fome mafticated fleſh , and ſome without maf-

tication ; but having never taken care that it

fhould be of equal fize, I had no term of

compariſon, and hence was not certain which

was moft fpeedily digefted . I therefore fup-

plied
this omiffion in the following manner.

I took two pieces from a pigeon's heart, each

weighing forty-five grains, and having chew-

ed one as much as I ufed to chew my food,

encloſed them in two tubes, and fwallowed

them at the fame time, but without attain-

ing the end I had in view ; for the tube con-

taining the chewed fleſh was voided in twen-

ty-five hours, and the other in thirty-feven,

both empty. Another experiment made un-

der the fame circumftances fucceeded better,

both the tubes were voided in nineteen hours,

and I then faw how much digeftion is pro-

moted by maftication . Of the mafticated

fleſh there remained onlyfour grains, where-

as ofthe other therewere eighteen left. This

was confirmed by two other experiments,

one made with mutton, the other with veal.

The reafon is obvious. Not to mention the

faliva which moiftens and predifpofes meat

to be diffolved, it cannot be doubted, that

when it is reduced to pieces by the action of

the teeth, the gaſtric fluid penetrates more

readily, and by attacking it at more points,

diffolves it more fpeedily than when it is

whole. This is true of menftrua in general,

which always diffolve bodies fooneft when

they have been previously broken in pieces.

This is alfo the reafon why in other experi-

ments, mafticated bread and dreffed flesh were

›

more
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more readily diffolved than unchewed bread

and raw flesh. The boiling had made it ten-

derer, and confequently difpofed it to allow

ingrefs to the gaſtric fluid .

CCXII. It is an opinion common among

modern phyfiologifts, that fleshy fibres, ten-

don, cartilage, and bone lofe their juices in

the human ftomach, but that the folid parts

are not diffolved or digefted . With refpect

to fleshy fibres, I muft differ from them,

having clearly proved the contrary by expe-

riment (CCV, CCVIII, CCXI) . As I could

bring the other fubftances to the fame teſt,

I would not neglect an enquiry of fo much

importance. I at firft took membrane en-

clofed in a tube without maftication or divi-

fion, weighing about fixty-five grains . The

tube was voided in thirty-two hours, and

prefented the following appearances : The

membrane was entire, but feemed thinner

and fhorter. It weighed only twenty-eight

grains . This diminution, however, was not

a fufficient proof of the folution of the folid

parts ; it might be the confequence of the

privation of the fluids . It was therefore

proper to return it into the ftomach, and wait

the refult. The membrane was voided in

fifteen hours ; it was ftill in one piece, but

exceedingly reduced, weighing now only

five grains. This petty remainder I fwal-

lowed a third time ; the tube was voided in

twenty-two hours, and was now completely

empty. I afterwards faw the fame phæno-

mena in membranes of greater thickneſs and

tenacity ; I once digefted the aorta of a calf

after it had been boiled . The only difference

I obferved
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I obferved was, that the compacter mem-

branes required more time to be diffolved .

CCXIII. I made experiments upon car-

tilage and tendon at the fame time. Το

avoid giving the reader difguft by too parti-

cular a recital, I will only mention the bare

refults. The cartilage was more fpeedily

diffolved than the tendon, the former being

totally confumed in eighty-five and the lat-

ter in ninety-feven hours. Both were taken

from an ox, and had been previouſly boiled

for half an hour.

CCXIV. Bones ftill remained, and I fub-

mitted fome both of a hard and foft texture

to experiment. The latter were completely

diffolved, and required about the fame time

as cartilage. But the former underwent no

perceptible diminution, though it continued

upwards of eighty hours in my ftomach. I

likewife fwallowed a naked ball of hard beef

bone three lines in diameter, and in thirty-

three hours voided it undiminiſhed.

It is therefore certain , that the ftomach is

capable of digefting not only mufcular fibres,

but membrane, tendon, cartilage, and even

bone itſelf, provided it is not too hard ;

though moft phyfiologifts and phyficians

have been led to adopt a contrary opinion by

obferving, that theſe fubftances are evacuated

unaltered. But this is no proof that they are

indigeftible (for if they had made the expe-

riment on themfelves, and weighed the fub-

ftances, they would have obferved a waſte) ,

it only fhews, that they are not ſo foon di-

gefted as other kinds of food, which are diſ-

folved in a few hours ; whereas, membrane,

tendon,
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tendon, cartilage, &c. require feveral days,

on account of their tenacity and hardneſs.

Let no one fuppofe, that my ftomach, be-

ing ftronger than common, is capable of di-

gefting what that of others cannot digeft. I

own, with concern, that it is weak, as is

ufual in thoſe whofe purſuits condemn them

to a fedentary and unwholefome way of life.

My ftomach digefts food fo flowly, that I

cannot ftudy for five or fix hours after a

fparing dinner, and am liable to indigeſtion

whenever I feed more plentifully than com-

mon.

Before I quit this fubject let me obferve,

that though I have mentioned the gaſtric

juices as the efficient caufe of digeftion in

the experiments on myfelf, yet I mean not

to exclude thofe of the inteftines from their

fhare . We know, that the fmall inteftines

complete the process of chylification, which

is but begun in the ftomach. I must there-

fore allow, that the digeftion of animal

and vegetable fubftances in the bags and

tubes is perfected in the intestines . But this

is not in the leaſt repugnant to the refult of

thofe experiments that fhewthe human fto-

mach to be deftitute of any triturating force,

and digeftion to be the effect of the gaſtric

fluid alone, though the fluid which is fe-

creted by the fides of the fmall inteſtines may

complete the proceſs .

CCXV. In the CCIIId paragraph I re-

marked, that the chief experiments on man

were reducible to two heads, thoſe which

relate to the natural procefs, as it may be ob-

ferved by means of tubes and fuch contri-

vances, and thofe which relate to artificial

digeftion
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digeftion, provided the gaftric juices can be

procured. Having treated the former oftheſe

divifions as well as circumftances would per-

mit, it remains for me to make fome enqui-

ries relative to the ſecond . It was first ne-

ceffary to devife a method of procuring the

gaftric fluid . The firft idea that ſtruck me

was to fearch for it in dead bodies, but after

examining feveral ftomachs I was obliged to

abandon this fearch ; for they were either

without any fluid, or elſe what they contain-

ed was fo turbid and fo much adulterated

with heterogeneous matters, that it would by

no means fuit my purpofe. Nor were the

little fpunges, which had ferved fo well in

animals, better adapted to the prefent occa-

fion. Two fpunges would not fupply me

with a fufficient quantity, and I could ven-

ture only to ſwallow two tubes at once, for

fear of forming an obſtruction in my fto-

mach . Befides, the juice thus procured

would have been very impure, on account of

the heterogeneous matters that the tubes.

muft neceffarily have imbibed during their

paffage through the inteftines.

There remained only to obtain it by ex-.

citing vomiting while the ftomach was emp-

ty. To effect this, I choſe rather to tickle

the fauces than drink warm water, as in this

cafe the gaftric fluid muſt have been diluted .

In this manner therefore, before I took meat

or drink, I procured in two mornings a quan-

tity fufficient forafew experiments, ofwhich

the refult fhall be related below. I could

have wiſhed to have made a greater number,

but the diſagreeable feelings occafioned bythe

act ofvomiting, the convulfions of mywhole

frame,
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frame, and more efpecially of my ftomach,

that continued for feveral hours after it, left

upon my mind fuch a repugnance for the

operation, that I was abfolutely incapable of

repeating it, notwithſtanding my earneſt de-

fire of procuring more gaftric liquor.

CCXVI. I was therefore obliged to con--

tent myſelf with what thefe two vomits af-

forded me. The first time it amounted toan

ounce and thirty-two grains. It was frothy

at its being thrown up, and fomewhat glu-

tinous. After it had been at reft a few hours

and depofited a fmall fediment, it was as lim-

pid as water. It was a little falt to the taſte,

but not at all bitter. It did not either, when

thrown on the fire or brought near a candle,

ſhew any token of inflammability (a) . It

(a) From this and the LXXXIft, CXXIII ,

CXLIXth, and CLXXXVth paragraphs we may collect,

that the gaſtric juices both of man and animals are defti-

tute of inflammability. I made theſe experiments, becauſe

Reaumur thought that that of his kite was inflammable,

which quality Dr. Batigne imputes to the bile, a fluid

confifting principally of oil ( premiere Reflexion fur les

Exper. de Reaumur) . But were this true, the gaſtric

juices of most of my birds ought to have taken fire. As

all mine are contrary to Reaumur's fingle experiment, I

ſhould fufpect, that what he obferved was owing to ac-

cident. His experiment was the following : To take

away the fmell of putrid fleſh, which one of his tubes had

acquired, he fet it upon fome burning coals, when im-

mediately there iffued a flame from the infide that lafted

above a minute ( Seconde Mem. ) . But it is eafy to per-

ceive, that this might have been owing to fome fat of the

fleſh encloſed adhering to the tube. I am more confirm-

ed in this fufpicion from having obſerved, that the gaſtric

fluid of a kite, fuch as Reaumur's, mentioned in a note

to paragraph CLXXV. was not more difpofed to take fire

than the other gastric juices which I examined.

VOL. I.
evapo-
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evaporated in the open air, and when I put

fifty-two grains into a veffel and fet it on hot

coals, it emitted a thick fmoke. Another

fmall portion, weighing eighty-three grains,

was put in a phial, which was clofed with

a ſtopple to prevent it from evaporating . It

did not change colour or tafte, nor did it ac-

quire any bad fmell, notwithſtanding it was

kept above a month in the hotteſt ſeaſon of

the year. I thus employed about one half,

the remainder was uſed for an attempt to ob-

tain artificial digeftion. It was put into a

"glafs tube two inches long, fealed hermeti-

cally at one end, and very narrow at the other ;

I then introduced a fmall quantity of mafti-

cated boiled beef, and ſtopping the tube with

cotton, fet it in a stove clofe to a kitchen

fire, where there was a confiderable heat,

though not perhaps exactly equal to the tem-

perature of my ftomach. By the fide of this

tube I placed another, containing the fame

quantity of fleſh immerfed in water. The

appearances in both were the following : In

twelve hours the flesh in the former began

to lofe its fibrous ftructure, and in thirty-

five it had fo far loft its confiftence, that when

I attempted to lay hold of it, it flipped from

between my fingers. But though to the

naked eye it appeared to be reduced to a pul-

taceous mafs and to have loft its fibrous tex-

ture, yet the microfcope rendered the fibres

vifible ; they were however reduced to a great

degree of minutenefs. After this femifluid

fhapeless mafs had continued two days longer

in the gaftric fluid, the folution did not feem

to have made any further progreſs, and the

reduced fibres were ſtill juft as apparent. The

fleſh
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Aefh did not emit the leaft bad fmell, while

that immerſed in water was putrid in fixteen

hours, and became worſe and worſe the two

following days. It loft in fome meaſure its

fibrous ftructure, as always happens during

putrefaction ; but this appearance did not pro-

ceed fo far as in the other portion , for the

fibres were entire on the third day.

CCXVII. I vomited the fecond time more

gaftric fluid, and was now enabled to exa-

mine it again as I had done before ; and it

appeared to poffefs exactly the fame proper-

ties . In order to determine the influence

of heat two tubes were filled with it, and

ſome fleſh was immerfed as before (CCXVI) .

One of the tubes was placed in the ftove,

and the other left in the open air. In the

former the flesh was just as much diffolved as

in the preceding experiment ; but in the lat-

ter the folution proceeded no farther than

when water was employed (CCXVI) . There

was however no putrid fmell, though the

flesh was left immerfed in the gaftric fluid

feven days.

Before I conclude this account, I must

mention a circumftance that happened the

fecond time I procured gaftric liquor by vo-

miting. Four hours before I fubmitted to

this difagreeable operation, I had fwallowed

two tubes filled with beef, one of which was

thrown up ; the fleth was throroughly foak-

ed in the fluid of the ftomach, and the fur-

face was foft and gelatinous ; it it had more-

over wafted from fifty-three to thirty-eight

grains . This experiment proves, that there

is a confiderable degree of digeftion in the

ftomach,Q2
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ftomach, before the food paffes into the in-

teſtines.

CCXVIII . We may now fafely lay down

fome general confequences concerning di-

geftion in Man and animals. In the experi-

ments on birds with mufcular ftomachs, we

have feen how trituration difpofes the food

to be digefted. Hence Nature has furniſhed

this clafs with gastric muſcles of fufficient

power to effect this neceffary preparation .

But we have likewife feen how digeftion,

which confifts in the tranfmutation of the

aliment into chyme, is the effect of the

juices alone with which the ftomach abounds

(Diff. I).

We next proceeded to birds with interme-

diate ftomachs, fuch as crows and herons,

and found, that in them digeftion was owing.

to the gaſtric fluid alone (Diff. II ) .

We next confidered animals with mem-

branous ftomachs, a clafs fo numerous and

various, that it comprehends almoſt every fa-

mily of living creatures ; it includes the in-

habitants of falt and freſh water ; amphibi- .

ous animals, as the frog, the newt, andwater-

fnake ; reptiles, as the viper, the land-ſnake,

and many others ; quadrupeds, as the cat, the

dog, the horse, the ox ; birds, as birds of

prey to this catalogue Man himself is alfo

to be added .

In feveral of thefe animals we have feen

the neceffity of previous trituration , as in

the ruminating order and in Man ; in them

it is produced by the teeth, as in gallinace-

ous fowls by the mufcles of the ftomach.

But in others, as in the frog, the newt, fer-

pents, and birds of prey, it does not at all

contribute
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contribute to digeftion . But in the latter, as

wellas the former cafes, we have feen howthe

food is diffolved and digefted by the gaſtric

fluid (Diff. III, IV) .

In every order of animals, Nature, ever uní,

form in her operations, employs one princi-

ple for the performance of this vital func-

tion. Hence fhe has fo copiouſly furniſhed

the afophagus and ftomach with glands, fol-

licles, and other contrivances that anfwer

the fame end, whence continually flow the

juices fo neceffary to the life of Man and

animals. Thefe juices agree in many pro-

perties, but the difference of effect fhews,

that they differ in others. In the frog, the

newt, fcaly fiſhes, and other cold animals,

the gaftric fluid produces digeftion in a tem-

perature nearly equal to that of the atmo-

Iphere. But the gaftric fluid of hot animals

is incapable of diffolving the aliment in a de-

gree of heat lower than that of the animals

themſelves. There is alfo a difference in

celerity of action, and in efficacy . In

celerity, becauſe the food in hot animals

is digeſted in a few hours ; whereas, in the

oppofite kind it requires feveral days and even

weeks, particularly in ferpents. In efficacy,

becaufe the gaſtric juices of fome animals,

as the gallinaceous clafs, can only diffolve

bodies of a foft and yielding texture, and

fuch as have been previously triturated ; while

thofe of others, as ferpents, the heron, birds

of prey, the dog, decompofe fubftances of

great tenacity, as ligament and tendon, and

of confiderable hardneſs, as the most rigid

bone. Man belongs to this divifion ; but his

gaſtric fluid ſeems to have no action on the

૨ ૩
hard-
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hardeft kind of bones . Further, fome fpe-

cies, as birds of prey, are incapable of di- ·

gefting vegetables. But Man, the dog, the

cat, crows, &c. diffolve the individuals of

both kingdoms alike . In general thefe juices

produce their effects out of the body, as the

numerous inftances of incipient digeftion un-

der this circumftance, both with the gaſtric

fluid of animals and Man abundantly fhew,

CCXIX. Having thus brought into one

point of view the principal circumſtances re-

lative to the efficient caufe of digeftion , let.

us compare them with what has been moſt

plaufibly written upon this topic fo intereſt-

ing to the phyfician. The opinion that pre-

vails chiefly in the fchools of Europe is that

advanced by Boerhaave, who has in truth

done nothing but reconcile the opinions that

had been propofed at different times before

him. He obferves, in the firft place, that

the various folid and fluid fubftances which

ferve for food, being received into a cloſe,

moift, and warm veffel, muft, according to

the nature of each, fooner or later begin to

ferment or putrefy. There are alfo various

fluids continually running into the cavity of

the ftomach, viz. the faliva, the cefophageal

liquor, that thin tranfparent fluid which is

fecreted by the gaſtric arteries, and a vifcid

humour fecreted by glands in the ftomach.

If we confider the properties of theſe ingre-

dients, and moreover take into the account

the remains of the food which ferve as a

ferment, the air which produces an inteftine

movement of the integrant parts, the heat

which excites this heterogeneous mafs, we

fhall find, that the aliment willbe macerated,

diluted,
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diluted, attenuated , diffolved, determined to

an incipient fermentation , and in fhort, im-

preffed with the primary principle of vitality.

Thus it is that Boerhaave explains the di-

geftion of foft food. With respect to that

ofa firmer texture, imagining, that the caufes

above recited are infufficient to explain the

digeftion of them, he has recourfe to the tri-

turating power of the ftomach, produced by

the action of the mufcular coat, and the pul-

fation of the aorta and the other adjacent ar-

teries ; the nervous fluid, which perhaps flows

into the ftomach more copiouſly than elfe-

where ; and laftly, the continual and ſtrong

compreffion of the diaphragm and abdominal

muſcles. In confequence of theſe additional

cauſes, inthe firstplace, the food will be broken

down into a pulp, and acquire a cineritious

hue; fecondly, the fibres, tendons, carti-

lages, &c. will be deprived of their juices.

while they retain their cohefion ; thirdly,

from vegetable and animal fubftances thus

diffolved, will be produced a fluid reſembling

our humours .

CCXX. Thus has this celebrated phyfi-

cian explained his ideas concerning digeftion

in his Inftitutions . He fuppofes, that there

are two principal agents in this vital function,

viz. the different fluids that are collected in

the ftomach, and the mechanical action of

that organ ; the fecondary agents are heat,

air, the nervous fluid, the remains of the

food, and an incipient fermentation .

With refpect to the gaſtric fluid, his ideas

were indeterminate and unfettled. On com-

paring this paffage with his Prælections it

will appear, that he conceived that it acted in

Q4
the
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the folution of the food like a fimple diluent,

like water heated to the fame degree. But

facts without number related above fhew,

that it does not act in this manner, but as a

a real folvent. That the folution is more

ſpeedy and effectual than that obtained by

mere water, appears from experiments equally

numerous. Moreover, this fluid does not

diffolve foft and yielding ſubſtances only, but

the hardeſt and moſt tenacious, contrary to

Boerhaave's opinion.

With respect to trituration , the attentive

readerwill eaſily anticipate myanſwer. How-

ever remarkable the effects produced by the

mechanical action of mufcular ftomachs

may be, intermediate and membranous fto-

machs have no fuch power. I have made

particular obfervations on the ftomach ofthe

dog, which ſo nearly reſembles that of Man,

and it never appeared to have any motion fuf-

ficient to break down the food. This was

not only proved by thin tubes receiving no

injury, but by infpection of the ftomach

during the time of digeftion (CXCIX, CC) .

The reader will find fimilar proofs taken from

the effects produced by my own ftomach, in

the CCIXth and CCXth paragraphs . Theſe

direct arguments fhew the infufficiency of

the Boerhaavian hypothefis . It is befides

eafy tofhew its falfity, byexamining the foun-

dation on which it refts. He deduces the

triturating power from the action of the

mufcular coat and the contiguous parts ; but

this coat is fo thin in membranous ftomachs,

that its effects muft needs be inconfiderable,

Nor is the preffure of the adjacent parts of

much importance, at leaft in the cat and dog,

4
for
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for upon opening the abdomen and feeling

the ftomach, I perceived nothing but the

pulfation of the arteries, as I had before

done in fome birds with mufcular ftomachs

(XXXVIII ) . But this pulfation does not

comprefs the ftomach. I likewife perceived

by my touch, that this vifcus is affected by

the vibrations of the neigbouring arteries ;

but the effects of thefe vibrations are not

more confiderable than the pulfation of its

own arteries . The whole ftomach was lifted

up, and depreffed by the motion attending

refpiration . The periftaltic movement was

alfo general in fome cafes ; but the former

did not produce contraction , and the con-

traction produced by the latter was gentle,

and incapable of triturating the aliment. It

could only agitate, and thus diſpoſe it to be

more readily diffolved .

CCXXI. Heat, I readily agree with Bo-

erhaave, in confideringas a co-operating cauſe.

My experiments prove its great importance.

Though the gaftric fluid is not inflammable

( LXXXI, CXXIII, CXLIX, CLXXXV,

CCXVI), yet it is difpofed by warmth to in-

finuate itſelf into digeftible fubftances, and

reduce them to that gelatinous matter which

ferves immediately for nutriment. The fame

obfervation is applicable to menſtrua in ge-

neral,

Iwillinglyadmit, that particles of air, while

they are extricated from the food among

which they are entangled by means of the

faliva, contribute to its more ſpeedy folution.

But I cannot fo readily allow, that digef

tion is promoted by the nervous fluid flowing

copioufly into the ftomach ; for its very exiſt-

ence
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ence is uncertain, and the hypothefis is alto-

gether without foundation .

Much lefs lefs can I grant, that the re-

mains of the aliment ferve any fuch purpoſe

as he afcribes to them. The great Haller

juftly obferves, that our appetite and digef-

tion are good only when the ftomach is emp-

ty (a). I have had feveral opportunities of

feeing this confirmed . When I fed a crow,

a heron, or a falcon fparingly, the ftomach

would be empty in fix or feven hours ; when

they would take food again very greedily and

digeft it completely, as I found upon open-

ing the ftomach .

Whether an incipient fermentation contri-

butes to digeftion, according to the opinion

of this writer, is a queftion which fhall be

examined at fome length in the following

differtation, as it has been the fubject of

many modern experiments.

Laftly, I muft again differ from him with

refpect to fibres of flefh, membrane, tendon,

cartilage, bone, which, in his opinion, are

not digefted in the human ſtomach, but only

have their juices expreffed ; for the experi-

ments I made on myfelf prove, that the folid

parts are really diffolved, if we except only

the hardeſt bones (CCV, CCVIII, CCXII,

CCXIII, CCXIV) . As Boerhaave endea-

voured to reconcile the various opinions of

phyficians concerning digeftion, he feems in-

clined to adopt in fome meaſure the notion of

thoſe who fuppofe, that the office ofthe fto-

mach confifts in extracting the juice of ani-

mal and vegetable matters, among whom

(a) Phyf. T , 6.

Mr.
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Mr. Hecquet has particularly diftinguiſhed

himſelf. And a note to this paffage, in which

he obferves, that the ftems of hay are ſtill

vifible in the dung of the horfe and the ox,

notwithstanding it is chewed fo often by the

latter, ftill more clearly explains his idea. I

confidered it as of great importance to en-

quire, whether the fame thing happens in

animals belonging to other claffes, which

was really the cafe in fome. We have feen,

that the two fpecies of crow above-mention-

ed are both granivorous and carnivorous. I

fometimes fed them with wheat a little bruif-

ed, and notwitftanding they feemed to eat it

greedily, their excrements confifted of dry

fragments of this grain . Thislikewife hap-

pened when they had eaten tough flesh . If I

put the excrement in water and fhook it

brifkly, the greater part would be ſuſpended,

but a little would fall to the bottom; this,

upon examination , proved to be cellular fub-

ftance with a few mufcular fibres, of which

the particles cohered pretty firmly ; the long-

eft pieces meaſured about an inch.
What

remained fufpended in the water was more

than twice as much as that which fell to the

bottom, and ftill retained the characters of

fleſh . Young crows, which digeft more

ſpeedily than the adult (LXIX), do not com-

pletely digeft tough meat. I could eaſily

find cellular fubftance among their excre-

ment ; but when inftead of hard they were

fed with tender fleſh, and with ſome foft ve-

getable inftead of wheat, the excrement did

not fhew the leaſt appearance of this fort.

CCXXII. I made the fame obfervation

upon frogs. As thefe animals generally feed

3
upon
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upon infects, I often found among the excre-

ment, when treated in theway juſt deſcribed,

legs, thighs, and wings of locufts, and the

cruftaceous parts of other infects .

Leuwenhoeck, upon examining the excre-

ment of the melvel, found, that it confifted

of filaments refembling the hairs ofthe beard

cut off by the razor ; theſe filaments he fup-

pofed to be the undigefted remains of the

fifhes which the melvel had eaten (a) . I can

eafily believe this to have been the cafe, ef-

pecially as it coincides with an obſervation

of myown upon the excrement of the tench,

in which, though I could not perceive any

fleshy fibres, yet the fragments of bone were

diftinctly visible. 'I muſt however add, that

though I have examined the fæculent mat-

ter of many other fishes with glaffes of vari-

ous magnifying powers, I could never dif-

tinguish the leaft atom that had the charac-

ters of animal or vegetable matter. I have

obferved the fame thing in that of nocturnal

and diurnal birds of prey. The tough flesh, of

which a ſmall part was voided along with the

excrement of crows (CCXXI) , is entirely di-

gefted by the eagle, falcon, and owl. This

obfervation may be extended to a multitude

of birds of various kinds, of which, though

I have preſerved the names in my journal, to

avoid prolixity I will not now enumerate

them . Serpents, though fo flow of digef-

tion , diffolve their food fo completely, that

not a veftige of any organized matter appears

(a) Philof. Tranfact. n. 152. 1683.

+

in



DISSERTATION V. 24-T

in their excrements. This at least I have

feen in vipers, water and land-fnakes.

Upon comparing my obfervations upon ex-

crement with thofe related by Boerhaave and

others, I think it must be concluded, that

confidering animals in general , fome fub-

ftances of both kingdoms are voided un-

changed along with their excrements, be-

caufe the gaftric fluid is incapable of dif-

folving them ; but others are voided un-

changed, only becauſe they do not continue

long enough in the ftomach to be digefted.

This is fully proved by my experiments on

fleſh, membrane, tendon , and bone, the very

fubftances of which Boerhaave fuppofed,

that the folid parts were indigeftible . Flefh

taken fpontaneoufly by crows, part ofwhich

is voided undigested, but when kept many

hours in the ftomach is completely diffolved,

furniſhes another decifive proof of the fame

propofition .

It is furely not neceffary to add, that I do

not wish by theſe ftrictures to leffen the high

reputation of the Dutch Hippocrates . Un-

provided with experiments of his own, he

collected the opinions of others, and framed

a fyftem concerning digeftion fo ingenious

and plaufible, that I willingly own that I

formerlyadopted it, and would not now reject

it, if I was not compelled by conclufive ex-

periments.

CCXXIII. I will conclude this differtation ,

with ſome remarks on a problem clofely con-

nected with reſearches concerning the effici-

ent caufe of digeftion . Mr. Hunter, one of

the beſt Engliſh anatomifts of the prefent

age, frequently in opening dead bodies,'

found
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found the great curvature of the ftomach

confiderably eroded, and fometimes entirely

diffolved. In the former cafe, the edges of

the wound were as ſoft as half-digefted food,

and the contents of the ftomach had got into

the cavity of the abdomen. The author ob-

ferves, that fuch a wound cannot have exiſted

in life, having no connection with the dif-

eafe, and more frequently appearing in per-

fons who have died violent deaths. In or-

der to diſcover the caufe of this phænome-

non, he examined the ftomachs of various

animals, both immediately and fome time

after death. He obferved in feveral thefame

appearance. Hence he thought he was en-

abled to affign the caufe. He ſuppoſes the

folution to be owing to a continuance of di-

geftion after death, and that the gaftric fluid

is capable of diffolving the ftomach when

it has now loft its vital principle. From

this diſcovery he infers, that digeftion neither

depends on the action of the ftomach nor on

heat, but on the gaftric juices, which he con-

fiders as the true menftruum of the food (a) .

CCXXIV. When Mr. Hunter's fhort but

fenfible paper came to my hands, I was en-

gaged in experiments on digeftion. I had

difcovered the primary importance of the gaf-

tric fluid in this procefs, and that it acts out of

the body; that is to fay, in the dead body.

I knew alfo, that after death this fluid iffues

from the coats of the ftomach . From theſe

data I had little difficulty in believing thefact

related by the English anatomift, and adopt-

ing his explanation of it : nevertheleſs it was

(a) Ph. Tranf..

proper

1
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properto repeat the experiment . Being un-

provided with human fubjects, I had re-

courfe to animals. Some were opened fooner,

and others later after death ; but among the

numbers I infpected, not one had its great

curvature diffolved, or much eroded . I fay,

much eroded, becauſe I have often ſeen a

little erofion, efpecially in different fishes, in

which, when I had cleared the ftomach of

its contents, the internal coat was wanting.

The injury was always confined to the infe-

rior part of the ftomach. If thefe facts are

favourable to Mr. Hunter, a great number

are againſt him . They do not however de-

ftroy his obfervations ; mine are only nega-

tive, his are pofitive ; and we know that a

thouſand ofthe former do not deftroy a fingle

one of the latter, provided it is well afcer-

tained. I have no reafon to diftruft Mr.

Hunter, for his paper has that air of inge-

nuoufnefs and candour which ufually accom-

panies truth.

CCXXV. The ill fuccefs of my experi-

ments did not induce me to abandon the idea

of digeftion after death, it only led me to

confider it in another point of view. If it

be true, faid I to myfelf, that the gaftric fluid

exerts its action after death, it muſt produce

fome folution of the food . Let then an ani-

mal befed and immediately killed , after fome

time let it be opened, and let us fee whether

the food has been at all digefted . I deter-

mined to bring this obvious inference to the

teft of experiment ; I therefore kept a raven

fafting feven hours in order to empty its fto-

mach, and then ſet before it an hundred and

fourteen grains of beef, which were imme-

diately
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diately eaten, and muft have paffed into the

ftomach, as this bird has no crop. I then

killed it, and as it was winter, put it into a

ftove, where it was left fix hours. Sup-

pofing this to be a fufficient time for the gaf-

tric fluid to exert its action , I opened the fto-

mach, and found the flesh in the following

ftate. It was impregnated with gaſtric

fluid, and was become tender ; the colour

was changed to a pale red, and the ſurface

had a bitter taste, while the internal parts re-

tained the taste of flesh . After the gaftric

fluid was wiped away, it weighed only fifty-

two grains ; it had therefore loft above half

its weight in fix hours, or, what amounts to

thefame thing, was above half digefted . The

pylorus, and the duodenum for about an inch,

were occupied by an afh-coloured mucus,

which muft muſt have been the diffolved part

of the flesh.

At the fame time I gave another raven, that

had in like manner been kept faſting ſeven

hours, an equal quantity of flesh, and killed

it in two hours and a quarter. My view was

to obferve the difference between what had

lain fix hours in the dead, and two and a quar✩

ter in the living ftomach, and it was very

great ; for in this latter cafe the fleſh was to-

tally diffolved, except afew membranous pel-

licles, which I have found to be always longer

in being digested than the mufcular fibres ;

the mucus was the fame as before, only in

larger quantity, and occupied more of the

duodenum . Theſe two experiments com-

pared together prove two things, first, that

digeftion continues after death ; and fecondly,

that it is then far lefs confiderable than in the

living
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living animal, though in the preſent inſtance

the heat of the ftove, which was about

100° (a), must have promoted it not a little.

The heat of the living raven did not exceed

30° (b).

CCXXVI. Another dead raven was kept

five hours in the fame ftove , after I had forced

two dead lampreys, weighing together an

hundred and twelve grains, down its throat .

One lay in the oefophagus, the other had

reached the ftomach and was completely de-

compofed, while the other was indeed entire,

but foft and flaccid . This accident proves,

that the gaſtric fluid is capable of producing a

fenfible degreeof digeftion at a timewhen the

œfophageal juices are inert.

CCXXVII. Thefe experiments were made

in winter. I determined to repeat them the

next fummer, becauſe then I could expofe

the dead animals to a greater heat. Accord-

ingly in that feafon fome bruiſed veal was

given to two ravens, which were immediate-

ly killed, and left feven hours in a window

expofed to the fun. We have already ſeen

in feveral paffages, the influence of heat

in promoting artificial digeftion ( CXLII,

CLXXXVI, CCI, CCXVII) . Nor did it

now appear lefs confiderable.
Each raven

had eaten fixty-eight grains of flesh, ofwhich

there was not an atom left entire ; it was all

diffolved into the ufual gelatinous pulp, and.

the greater part had paffed through the py-

lorus.

(a ) Two hundred fifty-feven deg. Fahr. Ther.

b) One hundred nine and an half ditto.

VOL. I. R Thefe



246 DISSERTATION V.

Thefe facts, I think, decifively prove, that

animals, at leaſt the fpecies juft mentioned,

continue to digeft after death . If we con-

fider the matter rigorously, it will be proper

to obviate a difficulty that may be ftarted.

However careful we are to kill the animal

immediately after it has fwallowed food, it is

certain, that there will be a fhort interval

between the time the food gets into the fto-

mach and the death of the animal, and that

the gaſtric fluids act upon it during this in-

terval . Moreover, after death they will act

for fome time juft as in life, fince the vital

heat is not inftantly exftinguifhed . The di-

geftion therefore obferved in dead animals

may, if not entirely, at leaft in part, be pro-

duced by the gaftric fluid acting during life,

and a fhort time after death.

Nothing could be more eafy than to aſcer-

tain the juftneſs of this fufpicion, fince we

have only to thrust a little food into the fto-

mach of a dead and cold animal, and obferve

the confequence . I made the experiment

upon a raven that had been dead an hour, and

had now only the temperature of the atmo-

fphere. Forty-two grains of beef cut into

pieces were forced into the ftomach, which

was opened after the bird had lain feven hours

expofed to the fun. And here inftead of pieces

of folid flefh, I found only the ufual pulpy

mafs, partly in the ftomach and partly in the

duodenum. The folution was therefore.ef-

fected by the gaſtric fluid, independently of

the powers of life .

CCXXVIII. The experiment was repeated

upon an owl and a blackbird, which were

killed immediately after meat had been given

them,
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them, and left feven hours in a warm tem-

perature. The flesh given to the blackbird

had been cut into three pieces , which toge-

ther amounted to eighty-two grains ; the owl

had ſwallowed half an ounce and fix grains

in one piece. Upon opening the ftomachs,

I found the four pieces ; but the furface was

covered with a ftratum of mucus, which

fhewed, that the flesh had been diffolved.

I thought, that perhaps if the fleſh had re-

mained a longer time in the ſtomach it would

be more digefted ; but this did not happen,

at least when I repeated the two preceding

experiments under the fame circumftances,

except that the birds were expofed to the fun

for twenty-two hours, I could not perceive,

that the folution of the flesh was carried any

further. The entrails emitted a putrid fmell,

but this was not the cafe either with the fto-

mach or its contents.

CCXXIX . That I might be warranted in

deducing general confequences, I refolved to

repeat this fingular experiment upon various

claffes of animals, and therefore had recourſe

to fishes and quadrupeds. Of the former,

the fiſh-market at Pavia only affords the pike,

carp, barbel, tench, eel, and the like ; but I

took care to procure fuch as were very freſh .

I introduced into the ſtomach various animal

fubftances, as little fishes, bits of veal and

beef, frogs, grubs, &c . and opened them af-

ter an interval, fometimes fhorter fometimes

longer. I will give in a few words what is

fet down at great length in my Journals.

The part of thefe fubftances that lay in the

ofophagus, a pofition which they often had,

R 2 was
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was unaltered ; this was fometimes the cafe

with that which had got into the ftomach,

but it was generally more or lefs eroded . A

circumftance refepcting frogs deferves to

be mentioned . The tough fkin of theſe ani-

mals was often deftroyed, eſpecially at the

bottom of the ftomach ; and where it ftill

remained it was fo much foftened, that the

flighteft force was fufficient to lacerate it.

Hence it appears, that the gaftric fluid of

fishes retains its property of diffolving flesh,

but in an inferior degree to that of birds,

fince it did not diffolve fo much.

CCXXX . The quadrupeds upon which I

made thefe experiments, were dogs and cats.

After keeping them fafting many hours, I

give them a certain quantity of flesh , and

then ftrangled them without delay. Of three

dogs and three cats, two of the former and

as many of the latter were expofed to the fun

for nine hours ; the others were left in the

fhade . In the firft the furface of the fleſh

was gelatinous as ufual, but in the laft this

appearance was fcarce perceptible. Thefe

experiments confirm the utility, I fhould ra-

ther fay, the neceffity of heat to digeſtion in

many animals .

CCXXXI. To conclude this curious en-

quiry, I refolved to fee what change would

take place upon flesh when the ftomach was

taken out of the body. I made this experi-

mentupon a cat, a raven, and an owl. Hav-

ing fed them fparingly, I cut out the fto-

mach, and threw ligatures round the cardia

and pylorus to prevent the contents from get-

ting out. They were expofed to the fun in

I a veffel
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a veffel of water, left the heat should dry

them . In five hours and an half they were

opened : the water had tranfuded through the

coats ; the furface of the flesh was a little

gelatinous, efpecially in the ftomach of the

raven and owl; but the folution was trifling,

in compariſon with that which took place

when the ftomach was left in the body. This

was what might be expected, when the fo-

phagus no longer poured its liquor into the

itomach .

In theſe experiments I did not perceive any

erofion ofthe ftomach, any more thanin thofe

made with the view of verifying Mr. Hun-

ter's (CCXXIV) . I only faw what I had

feen before (ibid) , a flight excoriation of

the inferior part. We muft therefore infer,

that the coats of the ftomach fuffer lefs after

death than fleſh introduced into it. I fet be-

fore an hungry dog fome pieces cut out of

the ftomach of another dog ; he ate them

without heſitation , and was killed immedi-

ately. After the body had lain in a warm

fituation nine hours, the ftomach was open-

ed. The pieces were fenfibly diffolved, but

no change was produced upon the ftomach

of the animal, if we except the large curva-

ture, which was fo much inacerated, that the

villous coat might eafily be rubbed off. It

is, I think, not difficult to affign the reaſon,

why the ftomachs of dead animals are not

liable, like their contents, to be diffolved .

Theſe bodies are inveſted on all fides by the

gaftric fluid, whereas it acts only on the in-

ternal furface of the ftomach .

Upon reviewing the experiments related in

the CCXXVth and following paragraphs it

R 3 cannot,
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cannot, I think, be doubted, that digeftion

goes on for fome time after death . I there-

fore entirely agree fo far with the celebrated

English anatomift, but I cannot with him

fuppofe, that this function is independent of

heat (CCXXIII) ; numberlefs facts related

in this work fully prove the contray.

1

DISSER-
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DISSERTATION VI.

WHETHER THE FOOD FERMENTS IN THE

STOMACH .

CCXXXII.

I

WILL now, agreeably to my

promifeinthe foregoing dif-

fertation (CCXXI) , enquire whetherthe food

ferments in the ftomach. This opinion was

almoft univerfally adopted by phyſicians about

the middle of the laft century, an æra at

which the explanation of the various func-

tions of the human body was fought in fer-

mentations of various kinds, as it had be-

fore been in a fubtile matter, as it has fince

been in electricity, and is at preſent in divers

forts of elaftic fluids. This notion was af-

terwards combated among others by Boer-

haave, who found, by direct obfervations,

that this multiplicity of fermentations did

not exist in nature, but was merely the fug-

geftion of fancy. Of the numberlefs modi-

fications of this procefs, which phyfiologifts

had imagined, he admitted only that very li-

mited and imperfect one, which, according

to him, takes place in the ftomach. The

R 4 food
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food in the ftomach of animals, and parti-

cularly of Man, is, in his opinion , in cir-

cumftances highly favourable to fermenta-

tion . The faliva and the gaſtric fluid ſerve

inſtead of water ; the free accefs of air, the

clofenefs and heat of the ftomach, the nature

of the food itſelf neceffarily produce fermen-

tation, as is farther evident from the eruc-

tations confequent upon taking food, and the

rumbling noife frequently heard in the belly.

But the short continuance of the food in that

vifcus, and other caufes, prevent the procefs

from being ever carried to its utmoſt pitch.

CCXXXIII. Thus far only, according to

Boerhaave and his followers, does the fer-

mentation of the food proceed in the fto-

mach. This limitation has been thought

too great by Dr. Pringle and Dr. Macbride,

two celebrated modern phyficians . They

find no difficulty in fuppofing, that a com-

plete fermentation takes place in digeftion,

and that it is the chief agent in this impor-

tant function . In their refearches on this

fubject, they have endeavoured to imitate the

operations of nature out of the body. They

took various animal and vegetable fubftances,

fuch as are uſed every day for food ; they

placed them both by themſelves, and mixed

with feveral other fubftances in a warm tem-

perature, adding a quantity of water or fali-

va. Under thefe circumftances they found,

that they fooner or later began to ferment;

that this procefs afterwards ran very high,

then abated, and at laſt ended in the decom-

pofition of the feveral fubftances, which ac-

quired alfo a ſweet taſte. Thefe different

gradations of fermentation were evident from

the

"
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the fwelling, rarefaction , and inteftine move-

ment of the mafs, from the generation of a

multitude of air-bubbles, and from the fub-

ftances which at firft funk to the bottom , at

length floating on the furface of the fluid.

Thefe experiments firft made by Pringle, and

afterwards repeated and varied by Macbride,

determined themboth to confider digeftion as

a proceſs merely fermentative. Their theory

is as follows. The food divided by maftica-

tion and penetrated by the faliva, begins as

foon as it gets into the ftomach to be agitated

by that inteftine movement which always

accompanies fermentation ; this movement

is excited by the warmth of the place, by

old remains of food, bythe gaftric fluid, and

above all by the faliva, which is particularly

adapted to produce and promote this pro-

cefs . The firft effect of the inteftine com-

motion will be to raiſe the folid parts of the

aliment to the furface of the gaftric liquor ;

here they will be fuftained for fome time by

the air-bubbles ; but on their ceffation they

will fall down again and be thoroughly in-

corporated with the fluids of the ftomach.

The peristaltic motion, the alternate preffure

of the diaphragm and abdominal muſcles,

and the continual pulfation of the adjacent

large veffels will render this mixture ftill

more complete. In fuch a ftate the food

paffes into the fmall inteftines, where the

fermentative motion produces ftill greater

changes in confequence of the mixture ofthe

bile and pancreatic juice. And now the va-

rious kinds of food are changed into a fweet,

mild, nutritious matter, which ferments

briskly, and is denominated chyle. In con-

formity
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formity with this theory, thefe phyficians

eftabliſh a new fyftem of great importance,

according to them, in the practice of medi-

cine. It is ingeniouſly explained by Pringle,

in his Appendix containing Experiments on

feptic and antifeptic Subftances, and by

Macbride in his experimental Effays on the

Fermentation of alimentary Mixtures.

CCXXXIV. The opinion of thefe two

modern writers have been adopted by many

phyfiologiſts, while others have ſtill adhered

to the doctrine of Boerhaave, concerning an

incipient and incomplete fermentation only

taking place in the ftomach ; fo that on this

fubject the phyficians of Europe feem to be

divided into two fects. When I read Pringle

and Macbride, I had only made a few expe-

riments on the digeftion of fome animal and

vegetable fubftances encloſed in tubes by gal-

linaceous birds (XXXIX, XL, XLI, XLII,

XLIII) ; and I began to perceive, that the

gaftric juice acted as a menftruum upon the

food. But I could not learn from thefe ex-

periments, whether fermentation takes place

at the time they are diffolved . As indeed the

gaftric fluid is a folvent, it may act indepen-

dently of fermentation ; chemiſtry affords

numerous inftances, in which there is no to-

ken of fermentation during the decompofi-

tion of the folvend. But there is no abfur-

dity in fuppofing, that an inteftine fermenta-

tive motion is generated in the mixture, at

the time the gaftric fluid diffolves the ali-

ment. And in this cafe, fermentation would

accompany digeftion , though it would not

according to the doctrine of PringleandMac-

bride (CCXXXIII ), be the efficient caufe.

In
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In order to obtain information concerning

this phænomenon which I had not noticed,

I had recourfe to further experiments . As

the theory in queftion is entirely founded on

the fermentation of animal and vegetable

matters in veffels, I fet in glafs phials bread,

flesh, and faliva; bread, fleſh, and water ;

flour, faliva, and flefh ; for in thefe mixtures

thewriters above-mentioned obferved the moſt

rapid fermentation . The phials were ftop-

ped, and fet in a placewherethe heat amount-

ed to 20°-24° (a) . The mixtures began,

fome fooner and others later, to emit air-

bubbles, which foon increafed in frequency

and fize ; the furface of the liquor was co-

vered with froth, which continued as long as

the air was feparated . During this time the

mafs fwelled greatly, the inteftine commoti-

on was manifeft, and the fubftances immerfed

being made fpecifically lighter by the air-

bubbles that adhered to them and the increaſe

of bulk, roſe to the furface of the fluid .

Here then the tokens of fermentation were

apparent, and fo far I entirely agree with

Pringle and Macbride.

CCXXXV. But found logic forbade me to

allow fo readily, that the fame procefs takes

place in the ftomach. I had indeed many

reafons for withholding my affent. Not to

mention the fhort continuance of the food in

that vifcus, a circumftance which did not

efcape Boerhaave (CCXXXII) , I confidered,

that although the faliva produces and pro-

motes fermentation, the gaſtric fluid maynot

(a) Seventy-feven and eighty-fix deg . of Fah. Ther.

have
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have this property. Though the gaſtric fluid

confifts in part of faliva, yet as there are fe-

veral other ingredients, a compound muſt be

formed with properties different from thoſe

of its conftituent parts . I have adduced many.

inftances to prove, that the gaftric fluid re-

tains in fome meaſure its folvent power out

of the body; but the faliva never exhibited

any fuch property. I have already fhewn,

and fhall ftill more clearly fhew in the fequel,

that fleſh immerfed in the gaftric fluid is not

liable to putrefaction ; but when put into fa-

liva, it putrefies fooner than in water.
This

was one of my motives for not immediately

adopting the ideas of Pringle and Macbride.

It were to be wifhed, that theſe phyſicians

had made trial of the gaftric liquor alfo, be-

fore they concluded, that what they obferv-

ed in veffels takes place likewife in the fto-

mach ; nor can I well conceive, how they

both came to overlook a circumftance of fo

great importance. Moreover we know, that

reft is neceffary to fermentation ; but the fto-

mach, befides the motion of the whole body,

has a movement peculiar to itſelf. Laftly,

fhould fermentation once begin, it must in

all likelihood be foon ſtopped by the freſh ſa-

liva and gaſtric liquor that are running per-

petually, and in no fmall quantity, into the

ftomach. Theſe two laft objections have

been already ſtarted, though nobody, as far

as I know, has taken the pains of verifying

them by experiment . But as the queftion

could be decided in this way only, I deter-

mined to undertake to fupply the omiffion .

CCXXXVI. I have already ſpoken of ar-

tificial digeftion in feveral paffages . Experi-

ments
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ments of this kind afforded me an excellent

opportunity of obferving, whether the folu-

tion of flesh out of the body was accompa-

nied by fermentation, and I never failed in a

fingle inftance to attend to this circumftance.

I found, that when the veffels remained at

reft , a few ſmall air-bubbles began to ariſe

in the ſpace of a few hours ; they afterwards

became larger and more frequent, and ad-

hering to immerfed fubftances, caufed them

to rife to the furface of the liquor. This air

was either entangled in the mixture, or, ac-

cording to Pringle and Macbride, formed

part of it, was extricated, and rendered elaf-

tic bythe heat, or whatfeems more probable,

came from both thefe fources. The mix-

tures either funk again or continued to float,

while they were diffolved by the gaſtric men-

ftruum ; not the flighteft inteftine motion

was ever perceptible, juft contrary_to_what

happens when faliva is employed . If I now

and then fhook the veffel a few hours after

making the infufion, very few air-bubbles

were generated , and the mixture hardly ever

rofe to the furface, though it was just as

well diffolved as when the veffel remained at

perfect reft. I find in my Journals, that I

agitated the veffels upon fourteen feveral oc-

cafions without obferving the ſmalleſt diffe-

rence in the refult of the experiment.

could not therefore allow, that fermentation

was the efficient cauſe of theſe artificial di-

geftions, nor even that it was a concomitant

circumftance, or an effect ; and freſh experi-

ments inclined me more and more to reject

this opinion . I have already mentioned the

great abundance of gaftric fluid in crows, and

I

the
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the facility with which they digeft their

food, more , efpecially neftlings ( LXIX,

LXXXIII) . Among the various trials Í

made with this fluid out of the body, I en-

deavoured to renew it, as it is renewed in the

ftomach . Several glafs tubes were filled with

it to a certain height, and fufpended in a ver-

tical pofition ; into the upper extremity a

fmall funnel was put ; fome gaftric fluid was

poured into it from time to time, the nar-

rownefs of the orifice of the funnel allowed

it to fall only drop by drop into the

tubes. The lower extremity ofthe tubes was

not clofely ftopped, that nearly as much

might run out below as fell in from above.

Matters being thus arranged, I immerſed in

the tube flesh and bread, both bythemſelves

and mixed together. The folution was ex-

ceedingly fpeedy, on account both of the

warmth of the atmoſphere, and the conftant

renewal of the gaftric fluid . Notwith-

ftanding the tubes remained at perfect reft,

only a few air-bubbles were diſcharged ; not

the leaft inteftine motion could be perceived ;

the flesh and bread fell immediately to the

bottom , and remained there till they were

gradually incorporated with the gaſtric fluid :

in fhort, they were digefted without a fingle

circumftance occurring that ufually attends

fermentation .

CCXXXVII. If this procefs does not take

place out of the body, it feems highlyimpro-

bable that it fhould within ; however, to be

certain of this, it was proper to confult

the fenfes. Is digeftion , according to Pringle

and Macbride, a fermentative procefs ? Let

us then infpect it while it is going on, by

furprizing
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furprizing Nature in her operation, and fee-

ing in what it confifts. With this view, I

gave four hens that had been kept fafting

twelve hours, fome wheat, and in five hours

opened the gizzard without killing them.

This method I practifed in the following ex-

periments, being apprehenfive left opening

the animal after death might not answer the

end I had in view. Both gizzards were full

of grains of wheat moitly broken, and mix-

ed with a femifluid farinaceous pafte. The

orifice of the pylorus and great part of the

duodenum was full of the fame pafte, which

had not in this cafe much fluidity. Upon

examining this pafte, both with my naked

eye and the microfcope, I could not perceive

any fign of fermentation ; the parts were at

perfect reft, and entirelyfreefromair-bubbles.

I waited three hours longer before I open-

ed the gizzards of the other two ducks, in

order to fee whether what had not taken place

at the beginning of the procefs, might not

have happened when it was further advanced.

In this cafe, the pafte was more diluted with

gaftric liquor, and of the grains of wheat

little was left but the bran ; I obferved no

more inteftine motion or air-bubbles than

before.

CCXXXVIII . My next experiment was

made upon three ravens that had not yet

quitted the neft. Two hours after I had fed

them with beef, I opened the ftomach of one

of them. The flesh was half diffolved, but

I could not perceive any fign of fermenta-

tion . I made the fame obfervation upon the

two others, which were opened an hour

and three quarters afterwards, notwith-

ftanding
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ftanding the digeftion was complete ; for no-

thing remained in the ftomach but a denfe

grey fluid, confifting of flesh diffolved in the

gaftric fluid.

Ofanimalswith membranousftomachs I ex-

aminedanowl, ſeveral dogs, cats, and land and

water-fnakes, endeavouringalways tomakemy

obfervations at three diftinct times, at the be-

ginning, towards the middle, and at the end

of digeftion . But at no time did I perceive

any tendency to fermentation . In one dog

and one cat only did I obferve a few air- bub-

bles among the food after it was completely

digefted ; but there was not the leaft intef-

tine motion perceptible. Serpents, animals

fo flow of digeftion, were well adapted to

fhew the progrefs of this function ; but nei-

ther did they form an exception to the gene-

ral obfervation. Thefe facts obliged me to

reject the opinion of the British phyficians

and their followers ; nor do I know whether

that of Boerhaave is admiffible, who, while

he excludes a complete, infers an incipent

fermentation , from the eructations that arife

after taking food (CCXXXII) ; but this may

be occafioned by the rarefaction of the air

entangled among the aliment, by the mere

heat of the ſtomach.

CCXXXIX. Modern chemifts have dif-

tinguiſhed three fpecies or degrees of fer-

mentation, the vinous or the ſweet, the ace-

tous, and the putrid. As they effentially con-

fift in an inteftine motion excited by heat

and a proper degree of moiſture (a) , and as

(a) Macquer Dict. Art. Fermentation.

no
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no fuch motion can be feen in the food in

the ftomach, it follows, that not even the

vinous, much lefs the acetous or putrid takes

place in digeftion . It remains to be enquired,

whether this function is connected with a

principle of acidity, as fome fuppofe, or of

putrefaction, according to others. I fhall ftate

the facts which appear to favour each oftheſe

opinions. In behalf of the firft, its advo-

cates adduce acid eructations and vomitings

from the human ftomach, that difagreeable

acid fmell which is exhaled from the ftomachs

of granivorous birds and ruminating ani-

mals, the acetous tafte of the internal coat ;

the diminution of the bulk of the contents

of the ftomach of man and animals, not to

mention other arguments that may be ſeen

in modern phyfiologifts, and especially in

Haller.

CCXL.Theprodigious number offtomachs

I have opened, have afforded me opportuni-

ties of acquiring full information on this

point. In animals ftrictly carnivorous, fuch

at birds of prey and ferpents, the food never

appears acetous, either to the taſte or ſmell

during the time of digeftion. The fame ob-

fervation will apply to frogs and fishes ; and

it may be extended to omnivorous animals,

fuch as crows, when they feed upon flesh ;

but the pultaceous mafs refulting from vege-

tables, and in particular from bread, now

and then acquires a flight acidity. Í have

found the fame taste in two dogs, and more

frequently in herbivorous animals, fuch as

fheep and oxen ; and alfo in thoſe which are

at once herbivorous and granivorous, viz . in

the gallinaceous kind ; and in the laft-men-

VOL. I. S tioned
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tioned claſs, not only the food in the fto-

mach had an acetous taſte, but that in the

craw likewife. In the third differtation will

be found fome inftances of this (CXXXIX,

CXL, CXLI, CXLIII) . With refpect to

Man, I will relate what has happened to my-

felf. During the whole month of May and

great part of June, I eat ftrawberries with

fugar and white wine at dinner and fupper.

From this agreeable mixture I never experi-

ence any inconvenience in the day-time; but

by what I eat in the evening my fleep is fre-

quently disturbed ; the contents of my fto-

mach rife almoft into mymouth, and then fall

back again, leaving a moft diſguſting four

tafte behind. This unpleafant circumftance

does not, however, prevent me from recover-

ing myreft, and digefting my food perfectly.

I have befides many times been fubject to a

like difagreeable fenfation, after eating too

'much fruit in fummer and autumn. Every

'man muft fome time or other have been fen-

fible of his meat and drink having turned

four.

CCXLI. I was further defirous of know-

ing, whether the acid principle fometimes

found in the ftomach, is capableof diffolving

calcareous earth, and fuch other bodies as

acids act upon. I accordingly gave fome car-

nivorous birds pieces of coral and fea- fhells,

and they were thrown up without any change

of colour, or diminution of weight. This

was what might be expected . I next made

the fame experiment on a hen and a turkey,

which were killed in two days. The coral

and fhells were very much corroded, and the

former was reduced to pieces ; but a mo-

ment's



DISSERTATION VI. 263

ment's reflection fhewed me, that the corro-

fion might be owing tothe action of the fto-

mach, and not to an acid. The doubt, how-

ever, might eaſily be removed, by encloſing

the fame fubftances in ftrong metallic tubes.

The refult of feveral experiments made in

this manner was, firft, that the pieces of co-

ral and ſhell were almoſt always diminiſhed ;

but the diminution ſcarce ever exceeded three

or four grains : fecondly, that the furface

was foftened ; and thirdly, that it was turned

black, eſpecially in the coral . I immerfed

at the fame time the fame fubftances in di-

luted vinegar, and as fimilar effects were pro-

duced, and particularly the black colour, I

inferred, that the phænomena rofe from a

like caufe ; laftly, I repeated the experiment

on myſelf. The tubes were covered as be--

fore (CCVIII) , to prevent any feculent

matter from getting into them. They were

all voided without inconvenience . When I

ate fleſh, with the addition only of a little

bread, the ſubſtances contained were neither

diminiſhed nor altered in their colour. But

upon eating a large quantity of different ve-

getables, the coral and fhells were generally

diminiſhed and darkened . Theſe facts prove

the preſence of an acid principle in the fto-

machs of fome animals, and man himſelf.

It is, however, not perpetual, but depends on

the quality of the food.

CCXLII . This acid foon diſappears . I

gave feveral gallinaceous fowls fome bread at

the fame time. The ftomachs were examin-

ed at different intervals, viz . two , three, three

and an half, four, and five hours afterwards .

As long as the bread preferved its confiftence ,

S 2 it
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it was frequently acid ; but as foon as it was

reduced to chyme this tafte was totally loft.

Nor could I perceive the leaft fign of it in

that which had paffed into the duodenum .

I made upon myſelf the following obferva-

tion .

When the unpleaſant acid tafte mentioned

above (CCXL) came into my mouth in con-

fequence of eating ftrawberries, I kept my-

felf awake twice during the remainder of the

night. Acid eructations continued to arife

for fome time; they at laft ceafed ; yet from

a fenſe of weight I knew, that the contents

of the ftomach were not entirely digefted ;

but the flatulence that came from them had

no longer the flighteft acidity.

CCXLIII. But what produces this acidity

in the ftomach ? Does it come from the gaf-

tric fluid, or from the food ? There are good

grounds for rejecting the former, and admit-

ting the latter of thefe origins . In the firft

place, this acidity does not appear on all oc-

cafions ; I never could obferve it arifing from

fleſh . Now if it came from the gaftric fluid,

why ſhould it not be communicated to every

kind offood, fince every kind is alike impreg-

nated with it ? Secondly, when Iate vegetables,

the effects of an acid in my ftomach were ap-

parent, but not when I ate flesh (CCXLI) .

Thirdly, when vegetable food is completely

diffolved by the gaftric fluid, it then lofes all

acidity (CCXLII) . Laftly, if acid bread be

enclofed in tubes and given to a crow, when

it is thrown up four or five hours afterwards,

the little that remains inſtead of being four,

is now turned fweet.

CCXLIV.



DISSERTATION VI. 265

CCXLIV . Notwithstanding thefe proofs,

that this acidity is not owing to the gaſtric

fluid, but to the tendency the food itſelf has

to turn four whenever it is in a warm tempe-

rature, is it not fuppofed, that this fluid both

in Man and animals is of an acid nature ?

Have not moſtof theantientandmanymodern

phyficians fubfcribed to this opinion ? I

Thould therefore have incurred the reproach

of negligence, if I had not undertaken a

chemical analyfis of it. The gaftric fluid of

every animal mentioned in thefe differtations,

not excepting my own, was fubmitted to

the following experiments. Having taken

the precautions above defcribed ( LXXXI,

CCXV) , to procure it in a ſtate of purity, I

dropped it upon falt of tartar per deliquium,

and into the nitrous and marine acids, without

ever perceiving any change of colour, any

motion or effervefcence ; whence I was oblig-

ed to infer, that the gaftric fluid is neither

acid nor alkaline, but neutral . I thought it

would alfo be proper to ſubject thoſe kinds

which could be procured in large quantity,

as that of the crow, to the action of fire ; Í

therefore entreated my illuftrious colleague

and friend, Counſellor Scopoli, to undertake

the analyfis, as he was not only provided with

the proper apparatus, but eminent for his

fkill in chemiſtry, of which fcience he is de-

fervedly public profeffor . He complied with

my requeſt, and in a few days favoured me

with the following account.

ChemicalS 3
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Chemical Analysis of the Gastric Fluid of the

Crow.

"The liquor is turbid, and of a darkish co-

lour. When fhaken it emits a ſmell rather

difagreeable.

Whentriturated with quick-lime or falt of

tartar, a fetid urinous odour is exhaled.

It does not effervefce with either of the

mineral acids . It gives rather a green hue to

fyrup of violets.

Two drachms expofed to a gentle heat left a

dark-coloured fediment weighing two grains,

which attracted the humidity of the air.

This refiduum had a naufeous fmell. It did

not effervefce with acids .

I next filtered and diftilled it. A darkish

matter was left upon the filter, which, when

it was dried, appeared in the form of a nut-

brown powder, of a falt and bitter taste.

The liquor which paffed into the receiver

was divided into five portions . The first had

a flight tafte, and an empyreumatic ſmell. The

fecond had a ftronger tafte and fmell . The

third, fourth, and fifth refembled the fe-

cond, but the laft had the ftrongest empy-

reuma. 1

The belly of the retort was almoſt entire-

ly covered with a white faline fubftance,

whichupon being triturated with quick- lime

emitted a fetid urinous ſmell . In the bottom

there remained a tough dark- coloured fub-

ftance, refembling an extract . It did not ef-

fervefce with acids ; its fmell was empyreu-

matic,

"
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matic, and its tafte falt, bitter, and naufeous .

This falt is neither acid nor alkaline, for it

does not effervefce either with acids or al-

kalies ; but when a little oil of tartar per de-

liquium is mixed with it, it emits a penetrat-

ing urinous odour, exactly like that of fal

ammoniac .

From theſe experiments we may conclude,

that the gastric fluid contains, firft, a pure

water; fecondly, a faponaceous and gelatinous

animal fubftance; thirdly, fal ammoniac ;

fourthly, an earthy matter like that which

exifts in all animal fluids .

The faponaceous fubftance altered by fire

emits that unpleaſant empyreumatic fmell .

The fal ammoniac being enveloped by the

foapy matter does not fublime, as it does

when not entangled by other ſubſtances .

The gaſtric fluid of the crow precipitates

filver from nitrous acid, and forms luna cor-

nea. This phænomenon might induce us to

fuppofe, that common falt exifts in the gaf-

tric fluid ; but as the falt contained in this

fluid is not common falt but fal ammoniac,

we muſt fuppofe, that the filver is feparated

from the nitrous, on account of its ftronger

attraction for the marine acid, which alfo far

exceeds the attraction of the volatile alkali

for the latter acid.

I wish you would repeat thefe obferva-

tions on the gaſtric fluid of animals feeding

only on vegetables . If in this alfo fal ammo-

niac fhould be found, we muft conclude, that

the marine acid is generated by the animal

powers ; and we might fufpect, that the ma

rine acid of fea falt is produced by the ani-

S5 4 mals
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mals that inhabit the ocean . This is how

ever a mere conjecture.

I am, &c.

SCOPOLI ."

A little after I had received this account

from my celebrated colleague, I quitted Pa-

via, to fpend the fummer vacation in my own

country, where I had no opportunity of mak-

ing experiments on the gaftric fluid of any

animal ftrictly herbivorous, though I earneſtly

wifhed for it. I obtained, however, fatisfac-

tory proofs from the raven, that the ammo-

niacal falt does not depend on animal food,

but on the powers of life. I fed five ravens

for fifteen days on vegetables alone, and then

by means of fpunges procured a quantity of

gaftric fluid, which I fuppofed would have

no properties that could be afcribed to

animal food . When I made with it the

experiments defcribed above, it did not

appear to be acid or alkaline; it had a falt

tafte, and upon pouring a few drops into

a folution of filver in the nitrous acid,

Juna cornea was precipitated . There is

therefore every reaſon to ſuppoſe, that if this

fluid was diftilled , fal ammoniac would be

obtained ; and therefore, that the marine acid

is the product of the animal powers. But

whatever we are to think either of this or

the other ingenious conjecture of my col-

league, which have indeed little connection

with our prefent enquiry, it is certain, both

from

(
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from his and my experiments, that the gaf-

tric fluid is not either acid or alkaline, but

neutral .

CCXLV. But I must not conceal thofe ar-

guments which are adduced to prove, that

there is a latent acid in this fluid, though it

cannot be detected by any of the ordinary

chemical means. It is well known , that a

fmall quantity of acid will curdle milk, an

effect produced in the ftomach of animals,

and offucking calves in particular, in which

cafe we cannot fufpect any vegetable acid to

be prefent ; the phænomenon muft, therefore,

be attributed to the latent acidity of the gaf-

tric fluid. And as it is continually fecreted

by the internal coat of the ftomach, we can-

not be furprized, that this coat in fome ani-

mals fhould retain the property of curdling

milk. This is well known to cooks, who,

whentheyhave no rennet, take the innermoft

coat of the ftomach of a fowl and ſteep it in

water; which water, when thus impregnated

with the juice of the ftomach , will ferve for

turning milk as well as rennet itſelf.

Hence fome have fuppofed, that the fto-

mach contains a latent acid . My firſt ſtep

was to aſcertain the fact. I therefore triturat-

ed the internal coat of a hen with water,

which was thus rendered turbid, and in an

hour and a half curdled a quantity of milk.

The fame effect was produced by the internal

coat of other gallinaceous birds, viz . the ca-

pon, turkey, duck, goofe, pigeon, partridge,

quail, treated in the fame manner. I further

diſcovered, that this property belongs alfo to

intermediate and membranous ftomachs, by

experi-
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experiments on that ofthe crow, heron, birds

of prey, the rabbit, the dog, cat, various

reptiles, and feveral fcaly fifhes. In thefe

trials the ftomachs were fresh . I next tried

dried ones, chiefly taken from the gallinaceous

clafs, which being almoſt of the confiftence

of horn, become dry in a very short fpace,

and at the fame time exceedingly brittle.

The refults were the fame as before . Nor

did it make any difference, if they had been

kept ever fo long. I have had for three years

the internal coats of the ftomach of feveral

fowls, and upon triturating them with wa→

ter, while I am writing, they curdle milk as

well as at firft . If they are pounded and

mixed with milk, they anfwer the purpoſe

equally well.

CCXLVI. But is this property confined to

the internal coat ? It was eafy to determine this

by treating the others in the fame manner,

The nervous coat has this property in fome

degree, but falls far fhort of the internal .

Whether cut into fmall pieces and macerat-

ed in water, or mixed immediately with

milk, the effect is not fo ſpeedily produced,

nor fo confiderable, nor are the curds fo

hard. The mufcular and cellular coats have

not this property in the fmalleſt degree, at

leaft in gallinaceous birds, upon which theſe

experiments were made. Hence it would

feem, that it refides in the internal coat fole-

ly; for the effects produced by the nervous

coat, may be owing to its lying in contact

with the former.

CCXLVII. But is this property inherent in

theinternal coat, or adventitious,and owing to

the
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the gaftric fluid with which it is impreg-

nated? I incline to the latter opinion,

fince the gaftric fluid fo readily curdles milk.

I ſhould weary my reader, was I to recount

all my experiments. I will therefore only

fay, that the gaſtric fluid, from whatever ani-

mal it was obtained, poffeffes this property,

whether I procured it by fpunges, by open-

ing the ſtomach and expreffing it out of the

glands, and the mouths of the little arteries,

with which this vifcus in general abounds.

I have further found, that the gaftric fluid

need not be freſh . That of crows, at leaſt,

preferves its virtue for three months.

CCXLVIII. But is ita neceffary confequence

of theſe experiments, thatthegaftric fluidcon-

tains an acid ? As no chemical teft fhews this

quality, there can be no juft motive to ad-

mit it, unless it can be proved to be a necef-

fary confequence of the curdling of milk.

This is maintained by the illuftrious Mac-

quer among others, who is of opinion, that

whatever bodies of the animal and vegetable

kingdom coagulate milk, have either a mani-

feft or occult acidity (a).

The foundation of this opinion is the com-

mon obfervation , that acids are the fole caufeof

the curdling of milk. To this reafoning, I

fhall only oppofe a fingle fact : I have difco-

vered, that though feveral animal fubftances

are incapable of producing this effect, yet

others have this property. Thus for inftance,

if the blood or bile of a turkey be mixed

with milk, it will retain its fluidity ; but

(a) Art, Milk.

pieces
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pieces of the heart, liver, or lungs of that

bird, will curdle it readily. This obfervation

is not merely owing to accident ; I have made

the experiment repeatedly with different tur-

kies, and always with the fame fuccefs. If

therefore the coagulation of milk be always

owing to an acid, we muft fuppofe an acid in

the heart, liver, and lungs of the turkey.

I am not ignorant, that many chemiſts, in

oppofition to the Boerhavian fchool, think a

• real acid exifts in the different parts of ani-

mals, and particularly in the blood ; but ac-

cording to this hypothefis, I cannot com-

prehend, why the blood of the turkey and

other animals does not coagulate milk. With

refpect to the latent acid of the gaſtric fluid,

I fhall very willingly leave my readers to

adopt what opinion they fhall think moſt

probable. The milk I employed for my ex-

periments, was fometimes that of the fheep,

but generally of the cow. It curdles fpon-

taneouſly, as every one knows, fooner or later,

according to the temperature of the atmo-

fphere. When I mixed it with gaſtric juice,

or any other fluid, I always left another por-

tion by itſelf. In the former cafe, the co-

agulation foon took place withoutany fign of

acidity, whereas milk alone required feveral

hours, and fometimes a day or two, and the

coagulum had always an acid tafte.

CCXLIX . But it is time to confider the rea-

fons adduced byothers, to prove thatdigeftion

is attended with an incipient putrefaction.

Theſe reaſons are founded upon facts related

by different authors, and detailed in their

order
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order by Haller, in his great work (a) . No-

thing, according to them, can be more evi-

dent, than the figns of putrefaction during

digeftion . The ftomach of a hyena and of

a ferpent, have been obferved to emit an in-

tolerable stench . The breath of the lion and

eagle is very fœtid, as alfo that of the dog,

when digeftion has been prevented by the ex-

hibition of opium. A dog without taking

opium, was obferved to admit an odour of

excrement from his ftomach ; the food in

the ftomach of birds has nearly this ſmell.

The fame obfervation has been applied to

fishes ; and the inftance of a dog-fifh has

been adduced, of which the ftomach was full

of a fœtid jelly, that contained the food dif-

folved. The contents of the human ftomach

fometimes become fœtid. Vegetable fub-

ftances alfo degenerate into a putrid mafs,

when they continue long in the ftomach, as

appears from the putrid fmell they exhale,

the green colour they impart to tincture of

mallows, and the alcaline principle they af-

ford on diftillation .

After having related theſe facts, the Swifs

phyfiologift proceeds to give his own opinion .

He thinks, that in digeftion there is only

an incipient, not a complete putrefaction ;

which only takes place whenthe food remains

along time in the ftomach, as is evident from

the facts juft mentioned. He alſo fuppofes,

that the change produced by the digeftive

powers, efpeciallyin the human ftomach, ap-

proaches nearer to putrefaction than acefcen-

(a) T. 6.

cy ;
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cy; this he infers, from the putrid fmell that,

exhales from fleſh found in the ftomach of

fome animals, notwithſtanding there has been

no impediment to digeftion (a) . This opi-

nion, adopted before Haller by Boerhaave (b) ,

has moreover been received by two celebrated

writers, Gardana (c) , and Macquer (d) .

CCL. Notwithstandingthe refpectable au-

thority of theſe writers, I do not think the

facts adduced fufficient to perfuade an im-

partial philofopher; they are not only too.

few, but were obferved by mere accident ;

nor had the obfervers the ſmalleſt intention

ofenteringinto a full difcuffion of this point.

Though the time requifite for digeftion in

different animals is different, yet in many it

does not exceed five or fix hours, and in fome

is ftill fhorter. Now it feemed proper to exa-

mine what change fleſh fet to putrify, would

undergo in that fpace of time ; I therefore

took fome fresh veal cut into fmall pieces,

and putit in a phial of water, which was ſtop-

ped with paper. The phial was put into a

ftove, where the mercury roſe to between

30 and 35°.

About the beginning of the fourth hour,

the flesh had loft its red colour, and was turn-

ing blue. It was alfo become flabby, but for

nine hours it had no putrid fmell. Mutton

and beef, in feveral trials, did not anſwer to

(a) L. c.

(b) Chem. T. 2.

(c) Effai pour fervir à l'Hiftoire de la Putrefaction.

(d) Art. cominon Salt.

this
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this time exactly, but no bad ſmell was ever

perceptible for eight hours. Theſe experi-

ments fhew, that fleſh eaten by many ani-

mals, among which Man may be enumerated,

has not time to run into the putrefactive fer-

mentation, eſpecially as the temperature of

animals is lower than that to which theſe ſe-

veral forts of meat were expofed . However,

for greater certainty, I made the following

trials. I have before mentioned introducing

into the ftomachs of crows, pyriform glafs

veffels, ofwhich the fmall end was open, and

came out at the mouth (LXXXIX) .

I now took two of them, and putting fome

beef, with a little water, into one, and ſome

veal into the other, forced them down the

throat of the crows. In order to examinethe

ftate ofthe fleſh, I now and then drewthem

up, and immediately returned them. Between

the ninth and tenth hours, the beef emitted

an odour, which though it could not be call-

ed putrid, was difagreeable. At the expira-

tion of the tenth hour, there was a diſtinct

putrid fmell that became gradually ſtronger

and ſtronger. In a day the flesh turned livid,

acquired a naufeous tafte, and the particles

began to feparate. The fame appearances

took place rather fooner in the veal. It there-

fore appears, that fleſh in the heat of this ſpe-

cies of bird requires a longer time to putrify,

than to be digefted . After the glafs veffels

were taken out of the ftomach, I gave one of

them the fame quantity of beef and veal ; and

upon opening the ftomach in three hours,

found that it was entirely confumed.

CCLI.
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CCLI. Thefe experiments prove, that no

putrid tendency is ever acquired by meat dur-

ing digeftion . Nor did I ever perceive any

fuch tendency in food lying in the ftomach

(LXV, CCIX) ; yet as I had never made ex-

periments for this exprefs purpofe, and as

fome phyfiologifts adduce facts to prove the

contrary ( CCXLIX) , I was under theneceffity

ofexamining the ftomach of various animals,

with this fole view.

Four hens were fed with kid, and in two

hoursonewas killed : theftomachwas full ; the

fleſhſtill retained its natural fweetfavour,which

at the furface was mixed with a bitterifh tafte,

occafioned by its being impregnated with the

gaftric fluid . It had no fmell, except that

of this fluid . An hour afterwards the fto-

mach ofanother hen wasexamined ; and here

the flesh was beginning to be converted into

a gelatinous pafte, its fmell was rather dif-

agreeable ; I know not how to defcribe it,

but it was not at all penetrating, or putrid ;

the colour was ftill reddifh, it had not the

leaft naufeous taſte, nor did it effervefce with

acids, or change the colour of fyrup of vio-

lets. Thus we fee, it fhewed no fign either

of incipient, or advanced putrefaction . In

another hour the third hen was killed : the

ftomach contained a pultaceous mafs, more

fluid than in the former cafe ; but there was

not the ſmalleft token of putrefaction , any

morethan in the fourth hen, which was open-

ed three hours afterwards, when the craw

was empty, and the contents of the gizzard

were now diffolved .

1

CCLII.
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CCLII. Some frogs juft killed were ſet be-

fore two herons ; the birds being hungry, de-

voured them greedily. In fix hours one of

them was opened ; but whether the tough-

neſs of the ſkin retarded digeftion , or whether

that proceſs is flow in herons, thefrogs had not

loft their ſhape ; though the heads and limbs

were either feparated, or on the point ofbeing

ſeparated from the trunk, andthe flesh was

become very foft. The tafte, except the ufual

bitterneſs, had nothing naufeous, and the

fmell was by no means putrid. I waited five

hours longer before I killed the fecond, when

I found but little fleſh in the ftomach, and

that little was entirely decompofed, but did

not emit the leaft putrid fmell .

If fowls and herons afforded no token of

putrefaction, much lefs could I expect it from

the birds upon which my next trials were

made ; I mean, young owls, which digeft

fleſh in three, or at moft four hours . A young

dog and cat were next fed, at the fame time,

with boiled beef. The formerwas opened in

four hours and an half. The ftomach was

full of a maſs of ſoftened fleſh, which emit-

ted a very flight ſmell, exactly reſembling the

fmell of the gaftric fluid . The ftomach of

the cat was opened in five hours and an half,

and was found to contain fome remains of

fleſh, orrather a pulpy matter, which as inthe

former cafe, had the fmell of gaſtric fluid .

The flesh, when nearly digefted , did not

changethecolour of fyrup of violets, or effer-

vefce with acids .

CCLIII. There are animals which retain

the food in the ftomach for a much longer

VOL. I. time,
T
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time, as the falcon . Ofthat upon which I

made fo many experiments, I have already ob-

ferved, that it would devour a whole pigeon

at once, and continue without food the whole

day afterwards (CLX) . Whence, as alfo from

its great bulk, we may infer, that the fleſh re-

mains a long time in the body before it is

entirely digefted . Some months after this

was killed, another of a different fpecies fell

into my hands ; it was of a larger fize, and

had no craw, fo that the food paffed imme-

diately into the ftomach. Notwithſtanding

it was pretty tame, and therefore valuable , yet

I facrificed it for the fake of theſe experiments,

eighteen hours afterit had devoured a chicken .

What remained in the ftomach weighed two

ounces ; it confifted of a pulp, in which the

fibres could yet be difcerned ; but neither

when fubjected to the before-mentioned che-

mical trials, orwhen fmelled and tafted, did it

fhew any fign of putrefaction . But among

the animals that retain their food for a long

time in the ftomach, thofe with cold blood,

and efpecially vipers, are, as we have feen,

the most remarkable. A piece of lizard's tail

preferved fomewhat of its mufcular ſtructure,

after having remained five days in the ftomach

of a land fnake (CXVIII) . Three water

fnakes had not confumed all their food at the

end ofthree days (CXXI) . Another not even

in fix days (CXXV) . Alizard remained fix-

teen days in the ftomach of a viper, without

lofing its natural form (CXXVII) . Other

cold animals, fuch as eels, newts, and frogs,'

muft not be forgotten. Four eels that had

eaten fith, retained a little after the expi-

ration
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ration ofthreedays , eighteen hours (CXXIX) .

On the fifth day, fome frogs had not quite

digefted pieces of inteftine (CVI) ; which

alfo happened to newts, two days after they

had been fed with earth-worms (CVIII).

But notwithſtanding the food continued fo

long in the ftomach of theſe ſeveral animals,

I have exprefsly noticed, that it had begun

to putrify (CXXVII) .

CCLIV . I have met only with two in-

ftances which do not coincide with this in-

variable conftancy of nature, though they do

not detract from the certainty of the confe

quences thatare to be deduced from it. Among

the crows that were obliged to fwallow tubes

for a confiderable length of time, fome fuf-

fered in their health, and became poor, though

they were copioufly fupplied with food. But

as they did not take it voluntarily, and as it

was my wish to keep them alive for the fake

ofmy experiments, I forced fome fleſh down

the throats of two, but to no purpoſe ; for

they both died, one thirteen, the other

fifteen hours afterwards . My curiofity led

me to open them, and I found that the flesh

continued whole and undigefted, and more-

over that it was become putrid . But this

evidently aroſe from the morbid condition of

the animal, by which the gaftric fluid was

altered, and rendered inefficacious . For this

fpecies of bird, as I have feen in a hundred

inftances, digefts fleſh very ſpeedily, and with→

out any token of putrefaction appearing. It

is alfo probable, thatthe putrid ſtate ofthefood

in the animals mentioned in the CCXLIXth

paragraph, arofe from their morbid condi

T 2 tion ;
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tion ; efpecially as it remained fo long in the

ftomach of fome of them. It may alfo hap-

pen, that an animal maydiewithout any diſeaſe

preceding, and yet the food be found fœtid,

if the ftomach is opened after a long interval,

as frequently happens.

In the fame paragraph, the breath of the

lion and eagle are faid to be fætid. That of

the lion I never had an opportunity of exa-

mining, but with the eagle it was far other-

wife ; for when I ftroaked the head gently, it

would fometimes open its mouth, and raiſe a

little cry ; on thefe occafions it neceffarily

made a long expiration, and in winter the

breath appeared in the form of a little cloud.

This cloud I have often fmelled, and caufed

otherstofmell,bothwhen the bird was fafting,

and when the ftomach was full, and when the

food was recently digefted ; but it was never

fœtid, and indeed did not ſeem to have any

kind of odour.

CCLV. The experiments defcribed in the

CCL, CCLI, CCLII, and CCLIIId para-

graphs, not only fhew that digeftion is un-

accompanied by putrefaction, but might in-

duce us to fuppofe, that the ftomach is pro-

vided with an antifeptic principle. Flesh in-

clofed in the pyriform glaffes that were intro-

duced into the ftomach of crows, fhewed

clear figns of putrefaction in ten hours ;

whereas in eighteen they fhew no appearances

of the kind, when it is in immediate contact

with the ftomach (CCLIII) . And although

ferpents, and the other amphibious animals

above-mentioned (CCLIII) are of a cold

temperature, yet in their temperature, which

is nearly equal to that of the atmoſphere,

flefh
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fleſh becomes putrid in two days, and fome-

times in one, and fometimes even in a fhorter

time, while in their ftomachs it remains un-

tainted frequently for a much longer ſpace.

I could not therefore but conclude, that there

is preſent in theſe cafes, fome caufe that pre-

vents the corruption which fupervenes out

of the body. What then is this caufe ? It

was not difficult to detect it. I called to

"mind thofe unfiniſhed digeſtions, which take

place when fleſh is immerfed in gaftric fluid

contained in phials. Where it is diffolved

without ever turning putrid, notwithſtand-

ing it is kept long enough, and expoſed to a

fufficient heat. I could not then doubt, that

the gaſtric juices are at once the folvent, and

the prefervative from putrefaction . Further

reflection furniſhed me with proofs ftill more

decifive. It appears from various paffages in

the preceding differtations, that in attempts

to produce artificial digeftion , little or no fo-

lution takes place, unleſs the fluid extracted

from the ftomach is expofed to a brifk heat

(CXLII, CLXXXVI, ČCI , CCXVII) . But

without this condition , it retains its antifep-

tic powers (CLXXXVI, CCXVII ) . Two

phials, containing one fome gaftric fluid from

a crow, and the other from a dog, together

withfome veal and mutton, were kept thirty-

feven days in winter, in an apartment with-

out fire: the flesh was not either confumed

or turned putrid ; while fome that was im-

merfed in water, began to emit a fœtid ſmell

on the ſeventh, and about the thirtieth day

was changed into a very offenfive liquamen .

It is proper to add, that the gaftric fluid at

laft loſes, though kept in phials ever fo cloſely

T 3
ftopped,

1
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ftopped, its antifeptic quality, but it ne-

ver becomes putrid itfelf. This at leaft I

found to be the cafe with fome taken from a

crow, after it had been kept two months .

CCLVI. The difcovery of this antifeptic

property led me to enquire, what would be

the effect of immerfing flefh, more or lefs

putrid, in gaftric fluid . Four portions thathad

an infupportable fmell , were fet in fourbot-

tles, which I filled with four different kinds

of gaſtric fluid, viz . of a dog, a crow, an

owl, and an eagle. This was done in March,

and the bottles were kept twenty-five days in

an apartment, where the heat was never lefs

than 8, and never exceeded 12° . I could not

perceive that it was at all more diffolved than

if it had been immerfed in water, With

refpect to the factid finell in the phials con-

taining lamb and veal , it continued unchang-

ed ; but in the two others, which contained

fowl and pigeon, it feemed rather dimi-

nifhed. This refult fuggefted to me, that the

gaftric fluid might not only impede putre-

faction, but reftore putrified fubftances. I

therefore repeated the experiment in June,

and found that myfufpicion waswell founded ,

Some fowl and pigeon, in which putrefac-

tion was pretty far advanced, were immerfed

in the gaftric fluid of a dog and falcon , and

remained in it thirty-feven hours, in which

time they were reduced to a jelly, but had

loft most oftheir difgufting ſmell. On com-

paring this with the preceding experiment,

I conjectured, that the fuperior efficacy ofthe

gaftric fluid in the latter cafe, proceeded from

the warmth of the feafon : and this induced

me to expofe the fame flefh under the fame

circum-
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circumftances, to the fun about the middle of

June. And now ten hours completely took

away thefetid fmell . I did not neglect mak-

ing the fame experiment with the gaſtric

fluid of other animals ; the flesh generally

loft its difagreeable odour, but fometimes for

a reafon, which I cannot affign, retained it in

part. It is proper to add, that the recent

fluid was always more efficacious than the

old .

CCLVII. If we confider the CCLV and

CCLVIth paragraphs, we must conclude, that

putrid fleſh lofes this quality in the ftomach of

animals. Before I attempted to afcertain this

point byexperiment, nature herſelf gave me a

decifive proof of it. Atthe time I kept a great

numberoffowls formy enquiries , I perceived

that when they are allowed to eat at will,

they cram their craw fo full , that it is fixteen

or twenty hours before it is completely eva-

cuated. Curiofity led me to kill a cockrel

that had about an ounce of meat, which hap-

pened to be bruifed flesh, remaining in its

craw and I was ftruck with furprize, when

I perceived that it had a ftrong putrid fmell :

it was become ſoft, had a dull red colour,

and a naufeous tafte: I immediately proceeded

to examine the contents of the ftomach ; but

here I found the flesh quite decompofed with

a bitter ſweet tafte, and a ſmell by no means

foetid. The liquor therefore of the ftomach,

had corrected the putrid quality which the

fleſh had acquired in the craw . The fame

thing took place in fome hens . The fleſh in

the craw became putrid in fixteen hours,

while that in the ftomach had no difagreeable

odour. It should, however, be remarked,

T 4 that
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that the putrefactive fermentation never runs

fo high within the craw, as it does out of the

body, even when the heat is lefs ftrong.

Whence I fufpected , that the fluid of the craw

might alſo poffefs an antifeptic power, though

in a degree very far inferior to that of the

ftomach .

CCLVIII. I took a putrid piece of beef's

lights, and dividing it into five portions, faf-

tened a ftring to each, and then thrust them

into the ftomachs of five ravens . The end of

the ſtring was brought out at the beak, as on

former occafions (LXVIII ) , that I mightbe

able to examine the flesh at pleaſure . In three

quarters of an hour, two of the pieces were

drawn up : they were wafted, and at firſt

feemed to have loft their putrid fmell, but

upon wiping off the gaſtric fluid, it became

again fenfible, but it was much diminiſhed.

Half an hour afterwards another piece, upon

examination , was found to be ftill more

wafted, and to have loft almoſt all its bad

odour, even when the gaſtric fluid was care-

fully wiped away. In an hour afterwards the

two remaining pieces were drawn up . They

were reduced to the fize of a pea, and it would

have been impoffible to tell that they had been

ever putrid, fo perfectly were they recovered;

even the tafte had nothing difgufting, ex-

cept the bitterneſs which is always prefent on

fuch occafions.

The great length of the neck prevented

me from repeating this experiment upon the

heron . I forced a femi-putrid frog, from

which the fkin had been taken, into the fto-

mach, but I could not draw it up again ; it

was therefore neceffary to cut the ftring at

the
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the beak, when the bird immediately ſwal-

lowed it. It was my intention to kill the

heron in about an hour, that I might ex-

amine what change the frog had undergone.

But it was vomited before that time, pro-

bably on account of its being a diſguſting

food; for however greedily the heron devours

living fiſhes and frogs, it abftains from them.

when they are turning putrid. The gaſtric

fluid had, notwithſtanding, exerted both its

antifeptic and folvent powers, during the

forty-three minutes the frog had been in the

ftomach. Some tin tubes were then filled

with putrid fish, and given to the animal

theywere not, as before, thrown up, perhaps,

becauſe the putrid matter was not in contact

with theftomach . The bird was killed three

hours afterwards ; what remained in the tubes

weighed one-feventh of an ounce ; it re-

fembled a thick gelatinous pafte, in which a

few fleſhy fibres might yet be diftinguiſhed,

and which retained no veftige of its former

putrid ftate.

;

CCLIX. I treated ſeveralſmall birds ofprey,

fuch as the two fpecies of owl above de-

fcribed, and a young hawk, as I had done

crows (CLVIII) . They were fed with intef-

tine, liver, and lungs of fheep, more or leſs

putrid . Solution took place, and the putrefac-

tion was corrected according to the time of

the continuance of the flesh in the ftomach.

The hawk twice threw up what it had ſwal,

lowed, probably, becauſe the putrid ſtate ofit

difagreed with the ftomach, for this never

happened when it was fed with freſh meat.

The gaftric juices of the eagle produced the

fame effect upon fleſh inclofed in tubes, and

•

intro
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introduced into its ftomach. Animals ofcold

blood having very flow digeftive powers,

were long in correcting the putrefaction of

flesh . This effect, however, was at laft
pro-

duced. The only precaution neceffary, was

to return the fubftances into the ftomach

when they were vomited, which often hap-

pened.

The laft experiments I made with this view,

were upon a cat, a dog, and myfelf. I was

obliged to force the putrid flesh down the

throat of theſe animals, for notwithſtanding

they were exceedingly hungry, they obfti-

nately refuſed it. The dog retained what was

forced uponhim, butthe cat vomited it along

with a quantity of foam, and a liquor that

appearedto be gaftric fluid. The flesh, which

when it was given was exceedingly fœtid,

had now loft its fmell entirely ; of this, ano-

ther cat,byeating itwithout afterwards throw-

ing it up, gave me a clearproof. Uponopen→

ing the ftomach, I found the flesh half di-

gefted, and with no other ſmell than that

which fresh meat ufuallyemits in like circum-

ftances. In two hours and a half the dog

was opened. The flesh lay in a little lake of

gaftric fluid, nearly decompofed , nor did it

either in tafte or fiell refemble tainted meat,

The experiment I made on myſelf, confifted

in fwallowing, at five different times, five

tubes covered with linen, like thofe men-

tioned in the CCVIIIth paragragh : theywere

full of different forts of putrid flesh. I voided

them feparately, and in each there was fome

of the contents remaining, but not one ex-

hibited the fmalleft token of putrefaction ,

Hence then it appears, that the various claffes

of



DISSERTATION VI. 287

•

of animals, and Man among the reft, in an

healthy ftate, are endowed with the power,

not only ofchecking the putrefaction offub-

ftances lodged in the ftomach, but alſo of

correcting them when already putrid.

CCLX. Bythis difcovery I was led to reflect,

that many animals living upon flesh, and

matters that have a tendency to run into the

putrefactive fermentation, never feed but up-

on fuch as are freſh and fweet ; and that, if

by any accident putrid food fhould get into

the ftomach, they are fubject to vomiting and

various bad fymptoms, and even death itſelf:

fomeinftances ofvomitingexcited bythiscaufe,

maybeſeenabove (CCLVIII, CCLIX) ; while

on the other hand, many animals delight in

corrupted fubftances, as the multitude of

loathfome infects and worms that refide in

fewers and fepulchres, and feed upon decay-

ing carcafes. Among birds and quadrupeds,

there are alfo fome that feek tainted flesh ;

fuch are the crow, the kite, the vulture, a-

mong the former; and among the latter, the

chacal and the hyena. While other animals

fly the miafmata that arife from bodies in

fuch a ftate, theſe feek and are guided bythem

to their abominable repafts. But now we are

acquainted with the antifeptic virtue of the

gaftric fluid, the difgufting manners of theſe

animals ought no longer to furprize us, for

the food, however putrid, muſt be totally

changed before it is converted into nutri-

ment and animalized. And although the

putrid quality is corrected by other animals,

yet food in that ſtate is noxious to them , on

account of the difagreeable impreffion it

makes on the organs of fmell and tafte, as

alfo
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alfo upon the ftomach, by which, and parti-

cularly by their noifome miafmata, the ner-

vous fyftem is probably irritated . It befides

feems likely, that the antifeptic power of the

gaftric fluid ofthe former, is greater and more

efficacious, and confequently that it more

readily and more completely corrects putre-

faction . Habit, which is juftly reputed a

fecond nature, may bring animals, that natu-

rally abominate putrid food, to live very well

upon it. We have already witneffed the con-

verfion of a pigeon from a granivorous into a

carnivorous animal (CLXXV) ; and I brought

it to eat not only fresh flesh, but fuch as was

fætid, and even completely putrified . The

bird at firft abfolutely refuſed it, and I was

obliged to force it into the ftomach ; for

fome days it fuffered from this treatment, and

became evidently leaner. But by degrees na-

ture became inured to the food, and the pi-

geon, ftimulated by hunger, took it fponta-

neouſly, till at laft it recovered its plumpnefs ;

and now its appetite for tainted, was as keen

as it had been before for fweet meat . We

may learn from this inftance, that cuftom is

capable of changing difagreeable, and even

noxious food, into good nouriſhment.

CCLXI. But what fhall we fuppofe enables

the gaftric fluid to check and correct putrefac-

tion ? As it contains a falt, and that of the am-

monical kind (CCXLVI) , and as befides the

experiments of Pringle fhew, that all falts,

whether acid, alkaline, or neutral, whether

volatile or fixed, are antifeptic (a), it is ob-

(a ) Appendix, containing experiments on feptic and

antifeptic fubftances .

vious
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obvious to conjecture, that theſe two quali-

ties ariſe from the fame fource . I conceived ,

however, before I determined abfolutely, that

it would be proper to attempt a few experi-

ments. It is obferved by Pringle, that we

muft employ common falt, which fo nearly

reſembles fal ammoniac, in confiderable quan-

tity, ifwe wishitto act as anantifeptic ; other-

wife, it is fo far from checking, that it pro-

motes putrefaction . Thus a drachm of falt,

diffolved in two ounces of water, keeps meat

fweet but a little while, and twenty-five

grains a ftill lefs time ; while ten, fifteen , and

even twenty grains haften its corruption .

This paradox has been confirmed in France.

bythe learned Mr. Gardane. Notwithſtand-

ing theſe authorities, I determined to bring

it to the teſt of experiment. I therefore took

fourphials, and putting into each three penny-

weights, fix grains of fresh beef, pounded

very finall , I poured upon it an ounce and half

of water. In the first phial were diffolved ten

grains ofcommon falt, in the ſecond fifteen ,

in the third twenty, and the fourth was left

without falt, as a term of compariſon . The

temperature of the place where they were

kept, was about fifteen degrees . The firſt

phial began firft to emit a foetid fmell, the

fourth next, then the fecond, and laftly the

third . The other tokens of putrefaction ap-

peared in the fame order. When fal ammo-

niac was fubftituted in the place of common

falt, the only difference in the refult, con--

fifted in the phial which contained no falt,

and that which contained ten grains , begin-

ning to exhale a putrid fmell at the fame

time. It appears, therefore, that Pringle's ex-

periment
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perimentwas accurate, and that the famething

nearly is true of fal ammoniac . In order to

determine whether the antifeptic property of

the gaſtric fluid arifes from the fal ammoniac

it contains, I diffolved a quantity of that falt

by degrees in water, till it had nearly ac-

quired the fame faltnefs as the gaftric fluid ;

fome bruifed flesh was then immerfed in it.

That the water and the liquor of the ftomach

had nearly the fame faltnefs, I affured myſelf,

both by tafting it, and by dropping a few

drops of each into a folution of filver in the

nitrous acid, when each afforded the fame

white precipitate. But it is this caufe that

prevents putrefaction ; for the flesh immersed

in the falt water, emitted a fœtid odour fooner

than other fleſh ofthe fame kind, infuſed in

common water and although when more

fal ammoniac was employed, putrefaction was

retarded, it was not prevented ; to attain this

end, eighteen or twenty times as much falt

as is contained in the gaftric fluid was requi-

fite. Thefe facts feem clearly to fhew, that

the antiseptic quality ofthe gaftric fluid does

not depend on the imall quantity of fal am-

moniac it contains.

CCLXII. From the feptic power of com-

mon falt in fmall quantity, Mr. Gardane de-

duces a confequence, which it may be pro-

per to notice in paffing . Hethinks the com-

mon falt we take with our food, being always

in little dofes, forwards digeſtion, by pro-

moting putrefaction ; upon which, accord-

ing to him, as we have feen above (CCXLIX) ,

that function depends. Though my nume-

rous experiments completely deftroy this fup-

pofition, yet it feemed worth while to try

what

‘
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what would happen to flefh feafoned with

fuch a proportion of common falt as haftens

putrefaction, and given to different animals.

Some tubes, filled with flesh thus prepared,

and others, with fome of the fame kind,

without falt, were given to a dog and a cat.

The animals were opened in five hours, and

upon examining the tubes, I could not per-

ceive that the falt had occafioned any differ-

ence. What remained undiffolved , had ftill

a flight falt tafte, but not the leaft difagree-

able fmell ; and it was just as much wafted as

the other. It therefore appears, that this ſmall

dofe of falt had neither promoted digeftion,

nor produced any tendency to putrefaction,

being overpowered by the antifeptic quality

ofthe gaftric fluid.

CCLXIII. But to return from this digref-

fion . Ifthe falt contained in the gaftric fluid

is not the caufe of its antifeptic power, to

what other principle can it be owing ? Mac-

bride's theory concerning the origin of this

property in fo many bodies, has great inge-

nuity. The cohefion and folidity of fub-

ftances, is in his opinion owing to the fixed

air they contain . Nowwhen by any means

this is taken away, the mutual adhefion of

the feveral parts will be deftroyed, and the

body will either run into the putrefactive fer-

mentation, or crumble into duft, according

to the nature of its conftituent parts . Hence

it neceffarily follows, thatwhatever fubftance

has the power of impeding the feparation of

fixed air, or restoring it when feparated, will

alfo prevent or correct putrefaction . But an-

tifeptic matters have, according to this phy-

fician, fuch a power. A piece of flesh, for

inftance,
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inftance, furrounded by a fubftance of this

kind, is kept fweet, becauſe the fixed air can-

not make its efcape ; and that, probably, on

account of its pores being blocked up by the

finer particles of the antifeptic matter. Hence

the flesh will long preferve its natural taſte

and confiftence. If it has already become pu-

trid, it will receive fixed air from the anti-

feptic body, and hence ceafe by degrees to ex-

hale a fœtid fmell , lofe its fluidity and flabbi-

nefs, and at laft recover its ſweetneſs and

firmneſs (a).

Will not this theory account for the anti-

feptic power of the gaftric fluid ? Without

going out ofmy way to examine the founda-

tion on which it refts, I will obferve, that it

feems by no means to afford the information

wanted, fince the gaftric fluid is an antifeptic

of a fingular fort. Other fubftances poffef-

fing this property, while they keep away pu-

trefaction, preferve or reſtore the coheſion of

the parts ; whereas the gaftric fluid being at

once an antiseptic and folvent, while it pre-

vents or corrects putrefaction , reduces bodies

into very ſmall particles. Wemust therefore

conclude, that the property of this animal

fluid arifes from fome other principle, though

I cannot determine what that principle is,

both for want of experimental data, and on

account of the imperfect ftate in which phy-

ficians have left the theory of putrefaction .

I therefore chofe to acknowledge my igno-

rance, rather than invent fome gratuitous hy-

pothefis ; fuch a mode of proceeding would

ill agree with the difpofition of one, who has

(a) Macbride, 1. c.

no
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no other object in view than the diſcovery of

truth.

CCLXIV. For the fake of my readers, it

may be proper to recapitulate what has been

proved in this differtation . First, ofthe three

fpecies offermentation eſtabliſhed bymodern

chemifts and naturaliſts, viz . the ſweet, the

acetous, and the putrid, neither takes place in

digeftion. Secondly, Though this function

is fometimes accompanied with an acid, yet

this principle difappears entirely towards the

conclufion ofit. Thirdly, Putrefaction ne-

ver in health attends digeftion . Fourthly,

The gaftric fluid is a real antifeptic . I fup-

pofe my proofs, however conclufive, will not

avail with thoſe who eſtabliſh it as an axiom,

that wherever there is heat and moiſture, there

muſt be fermentation ; and think that it muſt

therefore neceffarily take place in the food, and

notonlyintheftomachand inteftines, butinthe

chyliferous and fanguiferous veffels : they in-

deed limit their doctrine ſo far as to fay, that

whereas out of the body it goes on rapidly,

and with an inteftine commotion, in the body

of it is flow, weak, and generally impercep-

tible . Let me intreat theſe learned and zea-

lous advocates for fermentation to reflect,

that my experiments are not directly repug-

nant to theirs . I only pretend to fhew,

that not the fmalleft fenfible fermentation

takes place in the ftomach of animals or man,

With refpect to infenfible fermentation, as it

is amongſt uncertain things , found logic for-

bids me alike either to admit or reject it.

VOL. I. U APPEN
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APPENDIX.

ON THE

DIGESTION

OF THE

STOMACH AFTER DEATH.

By JOHN HUNTER, F. R. S, and Surgeon

to ST . GEORGE's Hoſpital * ,

A

N accurate knowledge of the appear-

ances in animal bodies that die of a vio-

lent death, that is, in perfect health, or in a

found ftate, ought to be confidered as a ne-

ceffary foundation for judging of the ſtate of

the body in thofe that are difeafed.

But as an animal body undergoes changes

after death, or when dead, it has never been

fufficiently confidered what thofe changes

are ; and till this be done, it is impoffible we

fhould judge accurately of the appearances in

dead bodies . The difeafes which the living

body undergoes (mortification excepted) are

always connected with the living principle,

and are not in the leaft fimilar to what may

be called difeafes or changes in the dead body;

* See Philofophical Tranfactions, Vol . LXII. p. 447:

withoutU 2

1
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without this knowledge, ourjudgment of the

appearances in dead bodies must often be very

imperfect, or very erroneous ; wewe mayfee ap-

pearances which are natural, and may fup-

pofe them to have arifen from difeafe ; we

may fee difeafed parts, and fuppofe them in a

natural ftate ; and we may fuppofe a circum-

ftance to have exifted before death, which

was really a confequence of it ; or we may

imagine it to be a natural change after death,

when it was truly a difeafe of the living body.

It is eafy to fee therefore, how a man in this

ftate of ignorance muft blunder, when he

comes to connect the appearances in a dead

body with the fymptoms that were obferved

in life ; and indeed, all the ufefulness ofopen-

ing dead bodies depends upon the judgment

and fagacity withwhich this fort of compa-

rifon is made .

There is a caſe of a mixed nature , which

cannot be reckoned a procefs of the living

body, nor of the dead ; it participates of

both, inasmuch as its cauſe arifes from the

living, yet cannot take effect till after death .

This Thall be the object of the prefent pa-

per ; and, to render the fubject more intelli-

gible, it will be neceffary to give fome gene-

ral ideas concerning the caufe and effects.

An animal fubftance, when joined with

the living principle, cannot undergo any

change in its properties but as an animal ;

this principle always acting and preferving

the fubftance, which it inhabits, from diffo-

lution, and from being changed according to

the natural changes, which other fubftances,

applied to it, undergo .

There
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There are a great many powers in nature,

which the living principle does not enable

the animal matter, with which it is com-

bined, to refift, viz . the mechanical and moſt

ofthe ſtronger chemical folvents . It renders

it however capable of refifting the powers of

fermentation, digeftion , and perhaps feveral

others, which are well known to act on this

fame matter, when deprived of the living

principle, and entirely to decompofe it. The

number ofpowers, which thus act differently

on the living and dead animal fubftance, is

not aſcertained : we ſhall take notice of two,

which can only affect this fubftance when

deprived of the living principle ; which are,

putrefaction and digeftion . Putrefaction is

an effect which arifes fpontaneously ; digef-

tion is an effect of another principle acting

upon it, and ſhall here be confidered a little

more particularly.

Animals, or parts of animals, poffeffed of

the living principle, when taken into the ſto-

mach, are not the leaft affected by the powers

of that vifcus , fo long as the animal princi-

ple remains ; hence it is that we find animals

of various kinds living in the ftomach, or

even hatched and bred there : but the mo-

ment that any of thofe lofe the living prin-

ciple, they become fubject to the digeftive

powers of the ftomach. If it were poffible

for a man's hand, for example, to be intro-

duced into the ftomach of a living animal,

and kept there for fome confiderable time,

it would be found, that the diffolvent powers

of the ftomach could have no effect upon it ;

but if the fame hand were feparated from the

body, and introduced into the fame ftomach ,

U 3
we
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we ſhould then find that the ftomach would

immediately act upon it.

;

Indeed, if this were not the cafe, we

fhould find that the ftomach itſelf ought

to have been made of indigeftible materials

for, ifthe living principle was not capable of

preferving animal fubftances from undergo-

ing that procefs, the ftomach itſelf wouldbe

digeſted .

But we find on the contrary, that the fto-

mach, which at one inftant, that is, while

poffeffed of the living principle, was capable

of refifting the digeftive powers which it con-

tained, the next moment, viz . when deprived

of the living principle, is itſelf capable of

being digefted , either by the digeftive powers

of other ftomachs, or by the remains of that

power which it had of digefting other things.

From thefe obfervations, we are led to ac-

count for an appearance which we often find

in the ftomachs of dead bodies ; and at the

fame time they throw a confiderable light

upon the nature of digeftion . The appear-

ance which has been hinted at , is a diffolu-

tion of the ftomach at its greateſt extremity ;

in confequence of which, there is frequently

a confiderable aperture made in that vifcus.

The edges of this opening appear to be half

diffolved, very much like that kind of diffo-

lution which fleshy parts undergo when half

digefted in a living ftomach, or when dif-

folved by a cauftic alkali, viz . pulpy, tender,

and ragged.

In thefe cafes, the contents of the ſtomach

are generally found loofe in the cavity of the

abdomen, about the fpleen and diaphragm.

In many fubjects this digeſtive power extends

3
much
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much further than through the ftomach.

I have often found, that after it had diffolved

the ftomach at the ufual place, the contents

of the ftomach had come into contact with

the spleen and diaphragm, had partly diffolved

the adjacent fide ofthefpleen, andhaddiffolved

the diaphragm quite through ; fo that the con-

tents ofthe ftomach were found in the cavity

of the thorax, and had even affected the lungs

in a ſmall degree.

There are very few dead bodies, in which

the ftomach is not, at its great end, in ſome

degree digeſted ; and one who is acquainted

with diffections, can eafily trace the gradations

from the fmalleft to the greateſt .

To be fenfible of this effect, nothing more

is neceffary, than to compare the inner furface

of the great end of the ftomach, with any

other part ofthe inner furface ; what is found,

will appear foft, fpongy, and granulated,

and without diftinct blood-veffels, opake and

thick ; while the other will appear fmooth,

thin, and more tranfparent ; and the veffels

will be feen ramifying in its fubftance, and

upon fqueezing the blood which they con-

tain from the larger branches to the ſmaller,

it will be found to pafs out at the digefted

ends of the veffels, and appear like drops on

the inner furface.

Thefe appearances I had often feen, and I

do fuppofe that they had been ſeen by others';

but I was at a lofs to account for them ; at

first, I fuppofed them to have been produced

during life, and was therefore difpofed to

look upon them as the cauſe of death ; but I

never found that they had any connection

with the fymptoms : and I was still more at

a lofsU 4
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a lofs to account for theſe appearances, when

I found that they were moft frequent in thoſe

who died of violent deaths, which made me

fufpect that the true caufe was not even

imagined (a).

At this time I was making many experi-

ments upon digeftion , on different animals,

all of which were killed, at different times ,

after being fed with different kinds of food ;

fome of them were not opened immediately

after death , and in fome of them I found the

appearances above defcribed in the ftomach.

For, purſuing the enquiry about digeftion,

I got the ftomachs of a vaſt variety of fish,

which all die of violent deaths, and all may

be faid to die in perfect health, and with their

(a) The first time that I had occafion to obferve this

appearance in fuch as died of violence and fuddenly, and

in whom therefore I could not eafily fuppofe it to be the

effect of diſeaſe in the living body, was in a manwho had

his fkull fractured, and was killed outright by one blow

of a poker. Juft before this accident, he had been in

perfect health, and had taken a hearty fupper of cold

meat, cheeſe, bread, and ale. Upon opening the abdo-

men, I found that the ftomach, though it ftill contained

a good deal, was diffolved at its great end, and a confide-

rable part of theſe its contents lay loofe in the general

cavity of the belly. This appearance puzzled me very

much. The fecond time was at St. George's Hofpital,

in a man who died a few hours after receiving a blow on

his head, which fractured his fkull likewife. From thofe

two cafes, among other conjectures about fo ftrange an

appearance, I began to fufpect that it might be peculiar

to cafes of fractured fkulls ; and therefore, whenever I

had an opportunity, I examined the ftomach of every per-

fon who died of that accident : but I found many ofthem

which had not this appearance. Afterwards I met with

it in a foldier who had been hanged.

ftomach
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ftomach commonly full ; in theſe animals we

fee the progrefs of digeftion moft diftinctly ;

for as they fwallowed their food whole, that

is, without maftication, and fwallow fifh that

are much larger than the digefting part ofthe

ftomach can contain (the fhape of the fish

fwallowed being very favourable for this en-

quiry), wefind in manyinftances that the part

of the fwallowed fish which is lodged in the

digefting part of the ftomach is more or lefs

diffolved, while that part which remains in

the cefophagus is perfectly found.

And in many of thefe I found, that this

digefting part of the ftomach was itfelf re-

duced tothefame diffolved ftate as the digefted

part of the food .

Being employed upon this fubject , and

therefore enabled to account more readily for

appearances which had any connection with

it, and obferving that the half-diffolved parts

of the ftomach, &c. were fimilar to the half-

digefted food, it immediatelyftruck me, that

it was from the procefs of digeftion going on

after death , that the ftomach, being dead,

was no longer capable of refifting the powers

of that menftruum, which itſelf had formed

for the digeftion of its contents ; with this

idea, I fet about making experiments to pro-

duce thefe appearances at pleaſure, which

would have taught us how long the animal

ought to live after feeding, and how long it

fhould remain after death before it is opened ;

and above all, to find out the method of pro-

ducing the greateft digeftive power in the liv-

ing ftomach but this purfuit led me into an

unbounded field .

Theſe
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Thefe appearances throw confiderable

light on the principles of digeftion ; they

fhew that it is not mechanical power, nor

contractions of the ftomach, nor heat, but

fomething fecreted in the coats of the fto-

mach, which is thrown into its cavity, and

there animalifes the food (a) , or affimilates it

to the nature of the blood. The power of

this juice is confined or limited to certain

fubftances, efpecially of the vegetable and

animal kingdoms ; and although this men-

ftruum is capable of acting independently

of the ftomach, yet it is obliged to that vif-

cus for its continuance.

(a) In all the animals, whether carnivorous or not,

upon whichI made obfervations or experiments to diſcover

whether or not there was an acid in the ftomach, ( and I

tried this in a great variety) , I conftantly found that there

was an acid, but not a ftrong one, in the juices contained

in that vifcus in a natural ftate.

र

4
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EXPERIMENTS

CONCERNING

DIGESTIO N.

TRANSLATED FROM THE

INAUGURAL DISSERTATION

DR.

O F

STEVEN S.

Publiſhed at Edinburgh in 1777-

THE

HE following experiments were made

at Edinburgh upon an Huffar, a man of

weak underſtanding, who gained a miferable

livelihood, by fwallowing ftones for the a-

muſement of the common people, at the im-

minent hazard of his life. He began this

practice at the age of feven, and has now fol-

lowed it twenty years. His ftomach is fo

much diftended, that he can fwallow ſeveral

ftones at a time ; and theſe may not only be

plainly felt, but may be heard, whenever the

hypogastric region is ftruck.

EXPERI-
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EXPERIMENT I.

At eight o'clock in the evening, I gave the

fubject of my experiments a hollow filver

fphere, divided into two cavities by a parti-

tion, and perforated on the furface with a

great number of holes, capable of admitting

a needle : into one of theſe cavities was put

four fcruples and a half of rawbeef, and into

the other five fcruples of raw bleak. The

fphere was voided in twenty-one hours, when

the beef was found to have loft one fcruple

and a half, and the fifh two fcruples . The

reft was much foftened, but had no diſagree-

able ſmell.

•

II. A few days afterwards he took the fame

fphere, containing in one cavity a fcruple

and four grains of raw beef, and in the other

four fcruples and eight grains of the fame

boiled. In forty-three hours the fphere was

returned, and the raw fleſh had loft one

fcruple and two grains, and the boiled one

fcruple and fixteen grains.

III. Sufpecting that if thefe fubftances

were divided, fo that the folvent could have

freer acceſs to them, more of them would be

diffolved, I procured another ſphere with

holes, fo large as to receive a crow's quill,

and encloſed fome beef a little mafticated in

it. It was voided quite empty, thirty-eight

hours after it was fwallowed.

IV. Seeing how readily the chewed meat

was diffolved, I thought of trying whether it

would be as foon diffolved in a ſphere with

large holes , but without being chewed. I

therefore put a fcruple and eight grains of

pork into one cavity, and into the other the

fame
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fame quantity of cheeſe. The fphere was

retained forty-three hours, at the end of

which not the ſmalleſt remains of either

pork or cheeſe could be found.

V. He afterwards fwallowed the fame

fphere, containing in one partition fome

roafted turkey, and in the other fome boiled

falt herring. In forty-fix hours it was void-

ed, and nothing of the turkey or herring now

appeared, both having been completely dif-

folved .

VI. Having found that animal fubftances,

though inclofed in tubes, are easily concocted,

I next determined to try whether vegetables,

which are more difficultly digefted, would

be fo too . I therefore enclofed an equal

quantity of raw parfnep and potatoe in a

fphere. It was voided after having continued

forty-eight hours in the alimentary canal,

when both fpecies of vegetable were foundto

be diffolved ."

VII. Pieces of apple and turnep, both

raw and boiled, were diffolved in thirty-fix

hours.

VIII. He next fwallowed fome grains of

wheat, rye, barley, oats, and peafe, contained

in a ſphere, which remained feveral hours in

the alimentary canal, but no alteration was

produced on any of its contents, except upon

the peafe, which were fwoln, and burſt by

the humidity they had imbibed .

IX. The readineſs with which the gaftric

fluid had actedupon roafted animal fubftances ,

induced me to try what change would bepro-

duced by it upon hard ones, fuch as bone.

I therefore inclofed in one partition of a

ſphere, fome of the bone from a leg of mut-

ton,
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ton, and in the other part of a turkey's wing.

The fphere was retained forty- eight hours.

The bone was weighed, and found to have

loft nothing of its weight, while the flesh,

fkin, and ligaments were quite diffolved, fo

that the bones of the wing were now quite

ſeparate ; but they had undergone no per-

ceptible alteration .

X. Inanimate matters being fo readily fo-

luble, I refolved to enquire how far living

animals are capable of refifting the action of

this powerful menftruum. With this view,

an animal fuppofed to be deftitute of pores,

and, according to my experiments, capable

of fuftaining a degree of heat equal to the

human temperature, was encloſed in a ſphere

perforated with fmall holes, to prevent the

leech from wounding the ftomach. The

Huffar took it, and voided it about the ufual

time, when nothing was found except a black

vifcid miafma, the remains of the digefted

leech. This experiment was repeated with

earth-worms, and they were diffolved with

equal facility . But as they cannot fo well

fupport the human temperature, it is pro-

bable they died before they began to be dif-

folved * .

It was my intention to make more experi-

ments of this kind, but as the Huffar left

Edinburgh foon afterwards, I was obliged to

have recourfe to dogs and ruminating ani-

mals.

XI . A whelp, three months old, having

been kept fourteen hours without food, was

forced to fwallow four oval ivory globes, of

* Perhaps this is alfo the cafe with leeches .

different
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different fizes , and perforated with many

fmall holes . One contained beef, another

haddock, a third potatoe, and a fourth cab-

bage, all raw, and weighing each fixteen

grains. In four hours the animal was killed

and opened. The globes were found in the

ftomach, and their refpective contents were

diminiſhed in the following proportions : The

fifh had loft nine grains, the beef five, the

potatoe three, and the cabbage one. The

globes themſelves appeared to be thinner, but

as I had no fufpicion that the ivory would be

affected by the gaftric fluid, I did not weigh

them before the experiment. I could not

therefore exactly aſcertain their diminution.

XII. Having procured a whelp five months

old, it was kept fafting fixteen hours, and

then four of the globes ufed in the foregoing

experiment, each containing a certain quan-

tity of mutton, turbot, parfnep, and pota-

toe were forced upon it . Thefe fubftances

had been previously expoſed to the action of

fire, and each weighed fixteen grains. Seven

hours afterwards the animal was killed, and

the globes were taken out of the ftomach ;

when the fish was found to have loft ten

grains and a half, the mutton fix, the po-

tatoe five, and the parfnep nothing. The

fpheres were become ftill thinner, but I had'

as before, neglected to weigh them.

XIII. A dog fix months old was kept faft-

ing the ufual time, and the fame fourſpheres

were given him . The first contained fixteen

grains of boiled mutton, the fecond as much

boiled fish, the third the fame quantity of

boiled potatoe, and the fourth of boiled parf-

nep . In eight hours it was killed and open-

ed.
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ed. The globes were found greatlyaltered (a) .

The extreme parts, not the middle, were

totally diffolved, fo that the contents lay

loofe in the ftomach . The fpheres, before

the experiment, weighed together three

fcruples fixteen grains ; the fragments weigh-

ed only one fcruple and twenty grains . The

mutton and fish were entirely concocted,

the potatoe had loft_twenty-one grains ; but

the parfnep was unchanged.

XIV. Being furprized at the fpeedy ſolu-

tion of ivory by the gaftric fluid, I deter-

mined to fubject other hard bodies to its

action . I therefore carefully weighed three

pieces of a fheep's thigh bone, and gave

them to a dog that had been long kept faft-

ing. Seven hours afterwards the animal was

killed, and the bones were taken out of the

ftomach. The first had loft feven, the fe-

cond nine, and the third twelve grains . The

folution began at the internal furface, and

advanced towards the center, fo that the ca-

vity was confiderably augmented (b) .

(a) The author has expreffed this very obfcurely.

Partes eorum extremæ, non mediæ, ex toto folutæ funt,

&c. I confefs I am yet to learn, what are the extreme parts

or ends of a ſphere . T.

(b) In order to aflure myfelf that this folution was not

owing to fermentation, or an acid, I immerfed a bone of

the fame kind, in an alimentary mixture, confifting of

roafted beef, wheaten bread and water, beaten into

a pulp. When it had remained forty-eight hours in a

temperature, equal to 102 deg. of Fahr . Therm . it was

examined : the fermentation had run very high, and the

acidity was ftrong, but the bone had undergone no di-

minution. It was, however, much foftened.

I more-

>
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I moreover obliged my dog to ſwallow

pieces of cartilage, but I found that the gaf-

tric fluid produced no effect upon them .

XV. As the ivory ſpheres and bones were

fo readily diffolved in the foregoing experi-

ments, I was induced to make trial of fome

bodies ftill harder. With this view I pro-

cured fome cylindrical tin tubes, perforated

with a great number of holes ; of which

four were given to a dog that had been kept

fafting twelve hours. The firft contained

fixteen grains of roafted beef, the fecond the

fame quantity of veal, the third of fat, and

the fourth of wheaten bread. In ten hours

the animal was killed and opened, and

the tubes were taken out of its ftomach.

The beef and bread were quite diffolved ; the

veal had loft only ten grains, and the fat

eight and a half. The tubes had not under-

gone the ſmalleſt alteration .

XVI. As in the laft experiment the veal

was not fo foon diffolved as the beef, I began

to fufpect that the flesh of young animals in

general is lefs eafy to digeft than that of old

ones. I therefore took care to repeat the ex-

periment with lamb and mutton, which were

put in equal quantities into two tubes . The

refult was as before . In feven hours the

mutton was quite diffolved, whereas the lamb.

had loft only ten grains. The remains of

veal and lamb in thefe experiments were fur-

rounded with a vifcid gelatinous matter.

XVII. Sixteen grains of raw beef, and the

fame quantity of roafted were inclofed in two

tubes, and given to a dog, which was killed

feven hours afterwards, when the former was

VOL. I. X found
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found to have loft fifteen grains, while the

latter was completely diffolved .

XVIII. The fame experiment was repeated

with fiſh inſtead of flesh. Sixteen grains of

raw and as much boiled haddock, were in-

cloſed in two tubes, and given to a dog.

When he was killed, no remains of the

boiled could be found ; the raw portion had

loft fourteen grains .

XIX . I next enquired whetherquadrupeds

or birds are moft eafily digefted . For this

purpoſe, equal quantities of beef, mutton,

and fowl were inclofed in three tubes, and

given to a dog ; they were each roafted, and

weighed fixteen grains. Upon killing the

dog, and examining the tubes, I found that

the mutton and beef had been diffolved,

while the fowl had only loft eleven grains.

Most of the experiments related above,

wererepeated oftener than once, and afforded.

the fame refult. We cannot therefore enter-

tain any doubt concerning the mode of di-

geftion in this clafs of animals. Whether

the concoction of ruminating animals is

effected in the fame manner, I endeavoured

to afcertain by the following experiments.

XX. I gave a fheep four cylindrical tin

tubes, each containing fixteen grains of raw

beef, falmon, turnep, or potatoe ; fix hours

afterwards the animal was killed ; the tubes

were found in the firft ftomach. The fif

and flesh were unaltered, whereas the turnep

and potatoe were quite diffolved .

XXI. Thefame experiment being repeated

with the fame fubftances boiled , afforded the

fame refult. The vegetables were digefted,-

and the beef and falmon unchanged.

XXII.
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XXII . Having found that the ſheep di-

gefts vegetables very readily, but is incapable

of diffolving animal fubftances , I had next

recourſe to the ox. Four tubes , one con-

taining raw beef, another fish, a third chop-

ped hay, and the fourth leaves of pot-herbs,

were given to an animal of this fpecies, and

it was killed ten hours afterwards. The

tubes lay in the firft ftomach ; the fish and

fleſh were not altered ; but I could find no

remains of the hay or herbs .

Many experiments of the fame kind were

made upon this animal, and they led me to

the fame conclufion , viz . that the gaſtric

fluid of the ox kind, eaſily and ſpeedily dif

folves vegetables, but is incapable of pro-

ducing this effect upon animal fubftances.

In all thefe experiments, I attribute the

folution ofthe food to a powerful menftruum

fecreted by the coats of the ftomach . It

may be objected, that my experiments do

not clearly fhew whether the food is con-

cocted by the gaſtric fluid , or by fermenta-

tion, for both caufes may act equally upon

aliment inclofed in the ſpheres. But befides

the arguments already adduced to fhew (a) ,

that fermentation does not produce this effect,

many circumstances attending thefe experi-

ments, clearly fhew the efficacy of the gaf-

tric liquor. For in the experiments in which

the food was not quite diffolved, the folution

always began at the furface, and proceeded

towards the center, and what remained,

fhewed no tokens of fermentation .

In the XIIIth experiment ivory was dif

folved, while parfnep, a vegetable of ſoft

(a) In the part that has been omitted .

X 2 tex-
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texture, and liable to fermentation, was not at

all altered .

To remove every doubt, the following ex-

periment was feveral times repeated, and al-

ways afforded the fame refult .

XXIII . Having kept a dog fafting eigh-

teen hours, that his ftomach might be free

from the remains of food, I killed it, and

collected about half an ounce of pure gaftric

fluid, which was put into a phial with twelve

grains of roaft beef. The fame quantity of

the fame beef was put into another phial,

containing water, in order to ferve for a term

of compariſon. Both phials were placed in

a furnace, of which the temperature was

equal to 102-104° ofFahrenheit's thermome-

ter. In eight hours the beef in the gaſtric

fluid was quite diffolved, whereas that in the

water had undergone no perceptible altera-

tion . In twenty-four hours both phials

were taken out of the furnace and carefully

examined. The food diffolved in the gastric

fluid emitted a rancid and pungent, but by

no means a putrid odour ; it refembled very

much the ſmell of burnt feathers. The meat

in the other phial was quite putrid, and in-

tolerably fetid ; but its bulk was not dimi-

niſhed.

I carefully obferved the phial containing

the gaftric fluid during the folution , but

could perceive no air-bubbles arifing, or any

-other token of fermentation. I repeated this

experiment with mafticated meat, when the

folution was much more fpeedily com-

pleted.

I afterwards made trial of mutton, veal,

lamb, and other animal , together with a great

variety
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variety of vegetable fubftances ; all were

eafily diffolved ; but the time requifite for

the completion of this procefs was different,

and anſwered exactly to the refults of the pre-

ceding experiments .

As in this experiment there was no fign of

fermentation or putrefaction , I fufpected that

the gaſtric fluid, as well as the faliva (a) ,

retards both the one and the other. In order

to determine this, I made the following ex-

periment.

XXIV. I took two alimentary mixtures,

each conſiſting of mutton and bread in equal

quantities. Upon one, half an ounce of the

recent gaſtric juice of a dog was poured, and

upon the other the fame quantity of pure

water. Both mixtures were beaten to a pulp,

and inclofed in phials accurately ſtopped ;

they were then fet in a furnace, heated to the

102nd deg. of Fahrenheit's thermometer.

Fermentation took place in a few hours in

the phial that contained the water, the folid

contents rofe to the furface, and air was ex-

tricated with a confiderable inteftine motion ,

The mixture immerfed in the gaftric fluid ,

remained fourteen hours with fcarce any to-

kens of fermentation ; but a fhort time af-

terwards, this procefs evidently took place,

The bread and fleſh aroſe to the furface ofthe

mixture, a fediment began to be depofited,

and air-bubbles were continually extricated .

But theſe phænomena continued much lon-

ger than in the other phial ; the commotion

(a) Where did the author learn that the faliva checks

fermentation ? It appears to forward it both from the ex-

periments ofPringle, Macbride, Spallanzani and others . T.

X 3 was
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was lefs violent, and the air was not fo ra,

pidly extricated. When the fermentation

had entirely ceafed, the tafte of the mixture

in this phial was indeed acid, but not fo

ftrong as in the other, and it was converted

into a fluid by the folvent power of the gaf-

tric liquor,

XXV. I divided a piece of putrid mutton

into two parts, each of which was put into

a feparate phial, and to one, half an ounce of

the recent gaftric fluid of a dog was added,

and to the other, which was defigned as a

term of comparifon, as much water. They

were fet in a cool place, and two days after-

wards I examined them, when the latter e-

mitted an intolerably putrid fmell, and the

other, though it had yet a bad odour, did

not fmell fo difagreeably as the preceding,

nor even fo difagreeably as at firit.as at firit. Upon

fhaking the phial, the meat fell to pieces,

but it was not quite diffolved . This, per-

haps, happened, becauſe it was not expofed

to a fufficient heat.

Thefe experiments throw great light on

digeftion . They fhew, that it is not the ef-

fect of heat, trituration, putrefaction, or

fermentation alone, but of a powerful fol-

vent, fecreted by the coats of the ſtomach,

which converts the aliment into a fluid, re-

fembling the blood. If it fhould be afked,

what defends the organ itſelf, I would anſwer,

that it is the vital principle, as Mr. Hun-

ter's (a ) obfervations fhew; after death it is

diffolved

(a) Philofoph . Tranf. for 1772. The ingenious

obferver feems, however, to attribute too much to.

C

this
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diffolved as readily as any other inanimate

fubftance. It is probable, that every fpecies

of animal has its peculiar gaftric liquor, ca-

pable of diffolving certain fubftances only.

Some living folely upon vegetables, others

upon animals, and thefe cannot be obliged

to feed upon plants, by a faft of whatever

continuance. All, by an infallibe inſtinct,

chooſe what is beft adapted to their gaſtric

fluid . The food, when diffolved, is expel-.

led from the ftomach, and being mixed with

this principle. He fuppofes, that whatever poffeffes it,

is capable of refifting the action of the gaftric liquor ;

his arguments by no means prove this. Worms, indeed,

live in the human ftomach, but it does not follow, that

other animals alfo can, for nature may have given them a

particular structure of body. The following confidera-

tions will render the general propofition very doubtful.

Fiſhes ſwallow and digeft living crabs, lobfters , &c.

The leech is concocted bythe human ftomach, though it

has no pores, and can ſuſtain a temperature equal to that

of man.
Cornelius found a ſnake half digeſted in a bird's

stomach, but ſtill alive. Plot faw one eye conſumed,

while the fish was alive. It ſeems therefore probable,

that the gaftric liquor acts alfo upon living things. Per-

haps, likewife, it is fometimes fo changed, as to act on the

tomach itſelf. The following cafes communicated by

Dr. Monro render this probable. A lady, that uſed to

complain of pain in the ftomach, died fuddenly. Upon

opening the body, a hole was found in the left fide, and

the coats were relaxed as if they were half putrified.

There were no appearances of gangrene, A boy died

after having long ſtruggled with fimilar pains. The ſto-

mach exhibited the very fame appearance, if we except

the hole. From the preceding fymptoms, one may ven-

ture to fuppofe, that fome alteration was produced before

death . But this is only conjecture, and future experi-

ments must determine the queſtion,

X 4
the
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the bile and pancreatic juice in the duode

num, is changed into a mild blood and in-

odorous liquid, which is denominated chyle .

The chyle is abforbed by numberlefs veffels ,

and is carried by the thoracic duct into the

fubclavian vein , in order to repair the conſtant

wafte of the body.

A N

+

3
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EXPERIMENTS

O N

DIGESTIO N,

By Mr. GOSSE,

As they are related by Mr. SENEBIER, in

his CONSIDERATIONS on the MODE in

which SPALLANZANI conducted his RE-

SEARCHES On the fame FUNCTION .

TH

HE experiments of Spallanzani on Di-

geftion fo clearly illuftrate the fubject,

as to leave nothing further to be defired re-

fpecting the concoction of folid food ! And

though his experiments on himſelf put the

finishing hand to his refearches, they are not

however fufficient to fatisfy every queftion

that may be aſked.-For what happens to

the food while it continues in the ftomach ?

When does digeftion begin ? When does

it end? What kind of food is moft eafy of

digeftion ? To fuch queftions, the event of

experiments made with filver tubes ſwallow-

ed full of meat, and afterwards voided with

the excrements, can afford no fatisfactory

reply. To afcertain thefe particulars, it was

neceffary to be able to vomit at will, with-

VOL. I. * X out
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out injuring the ftomach, an advantage really

poffeffed by Mr. Goffe. The experiments

of this gentleman were made with the

utmost care ; and being ignorant of the

refearches of Spallanzani, and having

adopted no fyftem, he obferved the phæno-

mena only ; but thefe he obferved with the

eye of an experienced naturalift, an able

chemift, and an ingenuous philofopher, who

1egarded truth above all things . His inqui-

ries were directed to the benefit of his own

health ; had he enjoyed greater leifure, he

would have directed them to the advance-

ment of ſcience . Mr. Goffe, at my request,

fent me an account of his experiments, with

permiffion to infert them in this preface ;

and to fubjoin fuch obfervations as I might

think proper, he himſelf not having annexed

any.

OBSERVATIONS ON SWALLOWING AT-

MOSPHERIC AIR.

Mr. Goffe, when a boy, acquired the art

of fwallowing air ; he conceived the idea, in

confequence of feeling fome acidity in his

ftomach ; the air excited vomiting, which

relieved him. He had ever afterwards re-

courſe, in his indigeftions, to the fame re-

medy, and it conftantly operated with-

out naufea or fatigue to the ſtomach : by

drinking fome water, and then throwing it

up, he contrived to wafh this organ, as well

as if he had held it in his hand. Finding

himſelf in poffeffion of fuch an advantage,

he thought of making obfervations on di-

geſtion, which he began to do in 1760.

In
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In order to introduce air into his ftomach

he held his breath, fhut his mouth, preffed

the air againſt his palate, and thus obliged it

to defcend like any other fubftance, bythe

exertion of the mufcles of deglutition . Its

paffage along the oefophagus was rendered

fenfible, both by the pace it occupied, and

the noiſe it made.

By this method, in appearance fo fimple,

though not very eafy to practife, he excited

vomiting at pleafure : he fuppofes the effect

to be produced by the dilatation of the air,

which is occafioned by the warmth of the

ftomach, for the colder it was, the lefs was

neceffary. Every mouthful of air was nearly

equal to a cubic inch.

Two mouthfuls, at a temperature of 4° or

5° above the freezing point, fwallowed when

his ftomach was empty, occafioned a pain-

ful tenfion, which could only be removed

by evacuating the air and taking food.

When he withes to vomit feveral times in

fucceffion, he is obliged to fwallow fresh air

every time, till nothing but this fluid un-

mixed comes from the ftomach .

Wehave herea new emetic, fo gentle in its

operation, that it would be of great ufe to the

fick if they could take it, or if an eafy way

ofadminiftering it could be contrived.

GENERAL EXPERIMENTS ON DIGESTION .

I. Mr. Goffe, being in perfect health, took

at dinner foup made of lean falt beef, with

common bread of Paris, and chopped herbs ,

among which were chevril, borage, and

* X onions ;
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onions ; he then eat lean beef with falt, and

afterwards fpinach boiled in broth, with the

fame bread baked the day before, and proba-

bly fermented with yeaft ; he drank red wine

of Orleans . Half an hour after dinner, he

fwallowed fome air and vomited : he found ,

that the food, though well maſticated, had

undergone fcarce any change ; the feveral

things he had taken retained their tafte, and

their weight was nearly the fame as at firſt,

a fmall quantity of gaftric liquor being only

mixed with them.

II. Having made the fame dinner another

day, he ſwallowed an equal quantity of air

an hour afterwards, and after vomiting, found

the food reduced to a pulp, with which there

was mixed much gaftric fluid . The tafte of

the aliments was not much changed, except

that of the wine, which was now much

milder ; the gastric juice had produced an

addition of weight ; but though the food

had lain an hour in the ftomach, it did not

feem to have undergone any degree of fer-

mentation .

III. He repeated the experiment two hours

after a dinner of the fame kind. The ali-

ments were, as before, reduced to a pultaceous

mafs, but there was no change of tafte, nor

any indication of fermentation ; he could ,

however, recover only half of what he had

eaten .

CONSEQUENCES OF THESE EXPERIMENTS .

Thefe experiments agree with thofe of

Spallanzani . The food, we fee, is not dif-

folved till it is mixed with gaftric liquor :

the

6
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the juices of the ftomach act with great

celerity, for in about an hour and an halfthey

change the food into a pultaceous matter,

and render it fluid, without however alter-

ing its nature : when digeftion is properly

carried on, there is no appearance of acidity

or alkalefcence : the food does not all fer-

ment, and the procefs of digeftion is not

compleated, till between two and three hours

have elapfed.

The experiments of Mr. Goffe confirm a

conjecture I had formed, upon the caufe

which obliges the gaftric fluid to iffue from

the glands by which it is fecreted . I enter-

tained a fufpicion , that the weight of the

food forces out this liquor, by ftretching the

internal coat of the ſtomach, juft as the fame

effect is produced by ftretching it with the

hand after the death ofthe animal . In reality,

the weight of the food is fcarce changed

during the first half hour ; the tenfion muft

be continued longer, in order that there may

be an afflux of gaftric liquor. Further, when

Mr. Goffe drank milk, it required above half

an hour to curdle : whence we may conclude,

that at firft there is no gaſtric fluid in the

ftomach, and that the milk preffes it out by

its weight when it has continued in the

ftomach fome time.

1

EXPERIMENTS TO DETERMINE THE DE-

GREE OF DIGESTIBILITY OF DIFFE-

RENT KINDS OF FOOD .

Mr. Goffe having obferved what happens

in his ftomach in the ordinary progrefs of di-

geftion, wished to know, by means of vomit-

ing,
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ing, the refpective digeftibility of various

kinds of food, that he might chooſe fuch as

would beft agree with him. The following

is the refult of his experiments, as divided

by him into three claffes.

The firft contains fuch matters as ap-

peared to him not to be digeftible. The fe-

cond, fuch as were in part digefted . The

third, thofe of eafy digeftion .

I. SUBSTANCES NOT DIGESTIBLE, OR

SUCH AS WERE NOT DIGESTED IN THE

USUAL TIME .

ANIMAL SUBSTANCES .

I. The tendinous , aponeurotic parts of

beef, veal, pork, poultry, ſcate.

II. The bones.

III. The oily or fatty fubftances of theſe

animals.

IV. The white ofan egg indurated by heat.

VEGETABLE SUBSTANCES .

V. Oily or emulfive feeds, fuch as wal-

nuts, almonds, nuts, pine-kernels, piſtacchio

nuts, grape-ftones, the feeds of apples, pears,

oranges, lemons, olives and cocoa.

VI. Unctuous oils expreffed from walnuts,

almonds, nuts , and olives .

VII. Dried grapes, well mafticated, re-

mained in his ftomach for two days..

VIII. The skin of freſh grapes .

IX. The fkin or rind of farinaceous fub-

ftances, as peafe, beans, lentil, wheat, barley.

X.

1
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X. The pods of peafe and kidney beans.

XI. The fkin of ftone-fruits, as cherries,

apricots, plums, peaches, damafcenes .

XII . The hufk of fruits with grains or

feeds, as of apples, pears, oranges, lemons.

Conferves of oranges and citrons , notwith-

ſtanding the preparation they undergo, are

very difficult of digeftion .

XIII. The capfules of fruits with grains,

as of apples and pears.

XIV. Ligneous ſtones , as thoſe of cherries

and plums.

It ſhould be obferved, that theſe feeds do

not, any more than the emulfive, lofe their

vegetative power by lying in the ftomach :

the germination of fome is forwarded by

continuing there. How many plants fail to

grow, becauſe their feeds are difperfed with-

out manure or fuftenance ? Bittersweet, (fo-

lanum dulcamara) mifletoe, hemp, and other

plants, which fometimes grow upon trees,

are produced by means of the excrement of

birds.

II. SUBSTANCES LESS INDIGESTIBLE,

PART OF WHICH MR . GOSSE DIGESTED .

ANIMAL SUBSTANCES .

I. Pork dreffed in all the different me-

thods.

II. Black-puddings .

III. Yolk of eggs roafted.

IV. Fritters of eggs. The eggs almoft

conftantly acquired an alkaline character, and

a taste of liver of fulphur, produced bythe

alkali
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alkali in the white, and the fulphur dif-

covered by Mr. Deyeux in the yolk.

pre-

V. Fried eggs and bacon were very diffi-

cult of digeftion . The fat of the bacon

vented the alkalefcence of the eggs, but aci-

dity often enfued .

VEGETABLE SUBSTANCES.

VI. Sallad of raw herbs, as lettuce, dande-

lion, creffes, fuccory . The bitterneſs offome

oftheſe herbs feemed to facilitate digeftion .

The oil and vinegar ufed for feaſoning fallad

tend to retard digeftion, but it is pro-

moted by the falt and pepper. Mr. Goffe

could not long continue the uſe of raw ve-

getables, on account of the acidity they pro-

duced.

VII. White cabbage feemed lefs eaſy of

digeftion than the red, and the nerves of the

leaves, less than the parenchymatous fub-

ftance.

VIII. Beet, cardoons.

IX. Boiled and raw onions and leeks .

X. Roots of fcurvy-grafs, red and yellow

carrots, and fuccory, are more difficult to di-

geft in fallad, than in any other way.

XI. The pulp of fruit with feeds, when

it is not fluid.

XII. Warm bread, on account of the

ftrong acidity it produces.

XIII. Figs, fresh and dry.

XIV. Sweet paftry occafioned an infup-

portable acidity.

XV. All thefe fubftances became more

difficult of digeftion, when they were fried

in butter or oil.

Mr.
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Mr. Goffe further remarks, that theſe fe-

veral kinds of food, if they fhould not be

quite diffolved in the ftomach, are digeſted

in their paffage through the inteſtines, whe-

ther by a continuation of the action of the

gaftric liquor, or on account of the admix-

ture of the bile, pancreatic juice, &c .

III. SUBSTANCES EASY OF DIGESTION ,

SUCH AS ARE REDUCED TO A PULP IN

AN HOUR , OR AN HOUR AND HALF .

ANIMAL SUBSTANCES.

I. Veal, lamb, and in general the flesh of

young animals, is fooner digefted than of the

old . All kind of poultry, and eſpecially ſuch

as is young.

II. Fresh eggs not hardened by boiling.

III. Cow's milk.

IV. Perch boiled, with a little falt, with

parfley. When it is well fried, it does not

digeft fo well, and the fame thing happens

when it is ſeaſoned with oil , wine and white

fauce .

VEGETABLE SUBSTANCES .

V. Herbs, as fpinach mixed with forrel,

are lefs eafily digeftible. Celery, but the

nerves do not yield fo readily. The tops of

afparagus, hops, and the ornithogallus of

the Pyrenees, known by the name of moun-

tain hops.

VI. The bottom, or the placenta of arti-

chokes.

VOL . I. VII.
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VII. The boiled pulp of fruits with feeds

and ftones, ſeaſoned with fugar, becomes

more eafy of digeſtion .

VIII. The pulp or meal of farinaceous

feeds , as wheat, barley, rice, maize, peaſe,

beans, chefnuts, &c. roafted chefnuts are

more difficult of digeftion .

IX . Different forts of wheaten bread,

without butter, the fecond day after baking.

The cruft feemed to himmore digeftible than

the crumb. The falted bread of Geneva, is

fooner digefted_than the Parifian bread made

without falt. Bread of rye and buck-wheat

does not digeft fo well ; the fame obfervation

may be applied to brown bread, in propor-

tion as it contains more bran.

X. Rapes, turneps, potatoes, parfneps of

good quality, and not too old.

XI . Gum Arabic ; but the acid of this

fubftance is foon felt. The Arabians, per-

haps, among whom it is an article of food,

obviate this effect by fome prefervative .

SUBSTANCES WHICH FACILITATED MR ,

GossE'S DIGESTION.

I. Sea or common falt.

II . Spices, as pepper, cannella, nutmeg,

cloves.

III . Muſtard, fcurvy-grafs, horſe-radiſh,

radish.

IV. Capers.

V. Wine, fpirituous liquors in fmall quan-

tities.

VI. Cheefe, and more efpecially old cheeſe,

VII. Sugar.

VIII. Various bitters .

SUB-
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SUBSTANCES WHICH RETARDED HIS DI-

GESTION,

I. Water, particularly when hot, taken in

large quantities . It occafions the food to

pafs into the inteſtines, without being pro-

perly diffolved .

II. All acids .

III. All aftringents ; twenty-four grains of

Peruvian bark, taken half an hour after din-

ner, ſtopped digeſtion .

IV. All unctuous fubftances.

V. A ftrong decoction of bitter-ſweet pre-

vented, upon one occafion, the digeſtion of

the moft digeftible fubftances, and they

turned four.

VI. A grain of kermes, taken after dinner,

produced the fame effect.

VII. As alfo did a grain of corrofive ſub-

limate.

Laftly, He obferved, that employment,

after a meal, fufpended or retarded digeftion ;

as likewife did leaning with the breaſt againſt

a table. He remarked that repofe of mind,

a vertical pofition of the body, gentle ex-

erciſe after taking food, were favourable to

digeftion.

The benefit which medicine and the health

of mankind may derive from fuch experi-

ments is obvious. It were to be wiſhed,

that they ſhould be repeated and varied, by

making trial, for inſtance, of two or three

different kinds of fruit at once, &c .

The refults of Mr. Goffe's experiments

are different from thofe of Mr. Reufs, as

related
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related in a Differtation printed at Edin-

burgh in 1768. He examined the ſtate of

his food three hours after having taken it ;

but he took an emetic in order to bring it

up, now it is obvious, that an emetic difor-

ders the ftomach, and that in three hours,

food of every kind muft undergo too great

changes, to fhew the refpective digeftibility

of various fubftances .

AN
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TRANSLATION

O F

ITALIAN, LATIN, &C. PASSAGES,

Page 117. Come le rane, &c. As frogs fcour along

the water, at the approach of the water-fnake, without

ftopping, till they have gained the dry ground.

Page 202. Receptum eft, &c. It is commonly fup-

pofed that animals can digeft bone : Boerhaave formerly

followed the opinion of Van Helmont. To attain greater

certainty, he obſerved with care what happens to food in

the ftomach of animals of powerful digeftion : he found

that bone is not digeſted.

He gave an hungry dog fome inteftine, which were

eagerly devoured, but instead of being concocted, they

were partially voided, and hanging out at the anus, tor-

mented the poor animal. He afterwards gave another

dog fome bones anointed with butter ; but nothing was

diffolved, except what water will diffolve. Of fleſh, the

dry and expreffed fibres were voided, and ligament, in

paffing through the alimentary canal, underwent no

change.

Page 208. In the excrement of the dog, we find

fragments of bone little altered. It is merely reduced to

pieces ; the fucculence is expreffed, and the fragments

are formed into one maſs.

38
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ERRATA.

P. 8. 1. penult. and elsewhere, for turkies read turkeys- P. 31. 1. 23. for

one only read only one- P. 48, 1. 24. for abounding read abound-P. 62. 1. 18.

for neck read beak- P. 66. l . 6. for canem read carnem-P. 70. 1. 16. between

them and being infert from P. 78. note, for 42 read 41- P. 83. 1. 21. be-

tween beat and when infert as- P. 90. l. 6. for are read is- P. 97. l. 13. for

infinuating read infinuate- Pi_109. 1. 11. for rooks read ravens P. 110. 1.

21. for came read come-P. 118, l . 15. between wished and very infert it

Ditto 1. 16. for progrefs read procefs -P. 124. l. 4. for in read into P. 127.

1. 32. for ejected read rejected- P. 128. 1. 48. for barbels read barbel-Ŕ.

135. 1. 21 for or read nor-P. 140, l. 15. for axillæ read axilla-P . 143.

1. penult. for they read it-P. 152. 1. 5. for where read when- Ditto 1. 24.

for crow read owl-P. 155. 1 , 33. for owl read fcreech-owl-P. 163. 1. 15.

after for infert as-P. 166. 1. 26. for in read to P. 171. 1. 32. for bebeld

read behold- P.172. l. 10. dele one-P. 173. 1.19 . after only infert would

P. 184. 1. 24. for were read was-P. 201. l . 16. before appeared infert as➡

P. 207. l. 4. after examine infert them--P, 215 , 1. 11. for are read is - P.

219. 1. 21. for analogus read analogous-P. 231. 1. 33. dele if-P. 274. l. 7.

for Gardana read Gardane-P. 290. l. 14. after in infert not-P. 292. 1. 30.

for chofe read chooſe- P. 293. 1. 25. dele of P. 206. 1. 21. for miaſma read

magma-P. 311. 1. 27. the words in the part that has been omitted fhould have

been at the bottom of the page-P, 316. 1. 2. dele blood.
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