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TO

DOCTOR PETER SHAW,
PHYSICIAN TO HIS MAJESTY,
FELLOW OF THE ROYAL COLLEGE OF PHYSICIANS OF LONDON,

AND OF THE ROYAL SOCIETY.

—m———

Sir,
TrEe brewing of malt liquors has hitherto
been conducted by such vague traditional
maxims, that an attempt to establish its
practice on truer and more fixed principles
must, like every new essay, be attended
with difficulties.

Your works, Sir, will be lasting monu-
ments, not only of your great abilities, but
also of your zeal for the improvement of
the arts, manufactures, and commerce of
your country. You will therefore permit
me to place under your patronage this
treatise, which, if it can boast no other
merit, has that of having been undertaken

and finished by your advice and counsel.
a2
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Some favor, I hope; will be shewn for
this distant endeavour to imitate the laud-
able example you have set, and whatever
be the success, I shall ever glory in the
opporfunity it has given me of professing
myself publicly,

- Sir,
Your most obedient,

And most obliged humble Servant,

Micuaer COMBRUNE.
Hampstead, Middlesex,
December 15, 1761,
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THE

PRETACE

THE difference that appears in the several processes of
brewing, though executed with the same materials, by the
same persons, and to the same intent, is generally ac-
knowledged, The uneasiness this must occasion to those
who are charged with the divective part of the business,
cannot be small : and the more desirous they are of well
executing the duly incumbent on them; the greater is
their disappointment, when frustrated in their hopes. To
remove this uncertainty, no method seems preferable to-
that of experiments, as it is by this means alone, any art
whatever can be established upon a solid _foundation : but
these require caution, perseverance, and expence; they
must be multiplied and varied both for the saﬁe and for
different purposes. The operations of nature elude super-
fictal enquiries, where we have few or no principles for
our guides, many exp;?rimmts are made, which tend only
to confound or deceive. Effects seen, without a sufficient
knowledge of their causes, often are mneglected, or
viewed tn an improper light, seldom faz’tlzful{y reported,

and, for want of distinguishing the several circumstances



X PREFACE.

that attend them, many times hecome the support of old
prejudices, or the foundaﬁbn of new ones,

Whoever is attentive to the practical pars of brewing,
will soon be convinced that heat, or fire, is the principal
agent therein,’ as this element, used in a greater or less
degree, or differently applied, s the occasion of the
greatest part of the variety we percesve. It is but a few
years since the thermometer has been found to be an in-
strument sufficiently accuratz for any purposes where the
measure of heat is required. And, as it is the only one
with which we are enabled to examine the processes of
§rewing, and to account for the difference in the ef-
Jects, a theory of the art, founded an practice, must be of
later date than the discovery of the instrument that guides
us to the principles.

8o long since-as the year V141, I began this research,
and never neglected any epportunity to consult the artists
of the trade, or to try such experiments as I concerved
might be condueive to the purpese. It is needless, per-
haps shameful, to mention their number, or to speak of
the many disappointments I met with in this pursui.
Error admits of numberless combinations. Truth alone
25 simple, and confirmed by continuity. At last, flatter-
g myself with having collected the true theory, assisted.
and cncouraged by men of abilities, I thought it fit the.
public should judge whether I had succeeded tn my cn-
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deavours ; and in 1158 the Essay on Brewing was sub-
smitted to them, either for their approbation, or that the
errors therein might be pointed out. I have had no
veason to repent of 1iz_y temerity, though perhaps the no-
velty, more than the merit of this performance, engaged
the attention, I may add the favor and advice of some
good judges. They have allowed my principles to be at
{east plausible, and their agreement with practice has
since repeatedly convinced me they were not far from
&ruth.

The Essay just mentioned, revised and corrected, na-
turally forms the first part or theory of the present trea-
tise. The sccond part is entirely practical.  After gio-
ing a short idea of the whole process, I resume its differ-
ent branches in as many cll}tpters, and endeavour in such
ananner to guide the practitioner, that he may, in every
part, at all times, and under a wariety of circumstances,
know what he s to do, and seldom, if ever, to be disap-
pointed in his object. !

From the investigation of so extensive a business, some
benefit, "1t is hoped, must accrue to the public; from
the process of brewing being carried on in a Just and unt-
form manner, our malt liguors, probably, will in time
better deserce the name of wine.

Boerhaave, Shaw, Macquer, and most of the great

masters in chymistry are far from limiting that name to
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the liguors produced from the juice of the grape: they
citend 1t to all fermented vegetable juices, which, on dis-
tillation, yield an ardent sperit, and look on the strength
and faculty wine has to cherish nature, and preserve it-
self; to be in propartion to the quantity it possesses of this
liguid, generally termed spirit of wine. . This, when tho-
roughly pure and dephlegmated, is one and the same,
whatever different vegetable it is produced from. Barley
wines possess the same spiritous principle, which is the
preservative part of the most valuable foreign wines,with
a power of being brewed superior or ;nferzbr to them in
quality, and the other constituent parts of beer, beside this
ardent spirit, will not, I believe, be esteemed less whole-
some than those which make up the whole of grape wine

The reasons why Great Britain hath not hitherto fur-
nished foreign nations with this part of her product, but
wmore especially her scamen, are obvious. Qur mariners,
when at home, do not dislike beer, either as to their pa-
lates, or its effects on their constitution ; but when abroad,
spiritous Liguors, or new wines, often the product of an
enemy’s country, arve substituted in liew thereof. The
disuse of beers, on these occasions, has been owing to the un-
certainty of the principles on which they were brewed ; the
maintaining them sound in long woyages and in hot cli-
mates, could not sufficiently be depended upon; and 1t has

been supposed they could not be procured at so easy a rate
1
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as wines; brandies, or rums, purchased ‘whroad.' The.
first of these objections, the author hopes, by this work,
to remove; und, were all the duties to be-ullowed on what
would “be brewed for this purpose; our séamen might be
furnished with beer stronger than Spanish wine, and at a
less expence, the medn price of malt and hops being taken
Sor seven years. - It is true that, in times of peace, the
seamen in his Majesty’s sérvice are not very numerous,
but the nmumber of those then employed by merchants is
considerable. I should not have presumed to ‘mention
this, but on account of the encouragement given to the
exportation of corn, and toinany manufactures of Britisk
growth or British labor. It is computed that, in Eng-
land and Wales, are brewed three ‘millions five hundred -
thousand quarters of 'malt yearly, for whick purpose up-
wards of one hundred and fifty thousand weight of hops
are used.  The improvement of the brewery might be-
come @ mewis of ‘increasing the consumption” of the.
growth of our country, viz. of barley, to more than one
hundred thousand quarters, and of hops to between four-
teen and fifteen thousand weight annually.

Whether thisbe-anobject-deserving the-uttention of the
legislative power, or of the landed interest, and what
might be the proper means to put 1t successfully in prac-
tice, are considerations which do not belong to this place ;

it being sufficient here to point out, how unvversally bene-
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ficial it 1s to establish the aré of brewing on true and inva-
riable principles.

This being the first attempt, that has been madey to res
duce this art to rules and principles, the Author hopes
ke has @ just claim to the indulgence of the public, for
any errors he unwillingly may have adopted ; far from
believing that there ts mo room left for future improve-
ments, he recommends it to those, who, blessed with supe~
rior talents and more leisure than himself, may be in-
clined to try their skill in the same field, to watch closely
the steps of NATURE ; after the strictest enquiry made, ¢
will be found, the success of brewing beers and ales wholly
depends on a true imitation of the wines she forms.

This second edition, it may be observed, in many re-
spects, differs considerably from the first. I have en-
deavoured to convert to use every advice, every opinton I
recevved, and having put these to the test of farther
practice, flatter myself it will be found tmproved.




A COPY OF DOCTOR SHAW'S LETTER.

ON ﬁRUSING THE ESSAY BEFORE MENTIONED.

DEar Sir,

I HAVE, with pleasure and improvement,
read over your manuscript ; and should be glad
to see some other trades as justly reduced to
rules as you have done that of brewing : whick
would not only be making a right application
of philosophical knowledge, but, at the same
time, accommodate human life, in many respects,
wherein it is still deficient. Perhaps your ex-
ample may excite some able men, to give us
their respective trades, in the form of so many
arts. For my own part, having long wished
to see some attempts of this kind, for the good
of society in general, I cannot but be particu-
larly pleased with the nature, design, and exe-
cution of your essay, and am,
Dear Sir,
Your obliged Friend,
Pall-Mall, July 20, And humble Servant,
1758, PETER SHAW.






AN

EXPLANATION

OF THE

TECHNICAL TERMS.

THE intent of every brewer, when he forms his drink,
is to extract the fermentable parts of the malt, in the
most perfect manuer; to add hops, in such proportion
as experience teaches him will preserve and ameliorate
thebeer ; and to employ just so much yeast as is sufficient
to obtain a complete fermentation.

Perhaps it may be said, these particulars are already
sufficiently understood, and that it.would be a much
more useful work to publish remedies for the imperfec-
tions, or diseases, beer is naturally or accidentally sub-
Jject to, and which at present are deemed incurable. But
if the designs just now mentioned be executed according
to the rules of chymistry, such imperfections and such
diseases not existing, the remedies will not be wanted ;
for beer brewed upon true principles, is, neither natu-
rally nor accidentally, subject to many disorders often
perceived in it. Hence it is evident, that some know-
ledge of chymistry is absolutely necessary to complete
the brewer, as, without the informations acquired from
that science, he must be unqualified to lay down rules
for his practice, and to secure to himself the favor of the
public ; for which purpose, and to make this treatise useful
to those concerned in the practical part of brewing, it has

A
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been thought adviseable to avoid, as much as possible,
the technical terms of art, to prefix an explanation of
those that necessarily occur, and, in as short a manner as
possible, to trace the properties of fire, air, water, and
earth, as far as they relate to the subject.

Acrps are all those things which taste sour, as vinegar,
Juice of lemons, spirit of nitre, spirit of salt, the oil and
spirit of vitriol, &c. and are put in a violent agitation, by
being mixed with certain earths, or the ashes of vege-
tables. An acid enters, more or less, into the composi-
tion of all plants, and is produced by, or rather is the last
effect of, fermentation. Mixed in a due proportion with
an alkali, it counstitutes a neutral salt, that is, asalt where-
in neither the acid nor alkali prevail. Acids are fre-
quently termed acid salts, though generally they appear
‘under a fluid form.

AvgAavies, or alkaline salts, are of a nature directly
contrary to the acids, and generally manifest themselves
by effervescing therewith : they have an urinous taste,
and are produced from the ashes of vegétablcs, and by se-
veral other means. They, as well as testaceous and cal-
carious substances, are frequently made use of by coopers,
to absorb the acid parts of stale beer, by them called
softning.

Arr is a thin elastic fluid, surrounding the globe of the
earth; it is absolutely necessary to the preservation both
of animal and vegetable life, and for the exciting and
carrying on fermentation.

AtrcoHoL is the pure spirit of wine, generally supposed
to be without the least particle of water or phlegm.
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AxIMALs are organized bodies, endued with sensation
and life. Minerals are said to grow and increase, plants
to grow and live, but animals only to have sensation.—
Animal substanices cannot ferment so as to produce by
themselves a- vinous liquor; but theré may be cases
wherein some of theit parts rather help than retard the
act of fermentation.*

ATnospHERE is that vast collection of air, with which
the earth is surronnded to a considerable height.

ArTrAcTION is an indefinite term, applicable to all ac-
tions whereby bodies tend towards one another, whetlier
by virtue of their weight, magnetisin, electricity, or any
other power. It is not, therefore, the cause determining
some bodies to approach one another, that is expressed
by the word attraction, but the effect itself. The space,
through which this power extends, is called the sphere
of attraction.

BLACKING Is a technical term used by coopers, to de-
note sugar that is calcined, until it obtains the colour that
occasions the hame,

Brewive is the operation of preparing beers and ales
from malt.

BoiLing may thus be accounted for. Theminute par-
ticles of fuel being by fire detached from each other,
and becoming themselves fire, pass through the pores of

* Vide Dr. Pringle’s experiments in his book of observations on the
diseases of the army, p. 350, 351 & seq.
s G
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the vessel, and mix with thefluid. These, being perpe-
tually i in an active state, communicate their motion to
the water: hence arises, at first, a ;small intestine mo-
tion, and from a continued action in the first cause, the
effect is increased, and the motion of the liquor continu-
ally accelerated ; by degrees, it becomes sensibly agitated,
but the particles of the fire, acting chiefly on the parti-
cles that compose the lowest surface of the water, give
them an impulse upwards, by rendering them specifi-
oally lighter, so as to determine them to ascend, accord-
ing to the laws of equilibrium. Hence there is a constant
flux of water from the bottom to the top of the vessel,
and reciprocally from the top to the bottom. This ap-
pears to be the reason why water is hot at the top saoner
than at the bottom, and why an equal heat cannot be
distributed througﬁ the whole. The thermometer there-
fore can be of little service, to determine immediately the
degree of heat, especially in large vessels, on which ac-
count it is better for brewers to heat a certain quantity
Jjust to the act of boiling, and to temper it, by adding a
sufficient quantity of cold water. Boiling water is inca-
pable of receiving any increase of heat, though acted on
by ever so great a fire, unless the atmosphere becomes
heavier, or the vapours of the water be confined. It oc-
casions the mercury to rise, according to Farenheit’s
scale, to 212 degrees.

Crarr. A body is said to be charred when, by fire,
its volatile or most active parts are drove out ; its coarse
oils, by the same means, placed chiefly on the external
parts ; and so deprived of color as to be quite black.

CLEANSING is the act of removing the beer from the
ton, where it was first fermented, into the casks.

.
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Croupy is an epithet joined to such beers, which, from
the violent heat given to the water that brewed them,
are loaded with more oils than can be attenuated by
fermentation, and incorporated with the water; from
whence 2 muddy and grey oil is scen floating on the sur-
face of the liquor, though the body is often transparen-;
this oil is frequently extracted in such quantity as to ex-
ceed the power of any known menstruum.

ConzsioN is that action by which the particles of the
same body adhere together, as if they were but one.

Coip is a relative term in opposition to heat. Its
greatest degree is not known, and it is supposed that the
colder a body is, the less is the agitation of its internal
parts.

CoLour; a greater or less degree of heat causes diffe-
rent colours in most bodies, and from a due observation
of the colour of malt, we may determine what degree of
heat it has been impressed with.,

DEnsiTy expresses the closeness, compactness, or near
approach of the parts of a body to one another: the more
a body weighs in proportion to its bulk, the greater is
its density. Gold is the densest body in nature, because
there is none known of the same bulk, which weighs so
much.

EarTH is that fossil matter or element, whereof our
globe partly consists.

EsuLuTion is the boiling or bubbling of water, or any
As
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other liquor, when the fire has forced itself a passage
through it. Brewers suppose water to be just beginning
to boil, when they perceive a small portion of it forced
from the bottom upwards in a right line, so. as to disturb
the surface: when the liquor is in this state, they call it
through, or upon the point of ebullition. The vulgar
notion that the water is hotter at this time than when it
boils, is without any foundation. - y

ErrERVESCENCE is a sudden agitation, arising in certain
bodies upon mixing them together; this agitation most
commouly generates heat.

ELAsTICITY, Or springiness, is that property of bodies,
by which they restore themselves to their former figure,
after any pressure or distension.

> Expansion is the swelling or increase of the bulk of
bodies from heat, or any other cause.

ExTRACT consists of the parts of a body separated from
the rest, by cold or liot water.

FERMENTATION s a sensible internal mation of the par-
ticles of a mixture : by the continuance of this motion,
the particles are gradually removed from their former
situation, and, after some visible separation, joined toge-
ther again in a different order and arréngement, SO as
to constitute a new compound. No liquors are capable
-of ingbriating, except thgse that have been fermented.

Fixep Bopies are those, which, consisting of grosser
parts, cohering by a strong attraction, and by that means
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less suseeptible of agitation, can neither be separated nor
raised, without a strong heat, or perhaps not without
fermentation.

Fre is only known by its properties, of which the
chief are to penetrate and dilate all solid and fluid
bodies.

"Freezin Point is the degree of cold, at which water
begins to be formed into ice, which, according to Faren~
heit’s scale, is expressed by 32.

FoxEp is a techical term, used by brewenrs, to indicate
beers in a putrid state.

Guwms are concreted vegetable juices, which transude
through the bark of certain trees, and harden npon the
surface ; they easily dissolve in water, and by that means
distinguish themselves from balsams or resins.

HerMETICALLY SEALED is a particular method of stop.~
ping the mounth of vessels, so close that the most subtil
spirit cannot fly out, which is done by heating the neck
of the bottles, till it is just ready to melt, and then with
hot pinchers twisting it close together.

HoMmocENEoUs is an appellation given to such parts
or subjects, which are similar or of the same nature and
properties. K

Isingrass is a preparation from a fish called huso,
somewhat bigger than the sturgeon ; a solution of which
in stale beer is used, to fine or precipitate other beers:

As
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itis'imported from Russia by the Dutch, and from them
to us. ;

LiGHT consists of particles of matter inconceivably
small, capable of exciting in us the sensation of colours,
by being refletted from every point of the surface of
luminous bodies; but, notwithstanding they are so ex-:
ceeding small, Sir Isaac Newton found means to divide
a single ray into seven distinct parts, viz. red, orange,
yellow, green, blue, indigo, and violet.

P

Mavr, in general, is any sort of grain, first germi-
nated, and then dried, so as to prevent any future vege-
tation : that generally used, is made of barley, which
experience has found to be the fittest for the purpose of
brewing.

. MEDIuM is that space, through which' a body in mo-
tion passes: air is the medium through which the bodies
near the earth move ; water is the medium wherein fish
live ; glass affords 2 medium or a free passage to light.—
This term is also made use of, to express the mean of
two numbers, and sometimes the middle between several
quantities.

MusTs are the unfermented juices of grapes, or of any
other vegetable substances. -

MensTruuM is any fluid, which is capable of interpos-
ing its parts between those of other bodies, and in this
manner either dissolves them perfectly, or extracts some
part of them.
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O1L is an unctuous, inflammable substance, drawn
from several animal and vegetable substances.

PrecreitaTioN.  Isinglass dissolved becomes a gluti-
nous and heavy body ; this put into malt liquors intend-
ed to be fined, carries down, by its weight, all those
swimming particles, which prevent its transparency;
and this act is called fining, or precipitation.

Repursion ; ¢ Doctor Knight defines it to be that cause
which makes bodies mutually endeavour to recede from
each other, with different forces at different times.” In
this case they are placed beyond the sphere of each
other’s attraction or cohesion, and mutually fly from
each other. ‘

REsins, or balsams, are the oils of vegetables inspis-
sated and combined with a proportion of the acid salts ;
as well as they mix with any spirituous liquor, as little
arethey soluble in water ; but they become so, either by
the intervention of gums or soaps, or by the attenuating
virtue of fermentation.

Sarts are substances sharp and pungent, which rea-
dily dissolve in water, and from thence, by evaporation,
crystallise and appear in a solid form. They easily
unite together, and form different compounds. Thus
salts, composed of acids and alkalies, partake of both,
and are called neutral.

SETT: a grist of malt is by brewers said to be sett,
when, instead of separating for extraction, it runs in
clods, increases. in heat, and coagulates. This accident
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is owing to the over quantity of fire in the water, ap-
plied to any of the extractions. . The air included in the
grist, which is a principal agent in resolving the malt,
being thereby expelled, the mass remains inert, and its
parts, adhering too closely together, are with difficulty
separated. Though an immediate application of more
cold water to the grist is the only remedy, yet, as the
cohesion is speedy and strong, it seldom takes effect.—
New malts, which have not yet lost the heat they receiv-
ed from the kiln, are most apt to lead the brewer inte
this error, and generally in the first part of the process.

. Sucar, or saccharine salts, are properly those that
come from the sugar canes; many plants, fruits and
grains give sweet juices reducible to the same form;
they are supposed to be acids smoothed over with oils ;
all vegetable sweets are capable of fermenting sponta-
neously when crude; if boiled, they require an addition
of yeast to make them perform that act. Malt, or its
extracts, have all the properties of saccharine salts.

Surpaur. Though by sulphur is commonly under--
stoad the mineral substance called brimstone, yet in chy-
mistry it is frequently used to signify in general any oily
substance, inflammable by fire, and, without some saline
addition, indissoluble in water.

Soap or SaponacEous Juicks. Common soap is made
of oil mixed with alkaline salts: this mixture causes a
froth on being agitated in water. The oils of vegetables
are, in some degree, mixed with their salts ; and accord-
ing to the nature of these salts, appear either resinous or
saponaceous, that is, soluble or indissoluble in water.—
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Sugar is a kind of soap, rendering qil miscible with
water; and therefore all bodies, from which saccharine
salts are extracted, may be termed sapenaceous.

VEGETABLE is a term applied to plants, considered as
capable of growth, having vesscls and parts for this pur-
pose, but generally supposed to be without sensation.

ViNEGAR is an acid penetrating liquor, prepared from
wine, beer, cyder, or a must, which has been fermented
as far as it was capable.

VITRIOL s, in general, a metalline substance combined
with the strongest acid salt known. This acid, being
separated from the metal, differs in nothing from that
which is extracted from alum or brimstone. It is impro-
perly called spirit of vitriol, when diluted with water,
and, with as little propriety, oil, when free from it.

VoraTiLe Bopies are those, which, either from their
smallness or their form, do not cohere very strongly ta-
gether, and being most susceptible of those agitations,
which keep liquors in a fluid state, are most easily sepa~
rated and rarified into vapour, with a gentle heat, and
on the contrary condensed and brought down with cold.

WiNE is a brisk, agreeable, spirituous, fluid cordial,
formed from fermented vegetable bodies. In this sense
beers and ales may be called, and really are, barley
wines.

WorTs are the unfermented extracts of malt.



12 - AN EXPLANATION, &e.

Yeast is both the flowers and lees of a fermented
wort, the former of these being elastic air enveloped in a
subject less strong and less consistent than the latter.




PRINCIPLES

OF THE

THEORY OF BREWING.

SECTION 1,

OF FIRE.

THOUGH fire is the chief cause and principle of al-
most every change in bodies, and though persons un-
taught in chymistry imagine they understand its nature,
yet, certain it is, few subjects are so incomprehensible,
or elude so much our nicest research. The senses are
very inadequate judges of it ; the eye may be deceived,
_ and suppose no fire in a bar of iron, because it does not
appear red, though at the same time it may contain
enough to generate pain : the touch is equally unfaith-
ful, for a body, containing numberless particles of heat,
will to us feel cold, if it is much more so than ourselves.
The great and fundamental difference among philoso-
phers, in respect to the nature of fire, is, whether it be
originally such, formed by the Creator himself, at the
beginning of things ; or whether it be mechanically pro-
ducible in bodies, by inducing some alteration in the
particles thereof, It is certain that heat may be gene-

rated in a body, by attrition; but whether it existed
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there before, or was caused immediately by the motion,

is a matter of no great import to the art of brewing;

for the effects, with which we are alone concerned, are
_the same. :

Fire expands all bodies, both solid and fluid. If an iron
rod just capable of passing through a ring of the same
metal, is heated red-het, it will be increased in length,
and so much swelled as not to be able to pass through
the ring, as before :* if a fluid is. put into a bellied glass,
with a long slender neck, ahd properly marked, the
fluid, by being heated, will manifestly rise to a consi-
derable height, i

The expansion of fluids; by heat, is different in diffe-
rent fliids ; with some exceptions; it may be said to be
in proportion to their dénsity. Pure rain water, gradu-
ally heated to ebullition, is expanded one 26th part of its
bulk,+ so that 27 gallons of boiling watér, will, when
cold; measure no more than 26, and 27 gallons of boil-
_ing wort will not yield so much, because worts contain

many oily particles, which, though less dense than wa-

* There is a very singular exéeption in regard to iron itself, in this
respect. It is only a certain degree of heat that expands this metal ;
€and that much less than any other eithér more or less dense) wher
melted, it occupies a less space than when in a solid form. This
-ought to caution us against an entire dependence on general rules, by
which nature doth tiot appear to be wholly restricted. See Mem, de
¥Acad, des Scienc. p. 278.

-4 See Dr, Lewis’s Philosophical Commerce of Arts, p, 42.
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ter, have the property of being more expansible: hence
we see the reason why a copper, containing a given num-
ber of barrels of wort, when cold, is not capable to hold
the same of beer, when boiling.

Bodies are weakened or loosened in their texture by
fire: th;, hardest, by an increased degree of heat, will
liquify and run; and vegetables are resolved and sepa-
rated by it into their constituent parts. It must be owned
vegetables seem at first, on being exposed to the fire, to
become rigid or stiff; but this is owing to the evapora-
tion of the aqueous particles, which prevented a cleser
adhesion of the solid matter. It is only in this mauner
fire strengthens some bodies which before were weak.

That the texture of bodies should be loosened by fire,
seems a consequence of expansion ; for abody cannot be
expanded but by its particles receding farther from one

ancther § and if these be not able to regain the sitnation

they had when cold, the body will remain looser in its

texture than before it suffered the action of fire. This
is the case of barley when malted.

Fire may be conveyed through most bodies, as air, wa-
ter, ashes, sand, &c. The effect seems to be different
according to the different conveyances. A difference
appears between boiling and roasting, yet they ansiver
the same purpose, that of preserving the subject ; and
this, in proportion to the degree of heat it has suffetod,

A similar variety appedrs, even to our taste; from the
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different conveyance of fire to malt: for acids having a
great tendency to unite with water, if this element does
not naturally contain any itself, is the reason why a great
heat is conveyed through water, and applied to extract
the virtues of pale malt ; the water gaining from the grain
some of these salts, or possessing them itself, the effect of
this great aqueous heat is not to imprint on the palate a
nauseous burnt taste, as is the case of great heats, when
conveyed through ‘air to the same grain, The salts the
water has obtained, or perhaps had, being sheathed by
the-oils it draws from the malt, rather become saccha-
rine, which cannot be the case when oils are acted upon
by a strong heat, entirely void of any such property;
but malt, the more it is dried, the longer is it capable of
maintaining itself in a sound state, and the liquor brewed
with it will, in proportion to its dryness, keep the longer
sound, the hotter the water is, applied to malt, provided
its heat doth not exceed the highest extracted degree,
the more durable and sound will the extract be.

The last consideration of fire or heat, relative to brew-
ing, is the knowledge of its different degrees, and how
to regulate them. ‘Till of late, chymists and all others,
were much to seek in this respect; they distinguished
more or less fire in a very vague and indeterminate man-
ner, as the first, second, third, and fourth degree of heat,
meaning no precise heat, or heat measured by any stan-

dard ; but, by the invention of the thermometer, we
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are enabled to regﬁ]ate our fires with the utmost pl‘-eci-
sion. Thermometers are formed on different scales; and
therefore, when any degree of heat is mentioned, in order
toavoid confusion, the scale made use of should be indi-
cated. I have constantly employed Fahrenheit’s, as it is
the most perfect, and the most generally received. Ac-
cording to this instrument,* by the author of it, an
artificial cold was made so as the mercury stood at 72
divisions below the first frost. The gentlemen of theFrench
Academy, in the winter of the year 1736, observed, at
Torneao, Latitude 65° 51', the naturai cold to be 33 de-
grees below 0: these are proofs there are colds much
more intense than the first frost, or 32 degrees, where
water first begins to harden into ice; from 32 to 90 de-
grees are the limits of vegetation, according to the dif-
ferent plants that receive thoseor the intermediate heats.
The 40th degree is marked by Boerhaave as the first fer-
mentable heat, and the 80th as the last: 47 degrees I
have found to be generally the medium heat of London,
throughout the year, in the shade ; 98 degrees is said to
be that of our bodies when in health, as from 105 to 112
are its degrees when in a fever. Hay stacked with too
much moisture, when turned quite black, in the heart of
the rick, indicated a heat of 165 degrees. At 175 the
purest and highest-rectified spirits of wine boil, and at

* See Martine’s Dissertation on Heat. What the degree of cold

was which fixed mercury at St. Petersburg, I do not recollect.

B
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this degree I have found well-grown malts to charr, at
212 degrees water boils, at 600 quicksilver and oil of vi-
triol.  Gold, silver, iron, and most other metals in fu-
sion exceed this heat ; greater still than any known is
the fire in the focus of the burning lens of Tschirnhausen,
or of the concave mirror made by Villette ; they are
said to volatilise metals and vitrify bricks. Thus far ex-
periments have reached ; but how. much more, or how
much less, the power of this element extends, will pro-

bably be for ever hid from mankind.




THE THEORY OF BREWING. 19

SECTION IL

OF AIR.

NONE of the operations, either of nature or art, ¢an
be carried on without the action or assistance of air. It
is a principal agent in fermentation ; and therefore brew-
ers ought to be well acquainted with its principal pro-
perties and powers.

By air we mean a fluid, scarcely perceptible to our
senses, and discovering itself only by the resistance it
makes to bodies. We find it every where incumbent
on the surface of the globe, rising to a considerable
height, and commonly known by the name of atmos-
phere, The weight of air is to that of water as 1 to
850, and its gravitating force equal to that of a column
of water of 33 feet high; so that an area of one foot
square receives, from air, a pressure equal to 2080 pounds
weight.

Elasticity is a property belonging only to this element,
and this quality varies in proportion to the compressing
weights. We scarcely find this element, (any more than
the others) in a pute state ; one thousandth part of com-
mon air, says Boerhaave, consists of aqueous, spiritous,
oily, saline, and other particles scattered through it.—
These are not, or but little, compressible, andin general
prevent fermentation: consequently, where the air is

B2
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purest, fermentation is best carried on. The same au-
thor suspects, that the ultimate particles of air cohere to-
gether, so as not easily to insinuate themselves into the
smallest pores, either of solids or fluids. Hence, those
acquainted with brewing, easily account, why very hot
water, which forces strong and pinguious particles from
malt, forms at the same time extracts unfavourable for
fermentation, as oils are an obstruction to the free en-
trance of air; and, from an analogous reason, extracts
which are much less impressed with fire, in them fermen-
tation is so much accelerated, that the whole soon be-
comes sour.

Air, like other bodies, is .expanded and rarified by
heat, and exerts its elasticity in proportion to the num-
ber of degrees of fire it has received ; the hotter therefore
the season is, the more active and violent will the fer-
mentation be.

Air abounds with water, and is perpetually penetrat-"
ing and insinuating itself into every thing capable of re-
ceiving it. Its weight, or gravitating force, must neces-
sarily produce numberless effects. The water contained
in the air is rendered more-active by its motion ; hence
the saline, gummous, ;_xn(i saponaceous particles it meets
with are loosened in their texture, and, in some degree,
dissolved. As principles similar to these are the chief
constituent parts of malt, the reason is obvious why
such, which are old, or have lain-a proper time exposed:

1
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to the influence of the air, dissolve more readily, or, in
other words; yield a more copious extract than others.

All bodies in a passive state, remaining a sufficient
time in the same place, become of the same degree of
heat with the. air itself. On this account the water,
lying in the backs used by brewers, is nearly of the
same degree of heat as the thermometer shews the open
air in the shade to be. 'When this instrument indicates
2 cold below the freezing point, or 32 degrees, if the
water does not then become ice, the reason is, because it
has not been exposed long enough to be thoroughly af-
fected by such a cold. For water does not immediately
assume the same degree of temperature with the air,
principally on account of its density, also from its being
pumped out of deep and hot wells, from its being kept
in motion, and from many other incidents. Under these
circumstances, no great crror can arise’ to estimate its
heat equal to 35 degrees. |

Air is not easily expelled from bodies, either solid or
fluid. Water requires two hours boiling to be dis-
charged of the greatest part of its air. That it may be
thus expelled by heat appears from hence; water, if
boiled the space abovementioned, instead of having any
air bubbles when it is froze, as ice commonly has, be-
comes a solid mass like crystal.

Worts or'musts,, as they contain great quantities of
salts and oils, require a greater degree of heat to make

B3
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them boil: consequently more air is expelled from boil-
ing worts, than from boiling water in the same time;
and 'as:air doth not instantaneously re-enter those bo-
“dies,* when cold, they would never ferment' of them-
selves. - Were it not for the substitute of yeast, to sup-
ply the deficiency of air lost by boiling, they would fox
or putrify, for want of that internal elastic air, which is
absolutely necessary to fermentation.

As air joined to water contributes so powerfully to
render that fluid more active, that water which has en-
dured firé the least time, provided it be hot enough, will
make the strongest extracts.’

Though there is air in every fluid, it differs in quan-
tity in different fluids; so that no rule can be laid down
for the quanti.ty of air, which worts should contain.—
Probably the quantity, sufficient to saturate one sort, will
not be an adequate proportion for another.

Air in this manner encompasses, is in contact with,
confincs, and compresses all bodies. It insinuates itself
into their penetrable passages, exerts all its power either
on solids, or fluids, and finding in bodies some elements
to which it has a tendency, unites with them. By its
weight and perpetual motion, it strongly agitates those
parts of the bodies in which it is contained, rubs, and
intermixes them intimately together. By disuniting

* Tt requircs seven or eight days. (See Dissertation sur la glace
par Mons, de Mayran,) Paris edition, 1749. Page 191.
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some, and joining others, it produces very singular ef-
fects, not easily accomplished by any other means.—
That this element has such surprising powers, is evident
from the following experiment. ¢ Fermentable parts
¢ duly prepared and disposed in the vacuum of Mr.
¢¢ Boyle’s air-pump will not ferment, though acted up-
¢ on by a proper heat ; but, dischargihg their air, re-

¢ main unchanged.”

B4,
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SECTION IIL
OF WATER.

As vateris perpetually an objeet of our senses, and made
use of for most of the purposes of life, it might be iinagined‘
the nature of this element was perfectly understood: but.
they who have enquired into it with the greatést care,
find it very difficult to forma justidea of it. One reason
of this difficulty is, water is not easily separated from”
other bodies, or other bodies from water. ~Hartshorn,
after having been long dried, resists a file more than
iron; yet, on distillation, yields much water. I have
already observed, that air is intimately mixed with, and
possibly never entirely separated from it, but in a va-
cuum ; how is it possible then ever to obtain water per-
fectly pure?

In its most perfect state, we understand it to be a li-
quor very fluid, inodorous, insipid, pellucid, and colour-
less, which, in a certain degree of cold, freezes into a
brittle, hard, glassy ice. »

Lightness is reckoned a perfection in Water, that which
weighs less being in general the purest. Hence the
great difficulty of determining the standard weight it
should have. Fountain, river, or well waters, by their
admixture with saline, earthy, sulphureous, and vitriolic

substances, are rendered much heavier than in their na-
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tural state ; on the other hand, an increase of heat, or an
addition of air, by varying the expansion, diminishes the
weight of water. A pint of rain-water, supposed to be
the purest, is said'to weigh 15 ounces, 1 drachm, and 50
grains, but, for the reasons just now mentioned, this must
differ in proportion as the seasons of the year do from
each other.

Another property of water, which it has in common
with other liquors, is its fluidity, which is so great, that a
very small degree of heat, above the freezing point,
makes it evaporate. = Experiments to ascertain the pro-
portion steemed away of the quantity of water used in
brewing, is an object worthy of the artist’s curiosity ;
but the purer the water is, the more readily it evapo-
rates. Sea-water, which is supposed to contain one for-
tieth part of salt, more forcibly resists the power of fire,
and wastes much less, than that which is pure.

The ultimate particles of this element, Boerhaave be-
lieved to be much less than those of air, as water passes
through the pores and interstices of wood, which never
transmit the least elastic air; nor is there, says he, any
known fluid, (fire excepted, which forces itself through
every subject) whose parts are more penetrating than
those of water. Yet as water is not an universal dis-
solver, there are vessels which will contain it, though

they will let pass even the thick syrup of sugar, for su-
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gar makes its way by dissolving the tenacious and oily
substance ‘of the wood, which water cannat do.

Water, when fully saturated by fire; is said to boil;
and by the'impulse of that élement, comes under a strong
ebullition.  Just before this violent -agitation -takes
place, I have already observed, it occupies one seventy-
sixth more space than when cold: so the brewer who
would be exact, when he intends to reduce his liquor to
a certain degree of heat, must allow: for this expansion;
abating therefrom the quantity of steam exhaled.

As yrater, by boiling, may be said to be filled or satu-
rated with-fire, so may it be with any other substance
capable of being dissolved therein ; but, .though it will
dissolve only a given quantity of any particular substance,
it may, at the same time, take in a certain proportion of
some other. Four ounces of pure rain water will melt
but one ounce of common salt, and after taking this as
the utmost of its quantity, it will still receive two scru-
ples of another Kind of salt, viz. nitre. In like manner
the strongest extract of malt is capable of receiving the
properties belonging to hops: but in a limited pro-
portion.  This appears from the thin bitter pelicle, that
often swims on the surface of the first wort of brown
beers, which commonly are overcharged with hops, by
putting the whole quantity of them at first therein ; the
wort not being capable of suspending all that the heat
dissolves, it r;o sooner cools but these parts rise on the

’

1
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top.  This may serve as a hint to prevent this error, by
suffering the first wort to have no more hops boiled
therein than it can sustain : but as this incident must va~
ry, in proportion tothe heat of the extracts and quantity
of water used, some few experlments are necessary toin-
dicate the due proportion for the several sorts of drink,
This however should always be extended to the utmost,
for the first wort, which, from its nature and consituent
parts, stands most in need of the preservative quality the
hops impart.

Water acts very differently, as a menstruum, accord-
ing to the quantity of fire it contains: consequently its
heat is a point of the utmost importance with regard to
brewing, and should be properly varied according to
the drynes§ and nature of the malt, according as it is
applied either in the first or last. mashes, and in pro-
portion also to the time the beer is intended to be kept.
These ends, we hope to shew, are to be obtained to a
degree of numerical certitude. ‘

Nutrition cannot be carried on without water, though
likely water itself is not the matter of nourishment, but
only the vehicle. »

Water is as necessary to fermentation as heat or air.
The farmer, who stacks his hay or_corn before it is suf-
ficiently dried, soon experiences the terrible effects of
too much moisture, or water, residing therein: all vege-

tables therefore intended to be long kept, ought to be
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weli dried.  The brewer should carefully avoid purchas-
ing hops that are slack bagged, or kept in a moist place,
or malt that has been sprinkled with water soon after it
was taken from the kiln. By means of the moisture, an
internal agitation is raised in the corn, which agitation,
though soon stopped, for want of a sufficient quantity of
air, yet, the heat thereby generated remaining, every
adventitious seed, fallen from the air, and resting on the
¢otn, begins to grow, and forms 2 moss, which dies, and
leaves a putrid musty taste behind, always prevailing,
more or less, in beer made from such grain.

That water is by no means an universal solvent, as
some people have believed, has been already observed.
1t certainly does not act as such on metals, gems, stones,
and many other substances: it is not in itself capable of
dissolving oils, but is miscible with highly rectified spi-
rits of wine, or alchohol, which is the purest vegetable
oil in nature. All saponaceous bodies, whether artificial
or natural, fixed or volatile, readily melt therein; and
as many parts of the malt are dissoluble in it, they must
either be, or become by heat, of the nature of soap,
that is, equally miscible with oils and water.

When a saponaceou.s substance is dissolved in water,
itlathers, froths, and bears a head ; hence, in extracts of
malt,b we find these signs in the underback. Weak and
slack liquors, which contain the salts of the malt without

a sufficient quantity of the oils, yield no froth. Some.
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what like this happens, when the water for the extract
is over-heated, for then as move:ils ave extracted than
are sufficient to balance the salts, the extract comes
down as before, with little or no froth or head. This
sameness of appearance, from two causes directly oppo-
site to each other, has many times misled the artist, and
shews the necessity there is to employ means less liable
to error.

This might be a proper place to observe the diffe-
rence between rain, spring, river, and pond waters ; but
as the art of brewing is very little affected by the diffe-
rence of waters, if they be equally soft, but rather de-
pends on the due regulation of heat; and as soft waters
are found in most places, and b;ecomé more alike, when
heated to the degree necessary to form extracts from
malt; it is evident, that any sort of beer or ale may be
brewed with equal success, where malt and hops can be
procured proper for the respective purposes. If hither-
to prejudice and interest have appropriated to some
places a reputation for particular sort of drink‘s, it has
arose from hence; the principles of the art being totally
unknown, the event depended on experience only, ‘and
lucky combinations were more frequent where the
greatest practice was. Thus, for want of knowing the
true reason of the different properties observed in the
several drinks, the cause of their excellencies or defects

was ignorantly attributed to the water made use of, and
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the inhabitants of particular places soon found an ad-
vaﬁtzt'ge, in availing themselves of this local reputation.
But just and true principles, followed by as just a prac-
tice, must render the art more vniversal, and add dignity
to the profession, by establishing the merit of our barley
wines on knowledge, not on opinion void of judgment.
To place this truthin a fuller light, and to communicate
to the brewer the readiest means to examine any waters
he may have occasion to use, I have extracted from
Doctor Lucas’s Essay on Waters, the experiments he
made on the Thames, New River, and Hampstead com-
pany’s waters, but without closely adhering to the accu-
racy. this gentleman prescribed to himself; such exact-
ness much better suiting a man of his abilities: for the

purposes of brewing it is not of absolute necessity.




Experiments

5ub‘7'ects em-
ployed.

Twenty' drops
jrup of violets,

Tafusion of cam-
echy wood to a
fark orange.

.
1 grain of co-
ainelle, in pow-
Jer,

Alcaline lye, 5
jrops.

Solution of Soap.

A diluted acid
vitri

Mercury subli-
ate dissolved in
ure water, 10

—_—

A solution of
percury in  the
cid of nitre.

A solution of
fad in distilled
negar, at every
FOp as far as 4
frops.

A solution of
fiver in the acid
n‘itre, 4 drops.

on the Thames, New River, and Hampstead Watcrs, which in general are
in use in the Cities of London and Westminster.

Thames, at Somerset
House.
Quantity of insoluble

matter in one Pint, one
grain and a half.

Quangity of water nsed
two ounces.

Produced-—~a sea-green.

A pink color
heighten to crimson.

A pink bloom
heightens to erimson ;
fades to a pale muddy
purple, letting fall ob-
scure green clonds.

Slight milky
cloud ; becomes milky
all over; a light sedi-
ment of pale earth coats
the glass, and is fouad
at bottom.

-co-
lored milkiness, but no
cougulation.

No percepti-
ble change. b=

—

No change;
upon standing, a mother
ot pearl colored pellicle
covered the surface ; the
liquor beneath slightly
wlky. .

Pale clouds
at every drop : 1st white
and milky, theu yellow-
ish ; four drops more got
the same color all over;
upon standing, a slight
pale pellicle arose, and
a muddy ochre-colored
sediment subsided.

A bright mil-
ky cloud, which, grow-
ing more opac und white,
subsided ; upon being
stirred, had a milky opa-
city all over; upon
standiag, threw up a pale
pellicle, and let fall
white precipitate.

Cauced a
pearled milkiness ; upon
standing s\lhsided'a vio-
let purple colored pre-

cipitate.

Inferences from the ex-
periments on Thames
water,

A small quantity of al-
kaline priaciple.

A calcarious earth dis-
solved in a marine acid,
perhaps something of a
volatil alkaly, whence
the water appears vafit
for the scarlet dse.

Confirms the preceding
experiment.

Charged with terrinc
parts,dissojved by means
of an 2aid; at hizh wa
ter more acid in the wa-
ter than at low, aod the
alkaline principle in this
river more at low water
than at high.

Canfirms the -former
obsesvation.

Shews an alkaly not
predominaat. *

The quantity of alkaly
incensiderable,

New River.
Quantity of msolable

matter in one pint, oue
grain and a half,

Quantity of water ased
two ounces. g
Produced a paler green.

A paler pink
but heightenr:ls Thames

‘ ‘The same as
the Thames water.

~

Less  mitky,
with less sediment.

Hampstead.

In 24 hours discharges
air, lets some light se-
diment fall, and grows
clearer.

Quantity of water used
two ounces.
Produced, 1st a_ sea-
green; npon standimg,
heightens; in 12 housrs

becomes yellowish.

A pimk bloom ;

:‘gon standing heightens;

cer fades, and comes

to the color of old Ca-
mary Wine.

—

. A very beaun-
tiful erimson ; heightens
upon standing; in 12
hours suffers no diminu-*
tion of color.

Of alkalie lye msed
ten drops.—Worked no
sensible change in this
water,

Shews some absorbent
earth, by means of an
acid, suspended in the
water.

Confirms the prece-
ding observation.

Shews some portion ot
sea.salt, of which the
Thames has more at high
water than at low.

The same as
Thames, but slighter. |

The same as
Thames, but in a lower
degree.

= The same ef-
fects, but slighter; the
precipitate of a pale vi-
olet color.

=% Mixes smooth-
20 cosrulis ™Y 3 11y, and causes 2 siight
Upon standing

No _ sensible | shews some air bubbles,

change. and seems somewhat
' brighter.

The same ap- The same ap-
pearance as Thames; | pearance, but rather
rather slighter precipita- { stighter than any of the
tiou. other two.

Upon dropping
no chauge appears; up-
on standing grows mitky,
thea to a pale yellow,
with & slirht pearl-co-
lored pellicle ; shews no
air nor sediment; the
glass slightly conted up-
on standing; precipita-
ted fairly.

The same as
New River}

Pale  bluiss
white clouds; the pre-
cipitate, a bluish slate
color, thinly covered the
siies aad bottoin of the

slass.
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All these waters appear to be sufficiently pure for the
common uses of life; the difference between them is
very trivial, if any: those of Hampstead approach near-
est to the simple state this element is to be wished for.
Although it cannot be said to have an immediate relation
to this work, yet it may not, perhaps, be disagreeable or
useless here to add the quantities of water the cities of
. London and Westminster, and the adjacent buildings, are

daily supplied with.

From the New River Company 57897 Tons per Day.

London Bridge, ........ 8500
Chelsea, B, 38 g one 1740
Hampstead, «...coceveene 1200
York Buildings, ........ 849
Hartshorn Lane, ....... 205

70391 Tons required
~ every 24 hours.
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SECTION IV.
OF EARTH.

REGULARITY requires some notice should be taken
of this element. The great writer on chymistry, so often
mentioned, defines it to be a simple, hard, friable, fossil
body, fixed in the fire, but not melting in it, nor disso-
luble in"water, air, alcohol, or oil. These are the cha-
racters of pure earth, which, no more than any of the
other elements, ‘comes within our reach, free from ad-
mixture. Though it is one of the component parts of
all vegetables, yet as, designedly, it is never made use of
in brewiﬂg, except sometimes for the purpose of preci-
pitation ; it is unnecessary to say any thing more upon it :
whoever desires to be farther informed concerning its
properties may consult all, or any of the authors before

mentioned.
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SECTION V.
OF MENSTRUUMS OR DISSOLVENTS.

B Y menstruums is understood a body which, in a fluid
or subtilised state, is capable of interposing its small
parts betwixt the small parts of other bodies. This act
so obviously relates to the art of brewing, especially
where the extracting of the malt and the boiling of the
hops are concerned, that it should not be passed un-
heeded by.

The doctrine of menstruums, as laid down by Boer-
haave, seems most intelligible and applicable to our pur-
pose. He says, the solutions of bodies in general are the
effect only of attraction and repulsion, between the par-
ticles of the menstruums and those of the body dissolved,
the whole action depending on the relation between
these two; of consequence, there cannot be any body,
natural or artificial, which, without distinction, will dis-
solve all bodies whatsoever ; nor is the cause assignable
why certain menstruums dissolve certain bodies : the
effects of alcaline, acid, neutral, fixed, or volatile salts,
any more than those of oils, water, alcohol, fire, or air,
are not to be accounted for by any general rule, that
universally holds true ; nor even, in many cases, doth the

dissolution of a body depend on the purity or simplicity
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of the menstruum : the nearest path thento success, is
cautiously to apply every menstruum we know of to
the body whose solvent we want to discover.

The elements of fire and air greatly promote the action
and effect of menstruums, and in this light they are ad-
mitted as such. Water dissolves most salts, all the na-
tural sapos of plants, and the ripe juices of fruits ; for in
these, the oils, salts, and spirit of the vegetables, are ac-
curately mixed and concreted together, and malts, hav-
ing the same constituent parts with them, this element
becomes 2 proper menstruum to extract this grain:
though malts, by being dried with heats which greatly
exceed what is necessary to bring barley to a state of ma-
turity, do, from hence, require greater, though de-
terminate hieats, yet inferior to that at which water boils ;
but such heats must be applied in proportion to their
dryness, to extract -their necessary parts. Even earths,
by the intervention of acids, dissolve in water ; but having
treated of the four elements already, as far as we con-
ceived was requisite for the art of brewing, we shall, in
* this chapter, confine ourselves to oils and salts, and view
these acting as menstruums only.

To the definition already given of oils, it may be ne-
cessary to add, in general, they contain some water, and
a velatile acid salt; that they receive different appella-
tions, and have different properties in proportion to their
respective spissitudes.  Oils from vegetables are obtain-

C2
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ed by expression, infusion, and distillation ; in either of
which methods; a too great heat is to be avoided, as this
gives them a prejudicial rancidness, and where water
does not interpose, alters their color until thereby they
are turned black.

In general oils unite with themselves, but, excepting
alcohol, not with water, unless when combined with
salts, for salts attract water, and so they do oils: hence
arises many elegant preparations both natural and arti-
ficial, from which wines-are formed.

The power of oils in dissolving bodies is in a propor-
tion to their heat, and being capable, when pure, of re
ceiving a guantity of fire equalto 600 degrees, it is not
surprising this liquid should mix with gums and with re-
sinous bodies ; but the color of these, and of every sub-
Jject when thrown into boiling oils, changes in proportion
to the impression made on them by heat, either to a yel-
low, a red, or a black.  Oils which are inspissated, or
thickened by heat, are termed balsams. Do not the oils
of malt, from the heat they have undergone, resemble
these ! and from the circumstance of their having en-
dured a heat superior to that nécessary for putrefaction,
may they not be suspected to possess a volatile alcaline
salt? Beyond doubt, the extracts from malt (though they
boil at a heat of 218 degrees only) yet do they, in great

. measure, dissolve hops, which are gum resinous.
Salt may well be denominated a menstruum, as it is
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easily diluted with water; fixed alcaline salts we have:
alrcady seen appear to be the produce of fire alone.—
Such are never distinguished in the composition of vege-
tables in their natural state ; though a volatile alcalious
salt (the effect of heat equal or superior to that necessary
for putrefaction) is found in many, and especiaily in
such as are putrified. ;

The power of a fixed alcali as a solvent is great, ap-
plied (says Boerhaave) to animal, vegetable, or fossil
concretions, so far as they are oils, balsams, gummy, re-
sinous, or of gummy resinous nature, and therefore con-
creted from oily substances: these, this salt intimately
opens, attenuates, and resolves: disposing them to be
perfectly miscible with water: oils of alcohol leaving
however the impression of taste naturally belonging
to this salt.

Vegetable acid salt dissolves animal, vegetable, fossil,
and metalline substances, except mercury, silver, and
gold. In most terrestrial vegetables this salt is evident ;
ripe mealy corn has the least indication of it, yet extracts
therefrom, when fermented, and sometimes before they
are fermented, discover sensibly their acidity. Sea-plants
in general have not their roots inserted in the earth at
the bottom of the sea, and these in distillation yield an
oily volatile alcali ; but more subtil than the native acids
of vegetables, are the vinous acids produced by fermen-
tation ; they dissolve equally most matters put into them,

C3
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and render the whole homogene. Into a must or wort,
when under this act, by means of an eleosaccharum,
might be introduced the choicest flavors, and the aroma-
tics of the Indies be applied to heighten the taste and
flavor of our barley wines. The laws of England at
present subsisting are indeed opposite to any improve-
ment of this sort, from the apprehensions of abuse: but
where elegance alone is intended, undoubtedly the merit
of our beers and ales might thereby be increased. As
such, this is a part of chymical knowledge well worth the
enquiry and attention of the brewer.

Neutral salts have already been mentioned ; these are
very vérioug, and very different when acting as men-
styuums. Resins and gum-resins are generally said to
be most effectually dissolved by alcohol ; but Boerhaave
informs us, that sal-amoniac (a very salutary subject and
a neutral salt) if boiled with gums, resins, or the gum-
resins of vegetables, intimately resolves, and disposes
them to be conveniently mixed in aqueous and ferment-
ing spiritous menstruums. Of this class of salts thus
much is sufficient. This observation perhaps is of toc

much consequence to escape the notice of the artist.
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SECTION VL

OF THE THERMOMETER,

THIS instrument is designed for measuring the increase
or decrease of heat. By doing it numerically, it fixes in
our minds the quantity of fire, which any subject, at any
time, is impregnated with. If different bodies are
brought together, though each possesses a different de-
gree of heat, it teaches us to discover what degree of
heat they will arrive at when thoroughly mixed,' sup-
posing effervescence to produce noalteration in the mix-
ture.

The inventor of this admirable instrument is not eer-
tainly known, though the merit of the discovery hasbeen
ascribed to several great men, of different nations, in or-
der to do them and their conntries honor. It came to
us from Italy, about the beginning of the sixteenth cen-
tury. The first inventors were far from bringing this
instrument to its present degree of perfection. As it
was not then hermetically sealed, the contained fluid
was, at the same time, influenced by the weight of the
air, and by the expansion of heat. The academy of
Florence added this improvement to their thermometers,
which soon made them more generally received; but,
as the highest degree of heat of the instrument, con-
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structed by the Florentine gentlemen, was fixed by the
action of the strongest rays of the sun in their country,
this vague determination, varying in almost every place,
and the want of a fixed universal scale, rendered all the
observations made with such thermometers of little nse
to us.

Boyle, Halley, Newton, and several other great men,
thought this instrament highly worthy of their attention.
They endeavoured to fix two invariable points to reckon
from, and, by means of these, to establish a proper divi-
sion. Monsieur des Amontons is said to have first made
use of the degree of boiling avater, for graduating his
mercurial thermometers, Fahrenheit, indeed, found the
pressure of the air, in its - greatest latitude, would cause
a variation of six degrees in that point ; he therefore con-
cluded, a thermameter made at the time when the air
is in its middle state, might be sufficiently exact for
almost every purpose. Long before the heat of boiling
water was settled as a permanent degree, many means
were proposed to determine another. The degree of
temperature in a deep cave or cellar, where no external
air could reach, was imagined by many a proper one;
but what that degree truly was, and whether it was fixed
and universal, was found too difficult to be determined.
At last the freezing point of water was thought of, and
though some doubts arose, with Dr., Halley and others,
whether water constantly froze at the same degree of
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cold, - Dr. Martine has since, by several experiments,
proved thisto be beyond all doubt, and this degree is
now received for as fixed a point as that of boiling
water.

These two degrees being thus determined, the next
business was the division of the intermediate space on
some scale, that could ‘be gencfally received. Though
there seemed to be no difficulty in this, philosophers of
ditferent countries have not been uniform in'their deter~
minations, and that which is used in the thermometer at
present the most common, and, in other respects, the
most perfect, is far from being the simplest.

The liquid wherewith thermometers were to be
filled, became the object of another enquiry. Sir Isaac
Newton employed, for this purpose, linseed oil ; but
this, being an unctuous body, is apt to adhere to the sides
of the glass, and, when suddenly affected by cold, for
want of the parts which thus stick to the sides, does not
shew the true degree.

Tinged water was employed by others ; but this freez-
g, when Fahrenheit’s thermometer points 32 degrees,
and boiling, when it rises to 212, was, from thence, in-
capable of denoting any more intense cold or heat.

Spirit of wine, which endures much cold without
stagnating, was next made use of; but this liquor,

being susceptible of no greater degree of heat than that
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which, in Fahrenheit’s scale, is expressed by 175, could
be of no service where boiling water was concerned.

At last the properest fluid, to answer every purpose,
was found to be mercury. This had never been known
to freeze* ; and not to boil under a heat of 600 degrees,
and is free from every inconveniency attending other
liquors, :

As the instrument is entirely founded on this princi-
ple, that heat or fire expands all bodies, as cold con-
denses them, there was a necessity of employing a fluid
easy tobe dilated. A quantity of it is seated in one part -
in the bulb. This being expanded by heat, is pushed
forward into a fine tube, or capillary cylinder, so small,
that the motion of the fluid in it is speedy and percep-
tible. Some thermometers have been constructed with
their reservoir composed of a larger cylinder ; but in ge-
neral, at present, they are made globular. The smaller
the bulb is, the sooner it is heated through, and the finer
the tube, the greater will be the length of it, and the
more distinct the degrees. It is scarcely possible that
any glass cylinder, so very small, should be perfectly
regular ; the quicksilver, during the expansion, passing

throngh some parts of the tube wider than others, the

* Lately, indeed, b:y such intense cold as can only be procured
with the greatest art, and in the coldest climates, mercury is said ta
have been stagnated, or fixed,
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degrees will be shorter in the first case, and longer in the
latter. If the divisions, therefore, are made equal be--
tween the boiling and freezing points, a thermometer,
whose cylinder is irregular, cannot be true. To rectify
this inconveniency, the ingenious Mr. Bird, of London,
puts into the tube about the length of an inch of mercu-
ry; and measuring, with a pair of compasses, the true
extent of this body of quicksilver in one place, he moves
it from one end to the other, carefully observing where
it increases or diminishes in length, thereby ascertaining
the parts, and how much the degrees are to be varied.
By this contrivance, his thermometers are perfectly ac-
curate, and exceed all that were ever made before.

1 shall not trouble my reader with numerous calcula-
tions that have been made, to express the quantity of
particles of the liquor contained in the bulb, in order to
determine how muchit is dilated. This, Dr. Martine seems
to think a more curious than useful enquiry. It is suffi-
cient, for our purpose, to know how the best thermome-
ters ought to be constructed: they who have leisure and
inclination, may be agreeably entertained by the author
last cited.

By observing the rise of the mercury in the thermo-
meter, during any given time, as, for instance, during
the time of the day, we ascertain the degree and value

of the heat of every part of the day, from whence may
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be fixed the medium of the whole time, or any part
thereof. By repeated experiments, it appears, the me-
dium heat of most days is usually indicated at eigbt
o’cloek in the morning, if the instrument is placed in
the shade, in a northern situation, and out of the reach
of any accidental heat.

Though water is not so readily affected as air by heat
and cold, yet, as all bodies long exposed in the same
place, become of the same degree of heat with the air
itself, no great error can arise from eétimating water, in
general, to be of the same heat as the air, at eight o’clock
in the morning, in the shade.

The thermometer teaches us that the heat of boiling
water is equal to 212 degrees, and by calculation we may
know what quantity of cold water is necessary to bring
it to any degree we choose ; so, notwithstanding the in-
strument cannot be used in large vessels, where the wa-
ter is heating, yet, by the power of numbers, the heat
may be ascertained with the greatest accuracy. The
rule is this: multiply 212, the heat of boiling water, by
the number of barrels of water thus heated, (suppose 22)
and the number of barrels of cold water to be added to
the former, (suppose 10,) by the heat of the air at eight
o'clock, (suppose 50,) add these two products together,
and divide by the sum of the barrels; the quotient shews
the degree of heat of the water mixed together.
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212 heat of boiling water. 5
22 barrels to be made to boil.

—

424 50 deg. heat of air at eight.
424 10 barrels of cold water.
22 4664 500
10 500

sum 32 ) 5164(161 £ degrees will be the heat of the water
of barrels 32 when mixed together.

196
192

44
32

12

The calculation may be extended to three or more
bodies, provided they be brought to the same denomi-
nation. Suppose 32 barrels of water to be used where
there is a grist of 20 quarters of malt, if these 20 quar-
ters of malt are of a volume or bulk equal to 11 barrels
of water, and the malt, by having lain exposed to the air,
is of the same degree of heat with tl‘ne air, in order to
know the heat of the mash, the célculation must be thus
continued.
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1613 heat of water 50 degrees of heat of malt

32barrels of watér 11 barrels, volume of malt

333 550
483

32 water 5163
Il malt 550 °
43 } 5713 ( 132 degrees, which will be the heat of

43 the mash.

141

129

123
86

317

We shall meet hereafter with some incidents, which oc-
casion a difference in the calculations made for the pur-
pose of brewing, but of these particular mention will be
made in the practical part,

The thermometer, by shewing the different degrees of.
heat of each part of the year, informs us, at the same
time, how necessary it is the proportions of boiling water
to cold should be varied to effect an yniform intent ; also
that the heat of the extracts of small beer should differ
proportionably asthe heats of the seasons do: it assists us
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to fix the quantity of hops necessary to be used at diffe-
rent times ; how much yeast is requisite, in cach term of
the year, to carry on a due fermentation ; and what va-
riation is to be made in the length of time that worts
ought to boil. .Indeed, without this knowledge, beers,
though brewed in their due season, cannot be regularly
fermented, and whenever they prove good, so often may
it be said fortune was on the brewer’s side.

Beers are deposited in cellars, to prevent their being
affected by the variations of heat and cold in the exter-
nal air. By means of the thermometer, may be deter-
mined the heat of these cellars, the temper the liquor is
kept in, and whether it will sooner or later come for-
ward.

The brewing season, and the reason why such season
is fittest for brewing, can only be discovered by this in-
strument. It points out likewise our chance for success,
when necessity obliges us to brew inthe summer months.

As all vegetable fermentation is carried on in heats,
between two settled points, we are, by this instrument,
taught to put our worts together at such a temperature,
as they shall neither be evaporated by too great a heat,
nor retarded by too much cold.

If curiosity should lead us so far, we might likewise
determine, by it, the particular strength of each wort, or
of every mash; for if water boils at 212 degrees, oil at

600, and worts be a composition of water, oil and salt;
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the more the heat of a boiling wort exceeds that of
boiling water, the more oils and salts must it contain, or
the stronger is the wort.

A given quantity of hops, boiled in a given quantity
of water, must have a similar effect, conscquently the
intrinsic value of this vegetable may, in the same man-
ner, he ascertained. ;

The more the malts are dried, the more do they alter
in color, from a white to a light yellow, next to an am-
ber, farther on to a brown, until the color becomes
speckled with black ; in which state we frequently see'it.
If more fire or heat is continued, the grain will at Jast
charr, and become intirely black. By observing the
degrees of heat necessary to induce these alterations, we
may, by the mere inspection of the malt, know with
what degree of fire it has been dried ; and fixing npon
such which best suits our purpose, direct, with the
greatest accuracy, not only the heat of the first mash,
but the mean heat the whole brewing should be impres-
sed with to answer our intent, circumstances of the
greatest consequence to the right management of the ‘
process.

If T had not already said enough to convince the brew-
er of the utility of this instrument, how curious he ought
to be in the choice, and how well acquainted with the
use of it, T should add the heat gained by the efferves-
cing of malt, is to he determined by it alene; the quan-
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tity of heat lost by mashing, by the water in its passage
from the copper to the mash ten, and by the extract
coming down into the underback, these can be found by
no other method ; and, above all, that there is no other
means to know with certainty the heat of e?ery extract.
I know very well good beers were sometimes, perhaps
often, made before the thermometer was known, and
still is, by many who are entirely ignorant of it ; but this,
if not wholly the effect- of chance, cannot be said to be
very distant from it. They who carry on this process,
anassisted by principles and the use of the thcrmor;leter,
must admit they are frequently unsuccessful, whereas
did they carefully and with knowledge apply this in-
strument, they E:ertainly would not be disappointed.—
Itis equally true, the brewing art, for a long space of
time, has been governed by an ill-conveyed tradition
alone ; if lucky combinations have sometimes flattered
‘the best practitioners, faulty drinks have as often made
them feel the want of certain and well established rules.
It is just as absurd for a brewer to refuse the use of the
'thermometer, as it would ‘be for an architect to reject
the informations of his plummet and rule, and to assert
they were unserviceable because the first house, and pro-

bably many others, were built without their assistance.
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SECTION VIL

OF THE VINE, ITS FRUITS, AND JUICES.

AFTER these short acconnts of the principles and in-
strument necessary to the right understanding of the
brewing art, we should now draw near to the particular
object of this treatise, but as the most successful method
to investigate it, must be first to inspect the great and
similar example nature has set before us, our time will
not be lost by making this enquiry.

Any fermented liquor, that, in distillation, yields an in-
flammable spirit miscible with water, may be called
wine, whatever vegetable matter it is produced from.—
As beer and ales contain a spirit exactly answerable to
this definition, brewing may justly be called the art of
making wines from corn. Those, indeed, which are the
produce of the grape, have a particular claim to the
name, either because they are the most ancient and the
most universal, or that a great part of their previous
preparation is owing to the care of nature itself. By
observing the agents she employs, and the circumstances
under which she acts, we shall find ourselves enabled to
follow her steps, and to imitate her operations.

Most grapes contain juices, which, when fermented,

become in time as light and pellucid as water, and are
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possessed of fine spiritous parts, sufficient to cherish,
comfort, and even inebriate. But these properti€s of -
vinosity are observed not to be equally perfect in the
fruits of all vines ; some of them are found less, others
not at all proper for this purpose. It is therefore neces-
sary to examine the circumstances which attend the
forming and ripening of those grapes, whose juices pro-
duce the finest liquors of the kind.

All grapes, when they first bud forth, are austere and
sour, therefore of 2 middle nature. And this can be no
other than the effect of the autumnal remaining sap,
mixed with the new raised vernal one, the consequence
of which mixture will be found greatly to merit our in-
quiry. As far as our senses can judge, at first, it appears
that the juice, in this state, consists of somewhat more
than an acid combined with a tasteless water. When
the fruit is ripe, it becomes full of a rich, sweet, and
highly flavoured juice. 'The color, consistency, and
taste of which shew, that, by the power of heat, a con-
siderable quantity of oil has been raised, and, sheathing
the salts, is the reason of its saccharine taste and saccha-
rine properties. ’

In England, grapes are probably produced under the
least heat they can be raised by. They discover them-
selves in their first shape, about June, when the mediumg
heat of the twenty-four hour’s shade is 57,60. This,
with what more should be added for the effect of the

D2
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sun’s beams, are the degrees of heat which first introduce
the juices into this fruit. ]

The highest degrees of heat, in the countries where
grapes come to perfect maturity, have been observed to
be, in various parts of Italy, Spain, and Greece 100, and
at Montpelier 88, in the shadé; to which, according to
Dr. Lining’s observations, 20 degrees must be added
for the effect of the sun’s beams. The greatest heat in
Italy will then amount to 120 degrees, and in the south
of France to 108. These approach nearly to the
strongest heats observed in the hottest climates, which,
in Astracan, Syria, Senegal, and Carolina, were from 124
to 126 degrees.

Those countries, where the heat is greatest, in general
produce the richest fruits, that is, the most impregnated
with sweet, thick and oily juices. Wearetold, among the
Tockay wine-hills, there is one which, directly fronting
the south, and being the most exposed to the sun, yields
the sweetest and rishest grapes. It is called the sugar-
hill, and the delicious wines extracted from this parti-
cular spot, are all deposited in the cellars of the impe-
rial family. Those grapes, some in the Canaries, some
in other ’places, being suffered to remain the Jongest on
the tree, with their stems half cut through, by this means
procure their juices to be highly concentrated, and pro-
duce that species of sweet, oily, balmy wines, which,
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from this operation, are called sack, a derivation of the
French word sec or dry.

In all distillations of unfermented vegetables, water
and acid salts rise first. A more considerable degree of
fire is required for the elevation of oils, and a still greater
one for the lixivial salts, which render those oils miscible
with water.

A plant, exposed fo a very gentleleat, at first yields a
water which contains the perfect smell of the vegetable
blended with a subtile oil ; if more heat be added, an’
heavier oil will come over: ?rom some a volatile alkali,
from others a phlegm will rise, which gradually grows
acid ;.and, last of all, with the farther assistance of ﬁré,
the black, thick, empyreumatic sulphur. Nature, in
aless degree, may be said to place a like series of events )
before our eyes, in the forming and maturating of
grapes, and it is by imitating what she does, that the in-
habitants of different countries may improve the advan-
tages of their soil and of their air.

In order to illustrate the doctrine, that grapes are en-
dued with various properties, in proportion to the heat
of the air tliey have been exposed to, let us remember
what Boerhaave has observed, that, in very hot wea-
ther, the oleous corpuseles of the earth are carried up
into the air, and, descending again, cause the showers
and dews in summer to be very different from the pure
snow of winter. The first are acrid, and disposed to
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froth, the last is transparent and insipid. Hence sum-
mer rain, or rain falling in hot seasons, is always fruitful,
whereas in cold weather it is scarcely so at all. In win-
ter the air abounds with acid parts, neither smoothed by
oils nor rarified by heat : cold is the condensing power, as
heat is the opener of nature. In summer, the air, dilat-
ing itself, penetrates every where, and gives to the rain
a disposition to froth, occasioned by the admixture of
oleous and aérial particles. Thus the acid salts, either
previously existing, or by the vernal heat introduced into
the grapes, and necessary to their preservation, are neu-
tralized by coming in contact with the juices the fore-
going autumn produced ; after which a hotter sun, cover-
ing or blending these juices with oils, changes the whole
into a saccharine form. In proportion as these acids arc
more or less sharp, and counterbalanced by a greater or
lesser quantity of oils, the juices of grapes approach
more or less to the state of perfection, which fermenta-
tion requires.

There are many places, as Jamaica, Barbadoes, &e.
in which experience shews the vine cannot be cultivated
to advantage. By comparing the heat of these places
with those in Italy and Montpeliér, it appears this de-
fect is not owing to excessive heats, but to their constan-
cy and uniformity ; the temperature of the air of these
countries seldom being so low as the degree necessary
for the first production of the fruit. Whenever the cul-
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tivation of the vine is attempted in these parts of the
West Indies, the grapes, on their first appearance, are
shaded and skreened from the beams of the sun, which,
in their infancy, they are not able to bear.

Hence we learn, though nature employs both the au-
tumnal and vernal seasons, yet there are lesser heats with
whichshe preparesthe firstjuice of grapes,astronger power
of the sun she requires to form the fruit, and a greater
than either to ripen it. We have investigated the lowest
degrees of heat, in which grapes are produced, and near-
ly the highest they ever receive to ripen them. Let us
call the first the germinating degrees, and the last those
of maturation. If nearly 58 be the lowest of the one,
and 126 the highest of the other, and if a certain power
of acids is necessai-y for the germination of the grapes,
which must be counterbalanced by an equalApower of
oils raised by the heat of the sun for their maturation,
then the medium of these two numbers, or 92, may be
said to be a degree at which this fruit cannot possibly
be produced, and inferior to that by which it should be
maturated. At Panama the lowest degree of heat in the
shade is 72, to which 20 being added, for the sun’s
beams, the sum will be 92, and consequently no grapes
can grow there, except the vines be placed in the
shade.

If we recollect that we can scarcely make wine, which
will preserve itself, of grapes produced in England, we
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shall be induced to think, that the reason of this defect
is the want of the high degrees of heat. Our sun sel-
dom raises the thermometer to 100 degrees, and that but
for a short continuance. Our medim heat is far infe-
rior to 92, and hence we see, at several distant terms in
summer, new germinated grapes, but seldom any per-
fectly ripe. These observations, the use of which, in
brewing, we will endeavour to apply, likewise point out
to us, what part of our plantations are fit to produce this
fruit, and to what degree of perfection.

A research made for each constituent part forming:
grapes, as well as the proportion they bear to one ano-
ther, -at first sight, appears to be an eligible method to.
discover the nature of wines; but in every vegetable
their parts are mixed and interwoven, and every degree
of heat, acting on them, finds these so blended, as to
render their division. too imperfect for such enquiry to-
be made with sufficient accuracy, to deduce therefrom
the rules of an art. In the producing, ripening, and
fermenting the juice of the grapes, as well as in forming
beers and ales, the element of fire so superlatively influ-
ences and governs evéry progressive act, as to occasion
some remarkable difference in- their appearance: from
hence, then, we may expect the information we want,
and be enabled to discover the laws by which Nature
forms her wines.

When the constituent parts of a subject are to be esti-
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mated by heat alone, the number of degrees compre-
hended between the first heat which formed it, and the
last which brought it to a perfect state, must express
the whole of its constituent parts. Complete finished
substances, must have been benefited by the whole lati-
tude of degrees applicable thereto; and in proportion as
part of the whole latitude is wanting, will their nature
be different, and themselves less perfect.

This variety is remarkable in the fruit we are now
treating of. A country endued with the lowest germi-
nating, and with the highest maturating degrees of heat
for grapes, would produce them in the utmost perfec-
tion; that is, they would possess all the several proper-
ties they could obtain from this circumstance; con-
sequently such are capable of forming wines that
would preserve themselves a very long time, and would
also become spontaneously fine. From the several
heats we have observed that this fruit is capable of en-
during, it is reasonable to believe the greatest number of
degrees of heat employed to form all their constituent
parts, must be where, during the whole space of vege-
tation, the heat in the shade varies from 60 to 106 de-
grees, and constitutes a difference of 46 degrees. = So
great a latitude, ordered by nature, most certainly de-
notes the general utility of the plant.

The climate of the southern part of France approaches

nearest to this ; but Spanish wines are richer ; theirgrapes
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are formed by a warmer sun; their vernal and maturating
heats exceed those of France; but, at the same time,
their wines are more stubborn, and, to be made fine, re-
quire the help of precipitation. This variety increases
according to the heat of climates: thus we see wines
which come from the coast of Africa, whose richness and
stubbornness are beyond the reach of any menstruum
employed to fine them. Let us endeavour to reduce this
apparent inconstancy to rule, in order to assist our art.—
If the lowest heat which forms the grape, in the southern
parts of France, be 60 degrees, and if 88 degrees, in the
shade, be the mean of their maturating heat, the diffe-
rence between 60 and 88, or 28 degrees, is the mumber
which includes the constituent parts of grapes in this
country, as these degrees imply the whole space of their
progress. If like juices were to be imitated by art, as
in our hot-houses, it is clear half the number of the de-
grees of heat which form the whole of the constituent
parts, or 14, deducted from 74, the mean heat of their
whole vegetation, would give 60, for the first heat to be
employed, and thisto be raised, for maturation, to 88, the
greatest heat, nature in this case, permits, or 14 degrees
to be added to the same whole mean. To liken the
wines of Spain, where the autumnal and vernal heats are
greater than in France, the heat forming the first juices
must be more, as also the maturating heats; but with

such practice, the number of constituent degrees would
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be found to be fewer, and spontancous brightness could
no more be expected, than it is found, in their wines.
A strict enquiry after the heats first and last applied
to grapes, is of such consequence to ascertain the prin-
ciples by which malt liquor should be formed, that,
though grapes produced in England scarcely make wines
which can maintain themselves sound, yet, as the rule
is universal, even from them we shall be able to esta-
blish not only its certainty, but also the application of
the number of the degre.es found between the heats which
germinate the fruit, and those which ripen them.
From twelve years observation, we have found
the mean heat in the shade, from the 1st of
June, to the 15th, when grapes with us first Deg,
bud forth, - tetber.....ollin. e 15 AT 57.60
Our greatest heat, under like circumstances,

from the 15th to the 31st of July, to be ...... 61.10

Their difference, ....cocvvevreniernees L, N Bl AN 3.50

Their medium, ....ccceeeee TRNIRE A S 2R 59.35

If, from their medium, 59.35, we subtract 1.75, half .
their difference, or half their constituent parts, we must
have left 57.60 for the germinating heat ; and if to their
mediam, 59.35, we add 1.75, half the number of their

constituent parts, we shall have 61.10, the highest mean
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heat, in the shade, at the time the richest juices of our
grapes are formed. It is'true, in July, nor even in the
following months, when the heat continues nearly alike,
our grapes are not ripe, nor gathered; the  properties
raised by our greatest sunshine, as yet have not reached
the fruit, and though the mean heat of the air in Septem-
ber and October is less, yet it is sufficient to place in
the grapes the juices raised by the preceding hot sun,
which concentrate and grow richer, by remaining on the
plant, though, for want of a sufficient heat, they do not
reach that perfection obtained in warmer climates.

The want of grapes in many parts both of America
and Africa, and the reason we gave for this, (See page
55,) warrants the truth of the division we have just now
made, between the germinating and maturating heats ;
and if the effects caused by a hot sun do not immediately
benefit the fruit, by a parity of reason, after the grapes
are gathered, the plant must possess, (and surely for
some longer space, by a continned heat, equal, and of-
ten superior, to the vernal sun,) juices which Nature
is too frugal not usefully to appiy ; these juices, we ap-
prehend, assist in forming the embryo of the leaves
which are fully to expand the ensuing year, ‘and serve,
by their oleaginous quality, to preserve these and the
whole plant during the cold of the winter; which cold,
at the same time that it contracts the’pores of the vine,

condenses and thickens these richer juices, from whence
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few, if any of them, are lost or expended by perspira-
tion. The heat of the following spring renews their ac-
tivity, when blending with those this season attracts, the
leaves open, the flowers appear, and the fruit forms.
Thus far we conceive the act of germination extends,
provided for and assisted both by the autumnal and ver-
nal heats, and which, in point of power, are nearly equal
and uniform. ' :

The heat of the sun, during summer months, and if to
this we add the more constant heat at the roots of the vine,
retained there by the density of the earth; these (though
super.or to the germinating heat) produce a like unifor-
mity for maturating the fruit: thus nature, in order
to implant in wines an original even taste, and to faci-
litate the fermentable act, amidst the great variety that
appears to us in the heat of the air, seems, upon the
whole, to act by steady and equal motions; “or rather,
perhaps, this is the best manner by which we can reduce
to rule ; the inconstancy of the atmosphere.

I am sensible these facts had been represented in a
more natural light, had I observed the degre_es of heat
impressed on the vine in every season of the year;
the difference of the sun’s heat, in every hour of the day,
a variety exceeding that in the shavie; that between
night and day ; the aspect of the plant; the heat of th;z‘
earth at its surface, as well as at the roots of the vine;

all these would have increased the circumstances to a
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prodigious extent; which, though perhaps requisite to
satisfy philosophic investigation, might, from their
number and variety, have been the means rather to in-
duce us to error, than to discover the genéral rules by
which nature acts,

From the above-related process we are taught, that na-
ture, in forming wines, is not confined to a certain
fixedn umber of degrees, but admits, for this act, of
a considerable latitude, according to the extent of
which the wines vary in taste and properties ; and that
she affects an equality of heat in each period of vegeta-
tion; from whence the brewer is taught, if he form his
malt-liquors with four mashes, as in the autumn and
_spring the vine is impressed with heats nearly umform,
s0 ought his two first mashes to be ; the third, in imitation
of the high heat of summer, should be much hotter, and
the heat of his last mash the same with this; and this
general rule has been found. universally true, for beers
expected to preserve themselves sound a sufficient time ;
and admits but of a proportional variation, when fewer
or more mashes are employed, as the degrees of heat
denominating the constituent parts of the grain, must be
applied in proportion to the quantity of water used to
each mash ; but in malt liquors speedily to be drank, or
when we' deviate greatly from the more perfect produc-

tions of nature, we are then compelled to swerve from
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her rules ; a practice never profitable, and which no-
thing but necessity can justify.

The nature of the soil proper for the vine, might, in
another work, be a very useful enquiry. It will be suf-
ficient here, barely to hint at the effect, which lixivial
soils produce in musts.  The Portugueze, when they
discovered the Island of Madeira in 1420, set fire to the
forests, with which it was totally covered. It continued
to burn for the space of seven years, after which the
land was found extremely fruitful, and yielding such
wines, as, at present; we have from thence, though in
greater plenty. It is very difficult to fine these wines,
and, though the climate of this island is more temperate
than that of the Canaries, the wines are obliged to be
carried to the Indies and the warmer parts of the globe,
to be purged, shook, and attenuated, before they can
arrive to an equal degree of fineness with other wines;
were the Portugueze acquainted with what may be term-
ed the artificial method of exciting periodical fermenta-
tion, much or the whole of this trouble might be avoided.
Hence we see, that soils impregnated with alkaline salts
will produce musts able to support themselves longer,
and to resist acidity more, than other soils, under the same
degree of heat. X

Grapes have the same constituent parts as other vege-
tables. The difference between them, as to their tastes

and properties, consists in the parts being mixed in dif-
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fercnt proportions.  This arises, either from their absor-
bent vessels more readily attracting some juices than
others, or from their preparing them otherwise, under
different heats and in different soils.

We find, says Dr. Hales, by the chymical analysis of
vegetables, that their substance is composed of sulphur,
volatile salts, water, and earth, which principles are en-
ducd with mutual attracting powers. There enters like-
wise in the composition, a large portion of air, which has
a wonderful property of attracting in a fixed, or of re-
pelling in an elastic state, with a power superior to vast
compressing forces. It is by the infinite combinations,

, actions, and reactions of these principles, that all the ope-
rations in animal and vegetable bodies are effected.—
Boerhaave, who is somewhat more particular with regard
to the constituent parts of vegetables, says, that they
contain an oil mixed with a salt in form of a sapo, and
that a saponaceous juice arises from the mixture of water
with the former.

Thus we see, from the composition of grapes, that
they have all the necessary principles to form a most ex-
quisite liquor, capable, by a gentle heat, to be greatly
attenuated. They abound with elastic air, water, oils,
acid, and neutral salts, and even saponaceous juices.—
The air contained in the interstices of fluids is more in
quantity than is commonly apprebended. Sir Isaac New-

ton has proved that water has forty times more pores
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than solid parts ; and the proportion, likely, is not very
different in vegetable juices. When the fruit is in its
natural entire state, the viscidity of the juices, and their
being enveloped by an outward skin, prevent the expan-
sion of the inclosed air; it lies as it were inactive. In
this forced state, it causes no visible motion, nor are the
principles, thus confined, either subjected to any appa-
rent impressions of the external atmosphere, or so inti-
mately blended as when they are expressed. A free
communication of the external air, with that contained
in the interstices of the liquor, is required to form a per-
fect mixture. By what means this is effected, what alte-
rations it produces, or, in general, in what manner the
Juice of the grape becomes wines, must be the subject of
our next inquiry. i

The process of a perfect fermentation is undoubtedly
the same (where the due proportions of the constituent
parts, forming the must, are exactly kept) whatever ve-
getable juices it is excited in. For this reason, we will
observe the progress of this act in beers and ales, these
being subjects we are more accustomed to, and where the
characters appear more distinct, in order to apply what
may be learned from thence to our chief object, the busi-

ness of the brewer,




66 THE THEORY OF BREWING.

SECTION VIII.
OF FERMENTATION IN GENERAL.

V EGETABLE fermentation is that act, by which oils
and earth, naturally tenacious, by the interposition of
salts and heats, are so much attenuated and divided, as to
be made miscible with, and to be suspended in, an homo-
geneous pellucid fluid ; which, by a due proportion of
the different principles, is preserved from precipitation
and evaporation. According to Boerhaave, a less heat
than forty degrees leaves the mass in an inert state, and
the particles fall to the bottom in proportion to their gra-
Wity ; a greater heat than eighty degrees disperses them
too much, and leaves the residuum a rancid, acrimonious,
putrid mass.

It is certainly very difficult, if not impossible, to dis-
cover the true and adequate cause of fermentation. But,
by tracing its several stages, circumstancgs, and effects,
we may perhaps perceive the agents and means employ-
ed by nature to produce this singular change; a de-
gree of know:ledge, which, we hope, is sufficient to an-
wer our practical purposes. :

‘The must, when just pressed from the grapes, is a li-
quid, composed of neutral and lixivial salts, oils of diffe-

rent spissitude, water, carth, and elastic air. These, ir-
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regularly ranged, if I may be permitted the expres-
sion, compose a chaos of wine. Soon after the liquor is
settled, a number of air bubbles arise; and at first adhere
to the sides of the containing vessel ; their magnitude in-
creases as they augment in number, so that at last they
cover the whol¢ surface of the must:

It has been long suspected, and, if I mistake not, de-
monstrated, that an acid, of which all others are but so
many different species, is universally dispersed through,
and continually circulating in; the air; and that this s
one of nature’s principal agents in maturating and res
solvifi of bodies. Musts, like other bodies, being porous,
the circulating acids very powerfully introduece thems-
selves therein by the pressuie of the atmosphere, in pro-
portion as the pores are more or less expanded by the
heat they are exposed to. The particles of acids are
supposed by Newton to be endued with a great attractive
force, in which their activity consists. By this force;
they rush towards other bodies, put the fluid in motion,
excite heat, and violently separate some particles in such
manner as to generate or expel air, and eonsequently
bubbles: ;

From henee it appears that, as soon as the acid pafti-
cles of the air are admitted into the must, they act on
the oils, and excite a motion somewhat like the efferves-
cence generated, when acids and oils come in contact,
though in a less degree. This motion is the gause of

Ez
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heat, by which the included elastic air, being rarefied,
occasions the bubbles to ascend towards the surface.—
These, by the power of attraction, are drawn to the
sides of the vessel ; at first they are small and few, but in-
creasé, both in number and magnitude, as the effect of
the air continues, till, at last, they spread over the whole
surface. The first stage of vegetable fermentation shews
itself to be a motion excited by the acids floating in the
air, acting on the oleous parts of the liquor, which mo-
‘tion gives an opportunity to the divided minute parts of
air, dispersed throughout the whole, to collect themselves
in masses : from hence they become capable to exert their
elasticity, and to free themselves from the must. (See
Arbuthnot on air p. 116.) It may, perhaps, be proper
to observe, that all musts, which ferment spontaneously,
contain for this puirpose a large portion of elastic air.
Bubbles still continue to rise after the must is entirely
covered with them ; and a body of bladders is formed,
called, by the brewers, the kead of the drink ; as the bub-
" bles inerease, the head rises in height, but the oils of the
must, being as yet of different spissitudes, those which are
least tenacious soon emit their air; others, somewhat
stronger, being rarefied by the fermenting heat, rise on
the surface higher than the rest, while such aerial bub-
bles as are more dense, take their place below them.
From hence, and from the constituent parts of the drink

not being as yet intimately mixed, the head takes an
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uneven and irregular shape, and appears like a beautiful
piece of rock work. After this, it requires some time,
and it'is by degrees, that the particles dispose themselves
in their due order, to be farther attenuated by the act of
fermentation, which, when effected, the saline, oily, and
spiritous parts become perfectly miscible’ with “the
water. The head of the liquor then is more level ; hete-
rogeneous bodies, as dirt, straw, corks, &c. assisted by
bubbles of air adhering to them, are now buoyed on the
surface, and should be skimmed off, lest, when the liquor
becomes more light and spiritous, they should subside.
About this time, such parts of the must as are too
‘course to be absorbed in the wine (as they consist
chiefly of pinguious oils, mixed with earth, though they
strongly envelope much elastic air) from their weight,
sink to the bottom, and form the lees. But the internal
motion increasing, the air bubbles grow larger ; some, not
formed of parts so strong as the others, which generally
are the first, burst and strengthen the rest ; and thereby
a heat is retained in the fermenting liquor, which carries
the act on to a fartherdegree. The particles of the must
become more pungent and spiritous, because more fine
and more active ; some of the most volatile ones fly off;
hence, that subtle and dangerous vapor, called guas,
which extinguishes flame and suffocates animals.  “The
wine, by these repeated acts, being greatly attenuated,
is at last unable to support; on its surface, the weight of
E3
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such a quantity of froth, rendered more dense by the:
repeated explosions of the air buhbles. Now, Jest the
Jiquor should be fouled by the falling in of the froth, it is
put in vessels having only a small aperture, where it
continues to ferment, with a s‘]ower and less perceptible
motion, which gradually diminishing until it reaches the
period when it neither attracts or repels air, it admits of
its communication with it to be cut off; not that thereby,
in a strict sense, the fermentation can be said to be com-
pletely ended : the least heat is sufficient to renew, or rather
to continue the act, more especially if by any means the
atmosphere can gain any admittance, however small.

The alteration caused in the liquor, by the pressure
of the external air, from the very first of its fermenting,
not only occasions the particles of the must to form
themselves in their dug order, but also, by the weight and
action of that element, grinds and reduces them into
ésma]ler parts. From hence they more intimately blend
with each other, the wine becomes of an equal and even
taste, and if the constituent parts of the must be in a per-
fect proportion, it will continue to ferment, until, these
being disposed and ranged in right lines, a fine and pel-
]ﬁcid fiuid is preduced, .

That this operation subsists, even after the liqudr be-
comes fine, is evident ; for every fretting is a continu-
ance of fermentation, though oftén almost imperceptible.
Thus, the component parts of the liquor are continually
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reduced to a less volume, the oils become more attenuated,
and less capable of retaining elastic air. As these fret-
tings are often repeated, it is impossible to determine, by
any rule, the exact state in which wine should be, in
order to be perfect for use, It would seem, however,
that the more minutely the parts.are reduced, the more
their pungency will appear, and the easier their passage
be in the human frame. Both wines and beers, when
new, possess more elastic air, than when meliorated by
age ; to be wholesome, they must be possessed of the
whole of the fermentable principles. For these reasons,
beers and ales, when substituted for wines in common,
and niore especially when given to the sick, should al-
ways be brewed from entire malt: for the last extracts,
possessing but the inferior virtues of the grain, have by
so much less the power to become light, spiritous, and
transparent.

Wines never totally remain inactive ; fermentation in
gome degree continues, and in time the oils, by being
greatly attenuated, yolatilise, fly off, and permita readier
admission of the external air into the drink. In propor-
tion as this circumstance takes place, the latent acids of
the liquor shew themselves, the wine becomes sour, and
in this state is termed vinegar.

Its last stage or termination is, when the remaining
active principles, which the vinegar possessed, being eva-
porated in the air, a pellicle forms itself on the'surface

E 4
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of the liquor,.and dust and seeds, which always fleat
in the atmosphere, depositing themselves thereon,
strengthen this film into a crust, on which grows moss,
and many other small plants. These vegetables, toge-
ther with the air, exhaust the watery parts ; after which
no signs of fermentable principles remain ; but, like
the rest of created beings, all their virtues being lost,
what is left is a substance resembling common earth,

Upon the whole, then, it appears, that a liquor fit for
fermentation must be composed of water, acids smoothed
over with oils, or saccharine salts, and a certain portion
of elastic air ; the heat of the air the liquor is fermented
in, must be in proportion to the density of its oils; and
lastly, that the pores are to be expanded by slow degrees,
lest the air, by being admitted too hastily, should cause
an effervescence rather than a fermentation, and occa-
sion the whole to become sour. Wines, therefore, fer-
mented in countries where the autumn' is hot, require
their oils to be more pinguious, than where the season
“ is cooler. For the same reason beers are best made,
when the air is at forty degrees of heat, or below the
first fermentable point, because the brewer, in this case,
can put his wort to work, at a heat of his own chusing,
wh_ich will not be increased by that of the air; on the
contrary, when, by its internal motion, the heat becomes
groater, it will again be abated and regulated by the cold
of the medium. :
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The pores of a wort are expanded in proportionto the
heat it is impressed with; on which account common
small bcer,b brewed in summer, when the air and acids
more easily insinuate themselves into the liquor, ought
to be enriched with oils obtained by hotter extracts, to
sheath these salts; and in winter the contrary method
must be pursued.

From this history of fermentation, we can, with propri-
ety, account for the many accidents and varieties that ac-
company this act ; and a comparative review of some of
them may not be unnecessary.

A cold air, closing the pores of the liquor, always re.
tards, and sometimes stops, fermentation ; heat, on the
contrary, constantly forwards this act; but, if carried
too high, immediately prevents it. -

A must, loaded with oils, will ferment with more diffi-
culty than one which abounds with acids ; it likewise is
longer before it becomes perfectly fine; but, when once
so, will be more lasting.

»  If the quantities of oil are increased, they will exceed
the power both of the acids naturally contained in the
must, and of those absorbed from the air in fermenting ;
the liquor will therefore require a longer time before it
becomes pellucid, unless assisted by precipitation : and

there may be cases where even precipitation cannot fine’

i,

These considerations naturally lead us to a general di-
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vision of wines into three classes: First, of such as
soon grow fine, and soon become acid, being the growth
of cold countries. Secondly, of those which, by a due
proportion of heat, both when the grapes germinate, and
when they come to maturity, form a perfect must; and
not only preserve themselves, but, in due time, (more es-
pecially when assisted b)" precipitation,) become trans-
parent; and, thirdly, of such as, having taken their
first form under the highest degrees of germination, (as 1
termed them) are replete with oils, disappoint the cooper,

- and vender the application of menstruums useless, un-
less in such quantities as to change the very nature of
the wine.

This remarkable difference in wines appears chiefly ta
arise from the climate; and it will confirm the observa-
‘tion before made, that, as wines are neither naturafly
nor uniformly perfect, they must be subject to many
diseases.

All vegetable substances possess fermentable prin. -
¢iples, thoughin a diversity of proportions; for those ¥
juices only, whose constituent parts approach to the
proportian necessary for the act of fermentation, can be
made into wines. I would not, however, from what I
have attributed to a difference of heat in different cli-
mates, be understood, as if I thought that vegetables
are more or less acid, more or less sulphureous, or in

general more or less fermentable, merely from the heat
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of the country they grow in. ‘This, though likely one
of the principal causes of their being so, is by no means
the only one; the form and constitution of the plant is
another. In very hot climates, we find acid fruits, such
as limes, tamarinds, lemons, and oranges; the propor-
tions of fermentable principles in these fruits are such,
as to render them incapable of making sound wines,
though their juices may, in some degree, be susceptible
of fermentation.  In countries greatly favored by the
sun, some vines and other fruit trees there are, which
attract the acids from the air, and possibly from the
earth, so greedily, that, when their juices are fermented,
they soon become sour. On the contrary, in cold cli-
mates, we see warm aromatic vegetablés grow, as hops,
horse-raddish, camomile, wormwood, &c. whose prin-
ciples cannot, without difficulty, and perhaps not per-
ceptibly, be brought to ferment. But these instances
must be accounted the extremes on eagh sides; for in
cold, as well as in hot countries, fruits are produced
Susceptible of a perfect natural fermentation : &vith us,
for example, apples; some species of which are endued
with such austere and aromatic qualities, that their ex-
pressed juices ferment spontaneously, until they become
pellucid, and are capable of remaining in a sound state
many years. From hence it appears, that proper sub-
jects, which will naturally ferment, for making wines,

may be found in almost every climate. England, says
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“Boerhaave, on this account; is remarkably happy : her
fruits are capable of producing a great variety of wines,
equal in goodness to many imported, were not our tastes
but too often subservient, not to reason, but to custom
and prejudice. 3

A similar want of perfection to that observed in wines,
may be noticed in our beers and ales, and it chiefly has
its origin in the different degrees of heat the malt has
been impressed with, both in drying and extracting ¢
where, in the processes of malting and brewing, a suffi-
cient heat has not been maintained, the liquor undoubt-
edly must become acid ; in proportion as the contrary is
the case, or that the beer is overcharged with hops, if
this is in no great exce;s, it retains still a greater ten-
dency to fermentation than to putrefaction, acids not
being wanting, but only enveloped. Inthis case, time will
get the better of the disease; like to the wines made
from the growth of too hot a sun, these liquors, at a
certain period, sicken, smell rancid, and have 2 disagree-
able taste, but, by long standing, they begin to fret, and,
receiving more acids from the air, recover their former
health, and improve in taste.

But should the quantity of oils exceed this last pro-
portion, in wines formed from corn, the mu;t, nstead
of fermenting, would putrify, even though, by some
means, elastic air has been driven into them. In this

case, the over proportion of the oil, and its tenacity,
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prevents the entrance of the acids, the wort receives no
enlivening principle from without, and the air,’ at first
conveyed into it, is enveloped with oils so tenacious,as
to be incapable of action. Nothing so much accelerates
putrefaction as heat, moisture, and a stagnating "air;
and all substances corrupt, sooner or later, in propoi'tioxl
to the inactivity of the contained air, to the want of a
proper vent, and to the closeness of their confinement.
Besides these cases, beers and ales, as well as wines,
sometimes are vapid and flat, without being sour’; this
does not so much arise from the imbibing the air of the
atmosphere, as from their fermenting, generating’ and
casting off too much air of their own. To prevent this
accident, they are best preserved in cool cellars, where
their active invigorating principles are kept within
due bounds, and not suffered to fly off. These facts
ought to convince us of the truth, deduced by Dr. Hales,
from many experiments, that there is a great plenty of
air incorporated in the substance of vegetables, which,
by the ;cxction of fermentation, is roused into an elastic
state, and is as instrumental to produce this act, as it is
necessary to the life and being of animals.

I should here close this short and impexfect account;
but as, in the art of brewing, there is no part so difficult,’
and at the same time so important to be in some measure
understood, as the cause and effects of fermentatiox;; and

as the examination of this act, in all the different lights
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in which it offers itself to our notice, can bardfy be
thought uninteresting, these few detached thoughts 1
hope will be allowed of.

The effect of theact of fermentation an liquors is, soto
attenuate the oiis; as to cause them to become spiritous,
" and easily inflammable. When a wine is dispossessed of
such oils, which is nearly the case in vinegar, far from
possessing a heating  or inebriating quality, it refreshes
and becomes a remedy against intoxication. The term
of fermentation ought, perhaps, cnly to be applied.to
that operation which occasions the expressed juices of
vegetables to become wine: but as several acts have as-
sumed the same name, it may not be impfoper here to

niotice the difference between them.

Vegetation, one of them, is that operation of nature
wherein more air is attracted than repelled. I believe
all that has been said above, concerning the juice of
grapes, is a convincing proof thereof:

Fermentation is, where the communication of the ex+
ternal and internal air of a must is open, and in a perfect
state when the power of repelling, is equal to that of at-
tracting, air.

Putrefaction is when, by the power of strong oils, or
otherwise, the communication between the external and
the internal air of the must is cut off, so that the liquor

reither attracts the one nor repels the other, 'but, by
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SECTION IX.
OF ARTIFICIAL FERMENTATION.

BY what has been said, it appears, that, though fer-
mentation is brought on by uniform causes, and produc-
tive of similar effects, it is subject to many varieties, both
in respect to its circumstances and to its perfection. One
difference is obvious, and secms to deserve our attention,
as it furnishes a useful division between natural and ar-
tificial fermentation, The first rises spontaneously, and
requires nothing to answer all the necessary purposes,
but the perfection of the juices, and the advantage of a
‘proper heat. The other, at first sight less perfect, wants
the assistance of ferments, or substitutes, without which
the act could, either not at all, or very imperfectly, be
excited.

There are undoubtedly liquors, which, though they
have of themselves a tendency to fermentation, and are
naturally brought to it, yet, from some defect in the
proportions of their constituent parts, either do not ac-
quire a proper transparency, or cannot maintain them-
selves in a sound state for a sufficient time. These dis-
advantages, inbred with them, can hardly ever be entirely
removed ;‘they gain very little, cspecially‘ the latter, from

age, and therefore are really inferior to liquors, which
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require the assistance of substituted ferments, to become
real wines. In some artificial fermentations, the ferments
are so duly and properly sup’plied, and so intimately
blended with the iiquor, that in the end they approach
very near to, and even vie with, the most perfect natu-
ral wines. Were I to enter into a more minute detail, it
might be shewn, that wines, when transported from a
hot climate to a cold one, are often hurt and checked in
the progress of the repeated frettings they require ; from
whence they become or remain imperfect, unless racked
off from their grosscr lees, or precipitated with strong
menstruums ; whereas beers may be so brewed, as to be
adapted either to a hot or a cold region, not only with-
out any disadvantage, but with considerable improve-
inents.

Hitherto I have considered grapes as a most pulpous
fruit, sufficient to furnish the quantity of water necessary
for extracting its other parts; but the natives of the
countries where this fruit abounds, in order to preserve
them, as near as possible in their primitive state, after
the)" are g:ifhered, suspend them in barns, or place them
in ovens, to dry. Thus, being in great measure divest-
ed of their aqueous parts, these grapes remain almost
inactive, and without juices sufficient to form wines.

In all bodies, the various proportions of their consti-
tuent parts produce different effects ; hence they remain
more or less in 2 durable state, and tend either to in-

i
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action, fermentation, or putrefaction. Now, by a judi-
cious substitution of such parts as shall be wanting, they
are nearly, if not wholly, restored to their pristine nature,
as may be proved by the observations and experiments
communicated to the public by Dr. Pringle. Thus
grapes, though dried and exported from their natural
climate to another, by the addition of water only, fer-
ment spontaneously, and form wines very near alike to
such as they would have produced before. It may, with
confidence, be said, that, when any considerable differ-
ence appears, it arises from the fnjudicious manner in
which the water is administered, from the fruit not being
duly macerated, or from want of such heat being con-
veyed to the water and fruit, as the juices would have
bhad, if they had been expressed out of the grapes when
just gathered ; often from the swhimsical mixture of
other bodies therewith, and perhaps too from the quan-
tity of brandy, which is always put to wines abroad, to
prevent their fretting on board a-ship. Upon the whole,
though, from what just now has been observed, some -
small difference must take place, it rather proves than
contradicts the fact, that, 2 due quanﬁty of water being
applied to dry raisins, an extract may be formed, which
will be impregnated with all the necessary constituent
parts the grapes had in them when ripe upon the vine,
consequently will spontaneously ferment, and make a

vinous liquor. Water then, inthis case, becomes a sub--
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stitute, and the liquors produced in this manner may be
accounted of the first class of artificial wines. {

Vegetables, in their original state, are divisible into
the pulpous and farinaceous kinds, both possessing the
same constituent parts, though in different proportions.
If from the farinaceous such parts be taken away as they
supetabound in, and others be added, of which they are
defective, these vegetables may, by such means, be
brought to resemble, in the proportion of their parts,
more especially in their musts, the natural wines I have
before been treating of : and these being universally ac-
knowledged to be the standard of wines, the nearer any
fermented liquor approaches thereto, by its lightness,
transparency, and taste, the greater must its perfection
be.

To enquire which of the pulpous or which of the fa.
rinaccous kinds of vegetables are fittest for the purpose
of wine—m-aking, would here be an unnecessary digres:
sion. Experience, the best guide, hath, on the one side;
given the preference to the fruit of the vine, and on the
other to barley. To make a vinous liquor from barley,
baving all the properties of that produced from the
grape, is a task, which can only be compassed by ren-
dering the wort of these, similar to the must of the
other.

As malt liquors require the addition of other substi-
tutes, besides water, to, become perfect wines, they can

Fa
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only be ranked in the second class of artificial fermenta-
tion. These substitutes are properly called ferments,
and merit the brewer’s closest attention. !

Ferments, in general, such as yeast, flowers or lees of
wine, honey, the expressed juices of ripe fruits, are sub-
jects more or less replete with elastic air, and convey
the same to mustsl which stand in need thereof. Boer-
haave has ranged these, and several others, in different
classes, according to their different powers, or rather in
proportion to the quantity of air they contain for this
purpose.

The juice of the grape, when fermented, forms more
lees than the extracts of malt. May we not, from thence,
infer that, in the fruit, the elastic air is both more abun-
dant, and contained in a greater number of stronger,
though smaller; vesicles, than it is in the malt ? The bar-
ley, being first saturated with water, germinated only,
and then dried with a heat far exceeding that which

. ripened it, or that which fermentation admits of, has its
air in part driven out. The expulsion of air from
the worts of beers and ales is still farther effected by the
long boiling they undergo. Hence the nccessity of re-
placing the lost elastic air, in order that these extracts
may become fermentable. This is effected by means of
the yeast, which, consisting of a collection of small bub-

bles, filled with air, and ready to burst by a sufficient
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heat, becomes the ferment, which facilitates the change
of fhe wort into a vinous liquor.

The musts of malt generally produce two gallons of
yeast from eigﬂt bushels of the grain, whereas, in the
coldest fermentable weather, and for the specdiest pur-
pose, one gallbn of yeast is sufficient to work this quanti-
ty of malt. Much elastic air still remains in beer, or
wine from corn, after the first part of the fermentation is
over; for the liquor, separated from the yeast above men-
tioned, is, at the time of this separation, neither flat,
vapid, nor sour; but as yeast, the lees and flowers of
malt liquors are of a weaker texture than those of grapés,
all artificial fermentations should be carried on in the
coolest and slowest manner possible: and beers, but
more es.pecially such as are brewed from high-dried
brown malts, (the heat of whose extracts approaches
much nearer to that which dried the grain, than is the
case in brewing pale malt) ought not to be racked from
their lees, as it is frequently practised for natural wines,
unless, on account of some defect, they are to be blended
with fresh worts under a new fermentation.

As all ferments are liable to be tainted, great care
ought to be taken in the choice of them, every impe;‘-
fection in the ferment being readily communicated to the
must. It would not, therefore, be :‘m improper question
to be determined by physicians, whether, in a time of
sickness, the use of those which have been made in in-

Fs3
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fected places onght to be permitted, and whether, at all
times, a drink fermented in a pure and whelesome air is

not preferable to that which is made among fogs, smoke,
and nauseous stenches.*

Wines from corn are distinguished by two appella-
tions, viz. those of ale and beer. As each of these li-
qu‘ors have suffered in character, either from prejudice
or want of a sufficient enquiry, it may be proper to levy
the objections made against their use, before we enquire
into the means of forming them. The most certain sign
of the wholesomeness of wines is transparency and
lightness ; yetsome, which are rich, more especially ales,
though perfecﬂy fine, have been said to be viscid.—,
Tran_sparen.qy appears indeed in many wines, before the
oils are attenuated to their highest perfection, and some
viscidity may therefore be consistent with some degreg
of brightness. Wheve the power of the oils and the
salts are equal, which is denoted by the transparency of
the liquor, viscidity can only arise from the want of age :
this cannot be said to be a defect in, but only misappii-
cation of the liquor, by being used too soon.

That beers retain igneous or fiery particles, seems

# By Dr. Hales’s experiments made for discovering the proportion
of air generated from different bodies, it appears that raisin wine, ab-
sorbed, in fermenting, a quantity of air equal to nearly one third
of its volume; and ale, under the Jike circumstances, absorbed one:
fifth,
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equally a mistaké. Malt dried to keep, has undoubtedly
its particles removed by fire, so far as the cohesion of
them is thereby destroyed, otherwise it would not be in
a fit state to preserve itself sound, or readily to be ex-
tracted. For this reason, when the grain comes in con-
tact withthe water, which is to resolve it, an effervescent
heat is generated, which adds to the extracting power, and
should be looked on by the brewer as an auxiliary help ;
but it is impossible that the malt, or the must, should
ever inclose and confine the whole or part of fire em-
ployed to form them. Fire is of so subtile a nature, that
its particles, when contained in a body, continually tend
to fly off, and mix with the surrounding air; so that
only an equal degree, with what is in the atmosphere;
can be continued in the grain, or any liquor whatever,
after it has been, for some time, exposed thereto.—
Brown beers, made from malt more dried than any other,
from experience, are found to be less heating than li-
quors brewed from pale malt; which probably arises
from hence, that brown beers contain a less quantity of
elastic air than pale beers, as pale malt liquors contain
less than wines, produced from vegetables in their natu-
ral state: and as malt liquors contain their elastic air in
bubbles of a weaker consistence than those made from
the juices of the grape, the effect of beer, when takenin
an over-abundant quantity, is neither of so long a con-
tinuance, nor so powerful as that of wine, supposing the

F4
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quality and ‘quantity of each to be equal. This may ap-
pear to some persons to be the effect of prejudice, yet it
is but a justice due to the produce of my country, to
add, that some physicians have given it as their opinion,
that strong drinks from malt are less pernicious than
those produced from grapes. As far as these gentlemen
have, I hope I may advance, without being thought
guilty of assuming too much, or countenancing debauch,
by pointing out the wines that occasion the fewest dis-

orders.
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SECTION X.
OF THE NATURE OF BARLEY.

BAR’LEY is a spicated, oblong, ventricose seed,
pointed at each end, and marked with a longitudinal
furrow. The essential constitution of the parts, in all
plants, says Dr. Grew, is the same: thus this seed,
like those which have lobes, is furnished with radieal
vessels, which, having a correspondence with the whole
body of the corn, are always ready, when moistened,
to adminster support to the plume of the embryo, usually
called the acrospire. These radical vessels, at first, re-
ceive their nourishment from 4 great number of glandules
dispersed almost every where inthe grain, whose pulpous
parts strain and refine this f"ood, so as to fit it to enter
the eapillary tubes; and such an abundant provision is
made for the nourishment of the infant plant, that the
same author says, these g]anﬁules take up more than
nine tenths of the seed. ¢

Barley is sown about March, sooner or later, ‘\accord-
ing to the season or soil that is to receive it, and gene-
rally housed from ten to twenty weeksafter. Most plants, -
which so hastily perform the office of vegetation, are re-
markable for having their vessels proportionably larger;

and that these may be thus formed, the seed must con-
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tain a greater quantity of tenacious oils, in proportion to
those seeds, whose vessels being smaller, require more
time to perform their growth and come to maturity.
This grain, as may be observed, grows and ripens with
the lower degrees of natural heat; from whence, and
from the largeness of the size of its absorbent vessels, it
niust receive a great portion of acid parts. It is said to
be viscid, though, at the same time, a great cooler, wa-
ter boiled with it being often drank as such; and, how-
ever it be prepared, it never heats the body “when un-
fermented.

From these circumstances, of its being viscous and re-
plete with acids, it would at first appear to be a most
unfit vegetable, from which vinous liquors, to be long
kept, should be made; and, indeed, the extracts from
it, in _its original state, are not only clammy, but soon
become sour.

When the grain is at full maturity, its constituent parts
seem to be differently disposed than when in a state of
vegetation. By germination alone all its principles are
put in action ; the fibrous parts possess themselves of a
great quantity of tenacious oils, leaving the glandules
and finer vessels replete with water, salts, and the purest
sulphur. If, in this state, the corn is placed in such 2
situation, that, by heat, the acid and watery parts may
be evaporated, the more such heat is suffered to affect
it, the more dry, and less acid, will thé corn become ;

1
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its parts will be divided—its viscidity removed ; its taste
becomes saccharine, by the acids being sheathed or co-
vered over with oils ; and these last be rendered more te-
nacious in proportion to the greater quantity of heat
they are made to endure. This process, regularly car-
ried on, is termed malfing, and will hereafter be ex-
plained more at largé.

But, before we enter thereon, it is necessary to cen-
sider the state of the grain as it comes from the field.—
When mowed, though, upon the whole, it may he said
to be ripe, yet every individual part, or every corn,
cannot be so. In some seasons, this inequality is so re-
markable, as to be distinguished by the eye. The dif-
ference in the situation, the soil, and the weather, the
changes of the winds, the shelter some parts of the field
have had from such winds, are sufficient to account for
this, and a much greater variety. When the greater
part of the corn is supposed to have come to maturity,
it is cut and stacked ; the ripest parts having the least
moisture, and the fewest acids, as the greenest abound
in both. In this state the unripe grains of the corn com-
municate, to such as are more dry, their moisture and
acid parts, which, coming in contact with their oils, an
agitation ensues, more or less gentle, in proportion to
the power of the acids and water; and from henceis ge~
nerated a heat, the degree whereof is with difficulty de-

termined.
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When this sweating in the mow isﬂkept within its pro-
per limits, the whole heap of the corn, ‘after this inter-
nal -emotion is over, becomes of one equable dryness;
and is not discoloured ; but if the grain be put together
too wet or too green, the effervescence occasioned there-
by will producesuch a violent intestine heat, as to charr
and blacken the greatest part thereof, nay often make
it burst into actual flame. 3

The effect which a moderate and gentle heat has on
the corn, is that of driving the oils towards the external
parts of its vessels and skin: by this means, it becomes
more capable to preserve itself against the injuries of the
weather.” The more it is in this state, the backwarder will
it be to germinate, when used to this purpose; and if
this act is carried too far, or to somewhat like what we
have just now mentioned, the plume and root of the en-
closed embryo must be scorched, the corn become in-
ert, and incapable of vegetation. This effect is pro-
duced by a motion sufficient to remove ‘the particles of
the grain from each other beyond their sphere of attrac-
tion ; and the heat, by which this motion is excited, has
been found, in malted corn, to be at about 120 degrees.

It is likely, that vegetables, in general, are susceptible
of a large latitude in this respect, according to their dif-
ferent textures. The de/gree of heat just now men-
tioned may, perhaps, be applicable to barley alone;

the sceds of some grapes endure 126 degreces of heat,
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and may be capable of being impressed with more, and
yet vegetate. But, with corn, if their oils have endured
so great a heat, as thereby to be discolored, the seed
can by no means be revived. The color of the grain
properly indicates the' healthy state of the embryo, or
future plant ; but this, more immediately, is the business
of the farmer and maltster, than that of the brewer.
Thus, though it may be disadvantageous to the malt-
ster to steep grain which has not sweated in the. mow,
as, for wantof this, it will not equally imbibe the water ;
so barley, that is over-heated, or mow burnt, cannot be
fit for his purpose. It is, in fact, scarcely possible that
any large quantity of barley, from the same stack, should
make equally perfect malt, as, on its being put together,
the heat generated is always greatest in the centre of the
rick, and considerably more there than in its exterior

parts.
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SECTION XL

OF MALTING.

Tuis process is intended to furnish proper means, for
setting the constituent principles of the grain in motion
50 that the oils, which before served to defend the seve.
ral parts, may be enabled to take their proper stations.—
This is effected by steeping the barley in water, where
it strongly attracts moisture, as all dry bodies do;but it
requires some time before the grain is fully saturated
therewith.* Two or three days, more or less, are neces-
sary, in proportion to the heat of the air; for vegetables
receive the water only, by its straining through the oute

ward skin, and absorbent vessels, and their pores are so

* In the northern part of England, the usual time of steeping bar-
ley in the cistern is about 80 hours.

40 bushels of barley wetted 1 hour, will guage then in the couch 40 bushels, that

is, if drained from its exterior moisture.
40 bushels

— 20 hours, —_— —_— 421 bushels,
40 bushels — 40 hours, — — 45 bushels.
40 bushels —_— 60 hours, —_— —_— 477X bushels.
40 bushels —_— 80 hours, — —— 50 bushels.

Here the barley is supposed to be fully saturated with the water; and
these 40 bushels of barley, guaged (after 80 hours wetting in the cis-
tern) in the couch, will be 50 bushels; but when again guaged on the
floor, from the effect of the roots, and sometimes the shoots, occax
sioning the corn to lie hollow, here the 40 bushels of barley will shew
as 80 bushels. Vide Ramsbottom, page 113, &c.
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very fine, that they require this element to be reduced al-
most to a vapor, before it can gain admittance. Heat
hath not only the property of expanding these pores, but

* perhaps also that of adding to the water a power more
effectually to insinuate itself.

By the water gaining admittance into the corn, a great
quantity of air is expelled from it, as appears from the
number of bubbles which arise on its surface when in
contact with the grain, though yet much remains there-
in. A judgment is formed that the corn is fully saturat-
ed, so as not to be able to imbibe any more water, from
its turgidity and pulpousness, which occasions it readily
to give way to an iron rod dropped perpendicularly
therein. At this time the water is let to run, or drawn
off, the grain taken out of the cistern, and laid in a regu-
lar heap, in height about two feet. We have before ac-
counted why moist vegetables, when stacked together,
grow hot; so doth this heap of barley. The heat, as-
sisted by the moisture, puts in motion the acids, oils,
and elastic air remaining in the corn, and these not only
mollify and soften the radical vessels, but, with united
power, force the juices from the glandular parts into the
roots, which are thereby disposed to expand themselves,
and impowered to convey nourishment to the embryo
enveloped in the body of the grain. The corn in this
heap, or couch, is however not suffered to acquire so

great a degree of heat, as to earry on germination too
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fast, by which not ;mly the finer but also the coarser
oils would be raised and entangled  together, and the
malt when made become bitter and ill tasted ; but before.
the acx\'ospire is perceived to lengthen, the barley is dis-
persed in beds on the floor of the malt house, and, from
being at firstspread thin, gradually, as it dries, and as the
germination is thercby. checked in its progress, it is
thrown into larger bodies ; so that, at the latter part of this
operation, which generally employs two days, much of
the moisture is evaporated, its fibres are spread, and the
acrospire near coming through the outward skin of the
barley. By these signs the malster is satisfied that every
b part of the barley has been put in motion and separated.
It is of great consequence, in making of malt, that the
grain be dried by a very slow and gradual heat : for this
purpose it is now thrown into a large heap, and there
suffered to grow sensibly hot, as it will in about 20 or 30
hours: thus prepared for drying, in this lively and active
condition, it is spread on the kiln; where, meeting with
a heat superior to that requisite for vegetation, its far-
ther growth is stopped ; though, in all probability, from
the gentleness of the first fre it ought to be exposed to,
none of the finer vessels are, by this sudden change, rent
o1 torn, but, by drying, only the cohesion of its parts re-
moved, rendered inactive, and put in a preservative state.
Often, toa fault,the drying of a kiln of malt is performed

in 6 or 8 hours: it wouldbe to the advantage of the grain
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that more than double this time was employed for any
intent whatever. It may here be observed, that thp_sﬁ
oils, which in part form the roots, being with them
pushed out from the body of the corn, and dried by heat,
are lost to any future wort, not being soluble .in water ;
which is likewise true of those oils which are contained
in the shoot or plume; so that the internal part of the
malt bas remaining in it a greater propartion of salts to
the oils than before, consequently are less viscid, more
saccharine, and easier to be extracted.

In this process, the acid parts of the grain, though
they are the most ponderous, yet being very attractive
of water, become weaker, and, by the continued heat of
steam of the malt. Thus,by malting, ,,t;h,e grain acquires
new properties, angd these vary at the diffexrent stages of
dryness ; in the first it cesembles the fruits ;ripe;neﬂ by a
~weaker sun,and in the last those which are the growsh of
_the hettest climates.

‘When the ,wluteness of the barley ha,s not beqp °(rea.tly
malt .from its havmg re.t,ams:d its Qx;glnal ‘cql‘or, Jmt
when the firein the kiln has been made .more vehement,
orkept up a longer time, it affects bath the oils and the
salts of she grain,in proportion to the degree of the heat,
and tothe time it has been maintained, apd thps occa-
figns .2 considerable alteration jip the cplor.  Actual

G
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blackness seldom is, and ought never to be, suffered in
malts ; but in proportion to the intenseness of the fire
they have been exposed to, the nearer do they come to
that tinge, and from the different brown they shew, re-
ceive their several denominations.

The condition the barley was gathered in, whether
green or ripe, is also clearly discernible when it is malt-
ed. If gathered green, it rather loses than gains in quan-
tity ; for the stock of oils in unripe corn being small, the
whole is spent in germination, from whence the malt be-
comes of a smaller body, appears shrivelled, and is often
unkindly, or hard. That, on the contrary, which hath
come to full maturity, increases by malting, and if pro-
petly carried through the process, appears plump, bright,
clean, and, on being cracked, readily yields the fine mealy
parts, so much desired by the brewer.

"fhe malts, when dried to the pitch intended by the
maker, are removed from the kiln into a heap. Their
heat gradually dimishes, and, from the known proper-
ties of fire, flies off, and disperses itself in the ambient
air, sooner or later, as the heap is more or less volumi-
nous ; perhaps too in some-proportion to the weight of
the'malt, and as the fire has caused it to be more or less
tenacious. Nor can it be supposed that any of its parts
are ‘capable of retaining the fire in such a manner as not
to suffer it to get away. So subtile an element cannot be

confined, much less be kept in a state of inactivity, and
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imiperceptible to our senses.” Bars of iron, or brass,even
of a considerable size, when heated red hot, cool and lose
their fire, though their texture is undoubtedly much
closer than that of malt or barley. The experiments
made by Dr. Martine, on the heating and cooliﬁg of se-
veral bodies, leave no room to doubt of this fact, which
1 should not be so particular about, nor in some measure
repeat, was it not to explain the technical phrase used by
brewers, when they. say, malts ave full of fire, or want
fire. Hence a prejudice hath by some been conceived
against drinks made from brown maits, though they have
been many months off the kiln, and have no more heat in
them, either whole or ground, than the air they are kept
in. The truth of the matter is, that, in proportion as
malts are dried, their particles are more or less separated
from one another, their cohesion is thereby broke, and,
coming in contact with another body, such as water,
strongly attract from it the uniting particles they want.
The more violent this intestine motion is, the greater is
the heat just then generated, though not durable, An
effect somewhat similar to what happens on malt being
united with water, must occur on the grain being masti-
cated ; and the impression made on the palate most pro-
bably gave rise to the technical expression just taken no-
tice of. }

The minute circumstances of the process of malting
will be more readily conceived from what will hereafter

G2



160 4HE THEORY OF BREWING.

be said. * The effects that fire will have, ~at several de-
grees, on what, from having been barley, is now become
malt, are more particularly the concern of the brewer ;
and that these differ, both as to the color and properties,
is certain. A determinate degree of heat produces, on
every body, a certain alteration, and hence, as the action
of fire is stronger or weaker, the effect will not be the
same as what it would have been in any other degree.

Barleys, ata medium, may be said to lose, by malting,
one fourth part of their weight, including what is sepa-
rated from them by the roots being skreened off: but
this proportion varies, according as they are more or less
dried. '

As the acrospire, and both the outward and inward
skins of the grain are not dissoluble in water, the glandu-
lar or mealy substance is certainly very inconsiderable in
volume and weight : but ‘as in this alone are contained
the fermentable principles of the grain, it deserves our
utmost attention.

We have before seen, that ‘wines, beers, and ales, after
the first fermentation, are meliorated through age by the
more refined and gentle agitations ‘they undergo, and
which often ‘are not -perceptible to our senses. To se-
cure this favorable effect, we must form worts capable
of maintaining themselves, for some time, in a sound
state. 'This -quality, however, \if not originally in the
malt, ‘is not 'to ‘be expected inthe liquor. Some objec-

1
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tions have been raised against this method of arguing,
and these aided by prejudices, often more powerful
than the objections themselves. It is therefore necessa-
ry, as malting may be esteemed the foundation' of all our'
future success, to enquire after the best and properest
methods’ of succeeding in this process. Let us, for this
purpose, reassume the consideration of the grain, as it
comes from the mow, trace it to the kiln, and observe’
every change it undergoes by the action of the fire,
from the time that it receives the first degree of preser-
vation, to that when it is utterly altered and nearly de-
stroyed.

Barley in the mow, though there its utmost heat should
not much exceed 100 degrees, may be extracted or
brewed without malting. This the distiller’s practice
daily evinces; but then the extracts, made from this un~
changed corn, are immediately put in the still after the
first fermentation, else they would not long remain in 2
sound state. Nor is this method practicable in summer
time, as the extracts would turn sour, before they were
sufficiently cooled to ferment. - It is true, by this means,
all the charge of the malt duty is saved ; but our spirits
thereby are greatly inferior to those of the French.-—
Boerhaave recommends the practice of that nation, which
is to let the wines ferment, subside, and be drawn off fine
from the lees, before they are distilled.© Was this rule
observed in England, distillation would be attempted only:

Gs
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from malted grain, which, if properly extracted for this
purpose, the difference in the spirit would soon shew
how useful and necessary it is to give wines (either from
grapes or corn) time to be softened, and to gain some
degree of vinosity before they are used to this intent.

But might not barleys be dried without being germi-
nated? Undoubtedly they might; but as they abound
with many acids and strong oils, they would require a
heat more intense than malt does, before they were suf-
ficiently penetrated, and then the oleaginous parts would
become so compact, and so resinous, as nearly to ac-
quire the consistence of a varnish, scarcely to be molli«
fied by the hottest water, and hardly ever to be entirely
dissolved by that element.

Barley then ungerminated, either in its natural state '
or when dried, is not fit for the pirpose of making
wines; but when, by germination, the coarser oils are
expelled, and the mealy parts of the grain become sac~
charine, might not this suffice, and where is the neces-
sity of the grain being dried by fire? I shall not dwell
on the impossibility of stopping germination at a proper
period, without the assistance of fire, so that sufficient
quantities of the grain, thus prepared, may always be
provided for the purposes of brewing; nor even insist
upon the difficulty of grinding such grain, as, in this case,
it would be spongy and tough. I think it sufficient to
mention solely the wnfitness of this imperfect malt, for
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the purpose it is to be applied to, that of formi;lg beers
and ales capable of preserving themselves for some time.
We should find so many acids blended with the water
still remaining in the grain, that, in the most favorable
seasons for brewing, they would often render all our en-
deavors abortive, and, in summer time, make it im-
practicable to obtain from them sound extracts in any
manner whatever. ‘

I have heard of a project of germinating grain, and
drying it by the heat of the sun, in summer time, in or-
der, by this means, to save the expence of fuel. Though
the hottest days in England may be thought sufficient for
this act, as well as for making hay, yet, as barley and
grass are not of equal densities, the effects would not be
the same. This, however, is not the only objection:
as the corn, after a sufficient germination, should be
made inactive, this very hot season, favorable, in appear- -
ance, to one part of the process, would rather forward,
than stop or retard, vegetation; for the barley, by this
heat, would shoot and come forward so fast as to entangle
two much the constituent principles of the grain with one
another, and drive the coarser ill-tasted oils among the
finer sweet mealy parts, which alone, in their utmost
purity, are the subject required for such as would obtain
good drinks.

There often appears in mankiud a strange disposition
to wish for the gifts of Providence, in a different man-

G4
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rer than they hdve beenn allotted to ws. = The various
schemes' I have just riow mientioned, if I mistake not,
liave sprung from the desire of having beers and ales of
the sime appearance with white wines: But as they are
naturally more yellow or brown, when brewed from
malts dried by heats equal or superior to that which con-
stitutes them such, all such projects, by which we en-
deavour to force some subject; to be of a like color with
others, are but so many attempts against nature, and the
proseciition of them must commonly be attended with dis-
appointments. It is true; that though the germinated
grain be dried slack, yet; if they are speedily used, and
brewed irt the most proper season, they may make a to-
lerable drink, whicli will preserve itself sound for some
time: but the proportiow, which should be kept be-
tween the heat which dried the malt, and that which is to
extract it, cahnot, in this case, bé truly ascertained ; and,
as the grain will be more replete with'air, water, and
acids, than it bﬁght to be, the drink, evety supposing
the njost fortunate stccess, and thdt it does ot soon
tarn acid, will still be frothy, and therefore greatly
wanting it salubrity ; for an excess in any of. the fer-
mentable principles must always be hurtful.

Barley tlien, to be made fit for the purpose of brew-
ing, must be malted ; that is, it must be made to sprout
or germinate with degrees of heat nearly equal to those
whichi the seed should be impressed with when sown in
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thé ground ; and it must be dried with a heat superior
to that of vegetation, and capable of checking it. How
far germination should be carried on, we have a]_réady
séen ; the law seems to be fixed universally, as to the
extent of the acrospire: the degree of dryness admits of
a larger latitude, the limits of which shall be the sub-
Jject of our next enquiry.

Malt dried in so low a degree, as that the vegetative
power i$ not entirely destroyed, on laying togetherina
heap, will generate a considerable degree of heat, ger-
minate afresh, and send forth its plume or acrospire
quite green. The ultimate parts of the nourishing prin-
ciples are then within each other’s power of acting, else
this regermination could not take place; and such grain
cannot be said to be malted, or in a preservative state.
Bodies, whose particles are removed, by heat, beyond
their sphere of attraction, can no more germinate ; but,
coming in contact with other bodies, as malt with water,
they effervesce. The grain we are ndw speaking of first
shews this act of effervescence, when it has been tho-
roughly impressed with a heat of 120 degrees, and 2
little before its color, from a white, begins to incline to
the yellow. Such are the malts, which are cured in a
manuer to be able to maintain themselves sound, thiough
in this state, and at this degree of dryness, they possess
as much air, and as many acid and watery particles, as

their present denomination can admit of. This there-
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fore may be termed the first qr lowest degree of dry-
ing this grain for malt.

To discover the last or greatest degree of heat it is ca-
pable of enduring, the eircumstance to guide us to it,
though equally true, is not so near at hand as efferves.
eence, which helped us to the first. 'We must therefore
have recourse to the observation of that heat, which
wholly deprives the grain of its principal virtues: Dr.
Shaw observes, alcohol is one of the most essential parts
of wine; when absent, the wine loses its nature, and,
when properly diffused, it is a certain remedy for most
diseases incident to wines, and keeps them sound aitd
free from corruption ; from whence was derived the me-
thod of preserving vegetable and animal substances.—
The same excellent author had before -this observed,
that no subjects but those of the wegetable kingdom are
Sfound to produce this preserving spirit: Is alcohol, then,
a new body, created by fermentation and distillation ; or
did it origina]ly,* though latently, reside in the vege-
table? I have for a good while been satisfied, by expes
riments, says Boerhaave,: that all other inflammable
bodies are so only as they contain alcohol in them, or, at
least, something that, on account.of its fineness, is ex=
ceedingly like it; the grosser parts thereof, that ave left
behind, after a separation of this subtile one, being no
longer combustible.
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Now, as the same author has clearly proved* that fire,
by burning combustible bodies, as well as by distilling
them, separates their different inflammable principles,
according to their various degrees of subtilty, the alcohol
residing in the barley, when exposed to such a degree
of heat as would cause it to boil, i. e. 175 degrees, must
niake great efforts to disengage itself from the grain. Is
it not, therefore, natural to conclude, that, in a body
like malt, whose parts have been made to recede from -
one another, (from whence it is potous, and easily affected
by fire,) prepared for fermentation, or the making a
vinous liquor, this event will probably happen at the same
time when the body of the grain has been ultimately
divided by fire, or that malt charrs? and if this is true,
may not charring be termed the last degree of dryness,
when, even somewhat before it takes place, the acid
parts and finest oils, which are necessary for forming a
fermentable must, fly off, and cannot be recovered.—
Charring seems to be a erisis in solid bodies, somewhat
analogous to ebullition in fluids; both being thereby per-
fectly saturated with fire, their volatile and spiritous
perts tend to fly off. In charring, the subject being ul-
timately divided by fire, the constituent principles are

* Boerhaave Elem, of Chym. Vol. I p. 195-199. Exp. 8, 9, '
10, 11, 12, and 13.
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set at liberty, and escape in the atmosphere, in propor-
tion' to their several degrees of subtilty, and to the fite
which urged them. < In boiling they are equally divided,
and incline to disperse ; but, even the more volatile,
being surrounded with water, 2 medium muchdenser:
than themselves, they are caught up therein, and, by
the violent motion caused in boiling, entangled with it,
and with other parts it contains, so as not to be extri~
cated or divided therefrom except by the act of fermen=
tation. Now, as liquors boil with a greater or less fire
in proportion to their tenacity and gravity, solid bodies
may likewise be charred by various proportions of heat.
The whole body of the barley; as its different. parts are
of different texture, cannot, at the same instant, become
black, nor, where any quantity of the grain is under
similar circumstances, if not equally germinated, can
the whole charr with the same degree.

To the several reflections, before made, I thought pro-
per to add the surer help of experience. I therefore
made the following trial, with all the care I was capable
of. If the effects of it appear satisfactory, by gaining
two limited and distant degrees, we may determine and
fix the properties of the intermediate spaces, in propor-
tion to their expansion.

In an earthen pan, of about two feet diameter, and
three inches deep, I put as much of the palest malt, un-

equally grown, as filled it on a level to the brim. This
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I placed over alittle charcoal, lighted in a small stove,
and kept continually stirring it from bottom to top.

At first it did not feel so damp as it did about half an
hour after. In about an hour more, it began to look of
a bright orange color on the cutside, and appeared more
swelled than before. Every one is sensible that a long-
continued custom makes us sufficient judges of colors,
and this sense in a brewer is sufﬁcientl):' exercised. Then
I masticated some of the grain, and found them to be
nearly such as are termed brown malts. On stirring,
and making a heap of them, towards the middle, T placed
therein, at about half depth, the bulb of my thermome-
ter ; it rose to 140 degrees : the malt felt very damp, and
had but little smell.

At 165 degrees, I examined it in the same manner as
before, and could perceive no damp ; the malt was very
brown, and on being chewed, some few black specks ap-
peared.

Many corns, uearest the bottom, were now become
black, and burnt ; I placed my thermometer nearly there,
and it xose to 175 degrees : but, asthe particles of fire,
ascending from the stove, act on the thermometer, in
proportion to the distance of the situation it is placed in,
through the whole experiment an abatement of five de-
grees should be allowed, as near as I could estimate.—
Putting, a little after, my thermometer in the same posi-

tion, where about half the corns were black, it shewed
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180 degrees. 1 now judged that the water was nearly
evaporated, and observed the heap grew black apace.

Again, in the centre of the heap, raised in the middle
of the pan, I found the thermometer at 180 degrees; the
corn tasted burnt, the surface appeared, about one half
part a full brown, and the rest black. On being masti-
cated, still some white specks appeared, which I ob-
served to proceed from those barley-corns which had not
been thoroughly germinated, and whose parts cohering
more closely together, the fire, at this degree, had not
penetrated. The thermometer was now more various,
as it was nearer to, or farther from, the bottom ; and, in
my opinion, all the true-made malt was charred, for
their taste was insipid, they were brittle, and their skins
parting from the kernel.

I, nevertheless, continued the experiment, and, at 190
degrees, still found some white specks on chewing the
grain ; the acrospire always appearing of a deeper black,
or brown, than the outward skin ; the corn, at this junc-
ture, fried at the bottom of the pan.

I still ificreased the fire; and the thermometer, placed
in the middle, between the bottom of the pan, and the
upper edge of the corn, shewed 210 degrees. The malt
hissed, fried, and smoked abundantly. Though, during
the whole process, the grain had been kept stirring, yet,
on examination, the whole was not equally affected by
the fire, A great part thereof was reduced to perfect

3
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cinders, easily crumbling to dust between the fingers,
some of a very black hue, without gloss, some ' very
black, with oil shining on the outside.  Upon the whole,
two thirds of the corn were perfectly black, and the rest
of a deep brown, but more or less so, as the grains were
hard, steely, or imperfectly germinated. ' This was ea-
sily discovered by the length of the shoot: most of the
grains seemed to have lost their cohesion, and had a taste
resembling that of high-roasted coffce.

In the last stage of charring the malt, I placed over it
a wine glass inverted, into which arose 2 pinguious oily
matter, and tasted very salt. It may, perhaps, not be
unnecessary to say, that the length of time this experi-
ment took up, was four hours, and that the effect it had,
both on myself, and on the person who attended me,
was such as greatly resembled that of inebriation.

Though, from this experiment, the degree of heat at
which malt charrs, is not fixed with the utmost, preci-
sion, yet we see that black specks appeared, when the
thermometer was at 165 degrees ; some of the corns were
entirely black at 175, others at 180. In proportion as
fire causes a deficiency of color, it must occasion a want
of fermentable properties, the whole of which are cer-
tainly dispersed, when the grain becomes of an absolute
black. Thus we may conclude, with an exactness surely
sufficient for the purposes of brewing, that true germi-

nated malts are charred in heats, at about 175 degrees:
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s these correspond to the heat at which pure alcohol, -or
the finest spirit of the grain itself, boils, it seems to re-
quire this heat, wholly to extricate itself from the more
tenacious parts of the corn ; which, when deprived of this
etherial enlivening principie, remains inert, incapable of
forming a fermentable must or wort, and indicates to us,
that the constituent parts of vegetables may be resolved -
by heats, equal to those between the first: degree which
formed them, and the last, which ultimately: destroys
their properties ; though the extracts will possess differ-
ent -qualities or yirtues, according to the determinate

-heat which is applied.
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SECTION XIIL

OF THE DIFFERENT PROPERTIES OF MALT,

AND OF THE NUMBER OF ITS FERMENTABLE PARTS.

"THE consequences resulting from the before-mentioned
experiment have already been hinted at. But it is ne-
cessary to trace them farther, and te shew how much
they tend to the information and use of the brewer.

Germinated barleys, so little dried, as that their parti-
cles remain within their sphere of attraction, are not in a
preservative state, and therefore cannot properly be
termed malts. ; §

The first degree of dryness, which constitutes them
such, as we have seen before, is that which occasions
them to cause some effervescence. This cannot be
effected, when they are dried with less than 120 degrees
of heat ; the highest that leaves them white. When urged
by a fire of 175 degrees, they are charred; black, and to-
tally void of fermentable principles. Now this difference
of heat, being 55 degrees, and producing in the grain so
great an alteration, as from white to black, the different
shades or colors, belonging to the intermediate degrees,
cannot, with a little practice, be easily mistaken.

White, we. know, from Sir Isaac Newton’s experi-

H
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ments, is a composition of all colors, as black is owing
to the absence of them. These two terms indicate the
extremes of the dryness of malt. “The color, which the
medium heat impresses upon it, is brown, which, being
compounded of yellow and red, the four tinges which
shade malt differently, may be said to be white, yellow,
red and black. The following table, constructed on
these principles, \‘;ill, on chewing the grain, readily in-
form the practitioner of the degree to which his malts
have been dried. It is true some doubts have arisen, whe-
ther the increase of heat is by equal divisions (according
to the scales marked on thermometers) or whether the
degrees should not rather be in proportional parts : but if
the effect of fire on bodies (as every experiment shews)
is exactly corresponding to the expansion it is the cause
of, this undetermined question in no wise affects the

brewery.




THE THEORY OF BREWING. 115

A TABLE of the different Degrees of the
Dryness of Malt, with the Changes of Co- .

lor occasioned by each Increase of the De-

grees.

Degrees.

I (L ‘White 54, LIREIEDER White

1245958 W. W. Yellow .............. ‘White turning to a

light Yellow.

129 ...... W. W. Y. Y. ...ccevenee.. Yellow.

134 ... W.W. Y. Y. Red, ...... High yellow.

138 ...... W W, Y. YRR A5 Amber.

143 ... WY SERIRIST S Light brown.

148 ...... YUY RETRAM s o] 6. Brown

152 ...... YAHRE SR ANE NI High brown.

157%..47¥. R R.‘Black .. Brown inclining to
black.

162 ...... Y RURG BB 21 AV High brown, spec-
kled with black.

16T Ry R, BBty Tign A0 Half brown, half
black.

17100 RBB: T ... Coffee color,

1760 Black; .1 noiiSkrn nne Black

N. B. The several letters against each degree, it is ap-

prehended, will help in practice to fix the color.
H2
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The foregoing table not only enables us to judge of the
dryness of the malt by its color, but also, when a grist is
composed of several sorts of malt, to foresee the effect of
the whole when blended together by extraction. Some
small error may possibly occur in judgments thus formed
upon the report of our senses ; but as malt occupies dif-
ferent volumes, in proportion to its dryness, if, in the
practice of brewing, upon mixing the water with the
malt, the expected degree is observed, such parcel of
malt may be said to have been judged of rightly, in re-
gard to its dryness. So that the first trial either confirms
or corrects our opinion thereof.

Though malt, dried to 120 degrees, is in a preserva-
tive state, yet is it the least so as malt: it then possesses
the whole of its fermentable principles, which, if not im-
peded in the extraction, would be very speedy and ac-
tive: the duration of the worts to be formed from grain
so low dried, must entirely depend onthe power given to
the water by heat, to draw from the malt, oils of such con-
sistence as shall sheath and retard the hasty effects of the
fermentable parts. By extraction, then, malted grain,
even so low dried as this, may, with very hot waters, and
with the farther assistance of hops, be made to produce
beers, which for years will be capable of maintaining
themselves sound, or for a long time to resist the effects of
the hottest climates. They may also, by a less heat be-

ing given to the extracting water, and blended with less
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hops, form drinks, which shall be fit for use in so short a
time as a week, and perhaps a term much shorter: hence
we see the degree of heat which dried the malt, and the
degree of heat given to the water to extract it. The
mean of these numbers (making an allowance for the
quantity of hops used) is that which directs us to fix the
properties and duration of the wort. In one sense, then,
we may consider malt, so low dried asthis, as being such
as would in the shortest time furnish us with a fermented
liquor, and in another, such as would yield the most de-
licate and strongest drink. When malt charrs, and
becomes black, its parts are ultimately divided; it
has lost the principles fit to form a fermentable wort,
and which it once possessed. The degree of héat, )
prior to that which produces this effect, is the last -
which still retains any part of the fermentable proper-
ties. In worts from malt thus highly impressed by
fi re, fermentation would proceed with so slow and re-
luctant a pace, that, in this case, they might be
said to be in the utmost state of preservation. No term
can be fixed for their duration. A liquor of this sort,
brewed with the greatest heat it would admit of, in the
extractin;g water, might keep many years, and become
rather accommodated to the temperature of the place it
was deposited in, than to its own constituent parts. Ex-
perience has shewn, that drinks, impressed by the drying
and extiacting heat, with a medium of 148 degrees,.
Hs3



118 THE THEORY OF BREWING.

with a proper addition of hops, at the end of eighteen
months, have been found sound, and in a drinkable
state; and at this degree we find the middling brown.—
From these two extremes, and on these principles, the
following table is formed, exhibiting the length of time
drinks made from malt, impressed with each respective
degree of heat, properly brewed, in the most favourable
season, will require, before they come to their due per-
fection to be used.

Equally as with hot extracting waters, low dried pale
malt may be made to yield beers which will long conti-
nue in a sound state ; so high dried malt, acted upon by
cooler and low extracting water, may be made to furnish
a wort soon fit for use, though less agreeable and more
inelegant.‘ It might here be asked, why, then, at any
time, is malt dried with heats exceeding 120 degrees?
In answer to this, it might justly be said, it would be
very difficult for the malster exactly to hit this point of
drying, without deviating from it either on the one side
‘or on the other; and suppose this difficulty removed,
still he could not be certain every individual grain was
equally affected : if the drying was less than 120 degrees,
the malt, by receiving the moist impressions of the air,
would regerminate, and be spoiled. Before the use of
hops, malt was high dried, as a means to keep the ex-
tracts sound. To eradicate an ancient custom or preju-

dice requires a long time. This, and the conveniency of
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¢

119

keeping 'malts, ‘was the reason why, for many years, it

was in general dried to excess; an error which for some

time past has been losing ground, as no reason at

present subsists, why malts should exceed in color a

light amber.

A TABLE, shewing the age beers will require,

before being used, when brewed from malts,

which, in drying and evtracting, have been

impressd with a medium heat corresponding

to the following degrees.

Im;gcat time with

Shortest time with Shortest time with the

Degrees. 12 Ib. of hops. 12 1b. of hops. fewest quantity of
hops possible.
119 ... 2 Weeks
124 ... 1 Month .... 3 Months ...  Brewed /2 Weeks
129 ... 3 Months ... 6 Months ... { inthe )4 Weeks
134 ... 4 Months ... 9 Months ... ( proper § 6 Weeks
138 ... 6% Months... 12 Months ... _J season 6 Weeks
143 ... 7 Months ... 12 Months ... ]‘Btewed 4 Weeks
148 ... 9 Months ... 12 Months ... { "™ %™~} 5 Weeks
mer ’

152 . 10 Months ... 18 Months
157 .. 18 Months ... 2 Years
162 ... 2 Years
167
ik«
176

* When the medium heat of the dryness of the malt, and of the
heat of the extracts, are so high as to reqyjre the liquors to be forced

H4
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It must be observed, that the foregoing table is con-
structed on the supposition, that these different sorts of
malt are brewed, fermented with the utmost care, with
waters heated to extract it, in proportion to the dryness
of the grain, and to intent of time there set down, and
with an adequate addition of hops; an ingredient which
shall be considered in its proper place.' What is meant
by the water being heated to extract malt in proportion
to the dryness of the grain, may merit some explanation,

Grapes, when ripe, carry with them the water they
have received, both during their growing state, and that
of their maturity. This quantity is sufficient to form
their musts with. To dried grapes or raisins, water is
added, to supply what they have lost; and for the same
reason it is requisite in regard to malt: but as grapes
stand in mo need of artificial fire, to give to their fermen-
tative .princip’les a due proportion, so what they produce
themselves, or cold water applied to them, when dry, is
a 'sufficient menstruum. But barleys, wanting the assist-
‘ance ‘of a great heat to bring their parts to the necessary
proportion, require, when malt, a simiar or rather a
greater heat to resolve them: without which, experi-

ment shews, the flour of the grain would come away un-

or precipitated, in order to become pellucid, part of the oils which
supported them sound, being carricd down hy the precipitant, they
will be less capable of preserving themselves, after having been preci-
pitated, than they were before.
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dissolved, and thus considerably impoverish the grist.—
Should, on the other hand, too great a heat be applied,
an equal loss would be sustained, from some of the finer
parts being coagulated or blended with oils, tepacious
beyond the power of fermentation to exhibitthem. The
proportioning therefore the heat of the water to the dry-
ness of the malt, more especially ¢o obtain from the grain
the whole strength it is capable of yielding, as well as to
cause the drink to preserve itself sound its intended time,
is of real necessity.

Well-brewed drinks should not only preserve them-
selves sound their due space, in order to be meliorated
by time ; they should likewise be fine and transparent.—
These circumstances prove the artist’s skill and care, as
well as the salubrity of the drink; and are the surest
signs of a well-formed must, and of a perfect fermenta-
tion. If then the rules for obtaining these ends can be
deduced from the foregoing principles and experients,
we may flatter ourselves with possessing a theory, which
will answer our expectations in practice.

According to the Jaws of nature discovered by Sir Isaac
Newton, the spaces between the parts of opaque bodies
are filled with mediums of different densities, and the
discontinuity of parts, each in themselves transparent, is
the principal cause of their opacity. Salts in powder, or
infused in an improper medium, will intercept the light ;

gums make a2 muddy compound, when joined to spirits ;
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and oils, unassisted by salts, refuse to be incorporated
with water. Musts, therefore, whose constituent parts are
not capable of being dissolved by water into one homo-
geneous body, are not fit, either for a perfect fermenta-
tion, or a pellucid drink.

Length of time, which improves beers and wines, often

* rectifies our errors in this respect ; for the oils being, by
various frettings, more attenuated, and more intimately
mixed, the liquor is frequently restored, and becomes of
itself pellucid. Yet I never found this to succeed, where
the error upon the whole of the dryness of the malt, and
the heat of the extracts, exceeded the medium by 10
degrees.

Art has also, in some measure, concurred with nature_
to remedy this defect. When beers or wines have been
suffered to stand, till they are rather in an attracting than
in‘a repelling state, that is, when their fermentations and
frettings apparently stand still ; then, if they do not be-
come spontaneously fine, they may be precipitated, by
mixing with them a more ponderous fluid. The floating
particles, that occasioned the foulness, are, by this means,
made to subside to the bottom, and leave a lunpid wine:
but the power of dissolved isinglass, the ingredient ge-
nerally used for this purpose, seldom takes effect, when
the error exceeds the medium, as before, by more than 10
degrees.

Other ingredients, indeed, have been used, which
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carry this power near 10 degrees farther. It is not my
province to determine, whether such be salutary: un-
dbubtedly it would be better if there were no occasion for
them. Beyond these limits, precipitation has no effect;
the liquor, which cannot be fined thereby, if attempted,
by increasing the quantity of the precipitants, will be
overpowered by the menstruum, and injured in its taste.
How frequent this last case'of cloudiness is, would answer
no purpose in this place to enquire. The use of doubt-
ful ingredients, and such errors as have been mentioned,
need no longer blemish the art, when a constant and
happy practice, will be both the effect and the proof of a
solid and experimental theory.

Beeré which become bright of themselves, or by time
alone, as well as those precipitated either by dissolved
isinglass, or by more powerful means, each possess their
respective properties in a certain latitude or number of
degrees; and as these effects arise wholly from the heats
employed in drying the malts, and in forming the extracts,
the following table will be of use to point out the limits,

within which each drink may be obtained.
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A TABLE, shewing the tendency beers have to
become fine, when the malt, in drying and ex-
tracting, has been impressed with heats, the
medium of which answers to the following
degrees, supposed to be brewed and keptin
the most eligible manner.

Deg.
119‘Whl.te, ............. b 2 Immediately. ] Latitude . of
124 Inclining to yellow, .. musts which
129 Yellow, ....c.ccccomunin. 2 Months. fine s]ponta-
neously.
134 High yellow, ........... 4 Months,
138 Amber, .....ccccvevmveennns 6 Months. Latitnde  of
148 Light brown, ............ 8 Months. musts which
fine by pre-
148 Brown, ....... CHTALU 10 Months. ApieahiolE
152 High brown, ............ 12 Months
Brown, inelining to Latitude  of
l51{ b]ac!’(, .......... D} R heats which
162 High brown speck-) , S Nanths . (:x:lmntgt 2
led with black. .... j NReEl ot
¥ to answer
167 Half brownbalf black 18 Months, the intent
of becoming
171 Coffee color, ............ 120 N Wholiiime
1q6i-Black;re.csi som o 5 J beer.

The difference between the heat for forming grapes,
and the greatest heat which ripened them, affords to us
the number of degrees answerable to their constituent

parts: theinvestigation of barley, in like manner, though
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less important to oar putpose, yet may, with some pro-
priety, be admitted.

Upon examination it will be found, barley ears, and
the new graini begins to form (being still in possession of
its flower) about the same time with-us as grapes do, in
June ; when we found the mean heat of the ait in the
shade to be 57.60 degrees. ;

Barleys in general are mowed from August to Sep-
tember ; so that, in theit’ growth, they are benefited
by the whole of our sumier’s héat, and for like reasons
as in page 59, we estimate this 61.10 degrees: 3.50 de-
gtrees theri wonld be the number of their constituent
parts, taken from the degrees of heat in the shade, and
which perhaps would be different if the actual sun-shine
heat and what is reflected from the earth, were accounted
for. Barleys are annu.a]s, unibenefited by the whole of
the autumn sun; but, after being mowed, they are
stacked, retaining still much of their straw, leaves, and
outward skins. In these heaps they heat, more or less,
according to the condition in which they were housed ;
and which heat may reach to 120 degrees or more, but
in general is equal, or somewhat superior, to that of our
bodies. The properties of the grain, by this means im-
proved, ripen, and from hetce are more capable of pre-
serving themselves. This might be a reason why a far-
ther allowance should be made to the number of degrees

denoting their constituent parts: how much, by a very
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great number of observations, made from the germina-
tion, ripening, to the stacking of the barley, in many
years, and in many cases, might probably be ascertain-
ed ; but the difficulty of doing this, and afterwards the
impossibility of complying with the information such
enquiries would aﬂ'ogd ,-and the little need there is for it,
as nature has allowed a considerable latitude for our de-
viating: from what may be styled perfection, without
any sensible injury : these circumstances render such
énquiries unnelcessary, if not fruitless.

Vegetables, but more particularly barley, from their
first origin to such time as they might be ultimately sepa-
rated by fire, may be divided into different periods,accord-
ing to the distinct properties belonging to each, (and each
of these require again a more exact enquiry.) Barley is
under the act of germination, so long as the acrospire or
stem is within the outward skin of the parent corn; this
excluded, it vegetates so long as it receives nourishment
by the interposition of its roots. It may be said to be in
a state of concentration, when receiving but little or no
support frour the earth, yet it is acted upon by such heats
as do not exceed what it might bear in the vegetative
period; and in that of inaction, when, by the power of
heat, it is placed in a passive state. Now malt is barley
germinated, and, by a quick transition, is imPressed with

heats superior to those admitted in vegetation, and such
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as places the corn in a state of inaction. In the be-
ginning of the process of malting, the miore tenacious
oils, together with some salts, are excluded from the
body of the grain, to form the vessels requisite to for-
ward the growth of the future plant. ‘What remains in the
parent grain (that choice food, at first necessary to the in-
fant barley) are saccharine salts, alone applicable to the
brewer’s purpose, and of the nature 'and quantity of
which, he ought to be well acquainted. To retain these,
and prevent a waste thereof, the germinated corn is
placed in such heat, as destroys the union between its
parts, from whence it becomes: inactive. ~When this
intent is obtained by the least heat capable of effecting it,
the malt retains both its color, and the whole of its pro-
perties.

Vegetables, in no part of their growth, are ever affect-
ed by heats so great as to disperse their constituent parts ;
on the contrary, by natural heats, in general they are im-
proved. The whole of their elements then, must be mea-
sured from the first degrees which form them, to the last
which procure their highest perfection; and in climates
where they are not benefited by the whole of such heat,
their pxl-operties must be accounted only so many degrees,
as in such places are between the extremes of their ger-
mination and maturation. Alike with malt, their. whole
number of constituent parts, denoted by degrees of heat,

must be so many- as are comprehended between that de-
1
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gree which leaves it in possession of the whole of their
elements, and the first heat which excludes a part; for
malt more dried than this, being less perfect, and losing
some of its properties, fewer must remain.

The degree of heat which in malt divides the period
of germination from that of inaction, we have found to
be 119 ; the grain then is perfectly white, and shews little
if any sign of effervescence; the first change, fire occa~
sions theremn, is to impress it with a light yellow colar;
this takes place at 129 degrees of heat, an alteration
which can proceed from no other cause, but, in removing
its original whiteness, to have expelled some of its pri-
mitive parts. The difference then between these two

‘ nursbers of 10, specifies, in degrees of Fahrenheit’s scale,
the number of properties constituting barley, malt.

It must be confessed this is establishing a principle of
the art of brewing, upon the uncertain report of our
senses, as perhaps our sight may deceive us in fixing
this change of color exactly at 129 degrees; but we
know white and black to be the two extremes of the
dryness of malt, and that the middle color between them
is brown, which being compounded of yellow and red,
these four tinges, equally divided, as we have done in the
foregoing tables, will corroborate our fixing the teint of
yellow at this degree. The table shewing the tendency
beers have to become fine, was formed from experiments

made on brewings, whose governing medium heats were



THE THEORY OF BREWING. 129

from 134 to 148, the proportion in point of time given
by these, justifies the division between immediate pelluci-
dity, at 119, and that taking place at two months,
or 129 degrees. So from hence we may be satisfied,
however an absolute perfection cannot be depended
upon, yet this being the most exact division our senses
afford, it approaches so near to truth, thatif any mistake
remains, it can be but trivial, compared to the latitude
of errors, fermentation and time correct. But this num-
ber, 10 degrees, denoting the quantity of fermentable
parts, must léssen in proportion as a continued, or a
greater heat deprives the grain of more properties. A
speedy spontaneous pellucidity is the effect of the
whole fermentable parts ; malt affected by heat, convey-
ed either through air or water, or through both, (so the
medium of these exceeds not 138 degrees,) if assisted by
the acids gained to the drink by long standing, such will
obtain transparency. Beers, then, intended to be formed
of themselves to become fine, in the calculations used to
discover their elements, so many of the members of the
constituent parts must be implied, as corresponds with
the time the beer is intended to be kept; but when
beers are made intentionally to require precipitation to
become fine, in such proportion as we purpose to impress’
opacity on the drink, we must, in the calculations made
to discover the temperature of the extracts, imply only
so many of the constituent parts, as correspond to the
‘ 1
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medium heat which will occasion this foulness. These
few observations shew the necessity of establishing this
fundamental doctrine, the use of which will obviously
appear in practice.

Thus does the success of this art depend on the instru-
ment so often mentioned, which, by indicating the ex-
pansions caused by different heats, becomes a sure guide
in our operations. I shall now close this account, by
comparing with the principles here laid down, the de-
fects which we, but too often, meet in barley when
malted.
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SECTION XIIL

OBSERVATIONS ON DEFECTIVE MALTS.

IN the preceding enquiry, some of the defects of malt
have been occasionally mentioned: but as a perfect
knowledge of the grain, especially when it has under-
gone this process, is a matter of no small concern to the
brewer, I shall now bring such defects into distinct view,
both to compare them with the foregoing principles, and
that the knowledge of them may be more at hand, on
every occasion, when wanted.

Every different degree of heat acting on bodies causes
a different effect: and this varies also, as such heat -is
more or less hastily applied. The growth of vegetables
is in general submitted to these laws : but yet I conceive
there is some difference between germination and vege-
tation, which I beg leave to point out. The former
seems to be the act caused by heat and moisture, while
the plume or acrospire is still enveloped within the tegu-
ments of the parent corn, and it is most perfectly per-
formed by the gentlest action, and consequently by the
least heat, that is capable of moving the different princi-
ples in their due order. Vegetation, again, is that act
which takes place when the plant issues forth, and, be-
ing rendered stronger by the impressions of the air, be-

12
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romes capable of resisting its inclemencies, or the
warmth of the sun-shine. Germination is the only act
necessary for malting, the intention being solely to put
in motion the principles of the grain, and not to rear up
the embryo to a plant. Now, as this begins in barley at
the degree where the water first becomes fluid, or nearly
so, the cold season, when the thermometer shews from
about 32 to 40 degrees, would seem the most proper for
this purpose. How far its latitude may with propriety
be extended, experience alone can determine. Malt-
sters continue to work so long as they think the season
permits, and leave off generally in May, when the heat
of the water extends ata medium from 50 to 55 degrees.
But the nearer they come to this medium, with the
greater disadvantage must they malt: as, by such
warmth, the vessels of the corn are much distended, the
motion of the fluids violent, and the finer parts too apt
to fly-off. Thus the coarser oils gaining admittance, the
glandular parts become filled with an impure and less
delicate sulphur, which, instead of a sweet, inclines to a
bitter, taste. This is so manifest, and so universally ex-
perienced, that, in general, brewers carefully avoid pur-
chasing what is termed Zatter-made malis.

Malt, which has not had a sufficient time to shoot, so
thatits plumemay have reached to the extent of the inward
skin of the barley, remains overburthened with too large

2 quantity of earth and oils, which otherwise would have
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been expended in the acrospire and radical vessels.  All
those paits of the corn which liave not been separated;
and put in motion by the act of germination, will, when
laid on the kiln to dry, harden and glutinize : no greater
part thereof ayill be: soluble in water, than so far as the
stem or spire of the barley rises to, or very little farther,
and as much as is wanting thereof will be lost to the
strength of the drink: ¥

When malt is suffered to grow too much, or until the
spire is shot through the skin of the barley, which is not
often the case, though all thatis left be malt, that is, con-
taining salts dissoluble in water, yet as too large a por-
tion of oils has been expended out of the grain, such
malts carnot be fit to brew drinks for long keeping.:—
There is, besides, a realloss of the substance of the corn;
occasioned by its being overgrown.

Malt, the germination of which has reached and been
stopped.-at the proper period, and has been duly worked
upon the floors, if not sufficiently dried on the kiln, even
though the fire be excited to a proper heat, retains many
watery parts: The corn, when laid together, will be apt
to germinate afresh, perhaps to heat so as to take fire ;
should not this extreme be the case, at least it must grow
mouldy, and communicate an ill flavor to the drink.

Malt, well grown, and worked as before, but over-
dried, though with a proper degree of heat, will become
of so tenacious a nature, as to require a long time before

I3
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it can admit of the outward impressions of the air to’
relax or mellow it, that is, before it is fit to be
brewed with all the advantages it otherwise would
have ; and in proportion as it has black specks on be-
ing masticated, so much of its parts being charred is a
diminution to the strength of the liquor, besides impress-
ing it with a burnt or nauseous taste.

Malt,dried on a kiln not sufficiently heated, must require
proportionably a longer time to receive the proper effect
. of the fire; the want of which will bring it into the
same state as malt not thoroughly dried.

If too quick or fierce a fire be employed, instead of
gently evaporating the watery parts of the corn, it torri-
fies the outward skin, divides it from the body of the
grain, and so rarifies the inclosed air as to burst the ves-
sels. Such is called blown malt, and, by the internal
expansion, occupies a larger space than it onght. If
the fire be continued, it causes its constituent parts to
harden to the consistence of a varnish, or changes it
into a brittle substance, from whence the malt is said to
be steely and glassy : it dissolves but in a small propor-
tion, is very troublesome and dangerous in brewing,
and frequently occasions a total want of extraction; by
the brewery termed, setting the grist.

Malt, just, or but lately, taken from the kiln, recmains
warm for a considerable time. Until the heap becomes

equally cool with the surrounding air, it cannot be said
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to be mellow; or in a fit state to be brewed : its parts
being harsh and brittle, the whole of its substance can-
not be resolved and the proper heat of the water, which
should be apphed to it for that purpose, is therefore
more difficult to be ascertained:

" The practice of those maltsters, who sprinkle water on
malt newly removed from the kiln, to make it appear as
having been made a long space of time, or, as they say;
to plump it, is a deceit which cannot too much be ex-
posed. By this practice, the circumstance of the heat,
and harshness of the malt, is oniy externally, and in ap-
pearance, removed, and the purchaser grossly imposed
on. The grain, by being moistened, occupies a greater
volume, and, if not speedily used, soon grows meouldy,
heats, and is greatly damaged.

The direct contrary is the casé of malt which has
been made a long time: the dampness of the air has re-
laxed it, and so much moisture has insinuated itself into
the grain, that some doubt must arise how much hotter
the mash should, for this reason, be. Yet, supposing no
distemper, such as being mouldy, heated, or damaged
by vermin, it is observed, malt, under this circumstance,
may more certainly be helped in brewing, than those
just abovementioned.

From what has been said, it appears how necessary it
is to procure malt which has been properly steeped,
germinated to its true pitch, and dried byea gentle, mo-

I4
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derate heat, so as the moisture of the corn be duly evapo-
rated, then cured by just so much fire as to enable it to
preserveitself a due time, without being blown or burnt.
How easy it is to regulate this process in the cistern, in
the couch, on the floors, and oﬁ the kiln, when the mal-
ster, intends no artifice to save his excise, I need not
say ; but with what certainty and ease the whole might
be catried on by the help of the thermometer, I leave
such to determinc as are modest enough to think, that
the art may be brought to more accurate rules than
those of the bare report of our unassisted senses. As
such rules may casily be deduced from the principles
here laid down, I shall not be more particular in shewing
their application, as not being my immediate purpose,
nor my business as a brewer: nor have I leisure, or the
con»;eniency of a malt house, to make experiments of this
sort; yet with truth it may be said, that such as wonld
not be disappointed in their brewing, must take care
not to be deceived in their malt. This, howeve:', being
but too'frequently the case, we should ;xonstantl}' be on
our' guard against its defects, and know how to cor-
rect them.. If it is treated in the same manner as ifit
was perfect, the well-malted parts alone will be di-.
gested. If too slack dried, it may be corrected by
an addition of heat, if over-dried, or injured by fire,
it may proportionably be helped. By applying the

thermometer ‘to the extracts, more particularly to the
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first, the brewer thereby will be informed, to a sufficient
degree of exactness, of the defects he can mend, and
hardly be ever at a loss for the properest means to work
the grain to the greatest advantage.

As far as we have proceeded in our enquiry, though
some satisfaction must arise from our being enabled to ac-
count for the greater part of the process of brewing, yet
it may be observed, even with the assistance of the thermo-
meter, as yeta geometrical exactness, in many respects,
has not been attained ; but nature, when the interestand
ncessities of mankind are the object, apparently has sup-
plied our wants, and rectified our defects. In this art,
fermentation, when allowed to display itself, corrects all
our errors to a considerable latitude, though as yet, of
this act, it may be said we scarcely conceive its cause,

or properly discern its effects.
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PART IIL

THE

PRACTICE OF BREWING.

BEFORE I enter upon the practical, and indeed most
important, part of this work, it will not be improper to
give a distinct, though general, view of the different
parts it is to consist of.:

To extract from malt a liquor, which, by the help of
fermentation, may acquire the properties of wine, is the
general object of the brewer, and the rules of that art are’
the subject of these sheets.

An art truly very simple, if, according to vulgar. opi-
nion, it consisted in nothing else than applying warm-
water to malt, mashing these together, multiplying the
taps at discretion, boiling the extracts with a few hops,
suffering the worts to cool, adding yeast to make it fer-
ment, and trusting to time, cellars, and nostrums, for
its taste, brightness, and preservation !

A few notes and observations, such as are too often
found to be foisted under the articles of beer and brew-

wg, in some books of agriculture and others of cookery,
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might be sufficient, were the place aiid constitution of the
air always the same, the materials and vessels employed
&ntirely similar, and lastly, the malt drinks intended for
the same use and time ; but, as every one of these parti-
culars is liable to variations, and can be complied with,
only by the application of different determinate heats ;
was the artist to submit himself to loose, vague, and erro-
neous directions, like those above mentioned, they would
only serve to deceive him, and his case would be but little
-mended, if he trusted to indefinite signs, and insufficient
maxims, in his deviation from them. *

A more certain foundation has been laid down in the
first part of this treatise, and the principles there esta-
blished will, I trust, in all cases, answer our ends, pro-
vided we make use of proper means to settle their appli-
cation. The most elégible means to_effect this, must be
to follow, as near as possible, such plan, which the ra-
tional brewer would, in every particular circumstance,
sketch to himself, before he proceeded to business. His
first attention ought to be directed not only to the actual
heat of the weather, but also to that which may be ex-
pected in the season of the year he is in. The grinding
of his malt must be his next object, and as the difference
of the drinks greatly dépcnds upon that of the extracts,
he cannot but chuse to have distinct ideas of what may
be expected from the amount of the heat of them. Hops,

which are added as a preservative to the extracts form too
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important a part to be employed without a sufficient
knowledge of their power. The strength of malt liquors
depending principally on their quan.tity or lengths, it is
necessary to ascertain the heights in the copper, to an-
swer what, on this account, is intended, The difference
in boiling, for different drinks or seasons ;' the loss of
water by evaporation; the proper division of the whole
quantity of this element employed, and, in proportion to
such division, that of the heat to be givenin each part of
the process ; the means to ascertain these degrees, by de-
termining what quantity of cold water is to be added to
that, which is at the point of ebullition, come afterwards
under his consideration. The manner and time of mash-
ing, the many expected incidents which must produce
some small variations between the actual and the calcu-
lated heat of his extracts, it will be incumbent upon him
to make a proper estimation and allowance for. To dis-
pose of the worts in such forms and at such depths, as may
render the influence of the ambient air the easiest and
most efficacious, and then, by the addition of yeast, to
provide the drink with that internal and most powerful
agent it had lost in boiling, are the next requisites. Fer-
mentation, which follows, and which the brewer retards
or forwards according to his intentions, completes the
whole process ; after these necessary precantions, to com-

pare his operations with those of the most approved prac-
: : .
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titioners in his art, and to find himself able to account for
those signs and established customs, which before were
loosely described, anthoritatively dictated,and never suf-
ficiently determined or explained, must be to him an ad-
ditional satisfaction. As precipitation is requisite in cer-
tain cases, the common methods for effecting it should be
known, and likewise the means practised among coopers
to correct the real or imagined errors of the brewer, in
order to render the drink agreeable to the palate of the
consumers, will naturally lead him to consider what true
taste is, and by employing the means, by which it may
safely be obtained and improved, he will have done 2ll in
his power, to answer his customers expectation, and to
secure his success.

This arrangement, which appears the most simple, is
that, which the reader will find observed in the following
sections. The proper illustrations of tables and exam-
ples have not been omitted, and from the complete plans
for brewing, under two forms of the most dissimilar kind,
it will be found the rules are adapted to all circum-
stances, and applicable to every purpose.

I must here add somewhat in justification, for publish-
ing what may be said to be the mysteries of an art, often
too cautiously precluded from the sight and attention of
the public; but every art and science whatever “have

equally been laid open, and from such communication
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received greater improvements, and become more useful
to mankind in gencral, and the professors of them in par-
ticular. If attention is given to the rules and practice
here laid down, it will be found that the brewer, from the
large quantities he manufactures, from repeated experi.
ence, from the conveniency of his utensils, and more
than all, from the interest he has to Be well acquainted
with his business, is most likely to be successful, in pre-
ference to any one else, and therefore can have no reason
to be displeased on being presented with a theory and
practice, which, far from being the sole right of the
brewery, the discovery of the principles were certainly
the property of the author and of his friends, whose names
would do his work honor if mentioned. From the ap-
plication of these principles, being convinced of their
exactness and facility in practice, he offers his labor to a
trade he esteems, with no other view than the hope he
entertains of being of some service to it and to the
public.

If, notwithstanding repeated endeavours, some things,
in this treatise, should appear out of their places ; others,
in more than one; if redundancies, chiefly occasioned by
the natural temptation of accounting’ for particular ap-
pearances, have not always been avoided ; if inaccuracies
should now and then have escaped me, let it be remem-

bered (by the good-natured it certainly will) that, in
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SECTION 'L
OF THE HEAT OF THE AIR,

AS IT RELATES TO THE PRACTICAL PART OF BREWING,

IN and about the city of London, the‘rfnost inter;se cold
that has been observed is 14 degrees, and the greatest
heat has made the thermometer rise, in the shade, to 89.
Within these limits are comprehendéd all the fermentable
degrees, and consequently those necessary for carrying
on the process of brewing. ¥ the lowest degree proper
for fermentation be 40, and the highest 80, the medium
of these two would, at first sight, appear to be the fittest
for this purpose; but the internal motion, necessary to
carry on fermentation, excites a heat superior to the ori-
ginal state of the must by 10 degrees. Hence, if 60 de-
grees be the highest eligible heat a fermenting must
should arise to, 50 should be the highest for a wort to
be let down at, to begin this act; which heat can only
be obtained, when that of the air is equal thereto, so that
it denotes the highest natural heat for beers and ales to be
properly fermented. With regard to the other extreme,
or the lowest heat, however cold the air may be, as the
worts, which form both beers.and ales, gain, by boiling,
a degree greatly superior to any allowed of in fermenta-
tion, it is constantly in the artist’s power to adapt his ‘
K
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worts to a proper state. The brewing season, then, may
justly be esteemed all that part of the year in which the
medium heat of the day is at or below 50 degrees: this,
in our climate, is from the beginning of October to the
middle of May, or 32 weeks; the most elegible period
of time for brewing all kinds of beers.

But, as many incidents often make it necessary to ex-
tend these limits, the only time for venturing to comply
therewith is, when the medium heat of the season is at
55 degrees ; by which, six weeks more may be obtained.
But, under these circumstances, the quantity of beer
brewed should be less, that the worts may cool more rea-
dﬂy, by being thinner spread ; and, to gain more time,
the brewing is best carried on with two worts only:
taking these precautions, and beginning early in the
morning, the first wort, by laying long enough in the
coolers, will, towards evening, be brought to a heat of
55 degrees. The night, in this season of the year, be-
ing generally colder by 10 or 12 degrees than the me-
dium heat of the whole 24 hours, the second worts may
be reduced to a cold of 43 degrees: the mean of 55 and
43, being 49 degrees, would be the real heat of the worts
in the ton; and with 10 degrees more, (the heat gained
by fermentation,) still it would not reach 60 degrees,
the highest fermentable heat, beers intended to preserve
themselves long should arrive to ; but so near would it

be to this, and so little is the uniformity of thg heat of the
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air to be relied on, that necessity alone can justify the
practice of brewing such drinks, when the heat of the
air is so high as 55, consequently, where it exceeds this,
it should never be attempted.

As the extractions are made by heats far superior to
any natural ones, though the actual temperature of the
air neither adds to, nor diminishes from,  their strength,
yet it is to be known for the following reason. The
proper heat given to the mash is by means of cold
added to boiling water; and cold water generally is
of no other heat than that of the air itself. Indeed,
when the cold is so intense, as to occasion a frost, and
to change water into ice, that which is then used for
brewing, being mostly drawn from deep wells; or places
where frost never, or but seldom, takes place, may be
estimated at 35 degrees, and this will be sufliciently
exact.

The following table shews the temperature of the air
for every season in the year, and confirms what I have
just now said concerning the season proper for brewing,
and the actual heat of the water. It was deduced from
many years’ observations, made with very accurate in-
struments, at eight o’clock in the morning, the time in
which the heat is supposed to be the medium of that of"

the whole day.
? Kz
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A TABLE, shewing the medium heat, for every
Season of the year, in and about London, de-
duced from observations made from 1753 to
1765, at eight o'clock each morning.

Degrees. Degrees
January ]}36' 33 July ...... 1}60’ 52
L S 15 L oo o dogs 6o
OSHEES 31}34 e to...... 31}60 g
February 1 August .. 1
¥ }35' 51 59' 89
10......... 14 EOiveeroses 15
38 11 58' 48
golvanin.. . 28 t0 icveens 31
March . . 1 Septemb. 1

37 99

48’ 66

; ;
j ;
; }
Sl b b
j ;
; |
; ;
; j

Novemb.
42' 26

39’ 40

June ..... 1
38’ 61

59 14 . 37 54
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To ascertain the authority of this table, and to make it
useful to several purposes, I have carried to decimals
the mean numbers resulting from my observations.-—_
But such an exactness has been found, in the practice of
brewing, to be more troublesome than necessary.. I
have therefore constructed another table, similar to the
former, but where the fractions are omitted, and the
whole numbers carried on from five to five. The heats
of the latter end of October, and beginning of Novem-
ber, have here been set down rather higher than they
really are ; as, at this time of the year, the hops fit to
brew with are old and weak, and I could not devise any

mearns more easy to allow for their want of strength.
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‘A TABLE, shewing the medium heat of she air,
in and abovt London, for every season of the

year, applicable to practice.

Degrees.

Jantary 1
35

}?ebruary

-

©w
=]

8 3
o —
™
o o ey~
()
&

—
'Y

o
©
Q.

Nt N ) A v ) N Y

tO% 5308

-
(=]

'S
(=}

s
(=]

'S
(513

May ....... 1

G
(=]

&
Q

=]
(=]

Degrees.

July ....... 1
60

to 15
¢ 60

| JRPR 31

August... 1
f 60

toidiae. 15
}60

Lt T S

Septemb. 1
55

£0..00000cs 15_
}55

L £ ISR 30

October 1
}50

80 seerene 15
%,

- s JEPOR, 31

Novemb. 1
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As nothing is so inconstant as the beat of the air, we
are not to be surprised when it deviates from the progres-
sion specified in the table. The flowing water used in
the brewery, at the coldest seasons, we have fixed at 35
degrees, and the highest heat in the air, to carry on the
process for beers brewed for long keeping, at 55 degrees.
The length proper to be drawn, or the quantity of beer
to be made from each quarter of malt being fixed, the
brewer, at any time, has it in his power to make calcu-
lations for brewings, supposing the mean heat of the air
to be at 35, at 40, at 45, at 50, and even at any degree
of heat whatever, so as never to be unprovided for any
season. Water, being a body more dense than air, re-
quires some time to receive the impressions either of heat
or cold, for which reason the medium heat of the shade of
the preceding day, will most conveniently govern this
part of the process, unless some very extraordinary
change should happen in the atmosphere. This must
make the business of the artist, in this respect, very easy,
as, in the course of his practice, he will have only to cor-
rect the little changes that occasional incidents give rise
to ; and the calculations will answer all his purposes so
long as the lengths of beer to be brewed from the same
quantity of malt remain unaltered, and with very little
variation and trouble, when the coppers employed, by
being changed, are of different dimensions.

The best method to know the true heat of cold “'ager,

9 K4
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would be to keep a very accurate and distinct thermo-
meter, in the liquor back ; but as this, in every place,
is not to be expected, and inaccuracies must arise from &
change in the air, to prevent their consequences in prac-
tice, we must have recourse to experience. This has
taught us that a difference of 8 degrees, between the ac-
tual heat of the water, and that from which the brewing
was computed, will produce, in the first extract, a differ-
ence of four degrees,

Most brewers’ coppers, though they vary in their di-
mensi(;ns, are generally made in proportions nearly
uniform ; the effect of one inch of cold water more or
less; will therefore nearly answer alike, that is, it will
alter the heat of the tap, by 4 degrees. But this will
only hold good in such cases, where the water is in the
same proportion to the volume of the grist, In brewing
brown beers, or porter, three worts are generally made ;
the extracts therefore must be of different lengths from
what they are in beers brewed at two worts only. In
this case, the quantity of water for the first wort, is less
than it otherwise would be; and what must be allowed
for the first mash, to wet the malt, is so much as to oc-
casion the second, or piece liquor, to be proportionably
less also; as it is of great consequence, if the first tap
doth not answer to its proper degree, that the second
should be brought to such a heat, as to make up the me-

dium of the first and second extracts, the second, or piece
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liq;lor, by reason of its shortness, is more conveniently,
and more exactly tempered in the little copper ; and one
inch cooling in, is in this case found, both by calculation
and experience, to occasion a difference of one degree
of heat only in the mash.

One of the principal attentions, in forming beers and
ales of any sort whatever, is that they may cometo their
most perfect state, at the time they are intended to be
used. Common small beer is required to be in order,
from one to four weeks, and as it is impossible to pre-
judge the accidental variations, as to heat and cold, that
may happen in any one season of the year, it is rational
to act up to what a long experience has shown, is to be
expected, and to mix such quantity of cold water with
that, which is made to come to ebullition, as to bring
the extract to the degree fixed for each particular season,
let the heat, at the time of brewing, vary therefrom, in
any degrée whatever.

In treating on the subject of air, in the former part of
this work, I observed the effect it had in penetrating thé
parts of the malt, or in the .technical term used by
brewers, in slacking it. As such is the case, when the
grain is entire and whole, it is more so when ground, and
experience teaches us, that, when malt has been about
24 hours from the mill, the dampness it has imbibed is
equal to half an inch more of cold water added to that

which is to be made to boil for the first liquor, and pro-
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duces therefore a diminution of 4 degrees in the heat of
the tap*.

An effect, somewhat resembling this, is caused by
the impression of the air on the utensils of a brewhouse,
which are not daily used ; the heat received from a fore-
going process has expanded their pores, and rendered
them more susceptible of cold and moisture. From this
circumstance, the heat of the first mash will be affected
ina proportion equal to half an inch less cooling in, or
in the space of 24 hours, t6 4 degrees of heat.

The time of the day, in which the first extract is made,
becomes another consideration; for as 8 o’clock in the
morning is the time of the medium heat in the whole 24
hours, the c;th'er hours will give different degrees. When
a first mash is made about 4 o’clock in the morning, the
following table shews the difference between the heat at
4.and 8 ; that of the other hours, in the like case, may be
learned by observation. It has been observed, that, in
the cold months, from the sun’s power being less, the
heat of the day and night are more uniform, and also
that the coldest part of the 24 hours is about half an hour,
or an hour before sun-rising. I have judged it conveni-
ent to place, in the same table, the several incidents af-

fecting the first extract.

* I chose this manner of expressing the quantity of moisture receiv=
ed in ground malt from the air, as it is the most easy for the direu-
tion of the first extract, *
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INCIDENTS occasioned by the air affecting the
heat of the first extract, to be noticed more

particularly, when small beer is brewed, as

the quantity of water is-then greatest, and

the mash more susceptible of its impressions.

Morning at 4 o’clock

February ........... i in 0
March......ceeeee e 2

Jnly St 10
August ...cvvueeniieenns .. 8

September ............. . 6

!

October .....ccoounuee et &
November ..oc.ceeieeeeeen 2

December .....cccevvees [

Colder by so many degrees than at eight o’clock in the morning.

Utensils, for want of be-

ing used, in 24 hours
lose 4 degrees of heat,
equal to half an inch of
cold water.

Malt, which has been

ground 24 hours, im-
bibes moisture equiva-
lent to half an inch,
which lessens the heat
by 4 degrees.

The difference between

the actual heat of the
air, and that naturally
expected is.to be al-

‘lowed in proportion of

8 degrees to one inch
cooling ‘in.

Malts, from having been

long kept, or old,
become considerably
slacked.
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Before we quit this subject, it may not be impreper to
observe, that, in the Hotte_st season, and in the hottest
part of the day, the difference between the heat of the
air in the shade, and thatin the sun’s beams in and about
London, is nearly 16 ‘degrees', and also that cellars or re- -
positories for beers, are, in winter, generally hotter by
ten degrees, than the external air; and in summer,

colder, by five.
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SECTION IL

OF GRINDING,

MALT mast be ground, i order to facilitate the
action of the water on the grain, which otherwise would
be obstructed by the outward skins. Every corn should
be cut, but not reduced to a flour or meal, for, in this
state, the grist would not be easily peneirable. It is
therefore sufficient that every grain be divided into two
or three parts, nor is there any necessity for varying this,
for one sort of drink more than another. In every brew-
ing the intention of grinding is the same ; and the trans-
parency of the liquor, mentioned by some on this occa-
sion, depends, by no means, on the cut of the corn.

It has been a question, whether the motion of the mill
did not communicate some heat to the malt ; should this
_ be the case, it can be butin a very small degree ; and,
what may arise from hence, will be lost i)y shooting the
grain out of the sacks, or uncasing the grist‘mto the ﬁlash
ton. Of late years it has been recommended, instead of
grinding the malt, to bruise it between two iron cylin-
ders : if, by this means, some of the fine mealy parts are
prevented from being lost in air, it must be very incon-
siderable, and, perhaps, not equal to the disadvantage

of the water not coming in immediate contact with

- =
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the flour of the grain. In brewing, not all, but only 2
certain portion of -the constituent parts of the malt are
requisite ; these, heated water alone is sufficient to pro-
cure, so that, upon the whole, the difference between
bruising and grinding the grain can be of no great con-
sequence.

We have before observed, malt, by being ground and
exposed for some time to the air, more readily imbibes
moisture than when whole, and the dampness, thus ab-
sorbed, being in reality so much cold water, a grist, that
has been long ground, is capable of being impressed with
hotter waters than otherwise it would require. In country
places, where the quantity brewed consists only of a few
bushels of malt, and make so small a volume as to b; in-
capable to maintain an uniform heat, where the people
are ignorant, that a certain degree is necessary to form a
proper extract with; and where, instead of this, boiling
water is indifferently applied, the effects of these errors
are in some measure prevented, by grinding the malts a
considerable time, as a month or six weeks before the
brewing, and by the excess of fire readily escaping from
so small a quantity. This method, from the inconstant
state of the air, and from the impossibility of acting up
to rule, must be very uncertain and fortuitous, so that
few or no arguments are necessary to explode it. The
truth is, the merit of country ales, so often mentioned,

proceeds from the forbearing to use the drink, but when,

1
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SECTION IIL

OF EXTRACTION.

Fire i‘mpresséd on malt, either through air or w:ter, it
is true, has similar effects as to preservation, but the fact
is not the same as to taste: the sweet, tllie‘burnt flavor,
or the proportion of both, the malt originally had, sensi- I
bly appear in the extracts; but water heated to excess
will not, in extracting pale malt, communicate to the
worts an empyreumatic taste; whether this proceeds
from some acid parts, still residing in-the heated waters,
which might hel’p the attenuated oils to tend towards a
sweet, or from<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>