


C hen'\_'}%%%s\{—b

GO|1 \SCIENCE LIBRARY

3















THE

THEORY AND PRACTICE

OF

BREWING

ILLUSTRATED.



LONDON :
GILBERT AND RIVINGTON, PRINTERS,

ST. JOHN’S SQUARE.



SECOND EDITION.

THE THEORY AND PRACTICE

OF

BREWING

ILLUSTRATED:

CONTAINING

THE CHEMISTRY, HISTORY, AND RIGHT APPLICATION OF
ALL BREWING INGREDIENTS AND PRODUCTS;

A FULL EXPOSITION OF THE NEWLY DISCOVERED PRINCIPLES OF CONVERSION
AND EXTRACTION IN THE MASH-TUN;

THE PHILOSOPHY OF CLIMATE, S8EASON, AND SITE;
CRITIQUES ON THE MODUS OPERANDI OF FERMENTATION, AND
THE EPFECTUAL PREVENTION OF ACIDITY :

ALso,
fAanp new Practical Gbgerbations
ON BREWING
LONDON AND DUBLIN PORTER, EAST INDIA PALE ALE,
EXPORT STOUT, &e. &ec.
Welliam
BY W. L. TIZARD,

—
PROFESSOR OF BREWING, NINR ELMS, LONDON.

LONDON:
SOLD BY THE AUTHOR.

1846.



Chem7833.46

-

.

;-

135

k]
[We S



PREFACE.

SuBsEQUENTLY to the appearance of his former edition,
the Author has been accused of having introduced tech-
nicalities and chemistry into his work, and he considers
the charge to be somewhat oddly preferred ; for, with
regard to the former section of it, he is at a loss to con-
ceive how a technical undertaking can satisfy, when
deprived of its technical diction ; for it must naturally
resemble beer from which the alcohol has been ab-
stracted, the one being thereby rendered too stale for
the reader, the other too insipid for the drinker, and
both altogether lifeless and dull.

Again is the promised volume of the magnitude by
many thought bulky; for though it contains less of
quotation, and many of the minor and less practical
observations contained in his maiden production are
here omitted, much new, curious, and valuable matter
will be found herein, which an appeal to his Index, as
an analysis of facts and observations, will fully testify ;
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and it must be evident that many of the subjects cannot
be curtailed without spoliation; and with respect to
compilement, the writer trusts that the ample scope
which he has afforded to the merits of others in dis-
playing the novelties of their several inventions, where
in coincidence with his own views, will exonerate him
from the grievous tax of concealed plagiarism on the
sinister hand, and from the galling burden of self-con-
ceit and egotistical gratulation on the other, and in
some measure atone for the protracted appearance of
his pages. Indeed, some small items enumerated in
his prospectus have, on more maturcly weighing them,
been purposely omitted, among which, in particular, is
“bottling ;” a subject too devoid of art or interest to
deserve any peculiar attention. Compensation for these
trivial omissions is amply made in the new matter
which is inserted gratuitously, and without prior nqtice.

With regard to chemistry, which some pronounce to
be “too scientific for practical men,” the author must
beg to dissent in his explicit opinion from any doctrine
so vaguely inconsistent. In all spheres and stations of
life individuals may be encountered, the ability of whose
thought and action is not competent to qualify them
for the post they are intended to occupy, some of whom
bask as securely in the connivance of interested friend-
ship and undue patronage, as others will thrive through
the indifference or ignorance of their principals ; and to
such as these does science appear as criminal as its
attainment is formidable.

Many operative brewers, some of them in a few of
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the largest town establishments, even now ridicule and
despise the idea of chemistry being in any way con-
nected with the art of brewing. Such instances of mis-
application in men’s services are but melancholy sub-
terfuges, inasmuch as they act injuriously and unjustly
on a better class, by excluding them from offices for
which their superior talent exclusively befits them ;
and besides, this reckless mode of appropriation per-
petuates vain bigotry and an enormous waste of pro-
perty, all of which the enlightened and cultivated mind
would studiously avoid; and thus the progress of the
useful arts is impeded, and their promoters are un-
generously maligned by a dark spirit which knows not
the limited range of its own chaotic capacity. Better
far would it be for business, were such obstructors re-
turned to the wash-house, or transferred to some other
more congenial vocation, than be allowed to deceive
and injure their employers and the public, and continue
to misrepresent and deride their superiors, merely be-
cause “their capacity is too limited to understand one-
half” of that which is addressed to them for their own
good.

Surely brewers ought not to be less intellectual than
farmers. Let those who are self-sufficient enough to
scorn the idea of the necessity of chemical improvement
run through a few modern books, subscribe to a periodi-
cal or two, attend a series of lectures on agriculture,
read the farmers’ newspapers, peruse the “ Journal,”
&c., visit their public halls and reading-rooms, inspect
their newly invented machines and implements, their
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improved and scientifically arranged homesteads, well-
tilled lands, and luxuriant crops ; and if then their own
convictions do not cause them to blush, they must
really be unaccountable creatures. Let such reflect
that the time has long since arrived when it is neces-
sary that mere manures should be analysed, and their
components minutely advertised, to enable the husband-
man to purchase according to his especial purposes;
for nothing but his newly acquired and inestimable
knowledée could ensure the right application of any
particular compost, to suit it to the nature of the soil
and of the seed to be sown within it. That person must
be most obdurately deficient in judgment who cannot,
after such free enquiry, pronounce science to be a pro-
gressive vehicle, and that, too, the most powerful ever
introduced to civilization. The universal and important
application of chemistry must ere long force itself upon
the convicted minds of the people, and, through their
instrumentality, upon the attention of government, till
within the course of a very few generations this branch
of the sciences will, with others, be cultivated as gene-
rally by all classes as writing and arithmetic now are;
indeed, a youth’s education is not at present considered
complete without some smattering of the art.

The precarious state of the author’s health, and the
expediency of personally superintending the erection of
his patent machinery in various places, have caused
some little delay in the bringing out of this edition;
but he imagines that the appcarance of his smaller
work, the “Voice from the Mash-tun,” in the com-
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mencement of the past summer, relieved the anxiety of
some of his friends respecting the success of that im-
portant feature of his solicitude, and obtained for him
the patience ' of others, for which he hereby thanks
them ; and he hopes that this plain statement of cir-
cumstances, unavoidably true, will appease any appre-
hension of their censure which he may have entertained.
On other topics to which his original preface referred,
he will now be silent. As an author, he is fairly before
the world ; and as an inventor, he knows the range to
which his principles have been carried into action; but
in neither capacity has he any desire to be bombastic.
If his apparatus are accurate and their results steady,
and if he continues to be honoured by the testimonials
of first-rate men in his profession, the issue will be suffi-
cient within itself to supersede the use of boasting on
his own part. His object from the first and throughout,
has been to make himself useful to society by means of
new discoveries calculated to benefit the community at
large, and to commit his errors in thought or practice
to correction by future experience and improvement ;
being well assured, that as his theories become oid,
his practical operations will be modified by the wisdom
and skill of others, and both will be bettered accord-
ingly, as the progress of knowledge follows the dictates
of expanding art, befitting the intelligence of a judicious
world, brightened by gradual cultivation. With this
prospect he has recommended such alterations as are
useful, attainable, and profitable, whether his own or
not, in order to posite a step in the staircase of literary
a
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advancement, to be repaired or reconstructed as new
interests in scientific or mechanical productions become
excited and perpetuated.

For the edification of young beginners, a copious
Lexicon has been appended on derivative principles ;
and the tables which were composed for the first edition
have been carefully revised, most of them remodelled,
and several new ones added, on the presumption that
they are truly serviceable ; and the analyses and specific
gravities of bodies, which are of the first consequence in
practice, have been reconsidered and compared with the
expressions deduced by the highest and most recent
standard authorities, and adjusted accordingly. Saccha-
rine juice, in particular, a substance long held in doubt
and dispute, has claimed much of the author’s vigilant
attention; and his conclusion has been deliberately
formed, and can scarcely be deemed extravagant, when
it is admitted that a cubic foot of sugar-loaf, which is
not a perfectly compact solid, has been determined to
weigh 1606 ounces; which countervails all arguments
which would fix solid saccharum at any lower ratio;
and surely it cannot be unreasonable, were more perfect
proofs wanting, to allow an increase of 19 for complete
densification. This being all that is requisite to be
advanced in reference to particulars, he reposes his
generalities, with some degree of confidence, in the
hands of his impartial readers, thanking them for their
attention, and his subscribers for their patronage and
good opinion.
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CHAPTER L

INTRODUCTION—THE PATENT; ITS PURPORT AND PROGRESS—OLD NOTIONS
~—HISTORY OF BREWING—CURIOUS CUSTOMS—DERIVATIONS AND CRITICAL
REMARKS— DISCOVERY OF DIASTASE—SCHEMRES AND FAILURES—REMEDY
SCGGESTED.

WiseLYy has Locke said, in his Essay on the Human
Understanding, that “ No man is under necessity to
know every thing ; but they that have particular call-
ings ought to understand them.” For this saying,
which in its original dress is probably as old as the
Brewer’s art, he appears to have been indebted to the
ancient precept attributed by scholars to Pittacus of
Mitylene, and handed down to successive ages as one
of the dicta or maxims of the seven wise men of Greece,
which says, “ Understand the occasion ;” or it is more
freely rendered thus: “Be clear in the cause which you
undertake, and correct in the manner of conducting it.”
Somewhat similar to this is the motto of Solon, the
Athenian lawgiver, “ Know thyself;” and a third of
those venerable sages, Periander, used as his proverb
B
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the undoubted truth, that “ With industry nothing is
impossible.” One expression more, which is nicely in
place, and brings us home more intimately to our
native land, and the heroic achievements of our own
times, is the injunction given by the immortal Nelson
to his disciples in his dying words: “ England expects
every man to do his duty.” Sentiments of this nature
deserve the utmost regard; and hence it is that the
author and compiler of this treatise, excited by a desire
to pursue a task enjoined by the inspiring manifestation
of courageous zeal, and having his mind stamped with
deep impressions, received within the space of sixteen
years, during which he has been practically and exten-
sively occupied in the superintendence of the Brewery,
has studiously endeavoured to imbibe the sublime
essence of philosophy, as far as applicable to his pro-
fession, in order to possess himself of adequate ability
to fulfil his engagements, and to impart practical and
rational information to others. How far his efforts
have been successful, the following pages are intended
to show, especially to such as may be disposed to doubt
the reality of that share of public approbation which
already has arisen from his exertions.

Her Majesty having granted him her “ Royal Letters
Patent, License, and Protection,” for the introduction
of his several inventions to facilitate and improve the
Art of Brewing ; he, in calling the attention of society,
and especially of Ale and Porter Brewers, Distillers,
and Vinegar Makers, to the various instruments that
he has invented and successfully introduced, and which
constitute, in the opinion of those who work them,
a series of machines, implements, and utensils, of the
greatest possible benefit to THE TRADE, sees at once
the necessity of upholding his Patent-right by pro-
tecting all who favour him with their orders, as well
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as detailing, for general instruction and public satis-
faction, the principles that he has acted upon in accom-
plishing the means by which each respective portion of
his apparatus compasses the purpose that he has had in
view while attending to its especial department in the
establishment. Many, especially among young Brewers
and gentlemen termed sleeping-partners, may lack ne-
cessary practical information to a certain extent; and
the opinions of more experienced men following the
“ copper side,” backed by the doctrines of chemists of
standard celebrity in the scientific world, may be of
real service, while they are acceptable to him as corro-
borative evidence of the utility of his system, now
completely reduced to practice through the complete-
ness of the mechanism which sustains it. For his own
part, the testimonials which he has selected for inser-
tion in the present volume, added to his own know-
ledge of the quantity and quality of extract produced
by his own machinery under his own eye, and by others
who employ it, completely convince him of its extraor-
dinary powers ; and no other guarantee is wanting to
reconcile his own mind to a continuation and extension
of the principles that he has wrought out.

Still, all demonstration is useless, unless it be power-
ful enough to displace hastily-formed prejudices, or to
remove from the conviction the effects of former and
weaker evidence. The remark has been made, that
practice without theory is like music without notes;
and it is the discord and confusion of ideas that is now
sought to be rectified in the Brewery: consequently
the task, however arduous, must, and the author flatters
himself that it does, accord with correct principles,
which require to be kept in harmonious order.

Although his apparatus and its effect are open to
inspection and inquiry, wherever erected, in town or

B2
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country, - and though he might content himsclf by
reference to the several establishments where it is at
work, for a clear comprehension of its merits, (and such
a short course might, in a pecuniary sense, afford imme-
diate and ample satisfaction to some inquirers,) yet, in
a state of society like the present, when philosophy and
trading enterprise travel with giant strides round and
through the land, and when the demand for scientific
aid is loud and peremptory throughout every branch of
the arts and manufactures, the act of witholding theo-
retical and useful information from a thirsty world
would be as criminal as the publication in darker days
was foolish ; and were the exposition of the wonderful
merits of the newly-detected substance called piasTASR
the sole motive for the present author’s intrusion on
a reading and thinking community ; that alone, as a
means to an important end, would lead him to the task
of fully and fairly developing its properties to the
Brewer, whose trade, as a science, is but in its infancy,
though there were Brewers in Solon’s day, 2400 years
ago.

- Many are forward enough to observe, and perhaps to
contend, that the ideas of persons who have written
on this old subject cannot be new ; and the doctrine is
good as far as'it goes; but new men have novel notions
—perhaps not altogether founded on any that have had
prior circulation. When the hydrometer first came into
use, one of its ablest advocates expressed an idea in
print, that the saccharine matter contained in the
extract of malt was not more diminished by the very
small quantity of mucilage which mixed with it when
drawn from the mash-tun, than the sugar was weakened
by diluted particles of hydrogen, or water, and averred
that mucilage was a necessary ingredient in worts; but
surely such ideas: cannot obtain support in the present
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generation. Another well-received notion, because an-
ciently held as a good dogma, was, that though all
things may change, nothing is new; which is equivalent
to saying, that a man never wears a new coat. Two or
three questions will settle the absurdity. Is the patent
new? Can the invention for which it was granted be
otherwise than new? Are its purposes unchanged from
old practice? Is diastase a new discovery? Isa lym-
phine fermentation in wort an old theory, or any por-
tion of one? Is the transmutation of mucilage into
beneficial and pure saccharine matter new? Is the
conversion of starch, hordein, and hops, by steam, and
the salvation of the essential oils, new? Is the dest-
deratum of a constant temperature new in practice?
Is an additional saving of 5, 10, or 15 per cent. new ?
These are points for examination and reflection, not-
withstanding the saying which has existed from time
immemorial, that “ any old woman can brew;” which is
no argument to the purpose ; for so could the Armenian
matrons, in their little way, before Socrates was born.
A certain censorious, but not over-polished or too scru-
pulous critic, who is editor of a species of almanack,
informs us, in his number for 1844, that *“ Xenophon,
in his account of the retreat of the ten thousand Greeks
under Cyrus, 400 years B.c, tells us, that, coming to
the western part of Armenia, the governor was Teri-
bazus, the houses were under ground, the mouth re-
sembling that of a well, but spacious below. There was
an entrance below for the cattle, but the inhabitants
descended by ladders. In their houses were goats,
sheep, cows, and fowls, with their young. All the
cattle were maintained within doors with fodder. There
were also wheat, barley, legumens, and beer in jars, in
which the malt itself floated even with the brims of the
vessels, and with it reeds, some large and others small,
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without joints; these, when any one was dry, he was
to take into his mouth and suck. The liquor was very
strong when unmixed with water, and exceedingly
pleasant to those who were used to it.”

To this he appends a note, in which he adds, that
the beer above described was called Oivoc xpifivog
[Oinos krithinos], literally ‘barley wine,” and the
interpretation is correct, whatever the date may be;
but Cyrus, after his conquest of the whole known
world, was made king of Persia B.c. 559. The note
goes on to assert, on the authority of Diodorus Siculus,
that “Osiris, that is, the Egyptian Bacchus, was the
inventor of malt liquors in those countries where vines
did not succeed, which is the reason assigned by Hero-
dotus for the Egyptians using it.” So says Thomson,
and that Herodotus was born B.C. 444: we copied
him, the “ Annual” has read us, and the error is pal-
pable. Herodotus, who wrote of things from hearsay,
died B.C. 413; but there were vines in Egypt when
Joseph was there, as we read in Genesis, chap. xl. ; and
Joseph died B.c. 1635, at the age of 110, which was
82 years after he interpreted the dream of the grapes
(Gen. xli. 1 and 46) ; so that Herodotus and the alma-
nack have shot with too long a bow, and carried the
Oinos krithinos subject considerably beyond the buts.

Still, however, old women can brew, and so can the
redoubted, but clumsy critic ; though, when we meet
with thousands, aye, and millions of barrels of beer
quite unfit for drinking, we do not thence conclude that
every old woman is fit to brew, and much less that the
generality of such women can brew perfectly, or at all
advantageously. Few old women, even in literature,
are chemists; fewer chemists are brewers; and fewer
still are the brewers who, by attention to chemical
transformations and chemical constituents, have been
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able to.increase the quantity of the useful extract from
malt, and to reject the errors, both in theory and in
practice, that eventually reduce the labour of the old-
woman brewer to futility and loss. The author ad-
heres to this sentiment, notwithstanding any rude re-
marks which may appear in the columns of the “ Annual”
on “theories” which the editor chooses to deem im-
practicable ; for he that sits within the copper knows
more of its ebullitions than an outsider who jumps up
at the edge to catch a peep at the interior.

The critic goes on to say, that “this was also the
liquor used in France till the time of the emperor Pro-
bus, when vines were first planted there;” and that
“Julian, who was governor of France before he was
emperor, vented his spleen against malt liquor, which
necessity, or rather ignorance, in his time, had made
the drink of that country.” This is probably true as to
the fact, but not as to the letter; for Julian was em-
peror in A.D. 193, and Probus in 276, but Gaul was not
called France till after Pharamond had subdued the
Visigoths in that country in 448, the year before Vorti-
gern invited the Saxons into Britain, when the Romans
had held this country 400 years.

Gr. Oivoc (Oinos), Lat. vinum, Eng. wine, and Kpifi-
voc (Krithinos), hordearius, barleyan, from the root
Koy (Krithee), hordeum, barley, are the two words
used by Xenophon, who died B.c. 359. Dr. Thomson,
who refers to the Euterpe of Herodotus, c. 77, for the
above account of the Egyptians, adds, that “in the
time of Tacitus, whose treatise on the manners of the
Germans (De moribus Germanorum, c. 23) was written
about the end of the first century of the Christian era,
beer was the common drink of the Germans. Pliny
(Nat. Hist. lib. xxii. c¢. 25) mentions beer as employed
in Spain, under the names of celia and ceria, and in
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Gaul under the name of cerevisia.” He then proceeds
to explain, that “almost every species of corn has been
used for the manufacture of beer. In Europe it is
usually made from barley; in India, from rice; in the
interior of Africa (according to Mungo Park), from the
seeds of the holcus spicatus” [spiked or eared wall-
hardy]. '

Some of these observations are borne out by other
authors of antiquity; and the cerevisia of Pliny evi-
dently takes its name from Ceres, the goddess of corn,—
lexicographers doubting whether it ought not to be
written cererisia. Plautus more minutely calls it cerealis
liquor; that is, liquor used at the solemn feasts in honour
of that goddess,—the “harvest home ;” and both he and
Columella, a famous writer on agriculture, who flou-
rished in the reign of Claudius, and consequently whose
work is coeval with the invasion of Britain by that
emperor, called this liquor zythum, which, if we trace it
to its Greek origin, is there written Zvfo¢ (Zuthos), and
is interpreted by Schrevelius thus: “ Potus ez hordeo,
cerevisia ;” DRINK FROM BARLEY ; and he works out the
derivation from Zvun (Zumee), a ferment, which again
descends from Zew (Zeo), to seethe or boil, and hence
also our word sea ; but the erudite almanack-smith thus
defines it: “Pliny says they called it cervisia, a word
probably derived from cervoise, which among the ancient
Gauls signified beer.”

Barrey.—That barley, the hordeum vulgare cultivated
in Britain, was known to the Romans, is evident from
Virgil, who uses it plurally, hordea, as we do the word
oats ; and Pliny tells of the hordearii gladiatores, a kind
of fencers, whose sustenance was barley. Authors again
write, that when the Romans were in Britain, they found
there a species of wine made from this kind of corn,
by the aborigines called baer, which in excellence of
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flavour and quality surpassed all the wines of Rome.
Hence, though they possibly mistake Britain for Ger-
many, the English word beer, and its ferment, darm, with
an oriental termination ; but the latter part of the word
bar-ley relates to the field in which it grows, rather than
to the corn, and is purely Anglo-Saxon; and certainly
Ceesar found little of the cerevisia here; for he says
(Bel. Gal. iv. 14), “Interiores plerique frumenta non
serunt, sed lacte et carne vivunt.” (The more tnward
Jor the most part do not sow corn, but live on milk and
flesh.) Whatever, therefore, the Roman soldiers found,
was necessarily in small space, and with due deference
to them in the sense of taste, was perhaps as nectareous
as that which modern topers term “dipup,” “ bastard
vinegar,” or “ whistle-belly,” of which he who has the
most has the worst share; for though it might have
been “potus coctus” (cooked or boiled drink), and bears,
as such, the flavour of antiquity, it had nothing in its
nature partaking of modern brewing principles, or that
emanated from such, however fine and choicely bou-
queted. Custom is not always easily accounted for.
The Britons drank mead till the introduction of agricul-
ture by the Romans, and many are the encomia passed
upon it in the songs of their bards; but the Roman
farmers undoubtedly found the soil suitable to the
growth of barley, on comparing it with the lands of
France and Germany, which they had visited in their
progress. A record of brewing in the fifth century says,
that the grain was then steeped in water, made to germi-
nate, and was afterwards dried and ground ; after which
it was tnfused in a certain quantity of water, and then
fermented, when it became a pleasant, warming, strength-
ening, and intoxicating liquor; and that it was com-
monly made from barley, though sometimes from wheat,
oats, or millet. This is all that we know of the Romano-
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British brewery ; leaving, therefore, the Roman arts and
the Roman glory to take their spread over a conquered
country as civilization matured and good faith became
mutual and common, we come to the days of the Saxons
and Danes, who butchered and caroused here during the
space of 617 years, or from 449 to 1066.

Avre—In a work entitled “ Domestic Life in England,"
we read, that when the Saxons inhabited these regions,
they drank mead and wlle as their common beverage,
using wine only as a medicine or a luxury. From this
word alle Dr. Johnson derives the more modern ale,
which is still pronounced yell or yal in the northerm
counties, where many relics of Saxon manners, cus-
toms, and language remain ; but alle signifies wni-
versal, whence all ; and ale scems to have been held in
general request among that people. Ina, who was king
of Wessex from 689, names the beverage alle in his
laws, which restrict the use of it; and by a law laid
down by king Edgar the Pacific, who died in 975, the
huscarles and guests were limited to half a pint at each
draught, and tankards were made to hold two quarts
each, and had pegs fixed one above another at proper
distances, dividing the measure into eight equal por-
tions, and certain punishment was inflicted on any one
who drank beyond his peg; but when the surface had
subsided to the centre of it, he handed the vessel to his
next companion. When the Danes had possession of
the country, they were most immoderate sots, and when
a Saxon and a Dane drank out of the same bowl, each
was pledged not to stab the other while drinking. This
ale was fermented like their mead, differing from it only
in being extracted from mongrel malt instead of honey-
comb, and tinctured with herbs. In their revels they
entertained harpers, gleemen, jugglers, and tumblers,
who also frequented guest-houses and ale-shops, in which
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women were the brewers; and even till as recently as
the reign of Edward III, if a man attempted to bake,
brew, or dye, he was considered an innovator. Chester
ale seems to have been in great repute; for the Danes
decreed, that any inhabitant of that city brewing bad
ale should be placed in a ducking-chair and plunged
into a pool of muddy water, or should forfeit four shil-
lings. In the time of Edward the Confessor, mead sold
at 16d., spiced ale at 8d., and common ale at 4d. the gal-
lon ; but we are not told what kind of spice they used.

Brew.—Most of our domestic words are derived from
the Anglo-Saxon language, and particularly such as
contain a w, that nation having introduced this letter
into the island, though, according to Johnson, the word
brew is of Dutch origin, and signifies to cook; and we
find that with the ancient Romans a Brewer was desig-
nated cerevisia coctor, or cooker of beer. That eminent
chemist, Dr. Thomson, says, in his section on Vinous
Fermentation, that “under this name is comprehended
every species of fermentation which terminates in the
formation of an intoxicating liquid. Now these liquids,
though numerous, may be comprehended under two
general heads, namely, those which are obtained from
the decoctions of seeds, and those which are obtained
from the juices of plants. The liquids of the first class
are denominated beer or wash ; those of the seeond
wine. Here are two more brewing words, each begin-
nign with w; and a third is wort.

Masa.—As to wash, which the Saxons would write
weesh, or perhaps wasc, its general termination, ask, im-
plies something loose, as mash, lash, smash, crash, sash,
fish (fisc), desk, to ask, and the ash-tree, which grew
detached from the group of the forest. Mash, which
Johnson takes from the Dutch masche, has something
extensive implied in its initial letter, and so have
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marshes, marches, and the meshes of a net ; and a mash,
whether of culinary vegetable roots or of malt, is syno-
nymous with a comprehensive mass or mess,; and the
mode of cooking such a mass by soak or semi-distillation,
which is a way of nursing it into solution or digesti-
bility, is brewing it, whether performed in a mash-tun,
a teapot, a vegetable steamer, or if it be a collection of
soluble vapour concocted in a cloud on the mind
Such is the plain meaning of the words mash and brew,
with which most good housewives are practically ac-
quainted in one way or other.

Mart aND Wort.—These words also are Anglo-Saxon.
‘Malt signifies any thing malled, being a mere curtail-
ment of the word, as wort is of worked, and scores are
like them. In the old herbals, descriptive of plants
that were brewed into medicinal drinks,—which drink
is another Saxon word importing the act of imbibing, as
well as the matter sucked in, and which drinks were much
used anterior to the introduction of hops and malted
barley,—we read of ragwort, spearwort, spleenwort, and
crosswort, all so called from the shape or position of
their leaves ; and of mugwort, figwort, and moneywort,
from the structure of their seed-vessels; while pilewort
has its title from the resemblance of its roots, bloodwort
from the colour of its leaves; and some have their
names from the effects they produce, as sopewort, pep-
perwort, butterwort, and sneezewort; but more from
the efficacy ascribed to them in curing various diseases
or infirmities of the human frame, as lungwort, liver-
wort, rupturewort, barrenwort, birthwort, motherwort,
goutwort, bladderwort, stammerwort, throatwort, and
woundwort ; and some were pre-eminently dedicated to
their titular saints, as St. John’s, St. James’s, St. Peter's,
all in consequence of the virtues they were said to pos-
sess when put to work within the human or other animal
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body ; and surely staggerwort must have been as potent
as any.

To proceed to the history of the wort prepared by the
brewer to work in the fermenting vat, and those “de-
coctions of seeds” by which it is produced: the Saxons
and Danes were no great improvers, and consequently
we may infer that the art continued with them much in
the same rude Britico-Armenian state in which they
found it, especially as the Normans did not stumble
over any brewhouses or malthouses when they compiled
the register of Domesday, though where they met with
a molin (or miln) they valued and booked it ; nor were
the English likely to exert themselves while under the
Norman subjugation, which lasted till the signing of
Magna Charta in 1208. In fact, the Normans reduced
the Danish gluttonous habit of four heavy gormandis-
ings a day to two abstemious meals; but it is recorded
of a certain bishop of Ely, in the reign of Henry L, that
his table was replenished daily with “all sorts of beasts
that roam in the land, of fishes that swim in the water,
and of birds that fly in the air,” and with beverages of
French wine, spiced mead, mulberry hypocras, pigmait,
claret, morat, cider, perry, and ale; and we also learn,
that in the days of Henry II., whose two meal-hours
were nine in the morning and five in the evening, his
richer subjects regaled on wine and mead, but the poorer
class drank cider and ale. In the reign of Henry III.
the price of ale was regulated by that of corn and wine,
and the women who brewed it sold it at a penny a
gallon in the cities, and at the rate of three or four
gallons for a penny in rural places.

Beer—LouvRes—Whether some alteration took
place about this period in the mode of brewing, or whe-
ther malting was commenced upon a new and enlarged
plan, it may be difficult to say ; but many novelties were
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now introduced from abroad, and the wings of com-
merce began to expand. A brewhouse or malthouse
ventilating blind is called a louvre, which is a Norman
word, and consequently not of recent introduction, but
seems to have come with the influx of improvements,
though the brewers may have borrowed it from the
tanneries. The old British word beer was also revived in
this or the following reign, and seems to have superseded
the ale of Saxon, Danish, and Norman make ; for in
the 17th of Edward L, anno 1289, amongst the charges
for & man of rank travelling from Oxford to Canterbury
with a retinue of six attendants, are sixpence for beer
and a halfpenny for apples, whence we may presume
that they had “lamb’s-wool” for supper, and that the
master was an ecclesiastic. On the following day, which
was Sunday, is a charge of 12d. for beer “ for my lord at
Westminster, when he held a breakfast there for knights,
clerks, and esquires,” besides “two gallons of beer for
the boys, 2d.” Edward III, after passing a severe law
to restrain eating and drinking, gave an entertainment
‘of thirty courses, called dinner, at nine in the morning,
the fragments of which fed 1000 poor people. We have
no account of the drink consumed; but after dinner
they had confections of cloves, cinnamon, grains of para-
dise, ginger, &c., for dessert, which shows the kind of
condiments to which the spicers and adulterators of
those ages had recourse.

Under Richard II, malt liquor was drunk at break-
fast-time ; and that king, in 1389, gave a housewarming
to 10,000 guests in his new hall at Westminster, which
he had rebuilt, and where he kept Christmas, the break-
fast consisting of boiled beef, sprats, herrings, brawn,
bread and butter, mustard, malmsey, wine, and beer ;
and this kind of fare then became common among the
‘gentry, the monasteries grew into great note for their
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superior brewing, as did the colleges after them, and
men had become brewers, having taken pattern from
king Richard’s 2000 cooks. In 1421, one William Payne,
of the Swan, in Threadneedle-street, London, refused to
send a barrel to Henry V., then in France; and report
says, that in the following year the celebrated Whit-
tington, who had been lord mayor in the last year of
Richard’s reign, 1398, informed against the Brewers’
Company for selling their ale too dear, and had them
fined 20L by the lord mayor then in office. From this
time aleconners were appointed to inspect the mea-
sures ; and two years afterwards, being the second of
Henry VL, the company had grown to sufficient conse-
quence to be incorporated. In the reign of Edward IV,
at the installation of archbishop Neville in the province
of York, among other extravagances enumerated, were
300 tuns of ale ; and Edward himself gave breakfasts of
bread, salt fish, and ale, to his nobility, at seven in the
morning, dined at ten, and sat three hours, with a side
table appropriated expressly to wine and ale, which
were handed to the guests in goblets of pewter, wood,
or horn ; supper was served at four ; and at nine, lords
and ladies had liveries, or collations, with a gallon of
beer and a quart of warm spiced wine to each; and
there appears to have been a difference between the ale
with which they broke fast and the beer on which they
supped.

Brayley, in his “Londiniana,” vol. iv., informs us,
that in the churchwardens’ accounts of Allhallows
Staining, in London, in which Ironmongers’ Hall stands,
is the following entry, made in 1494: “Payd for a
kylcherkyn of good ale, wyche was drunkyn in the
Irynmongars’ Hall, all charg’s born, 12s. 2d.” It must
have been truly good ; for the same author has also
discovered a bill of fare for fifty people of the Salters’
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Company, dated 1506, and preserved as a record in the
waiting-room of their hall, in which one of the items is,
1 kilderkin of ale, 2s. 3d.”

The great earl of Northumberland, in the time of
Henries VII. and VIIL, who had a family of 200 per-
sons, allowed each of them a quart of beer and another
of wine to breakfast every morning at six, and another
of each to dinner at ten. Meat, drink, and fire, were
then calculated to cost 24d. per head daily ; and malt
was sold at 4s. thc quarter, which brewed two hogs-
heads.

BreweRrIES.—No deal of sagacity is requisite to per-
ceive that these establishments sprang up, though not
of such magnitude as at present, when men began to
take the trouble of brewing off the hands of the women ;
for if there had not been a number of breweries in 1422,
Whittington had not turned informer against the com-
pany. In the fifteenth of Henry VIIL, alderman George
Monoux was elected mayor of London, and fined 1000L
for “ neglecting to appear after being divers times called
upon by letter and otherwise,” and next year, “on his
petition and bill of supplication alleging his great age
and feebleness, and offering to give a brewhouse adjoin-
ing to the bridge-house in Southwark to the city, in con-
sideration of being discharged from the office of alder-
man, had the decree against him revoked, and his
request granted, on some special conditions.” At least,
therefore, that notable “brewhouse” the Anchor, at
London Bridge End, which now consumes a million of
quarters in nine years, has existed more than 320
years, as the occurrence took place in 1524 : the pre-
cise year in which the old distich tells us that

¢ Turkeys, carp, Aops, pickerel and beer,
Came into England all in one year.”

Tha.t is, beer of a new sort, qualified with hops, which
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opens a new chapter in the chronicles of the brewhouse.
Ale and beer, though in some places named synony-
mously, and in others indifferently, certainly never sig-
nified the same thing at the same time, though each
may have changed character. Ale was the stronger of
the two before this change of bitter, as it now is, though
not in the same sense; for it now implies the first-
drawn worts, whereas it was then a strong extract fer-
mented without hops ; but beer was a revived word, as
before noticed, appropriated exclusively to liquor ob-
tained through the application of the hop. Lance, in
his “ Hop Farmer,” published in 1838, has the following
explanatory document from a curious old book by Rey-
nolde Scot, dated 1578 (20th Eliz.) : “ The hoppes shall
be wholesome for the body, and pleasanter of verdure
or taste than such as be disorderly handled. You can-
not make above viii or ix gallons of indifferent ale out
of one bushel of mault, yet you may, with the assist-
ance of hoppe, draw xviii or xx gallons of very good
beere ; neither is the hoppe more profitable to enlarge
the quantity of your drinke, than necessary to prolong
the continuance thereof ; for if your ale may endure a
fortnight, your beere, through the benefit of the hoppe,
shall continue a moneth ; and what grace it yieldeth to
the taste, all men may judge that have sense in their
mouthes ; and if the controversie be betwixt beere and
ale, which of them two shall we place in preheminence,
it sufficeth for the glorie and commendation of the
beere, that here in our own countreye ale giveth place
unto it ; and that most of our countrymen doe abhorre
and abandon ale as lothsome drincke ; in other nations
beere is of great estimacion ; and of strayngers enter-
tayned as their most choyce and delicate drinke ;
without hoppe it wanteth its chiefe grace and best
verdur.”
c
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In the grand carnival, when Robert Dudley enter-
tained the queen at Kenilworth Castle in 1575, the ale
there consumed was 365 hogsheads, the value of which
at that day, according to Holingshed, was five gallons
for a shilling ; and in 1586, when the queen of Scots
was confined within Tutbury Castle, the conspirator
Babbington, of Dethick, contrived to convey letters to
her through a chink in the wall, the messenger being a
brewer who supplied the house with ale. At that time
Derby, whence the brewer probably came, had acquired
a celebrity for its provincial produce which its neighbour
Burton retains. Brayley notices it as a favourite be-
verage in the metropolis ; for Sir Lionel Rash, in
Greene’s pleasant comedy of “ Tu quoque,” says, “I
have sent my daughter this morning as far as Pimlico
for a draught of Derby ale, that it may fetch a colour
into her cheeks:” a proof that this hilarous beverage
was accounted medicinal

This, then, is the history of the brewery through
embryo into life: all the rest has been growth. The
mash, the hop, the working, &c., as general subjects,
will be found more fully handled in their appropriate
chapters ; but here, be it observed, that if a bushel of
malt would produce twenty gallons of good sound beer,
or ale as it is now called, as early as the sixteenth cen-
tury, and would keep a month on tap, it is much more
than can be said of most ales that are brewed in the
nineteenth ; so that the brewer’s art has not made
great progress since the former period, notwithstanding
all the books that have been written concerning it, and
all the contrivances, whether inventive or alterative,
that have been introduced to amend the process, though
many are excellent in their way. The Elizabethan
economists had in view flavour, quantity, quality, and
preservation ; and with these united, that summum
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bonum of industry’s desires—profit. If, therefore, brew-
ing were as simple and unprecarious as some are willing
to imagine, the author has a shelter for his essay in the
wing of the great Herschel, who, in his discourse on the
study of natural philosophy, says: “To the natural
philosopher there is no natural object unimportant or
trifling : from the least of nature’s works we may learn
the greatest lesson.” Thus it is with the brewer: his
taps, his fires, his heats, his yeast, his every thing,
demand the nicest care ; and even the misplacing of a
bung or a vent-plug may involve him in serious con-
sequences ; and the sustentation of the action of
diastase in a state of solution, is an art within itself
that never yet engaged the attention of the old women
of philosophy : it is the discovery of the French and
German men of science, at whose schools our country-
women have not matriculated.

The mere mixing and stirring of malt with heated
water, without regarding the true principles of the art,
may be called mashing ; and this may suffice with many
who brew, though it may lead them into hot water
uncoolable. But the intelligent brewer takes into con-
sideration the colour of his malt, its former situations
in the field and the rick or barn; where possible, the
quality of the land on which it grew, the mode of malt-
ing it, and other particulars; and having considered
the relative value of his samples, he has regard to the
strength, flavour, and general qualities of the potable
extract to be made, and the locality of its subsequent
destination; he also watches, with particular care
and anxiety, the temperature of his solvent liquors,
and the chemical change which is to take place in the
organs of the bruised or broken grain when in contact
with hot water. The many varieties of colour and con-
stitution in malt liquors demand from the brewer an

c2
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equal diversity of varieties in the mashing heats ; and
the most skilful in his profession is frequently, through
the temperature of the atmosphere alone, and often
from other causes, prevented from mashing at the exact
heats which, from experience, he knows to be proper.
His daily observations, and consequent daily enlarged
knowledge, most probably point out to him the para-
mount utility of the mash-tun thermometer, by which
he ascertains the period when the lowered heat of the
goods compels him to “set tap;” and he knows that
the smallest mashes require the greatest limitation of
time ; yet, great as all his disadvantages may be, they
are susceptible of very great increase, which to him
is a consideration highly important ; for another cir-
cumstance which ever exists in connexion with the
first part of the process, and over which he has no more
controul than his most ignorant workman, is his in-
ability to increase, maintain, decrease, or vary at plea-
sure, the heat of the whole mash: a power which it is
the first object of the present patentee to give, by
means of his invention.

The great difficulty, hitherto insurmountable, expe-
rienced in endeavouring to obtain all the most valuable
contents of the mash-tun, and those only, has led to
many schemes and experiments, most of which have
utterly failed ; and the rest are so far blended with
anterior practice in their nature and working, and have
proved so inadequate to the purposes sought, that the
establishment of a more satisfactory system has long
been anxiously and earnestly desired. A recapitulation
of the disadvantages that are felt and seen by men of
business, would be a sheer waste of words: in truth,
so dissatisfied are brewers with the peculiarities of each
other, that not one of the methods yet projected has
been thought worthy of general adoption; and the
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writer knows, from his own practice, and from active
correspondence in many parts of Great Britain, that the
least objectionable plans hitherto adopted are, from the
cause that has been named, so unsatisfactory in their
results, that nothing short of a new principtum is re-
quired in order to perfect the processes of mashing and
fermentation.

Though the desirableness of preserving the heat of
the mash is universally admitted, very few have had
recourse to the only plausible arrangements that have
presented themselves to their notice for that purpose ;
one of which consists in a double mash-tun, so con-
structed that the inner vessel or tub, containing the
goods, may be surrounded with hot water or steam,
contained within the cavity of the outer. This experi-
ment has failed, because, if the heating medium were
applied hot enough to affect the bulk of the mash, the
outer parts of the goods would be overheated; and if
the parts lying near the side were of the requisite heat,
the gradual diminution of temperature from side to
centre, would keep the latter too cold ; and the exist-
ence of either too much or too little heat will cause
a comparative neutrality, instead of action, among the
most valuable principles of the grain, and will produce
irreparable injuries in other respects.

Another plan which has been tried, and found unsuc-
cessful, is the admission of steam through perforated
pipes or valves, or its circulation through a continued
series of pipes, beneath the false bottom of the mash-tun.
This arrangement, though at first sight more feasible
than the preceding, is still open to the same objection,
namely, the extreme difficulty, indeed the absolute im-
possibility of equally and readily diffusing the increased
temperature of the goods nearest the bottom through



22 INTRODUCTION.

the mass, the most efficient mashing-machine being
inadequate to the great task.

An instance of the danger of such experiments re-
cently took place at a large distillery near London,
where a foreigner had been allowed, under pretence of
effecting a great end by a little ingenuity, to introduce
naked steam. The goods set, and the brewer was
obliged to draw the wort off the surface of the mash;
for such were the coagulation of the albumen, and the
pasty consistence of the starch, that the liquid could
not percolate. The loss was serious, and consequently
the project was abandoned.

But though the promoters in general of the highly-
essential object have been unsuccessful in their at-
tempts, the accomplishment of their wish has been
frustrated, not so much by the difficulties presented
to the attainment itself, as by the inadequacy or un-
scientific application of the means employed ; for had
the experimentalists considered that caloric, in such
a case, could only pass by transmission from particle
to particle, and that all unmetallic fluids are bad con-
ductors of heat, they would assuredly have preferred
a contrivance such as that which is now, for the first
time, before the public.

All bodies charged with surplus heat have a radiat-
ing and diffusive quality ; therefore, they retain uni-
formity of temperature no longer than while they re-
ceive an uniform supply from other bodies in communi-
cation with them to replace the rays remitted to colder
media, whether that supply be obtained from steam
surrounding the sides of the vessel, or derived from
submerged steam pipes. Now the present common
system of mashing conveys the caloritic principles, espe-
cially from the surface, much faster and much more
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freely than they are supplied from below, where the
intensity of the heat is preserved by its greater density;
and hence the comparative coldness and consequent
sourness, 8o often and so easily perceived upon the
long standing of the tap, notwithstanding such pre-
cautionary measures as a layer of dry malt strewn over
the surface, and marked with a cross “to keep the
witch out of the tub:” a superstition fit for the reign of
James L., of demonological memory, and showing to a
certainty that intellect has been halting. Curtains and
covers, too, are frequently used, in reliance on their
defensive or reflective virtues, though the heat will par-
tially ascend through such coverings; so that the tun
still remains in an unprotected state. Some surround
the mash-tun with sawdust or other non-conducting
substance ; yet their difficulties exist as before, from
their inability, as in the other instances, to controul
the mashing heat.

The majority of common brewers are compelled to
waste many quarters of malt annually; and the most
economical and ingenious are the readiest to confess this
general truth, knowing that they fail in their efforts to
accomplish a perfect and sound extraction. This must
ever necessarily be the case while they remain destitute
of the means at the author’s sole disposal; and they
suffer incalculable loss from the imperfect mode of
drainage, the extraction depending on the puny action
of a variable stream of water (a plain word, which pro-
fessional brethren will pardon, if occasionally used in-
stead of liquor), trickling in its progress from place to
place, visiting the inferior side, but not always the
interior of the mash, and stealing its way through
channels and cavities, between unbroken lumps, and
without even entering the compressed masses that im-
prison large portions of the sweet. To prevent the loss
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arising from such irregularities and other occasional
accidents, is one of the main objects of the improved
apparatus, and particularly of the two peripatetical
machines included as parts of this invention.

The properties, uses, and advantages of these ma-
chines, upon which the action of the first part of brew-
ing in a great measure depends, are explained herein,
each in its chapter ; but, prior to this, the preparation
of the necessary ingredients, and the rejection of noxious
principles, must be considered as a preliminary and
indispensable measure.



CHAPTER IL

INGREDIENTS.

BXANMINATION OF CONSTITUENTS— CHEMICAL ELEMENTS—NATURE OF S8AC-
CHARUM AND WORT-—STARCH, GUM, MUCILAGE, GLUTEN, AND OIL—TUBERS,
CORN, AND PULSE—FOOD AND PARTS OF PLANTS—DIVISION OF GLUTEN—
APOTHEME AND OTHER MINOR PROPERTIES—USELESSNESS OF PULSE—
CHARACTER OF ALBUMEN—WONDERS OF DIASTASE—NECESSITY OF MALTING.

Tee Art of Brewing naturally divides itself into two
branches or principal departments, which are,—1. Infu-
sion, called Mashing; and, 2. Fermentation, more com-
monly termed Working. Preparatory to the first of
these is the process of Malting, or reducing to a proper
consistence ; and to the second that of Cooling, or the
regulation and reduction of heat; and when the liquor
has been fully brewed, it must be preserved by Storing,
which has sometimes its attendant stage of Racking.
The mode of performing all these several operations
in the most efficient manner is the subject at large
on which this work is designed to treat, and clearly, if
possible, to elucidate. The brewer has to examine the
principles upon which these depend, because the virtue
of the staple commodity employed in the production of
his wort is dependent upon them: he has, therefore, to
ask—1st, What is the species of grain or other sub-
stance which is best adapted to the production of sac-
charine and other profitable matter? 2nd, How is the
quality of the best samples to be distinguished? 3rd,
What are the characteristics of the fittest materials?
And, 4th, What is the best mode of preparing them
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for the purpose of infusion, decoction, or brewing? The
question is not precisely to determine the greatest
quantity of absolute alcohol, or intoxicating spirit,
(though that is inseparable from the solution,) but how
to obtain the best and most of that nutritious con-
stituent of wort, the saccharine matter, from which, in
combination with other fluids, the alcoholic beverage is
produced ; though the quantity of alcohol it contains
be a fair test of its superiority, and its presence a cri-
terion of its preservative quality.

That all nations, ancient and modern, where liquor
extracted from corn without distillation has been known,
have produced it from barley, and that a rude mode of
previous preparation similar to that which we term
malting was known as early as the reign of Cyrus,
appears from the authorities named in the preceding
chapter; but whether such process is the best that
can be followed becomes a question for investigation ;
because, if we can reject this commodity, and adopt a
better, we can claim credit from posterity ; and if we
see that the old course cannot be altered, we can only
do our utmost to amend it, knowing that we have an
immovable basis whereon to operate.

This leads to a review of the several kinds of corn,
pulse, &c., usually consumed as food. Thomson has
compiled from foreign journals perfect analyses of most
kinds of grain, &c., ordinarily reared for the market,
and has confirmed many of the results by experiments
of his own. The following Table, collected from his
works, and reduced to the centimal standard, will show,
at one view, the constituents of which each is com-
pounded. It may be necessary to premise, that lentiles
are the ervum lens, vetch, or tare ; and that mais is
“ the seed of the zea mais, or Indian corn, a native of
America, but now reared in Italy and other southern
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countries of Europe. It was cultivated and much used
in Peru before the conquest of that country by the
Spaniards. They even knew the method of fermenting
it, and of producing from it an intoxicating liquid, to
which they gave the name of chicea.” (Thomson’s Org.
Chem. p. 883.) The gluten of mais is termed zein by
Professor Gorham, in the Journal of Science, XI. 205.
All the rest must be familiar to the common reader.
The albumen found by Einhof in barley contained phos-
phate of lime. Vogel removed the husk from his oats,
and afterwards analysed the meal ; his sugar contains
some “ bitter cxtract,” and his albumen is described as
“a grey substance like albumen.” This “ bitter ex-
tract” resembles the “ cxtract and bitter principle”
found by Cadet in coffec, which consists of tannin with
oxygen abundantly absorbed, and is more clearly ex-
plained under its proper head. The 1 per cent. extrac-
tive found by Prout in barley and malt is not a bitter,
but is called by him “yellow resin.” Convenience does
not require separate columns for these.
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CHEMICAL ELEMENTS. 29

To readers ignorant of chemistry, it may be useful to
premise that this Table exhibits, as nearly as analysis
has approximated, and with sufficient accuracy for the
present investigation of constituents, all those prozimate
principles of the substances under consideration, which
in chemical language are termed their primary com-
pounds, as saccharum, starch, &c., each of which has its
own function in forming and supporting the structure
of the seed, root, or other body referred to; and each
primary compound is resoluble into the ultimate ele-
ments denominated not “ fire, air, earth, and water,” as
the four elements of ancient philosophy, but

(0.) Ozygen : the fiery or acid basis (from OZv¢
[Oxys], sharp, acid, nimble, acute, swift ; and
Ievvaw [Gennao], to generate or produce).

(C.) Carbon : the earthy or coaly (from the Latin
carbo, a burning or common coal ; but the
Greek is AvOpak [Anthrax]).

(H.) Hydrogen : the water or humid (from “Ydwp
[Hydor], water ; and the same generative
term as before) ; and

(Az) Nitrogen : the airy or nitrous (from Nirpov
[Nitron], nitre, saltpetre or petrified salt ; and
as before). This element is also called Azote,
from AZw [Azo], to be dry; to suck in.

These elements, by combining together in an endless
variety of ways, form all the complicated substances
discoverable in the universe, be they animal, vegetable,
mineral, or gaseous ; and, according to certain philoso-
phers, the primary compounds most important to the
vegetable economy are sugar, gluten, farina, mucilage,
and oil, each possessing very different properties from
the rest, as regards the production of nutriment. The
Table extends to other principles, equally proximate as
constituents of the vegetable substances examined ; and
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we have now to show how far they individually affect
the constitution of wort by sharing in its composition ;
the final object being the discovery of the propor-
tion necessary to sustain the ultimate elements on the
most advantageous terms; since on them, however
blended in the compounds, the constitution radically
depends. The Saxons, as appears above, gave to this
extract the name of wort; first, because it requires
working in the mash ; and, secondly, because it works
itself into spirituosity by fermentation ; and, if we are
really good brewers, we shall pass it safely through
both processes, leaving it with characteristic virtue at
subsequent command.

Thomson’s definition of the wort derived from barley-
malt is, that it consists in the mealy parts of the grist
being held in solution by the water employed: so it
does ; but he also says, that it appears to consist of
JSour substances so held, which he calls saccharine juice,
starch, mucilage, and gluten, combined with tannin ; and
of these, the brewer knows that in good worts saccha-
rum is the principal constituent that demands his care
to preserve it. Experience soon teaches him to know
it by the sweet odour of his wort, by its luscious taste,
by the brown or golden colour which it imparts, and,
where his process is properly conducted, by its perfect
transparency ; but, after all, what is it? How and
where obtained ? How best preserved? How far, and
in what manner, does it combine with the other ingre-
dients which assist in the solution, transmutation, and
purification of the beverage ?

1. SaccHaruM.—This substance, called by Paul Egineta
sal indicus, or Indian salt, being, as he says, like com-
mon salt in colour and concreteness, but like honey in
taste and flavour, appears to be similar to the juice with
which the Armenians, as above noticed, impregnated
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their malt-liquor to strengthen it; and to that which
Theophrastus, who died B.c. 288, described as the other
honey which s tn the reed; though, with respect to
colour, the saccharum from British malt is brown, dark-
ening gradually when it is heated, becoming brittle and
glazed when dried at 160° and if raised to 180° and
occasionally damped, turning nearly black, losing its
sweet taste, and acquiring a sharp disagreeable one, and
completely charring at 200° or thereabouts: at least,
somewhere below the boiling point, or 212° It was
little known in Europe before the Christian era; but
was noticed about the middle of the first century by
Dioscorides the physician and Pliny the naturalist ; the
former of whom informs us, that saccharum is a certain
kind of concrete honey from India and Arabia Felix,
Jound in reeds, like salt in its concretion, and is broken
like salt when subjected to the teeth ; and the latter says,
that A rabia brings saccharum, but India is more praised ;
it is honey collected in reeds, clear like gum, fragile to the
teeth, and s of very extensive use 1n medicine, as much in
s1ze as that of a filbert-nut. Lucan, a contemporary poet,
who died in 65, has the following verse in praise of it :

% Quique bibunt tenerd dulces ab arundine succos.”

That is, Whoever drink the sweet juice from the tender
reed But it stands as a confirmed opinion, that these
Arabians and Indians within the Ganges, were not
growers, but mere mercatores trading with the Romans ;
and that they were supplied with this, as with other
precious spices, by the exporters from Bengal and Siam,
who had first brought the plant from China. From the
medicinal properties of this “gummi modd candidum”
exuberance, or Eastern sugar-candy, and the patronage
bestowed on it by the faculty of those days, Piso relates
that it became scarce and high-priced, which induced



32 INGREDIENTS.

those Arabs and Inner Indians, from the description
given of its growth by those with whom they traded, to
search for it at home ; and they had the good luck, not
many centuries back, to pick up the indigenous
Mambu, from the knots of which, after some four
years’ growth, a white, spongy, light juice exuded, in
which they found a sweet taste so like to that of the
saccharum, that they soon became able to compete with
the foreigners in their own markets, by introducing it
as what they called their Sacchar Mambu or Tabazir ;
and the Arabians also found a species of dog’s-bane, or
Apocin, which they called Alhassar or Alhuzzar, from
which they abstracted a third kind of saccharum, which
they titled Alhasser Zuccar, whence, by corruption, our
word Sugar. Thus were three species known, inde-
pendently of that obtained from malt, which three are
severally called by Avicennes the Zuccar arundineum,
or Indian salt ; the Zuccar Mambu, or Persian Tabaxir,
and the Arabian Zucchar Alhasser.

Hence sugar and saccharum are synonymous terms,
applied to almost equivalent matter, except that one is
fluid and the other dry and crystal, and are food and
medicine for the nourishment of man ; and two remark-
able coincidences may be observed in relation to them :
one is, that the sugar-cane contains about equal por-
tions of sugar and molasses, while the barleycorns, when
malted, yield like quantities of sugar and mucilage;
and the other is, that just when malting began to be
practised as an English trade, the inhabitants of southern
Europe turned their attention to the cane ; for in 1250,
Marco Paulo, a nobleman of Venice, travelled to Bengal
in search of it, and planted it in Arabia, whence it
passed into Nubia, Egypt, and Ethiopia, and subse-
quently into Morocco, Sicily, and the Atlantic islands,
where it was fostered, till, in 1520, St. Thomas alone
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had sixty manufactories, producing annually 150,000
arobes, each thirty-one avoirdupois pounds, or nearly
2076 tons. Liquid or uncrystallisable sugar was first
pointed out in Spain by Proust, who has shown its habi-
tation in a variety of fruits and vegetable juices. It
was found in carrots by Margraff, and is a principle in
liquorice, distinguished from every other species of
sugar by being incapable of forming crystals like those
of the sugar of commerce, so that it can only appear in
a liquid state. According to experiments made by the
Duc de Bullion, the juice of grapes yielded from 30
to 40 per cent. of this saccharum ; and Proust asserts,
on the strength of his experiments, that the raw sugar
from grapes, when sufficiently diluted with water, fer-
ments, and is converted into wine. Now it appears from
the above Table, that of the substances investigated,
none but corn-seeds and peas contain this saccharine
matter without conversion; but that mais has more than
88 per cent. of starch and hordein, which latter is a dis-
tinet farinaceous substance, similar to one whose parti-
cular province is barley; and that rice has in it a small
portion of an ingredient resembling it ; and again, that
the sugar is decreased by the ripening of the seeds,
while their starch is very materially enlarged ; whereas
the malting of barley trebles its sugar, and almost dou-
bles its starch, which is vastly important ; for as sac-
charum is the first essential of wort, its conversion and
preservation are of paramount consideration. Sugara
differ in constitution ; for the ultimate elements of cane
sugar are O. 5063, C. 42'47, and H. 69, according to
Gay Lussac and Thenard ; but starch sugar is 0. 55:87,
C.37-29, and H. 6:84, as given by Saussure ; and sugar
of malt by Proust is 0. 56771, C. 362, H. 709.

2 SrarcH.—The presence of this substance, appa-

D
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rently the most abundant constituent of ripe grain, is
readily detected by iodine, which produces a blue
colour ; or by dropping an infusion of nutgalls into the
wort, when a precipitate will appear, which, at the heat
of 120° will chiefly re-dissolve, leaving only a little
of the combined gluten and tannin unaffected. Starch
was well known to the ancients, as Pliny informs us in
the seventh chapter of his eighteenth book, that the
inhabitants of Chio first discovered the mode of pro-
curing it. Saussure ascertained that 100 parts of starch,
when converted into sugar, became 110-14 parts ; and
concluded, hence, that starch-sugar was a mere com-
pound of starch and water in the solid state; and
Kirchoff, a Russian chemist, found that starch might be
converted into a juice possessing precisely the properties
of sugar of grapes, by mixing it with water four times
its weight, and sulphuric-acid about a hundredth part ;
after which he boiled the mixture thirty-six hours, sup-
plying fresh water as fast as the old evaporated. It
has also been found that sugar so obtained melts at the
temperature of boiling water, and spontaneously under-
goes the vinous fermentation when dissolved in water
and sufficiently diluted. Thus we see the perfect nature
and properties of saccharine matter, and the way in
which it can be produced from starch, which is a matter
of first-rate consequence to the brewer, seeing what g
quantity is contained in ripe grain, and how it is in-
creased by malting.

It seems from the discoveries of Raspail and Guerin
Varry, chemists of great eminence, that when starch is
examined under a microscope, it is found to consist in a
number of rounded grains, of somewhat variable shape ;
and that these lodge in cells in the particular plant that
produces them, and that their magnitude enlarges as
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the plant grows and ripens, which circumstance ac-
counts for their paucity in green corn, as shown by our
Table.

Potatoes.—These contain 15 per cent. of starch, 7 of
fibre partaking of its nature, and 4 of mucilage, with a
superabundance of water, and rather less than 1} of
albumen,—a substance noticed near the end of this
chapter. The feecula or starch of the potato, differently
as the two terms are commonly considered, is no other
than a gum, divided into minute portions, each of which
is a globule inclosed in a shell of tissue; and chemists
have discovered that the latter only is coloured blue by
iodine. Add an alkali, and it becomes soluble ; add an
acid, and it converts it into sugar like that of grapes.
Gum is considered to be the nutrient principle of vege-
tation, disposed freely among the constituents of plants,
and constantly in action ; but starch is stored up in
such a manner that the water of vegetation does not
easily solve it ; and this, as well observed by Du Can-
dolle, agrees very well with the office assigned to it in
the vegetable economy, of forming a reservoir of nutri-
tious matter to be consumed, at particular periods, in
supporting the plant. In corn and buckwheat the
storehouse is with the albumen of the seed, but in most
other plants it is elsewhere; as in the potato, for in-
stance, it descends into the root as the plant becomes
mature. At page 100 of the “Society’s Treatise on
Botany” (Nat. Phil, vol. iv.), the editor observes, that
in all these cases, the starch is either capable of supply-
ing food to the young plant, or it may be supposed to
be provided for the sustenance of man ; but that the
former is the more immediate destination, is probable
from its continuing to increase during the latter part of
the yvear, when the plant is preparing a fresh supply,

p2



36 INGREDIENTS.

reaching its maximum when it has ceased to grow, re-
maining stationary in winter, and rapidly diminishing
with the growth of the young shoots in spring. This is
exemplified in a French ‘work on agriculture, which
shows that 100 Ibs. of potatoes contained the following
quantities of starch at different stages :—

Ibs, Ibs. 1bs.
In August .. 12 In October 17 In April 133
In September 14} In March 17 In May 10

Potatoes, in their raw state, do not contain any
gluten ; at least, Proust could not find it, nor does our
compiled analysis show that Einhof was more success-
ful ; and moreover, like rice, which baffled the efforts
of Vauquelin, they are also destitute of saccharine mat-
ter ; and Liebig observes, that if they grow where they
are not supplied with earth, as in a cellar for example,
a true alkali called solanin, of very poisonous nature, is
engendered in the sprouts that shoot towards the light.
Yet potatoes will convert into a species of malt, and
may be deprived of their generative function ; since it
is well known that whole cargoes brought from Ireland,
and overheated in the passage, have entirely failed as
seed. And they possess other principles in common with
grain ; for Thomson, after reciting Einhof’s experiments
on potato starch, in the residuum of which he discovered
albumen and mucilage, says that the juice which may
be separated from them when boiled is sweet-tasted ;
consequently, it is saccharific. He tells us that the meal
is insoluble in boiling water, though potato-starch forms
a transparent solution with it ; and accounts for the dif-
ference by supposing, quite rationally, that the albumen,
fibrous matter, and starch, combine by boiling, and form
an insoluble compound.

The direct conclusion, therefore, is, that though pota-
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toes differ essentially from wheat and barley in contain-
ing no gluten, yet the detection of mucous sugar and
gum by Peschier, which sugar is the basis of wort,
demonstrates that potatoes thus prepared are capable
of undergoing the vinous fermentation.

Sir Humphrey Davy argues that an acre of potatoes
will produce 4031 lbs. of starch, gluten, and sugar,
which will yield 2200 lbs. of brewing extract ; while he
believes that wheat contains no more than 1289, barley
than 1242, nor oats than 990 1bs. of the compound,
respectively yielding but 900 lbs,, 750 Ibs., and 629 lbs.
of the extract ; and as starch is chemically allowed to
be the parent of sugar, and as the fmecula of potato is
readily converted into starch, one author strongly re-
commends it to the brewer’s attention, and prefers the
farina and sugar of potato to the ordinary kind for all
culinary purposes, except that of making bread, the
lightness of which he ascribes to tenacity in the gluten
of wheat ; and from the feature of his treatise, it seems
that the introduction of potato brewing, and potato
conversion at large, has been one of the chief objects of
his publication. It is certain that much contraband
sugar is made from the potato-root, and from beet,
as some extensive seizures have, within a.few years
back, been made by our excise ; and though the ana-
lysis of the root does not show that it is glutinous, but
starchy and mucilaginous, still the sugar, which the
starch is made to yield, may be converted into an alco-
bolic beverage by solution and the application of barm,
containing albuminous gluten as an ingredient. This
beverage may not be imperishable, neither has the art
of man provided such ; and then the author before us
truly says, that unfortunately, through the stringency
of our excise laws, the purposes to which such an
extract is applicable are in a great measure prohibited ;
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and this settles the brewer’s doubts, if he has any, as
far as potato beverage can concern him.

But though the matter called solanin, solanina, or
essence of night-shade, of which genus the potato is the
species tuberosa, has been shown to be poisonous; and
though Dr. Thomson advises extreme caution in the use
of the shoots after germination has begun, yet with
fiecula, more particularly if in good season and keep-
ing, it is otherwise ; for Ham’s potato sugar, which is
quite hard and beautifully white, is preferred to the
best refined sugars of commerce by makers of wine
who have tried it in private houses, from the accredited
assertion that it does not readily become acid, owing,
no doubt, to the absence of gluten within it, which, if
resident, would attract oxygen and present it to the
aleohol, converting it into acetic acid.

He tells us that the whole French nation is alive to
the superiority of potato sugar; but, admitting the
impolicy of parliamentary dictation to the manufac-
turer of any staple article of necessary consumption,
inasmuch as it manacles ingenuity, menaces industry,
and prohibits fair and free competition, thereby up-
holding monopoly, the retarder of knowledge, and the
crippler of economy ; still, inequitable as setting off
restriction against principle may be, his mode of hand-
ling this tuber is objectionable from the tenor of his
own language, where he informs us that the brewers
and distillers of France sweeten their flour by a
process which it would be foreign to his purpose to
describe. Why so, if it works a beneficial conversion ?
The more we learn, the wiser we ought to become :
but another block obstructs our way ; for at present it
is, as he says of oats, “Too inferior to bear a duty of
2s. 6d. per bushel,” even in faecula; and to that deci-
sion we are legally bound to submit, whether we give
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the experiment a private trial or not, so long as the
restrictive duty remains upon the produce of the soil
to damp the energies of enterprise. The duty is 2s. 83d.
Saussure, Gay Lussac, and analysts of a later date,
give the elements of several kinds of starch thus:—
Potato: 0.49-076, C.4425, H.6°674.—100.
Wheat: 0.4904, C.44-26, H.6-70. —100.
Rye: 0.49:20, C.4416, H.6:64. —100.

Gux is analogous to starch, as albumen is to gluten
it is the amidin or liquid yolk which fills the vesicular
pustules already noticed, which latter chemists distin-
guish by the term amylin. In an analysis of the starch
of potato by Guerin Varry, he gives the proportion
thus :—Amidin, 3813 ; amylin, 59'75 ; and an external
tegumentary amylin, 2:12 per cent. Gum itself is in
specific gravity from 1310 to 1430, and has no smell.
Proust’s analysis of wheat starch, after 20 hours’ expo-
sure at the boiling heat, and 6 more at above 300°
became 0.49'78, C.44, and H.622 per cent., differing
but little from the above.

According to our Table, gum abides most particularly
in coffee ; to some extent in wheat, beans, and lentiles ;
more sparingly in mais and oats, and triflingly in rice ;
but s not found in barley or malt, rye, peas, kidney
beans, or potatoes; but as potatoes and barley-nreal
have been found to abound in starch, where it ori-
ginates, the gum generally collected in this Table must
differ from the amidin or egg of starch, in some par-
ticulars. Thomson affirms that alcohol separates starch
in part from its decoction, but that gum is insoluble
in alcohol ; and that if alcohol be poured into mucilage,
the gum, from the greater affinity of water to alcohol
than to it, immediately precipitates in white, soft, opaque
flakes, which will not solve in ecther or in oils. But
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gums are various, according to the substances that
produce them ; and different kinds are obtained by dif-
ferent and even contrary processes, and we need not
hunt for gum arabic, gum senegal, or gum guiacum,
in proof of it ; besides which, some chemists seem to
stumble between gum and mucilage, which are not by
any means the same ; and it will be found well for the
brewer not to confound the distinction: his gum is
the amidin of starch, before noticed.

Starch gum and sugar readily unite when both are
dissolved in water, and by gentle evaporation a solid
substance is obtained, which, like the Indian salt of the
ancients, is uncrystallisable and perfectly transparent.
This gum is nutritious, though alone it cannot support
life, and in its composition it approximates, as well may
be imagined, to that of starch itself, its elements being
composed of 0.50'84, C.42-23, and H.693, according to
Gay Lussac and Thenard ; of 0.512, C.42-2, H.6'6, ac-
cording to Goebel ; and of 0.51:31, C.41'91, and H.6°78,
according to Berzelius ; which trifling difference might
easily arise from diversity in the quality of the starch,
and they are almost identical with the results seve-
rally obtained by the same philosophers from their
experiments on raw sugar; and as sugar contains neither
earth nor alkali, no more does this kind of gum.

An article called British gum is thus described in the
Magazine of Science, vol. i. p. 32:—“ A gummy sub-
stance, obtained by heating starch until it obtains a
slightly brown colour, which it will do at a temperature
of between 600° and 700°. It is soluble in boiling
water, but not in cold ; and if a few drops of tincture
of iodine be added to the solution when cold, a purple
colour is produced, and not a blue, which the unburnt
starch would have produced ; showing that, during the
roasting, a chemical change has been effected. A
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gummy substance analogous to this is obtained by the
addition of strong sulphuric acid to paper or woody
fibre, such as sawdust ; and then saturating the acid
with chalk, this gum is left.” Similar to this obdurate
substance, therefore, must be the gum of roasted coffee
or of porter-malt, which is rendered strongly adhesive
by heat, but is deprived of its saccharine consistency
and its liquescency. Starch, therefore, is clearly con-
vertible either into liquid saccharum of a nourishing
nature, or will set into an inconvertible and tenacious
gum ; and it is the brewer’s province to promote the
one, and to prevent the other.

8. MucrLage is that which, according to Thomson,
“ precipitates in flakes when the wort is dropped into
alcohol,” and which he observes to be more considerable
in the last-drawn worts than in the earlier and stronger.
Hermbstadt distinguishes mucilage from gum thus: the
former is opaque, the latter transparent and glutinous ;
the former does not feel glutinous, but slippery, and
cannot be drawn out into threads, whereas the solution
of gum can be so drawn out. The following has been
given as a mode of separating the one from the other:
Reduce the mixture to a dry mass; dissolve it in the
smallest quantity of water in which it can be done;
drop into the solution, time after time, diluted sulphuric
acid : this will coagulate the mucilage, but the gum will
remain dissolved; and when the coagulation has ceased,
if the mixture remain awhile at rest, the mucilage will
precipitate and become a jelly. Mucilage is therefore
a substance wholly distinct from gum, rather than the
product of some new combination and transition, being
co-existent with it; and Einhof must have been con-
scious of the dissimilarity when he found the one in
field beans and vetches, and the other in ripe rye and
barley, peas, kidney beans, and potatoes; and we shall
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presently see that it has not the same function, but can
occupy a separate habitude. Indeed, it is thus other-
wise described :— Next to gluten, in the property of
affording nourishment, is farina. This is found most
copiously in wheat, and it forms a considerable portion
of the nutritive parts of various kinds of pulse and
tubers. Most fruits contain a basis of mucilage or
farina, which is combined with sugar or with oil. Sugar
is among the most highly nutritive of all the vegetable
products, and oil seems capable of being converted almost
wholly into nutrient matter.” (Treatise on Animal Phy-
siology, Nat. Phil. p. 47.) Mucilage is therefore not a
food within itself, possessed of intrinsic virtues, but
merely holds the nutrimental part of food consistently
together, and is susceptible of disengagement by com-
mon solvent means; resembling in these particulars
the amylin or shell of starch. Hence we must regard
with caution any expressions which treat mucilage and
gum synonymously. Thomson says that there are °
many kinds of seeds, as linseed, for instance, which,
on being macerated with water, make it become thick
and adhesive, converting i into what is called muci-
lage; and that the solution of arabin, the principal
constituent of gum arabic, used by calico printers to
thicken their colours and mordants, and thereby to
prevent their running, “is known by the name of
mucilage.” We might hence conclude that mucilage
was the produce of a secondary admixture or tran-
sition from the state of starch; but the fact is, that
these adhesive solutions contain gum as well as slime,
and this is the admixture of which kidney-beans con-
tain more than four-times as much as barley-meal, and
of which the same chemist says that water dissolves
gum in large quantities which are thick and adhesive ;
the solution, when spread thin, having the appearance
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of varnish, and readily attracting moisture and becom-
ing glutinous ; for though he says that it is “known by
the name of mucilage,” he admits that water washes it
away ; and that, when mucilage is evaporated from it,
the gum is obtained unaltered. In another sentence
he terms it a mucilaginous solution, speaks of its great
non-liability to decompose, as it will keep for years
without putrefying, but says that * a¢ last the odour of
acetic acid becomes perceptible in it.”

No doubt the elements vary in mucilage as in other
substances, according to the nature of the substance
composing its basis. Marcet analyses mucilage at 0.53:09,
C. 414, H. 551, and Guerin Varry gives for the muci-
lage of linseed, 0.52:78, C.34:30, H.565, Az.727; but
it may be presumed that the quantity of nitrogen which
thus distinguishes mucilage from sugar, starch, or gum,
is an accession chiefly at the expense of the carbon,
which, though dependent on the character of the seed
examined, pronounces it at once a separate substance.

4. GLuteN.—Thomson asserts that the other ingre-
dient in wort is the insoluble part of the precipitate
thrown down by the gall test, and is a combination
of gluten and tannin, and very inconsiderable in quan-
tity. He pronounces gluten one of the most useful
vegetable principles, and says that it is an essential
constituent in wheat, because it renders the flour fit for
forming bread. It is, in fact, a strong stimulant, whereas
mucilage is languid and passive ; and this stimulative
power of gluten is particularly useful to the brewer in
producing alcohol, by its excitement in the act of
fermentation. It is a substance which he studies to
eject, though he must first avail himself of its services.
Beccaria, an Italian philosopher, who undertook to ana-
lyse wheat-flour in 1742, first discovered this substance
thereby, and found it to be grey, tenacious, elastic, and



44 INGREDIENTS.

ductile, capable of being stretched out to many times its
natural length, like Hermbstadt’s gum, to which it is
allied. We see by our Table that it is doubled by the
ripening of barley from a certain stage ; that it abounds
in wheat and rye, and that mais is tolerably prolific of a
matter so essential, the value and use of which may be
appreciated from the definitions every where given of it.
The writer on Animal Physiology above quoted, speaking
of vegetable materials, defines it to be the most nutri-
tious of them all ; its elements the most nearly resem-
bling those of animal matter, and that it contains
nitrogen in considerable quantity: an element which is
absent from almost all the vegetable products ; and ob-
serves, that it is found in the greatest proportion in
wheat, which fact the Table tends to substantiate.
Hence, though vegetable gluten has been known now
& full century, its true properties and principles have
been but little studied as such ; for if they had, G.Varry
would have found less nitrogen in linseed mucilage.
Dr. Liebig, in his “ Chemistry in its application to Agri-
culture and Physiology,” (chap. v. p. 70,) has this sen-
gible passage: “We cannot suppose that a plant could
attain maturity, even in the richest vegetable mould,
without the presence of matter containing nitrogen,
since we know that nitrogen exists in every part of the
vegetable structure. The first and most important
question to be solved, therefore, is, how and in what
form does nature furnish nitrogen to vegetable albumen,
and gluten to fruits and seeds?” This subject he pro-
ceeds to investigate at considerable length, and con-
cludes that they are imbibed from the atmosphere, thus
supporting Schrader’s hypothesis on the natural food of
plants. Thomson pronounces gluten a common ingre-
dient in the structure of vegetables, but, as he says of
albumen also, extremely various in quantity and appear-
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ance; and, accordingly, he thinks of the substances
composing rye, that they must vary exceedingly in pro-
portion, according to soil, climate, and age; let us,
therefore, proceed to examine that seed in connexion
with gluten.

Rye.—The gluten of rye and that of wheat differ, as
most other things do, in many particulars, and that of
barley from either of them. Wheat gluten is more tena-
cious than that of rye, and not so soluble. Rye gluten
and water form a mass, which contracts by boiling.
Einhof fermented it, and found that it emitted a strong
smell of nitric acid, but he did not perceive this scent
arise from the gluten of wheat. The saccharum of rye,
when freed from its attendant gluten by dilution, diges-
tion, and evaporation, though sweet, has a harsh taste,
and has become soluble in water, alcohol, or ether, and
is propense to turn immediately sour ; which harshness,
added to the reality that the meal contains 11 per cent.
in mucilage, and only 3} of this inferior saccharum,
added to the tediousness of obtaining the latter, and the
certainty that rye-bread, however sweet, speedily acete-
fies, quite unfits this species of corn for the brewer’s
use.

Rye, having gluten for its support, would have less
disadvantage, notwithstanding, if it could be properly
malted ; but to this the thinness and weakness of its
husk constitute an insuperable objection ; for as soon as
its farina is made to expand, through the absorption of
moisture in the steep, and germination begins to ensue,
the cuticle breaks asunder, and the rising plumula,
having no stay to control it, creeps through the fracture
and grows externally, which is commonly termed ¢ malt-
ing the wrong way;” hence, being unprotected, it is
easily broken off in turning, by which breach not only
is its further growth prevented, but the mutilated grain
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becomes mouldy and putrid, as we shall find to be the
case with over-thrashed barley. Rye is also subject to
a terrible disease called the ergot, or horns, in which
state it is called secale cornutum, and, if taken into the
stomach, will produce tetanus, gangrene, and death ;
but of course the brewer would not buy it in that
state.

Wheat.—Let us now treat of gluten in its relationship
to the triticum hibernum, or winter-wheat, described by
chemists as by far the most nutritious kind of corn ; for
here, again, our interest may be affected to a great
extent. Thomson found it composed chiefly of starch
and gluten, of which starch was the more prominent,
with small portions of saccharum and bitter, to which
Fourcroy and Vauquelin add mucilage. The specimen
from Odessa in the Table above, is taken at the average
between hard and soft grain; but the analysis of the
hard is, starch 56'5, gluten 14°55, sugar 848, gum 4-90,
bran 2:30, water 12:00, loss 127 ; total, 100. But the
flour used by Paris bakers, as analysed by Vauquelin,
gave starch 72:8, gluten 102, sugar 42, gum 28, water
10; total, 100: an inferior kind yielding less starch and
more gum and water, with 2 per cent. of bran; and it
must be noted, that here, as in the Table above, the
gluten is not purely such, but “a mixture of gluten and
albumen ;” and the fact is, that chemists now divide
gluten into four distinct substances: albumen, mucin,
emulsin, and glutin. The elements of wheat-gluten are
thus given by Jones: O. (with sulphates and phosphates)
2356, C. 53:83, H. 702, N. (az.) 15°59.

Nine bushels of wheat, ten of rye, and nineteen of
oats, are respectively allowed to be equal to thirteen of
barley, and to produce equal quantities of beer of the
same strength ; if, therefore, they were equally eligible
and available, their several market prices would deter-
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mine the relative advantage or disadvantage of brewing
from each, the disproportion being chiefly consequent
upon the bulkiness and compactness of the kernels of
the more productive sorts, and on the thinness of their
cuticular covering. The author has behind him the
experience of the seasons succeeding the harvests of
1834 and 1835, when wheat sold at 36s. to 40s. per
quarter, and barley, being scarce, was considerably
higher. Large quantities of the former were then
malted, and made good ale, when properly attenuated,
if the wheat had been very carefully treated in the
manufacture ; but it is best to malt it mixed with
barley, the spires of which will protect it, and regulate
its temperature ; for as its plumula bursts forth through
its tender coat of bran more abruptly than even in rye,
it is in great danger of decapitation if rudely handled ;
and it requires to be mixed in the mash with some
huskier or chaffier substance, because it contains so
much farina in proportion to its cuticle, that it would
otherwise set into a paste, from which the extract could
not be obtained without difficulty and danger. Nothing
is 80 good to mix with it as barley-malt, well crushed ;
and it is better not to crush the wheaten malt too fine,
for it contains too much starch, and too much gluten
with it, to suit the purpose of solution’; and hence the
facility with which it runs into acetous fermentation,
and the reason at once why the produce will not keep
so well as the wort from ordinary malt; though the
author ventures to assure himself, that by the new pro-
cess of conversion and extraction in the mash-tun, fur-
ther aided by the improved mode of fermentation which
he prescribes, all the superlative gluten would be re-
moved, much of the starch would transmute into sac-
charum, and consequent advantage could be taken of
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the superiority of wheat over barley under such favour-
able circumstances of price.

5. Birrer aND Extracrive—When Dr. Thomson
found his gluten combined with tannin, he must have
experimented upon the wort of particularly high-dried
malt, as we find no such principle existing among our
tabular constituents ; but he has discovered, that when
coffee is roasted, tannin is formed within it by the action
of heat ; and we may suppose the same of roasted malt
or corn. Paissd, however, who has analysed that berry
with great care, says it is not tannin, but a peculiar acid,
called by Chenevix caffeic-acid, and by Cadet caffetn,—
which, they say, though it reddens vegetable blues, is
not entitled to be called an acid : it is a colouring
matter, created by the action of heat. The bitter prin-
ciple which gives to certain substances a dye, and in
some instances an offensive taste, may, for the sake
of chemical euphony, be termed amarin ; but it evi-
dently differs in quality and character, according to the
nature of its maternal plant, and sometimes is named
accordingly ; as quassite, from quassia ; brionite, from
white briony, by country people called mandrake ; ber-
berite, from barberry ; lupinite, from lupines; and lupuline,
from hops, though a very different species is extracted
from wolf’s-bane. If each plant had not its peculiarity,
nature would have no need for distribution of genera
into species, nor would language have need for a cor-
responding adaptation of epithets ; and the words here
applied to their extractive principles are a mere Latin-
ising of the essence to the botanical classification of the
substance. They are of no use to the brewer, but, like
the bundle of evils in Pandora’s box, they have each
one single item of albumen lying at the bottom.

Similar to amarin is extractive, which is defined to



APOTHEME.—VEGETABLE OIL. 49

be a principle existing in bark, with a strong taste, con-
taining an acid liquid, and being insoluble either in
alcohol or in ether, but soluble in alcohol when contain-
ing water, and then it will also solve by evaporation ;
but the term seems to have been generally applied to
the remnant of a solution when every thing was gone
which distillation or evaporation could carry off Four-
croy and Vauquelin describe it as a substance at first
soluble in water, but insoluble after exposure to the air,
through having absorbed oxygen there; but Saussure
controverts their argument, and says that instead of
imbibing oxygen, it gives out hydrogen to it, converting
it into water. Berzelius is of the same opinion, and dis-
tinguishes it as a brown substance from other extracts
used among apothecaries, by the term apotheme. Its -
general character is, that it solves with difficulty, and
imparts deep coloration to the water or alcohol in which
it separates. It seems from our Table to be contained
in peas, beans, and mais, but not in any other ripe corn,
and therefore does not further concern the present in-
quiry, as we shall find that these are not brewing mate-
rials.

6. O1L is everywhere a sign of fatness, as mucilage is
of exhaustion. Thomson’s description of vegetable oils
is very clear and comprehensive, where he divides them
into fized and volatile. Fixed oil, he says, is found no-
where but in the seeds, and is almost entirely confined
to such as have two cotyledons, as linseed, almonds,
beech-nut, poppy, rape, &c., and the volatile in every
part of the plant except the cotyledons of the seeds,
where they never occur.

Now cotyledon is a Greek term, from xorvAn, a cave
or hollow, particularly applied in the parent language to
the hip-joint, but botanically to that part of a seed in

E
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which are posited the organs that renew the species.
In native English, the interior of this cotyledon is called
a kernel, which latter word is no more than a diminutive
of corn, though more commonly applied to nuts and the
like, but by maltsters very properly to barley and malt.
Every graminous plant (from gramen, grass or grain),
is mono-cotyledonous, or has its kernel in one piece ;
whereas pulse, such as peas, beans, or vetches, are
bi-cotyledons, or are split into two parts; whence it
would appear that the fixed *fat” oils found by Bra-
connot in rice, by Bizio in mais, and by Vogel in oats,
were exceptions to natural principle, as are similar oils
extracted from rape, mustard, and almonds ; but Four-
croy and Vauquelin have found such an oil also in
barley, which they say is like coagulated olive-oil, but
darker, resembling butter, burning like lamp-oil, and
will form soap when combined with an alkali. (Mus. de
Hist. Nat. 38, p. 8.) Thomson remarks, that this barley-
oil has escaped Einhof’s notice, though he has obtained
it in his own experiments, by the same process as the
French chemists. This subject, and that of resin, will
be found discussed more fully in the next chapter, under
the head, “ Constitution of Malt.”

7. Husk.—Having now proceeded to observe upon
the most important primary compounds, as enumerated
after the Table, we see that in the collection of seeds,
some few constituents remain to be disposed of: these
are, husk or fibre, volatile and fibrous matter, phos-
phates, animo-vegetable matter, and albumen. The
husk in ripe peas exceeds one-fifth of the whole bulk,
and is wholly unprofitable ; but in the ripening of barley
it is reduced from 164 to 6} per cent., the analyst quali-
fying it by observing that it is not only husk, but con-
tains starch and gluten. But the most prominent seed
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in the article of husk, as it is also of fat oil, is that con-
siderable production and “staff of life” of our more
northern and hilly provinces:

Oats.—The husk of this seed, amounting to one-third
of its whole constituency, is known to be a thick, glossy,
outward shell, as hard and compact as reeds, or the
strongest wheat-straw, and inclosing an inner mem-
brane or parenchyma of great nutritious virtue, which
again covers the cotyledon. The quantity of starch is
still more considerable than the husk, but Thomson
admits the difficulty of freeing this starch from “another
substance with which it is united,” without acquainting
us with the nature of that substance; so that its pro-
perties can only be inferred by consulting the Table ;
though in his account of Scotch sowans or flummery, he
gives an interesting account of the parenchyma and its
virtue, but, unfortunately, like rye, it is apt to “ become
sour.” 'The interposition of this middle film, the small-
ness of the kernel compared with the husk, and the
tardiness which its obduracy inflicts upon the germ,
combine to render the malting of the oat a disadvan-
tageous speculation, particularly when the duty is con-
sidered, whatever may be the value of the interior sub-
stance. It is true that in the North it is usually culti-
vated for human food ; but as a malt it is so proverbial,
that a person of inert or slothful habits is said to be
“as dree as haver maut.” Unleavened oat-bread, how-
ever, if stored dry, will preserve unimpaired for years ;
and the saccharific character of the plant is demon-
strable in the sweetness and feeding quality of the
cake, the richness of its parenchyma, and the avidity
with which cattle feed upon the straw.

Rice—Vauquelin, who published an analysis of this
grain, which may be seen in the 12th book of the
Annals of Philosophy, could not find any saccharine

E2
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matter in it, but “a little liquid gum and some sul-
phur” instead ; and it neither contains gluten nor albu-
men ; therefore it is not a proper brewing ingredient,
but is nearly the same as sago, which is classed by che-
mists as a “ pure starch,” and sets into a jelly at a low
temperature ; and, instead of yielding a limpid fluid,
absorbs the liquids presented to it, and stiffens with
them into a solid mass, which hardens as it cools.

Mais.—Respecting this foreign production, a few
words may serve. An analysis of the dried grain is
given by Gorham thus: starch 846 ; zein or gluten 3-3;
albumen, distinct from gluten, 2:7 ; gum 19 ; sugar 16 ;
unaccounted for 59. Here may be all the requisites for
brewing the chicea of the Peruvians, but none of the
extractive named by Bizio, which drew into threads
while warm, but became brittle when cool, with amara-
dulcet taste and the smell of honey ; whence it seems
that analysts differ in their views of the finer matters.
The zein of Gorham did not afford any nitrogen, and
was therefore inert ; but the albumen was more con-
siderable than we find it in any other corn except rye.
Bizio also gives 1 per cent. not of fibre, but zimome or
amidin, besides the undissolved starch ; whence it ap-
pears that he took his analysis when the starch had
begun to burst, and consequently, as shall be shown,
when diastase was at work. This zein is yellow, viscous,
and ductile, like the resin of barley, and is also without
taste or smell, so that it more nearly resembles gum ;
but it is useless to us, and the quantity of starch in this
seed is prodigious, and may lie on the same shelf with
rice.

8. VoraTiLE MATTER, from volo, to fly, is that which
is easily carried away by evaporation or otherwise.
This matter appears to be five times as plentiful in the
unripe plant as in the seed, which is shown in the
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instances of barley and peas, amounting in the early
stage of the former to more than half, and in the latter
to four-fifths of the whole, but reduces by ripening to
10 per cent. in the pea. Barley has, therefore, a prefer-
able substantiality in this respect, as well as in glu-
tinous food, which is doubled as it becomes mature,
whereas in the growth of the pea it entirely wastes
away ; and again, the saccharine matter, which is not
materially diminished by the maturing of the grain, is
reduced one-half in the pulse by the same process, all
which things militate against the pulse and for the
grain ; and though the saccharum or immature juice of
the barley is reduced in quantity, or rather is gone, it is
replaced by a superior quality. Einhof, as it will be
seen, found that the pod of the pea contained more
volatile matter and starch, in proportion to its bulk,
than when pod and pea were taken together, but less
gluten and vegetable fibre, and only half the albumen.
Peas.—Einhof also noticed, that the sweet juice of
young peas might be obtained by slight pressure; that
when a quantity was exposed to the air, a thin skin
gathered upon the surface, and afterwards fell to the
bottom in white flakes ; and that it gradually and spon-
taneously fermented and became sour; the residue,
composed of the coats of the peas, and a white, fibrous,
and tasteless matter, dissolved in hot water like starch,
resembling it in some measure, but agreeing in its pro-
perties with the fibrous matter of potatoes. None of
these phenomena occurred in the treatment of the
ripened pulse or grain, though the water in which the
green barley had been macerated deposited some flakes
of albumen when boiled. In all these respects, there-
fore, barley is superior to peas; and though many, not
excepting persons connected with the excise, harbour
an idea that a few peas thrown into a couch of malting-
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barley will vegetate with it, and improve the brilliancy
of the article made from it,—the idea of the apple-pie
made all of quinces will show its erroneousness, as a
brewing of unadulterated pea-malt would at once de-
monstrate ; for it would, in the first instance, have to
pay one-third more duty, and ultimately not more than
five per cent. of the whole pea would incorporate with
the wort. The experiment of sprinkling peas upon the
couch is not usually done to a greater amount than one
per cent. ; and the idea that one-twentieth of that, or a
two-thousandth in the magnitude of the mass, could
have any sensible apparent effect, either clarifically or
aromatically, is truly preposterous, unless it were all
diastase, or analogous to it. In short, to explode the
absurdity, the writer must admit that he was once pre-
vailed upon by a person with whom he acted, and who
had heard much of the sparkling beauty thereby pro-
duced, to try this experiment; and, accordingly, he
procured six quarters of peas, which he malted and
brewed with barley in various proportions, and watched
the wort and the ale very closely, but did not perceive
any alteration for the better, which was precisely the
result which he had predicted to arise from a specula-
tion so uncommonly fanciful.

9. Firous MarTER.—That before us was extracted
from peas by Einhof, who published his experiments in
the sixth volume of Gehlen’s Journal. He says that it
is much like gluten, but differs from it, and from all
other vegetable constituents; that it is adhesive, will
form paste, is perfectly insipid and inodorous, and in-
soluble in water, whether cold or hot, and begins to
putrefy when commingled with it. This, from its de-
scription, appears to be a mass of unformed mucilage
and gluten, into which the husks seem partially con-
vertible, and differs from that other fibrous matter found
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in rice by Braconnot, which consisted in a parenchyma
(the integumentary amylin), not unlike that of oats,
mentioned above, being knit together, filled with small
bubbles, and was tender and succulent.

Lentiles and Beans—These seem also to contain a
quantity of fibre, starchy or otherwise, amounting on
the average to not less than a fifth of the whole, the
field-beans having the most, and the kidney-beans the
least. They have plenty of what seems to be albumen,
but no saccharum, or any real azotic gluten to produce
it, and kidney-beans abound in mucilage ; and all of
them, as well as peas, and particularly lentiles, have too
much of the substance called animo-vegetable to be pre-
served from putrefaction during any length of time,
when once solved into their disorganised elements. Vau-
quelin and Correa de Serra found tannin in the skins of
beans, and again in their animo-vegetable substance ;
and the only remarkable property which the former has
found on a more minute series of experiments on a black
species of kidney-bean from the Isle of France, appears
to be “ a black substance containing azote:” indeed, all
these pulse darken the water in which they are boiled.
The flour of lentiles, when digested in alcohol, gives to
the latter a bitter acrid taste, and turns it green ; and
when distilled and mixed with water, it acquires a dis-
agreeable smell. This shows that the animo-vegetable
is pernicious ; and though it is said to approach gluten
in its properties, it has been proved by Einhof to differ
from it in several particulars, as it soon putrefies when
mixed with water, and gives out the smell of ammonia ;
therefore the brewer has no more to do than to discard
this class of ingredients altogether. Playfair has re-
duced beans, and given the clements thus: C. 38:24,
H. 584, Nitro-O. 3810, Ashes 371, Water 1411 per
cend.
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10. ProspHATES.—In European rice we find thrice
the quantity of these that is contained in the same sort.
of corn if brought from the Carolinas, ripe British bar-
ley affording something like a medium between them,
but the unripe yielding none that is perceptible. Ripe
peas seem to contain between two and three times as
much as green pods, and beans more than thrice as
much as peas. In some of the other cases they have
been overlooked, or are included in the loss. The
author once felt disposed to describe these curious salts,
“formed by phosphoric acid,” as Henry has it, rather
particularly, and to show how plants draw them from
the soil, as sustenance, till the seeds eventually imbibe
and feed upon them ; but as they are chiefly neutral,
and the presence and quantity of each is dependent on
the composition of the native soil, nothing needs here
be said of them, more than that Liebig, the prince of
agricultural chemists, declares that the seeds of corn
could not be formed without the phosphate of mag-
nesia ; and that the alkalines, as well as those of mag-
nesia and lime, are necessary for the production of all
corn plants.

11. ArsuMeEN.—This substance has been named above
(p. 46) as one of four derivatives from gluten, and as
being thrice as copious in ripe barley as in unripe.
Link, who is followed by Thomson, says that albumen
and gluten resemble each other too closely to be con-
sidered distinctly ; though the latter, in his more recent
work, says, “it is unlikely that the constitution of the
albumen, mucin, and glutin, should be exactly the
same:” thus may men live and learn, while others
unlearn what they have once known. The author, in
exercising his own judgment with some degree of free-
dom, has learned to think with Liebig, that the critical
repetition of another’s experiments, or of his senti-
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ments, must be viewed as a criticism upon his opinions.
“If the result of the criticism be merely negative, and
do not suggest more correct ideas in the place of those
which it is intended to refute, it should be disregarded.”
Though Thomson’s conviction has induced him to shift
his opinion, and though he says, after all, that “little
confidence can be put in M. Marcet’s analysis,” still he
gives it without a better of his own ; and perhaps that
chemist thought the difference too trifling to notice ;
therefore let us take the following :

GLUTEN BY BOUSSINGAULT. per cenl. | ALBUMEN BY MARCET. per cent.
0. 3atoms = 3000 .. 25 0. 2} atoms = 26 . 2095

H.7......=0875 .. 7292 | H. 7} ....=109375 .. 755

C. 8}...... =6375 .. 53126 | C. 9 ...... =675 .. 5655

Az 1 ......=1750 .. 14583 | Az.1 ..:... =176 .. 1465
19§ 12 100 20 119375 100

Which is a considerable difference in substances so
nearly allied that they lately could not “be considered
as distinct principles.” The above, it is true, are the
gluten and albumen of wheat; and though Einhof saw
that they existed in rye and barley, and complained of
the difficulty of separating them, they evidently do not
vary far from these, though the gluten may differ in
character. The analysis of animal albumen given in the
“system” is O. 2387, H. 754, C. 52-88, Az 1571, or
nearly as the gluten of Boussingault. Another analysis
of the albumen of wheat has O. with sulph. and phosph.
2184, C. 5501, H. 723, Az 1592 ; and Thomson again
says, that no simple substance has yet been found in
the animal kingdom which does not likewise exist in
vegetables. This is particularly demonstrable in albu-
men, which has important engagements to fulfil, distinct
from any other kind of matter: in fact, it is in both
kingdoms the primum mobile, enveloped in a substance
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peculiarly its matrix, and having an innate germ, appro-
priate to its own office and necessity. It is, in short,
one of those “other substances besides starch, sugar,
and gum,” which Liebig says “must be present in a
plant, if these are to take part in the developement of
the germ, leaves, and first radical fibres.”

In like comparison, also, gluten or emulsin may be
considered as the milk or nutrient matter of seeds;
saccharum as their blood, or the vehicular supporter of
their life and motion ; woody fibrin their bones ; starchy
fibrin their intestinal organs; mucilage their flesh or
perishable substance ; volatile matter their sudorific or
other excrescent essence; starch their solvent sinews
and tendons ; oil their fat; amarin, extractive, animo-
vegetable, phosphates, &c. their digestive food and alien
matter; and husk and parenchyma their skin, mem-
branes, and glands.

Albumen at 160° coagulates into a white solid mass,
of a consistency dependent on the time that the heat
has been applied, and in some measure, likewise, on its
own quality ; and the mass thus formed has exactly the
same weight which it had in its fluid state. The coagu-
lated albumen is insoluble, though when cold it solves
in water ; and this proneness to coagulate, through irre-
sistibility of the power of heat, is a characteristic of the
substance that distinguishes it from all others. Such is
albumen, which the brewer is enjoined to bear particu-
larly in mind when he examines the contents of his
copper and the treatment of his worts. It is one of
those essential properties of seeds to which the hack-
neyed word “ gum” was applied by chemists before its
distinct nature became known.

12. Diastase—Another inherent property of seeds,
which may seasonably be considered in connexion with
albumen, is diastase (from OSusrnui, to put at a dis-
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tance ; compounded of {ornut, to stand, and dia, between :
s word signifying separation or disunion; being that
principle which causes, according to another interpreta-
tion of the word, “breach of friendship” among the
farinaceous constituents of the mash). Liebig, to
whom we owe a debt of gratitude for the introduction
of it, has laid down the following important princi-
ples: '

The conversion of starch into sugar during the ger-
mination of grain, is ascribed to a vegetable principle
called diastase, which is generated during the action of
commencing germination ; but this mode of transforma-
tion can only be effected by gluten, although it requires
a longer time.

Seeds which have germinated always contain much
more diastase than is necessary for the conversion of
their starch into sugar; for five parts by weight of
starch can be converted into sugar by one part of
malted barley. This excess of diastase cannot by any
means be regarded as accidental ; for, like the starch,
it aids in the formation of the first organs of the young
plant, and disappears with the sugar. Diastase contains
nitrogen, and furnishes the elements of vegetable albu-
men. The solution of diastase, whether it be pure or
contain sugar, separates amidin from all starchy sub-
stances that contain it; and when heated to 150° or
167° with flour or starch, its extraordinary potency
detaches the envelopes from the amidin, with which it
then enters into combination, and causes it to form a
solution in water, while the amylin separates, either
falling to the bottom or floating on the surface. Such
is the energy of the diastase, when thus engaged, that
one part of it is sufficient to render soluble the interior
portion of two thousand parts of starch, and to convert
them into sugar; but it does not convert the obdurate
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shell called gum into sugar, or act upon common sugar,
or upon barm, neither is it necessary. This to the
brewer is the key-stone of his art, and its truth is well
grounded on French experiments, repeated in England ;
and it was in consequence of this property of separating
the two constituents of starch from each other, that
MM. Payen and Persoz gave it the name of DiasTAsE.

Our celebrated professor has again determined, that
sugar, gum, and starch, are not food for plants; but
that carbonic acid, water, and ammonia, feed them
when fully developed, the former serving, when accom-
panied by an azotised substance, to sustain the embryo,
until its first organs of nutrition are unfolded ; and that
the quantity of gluten, vegetable albumen, and muci-
lage, will augment when the plants are supplied with
an excess of food containing nitrogen.

Diastase is submissive when not excited, but resolute
when forced into action. Though not soluble in alcohol,
it is soluble in water and alcohol diluted. The aqueous
solution has neither alkaline nor acid quality, and little
taste, and when left to itself it will fret into acidity, the
more rapidly the higher its temperature. It is not pre-
cipitated by diacetate of lead, but is obtained solid,
white, and amorphous, in the following manner.

Macerate ground or crushed malt in water for some
time, then press it ; filter the liquid which flows out,
and heat it to 158°. This will suffice to coagulate and
separate the principal portion of an azotised substance
existing in the liquid. Filter the liquid again, and mix
with it alcohol till the diastase is thrown down, leaving
the sugar, colouring matter, and the rest of the azotised
substance in solution ; and, in order to obtain the dias-
tase pure, dissolve it twice more in water, and precipi-
tate by alcohol as before ; the azotised substance then
is albumen, and we have the substances separately.
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Diastase dwells in the seeds of malted barley, oats,
and wheat, but not in the roots or stems of potatoes,
except in the tubercles near the eyes, where it asso-
ciates with an azotised substance as above, soluble, like
itself, in water, but not in alcohol ; but differing with it
by not coagulating in water at a temperature from 169°
to 177°, in mot acting on starch, in being precipitated
from its solutions by diacetate of lead, and in being
eliminated by alcohol before the diastase precipitates.

As the different kinds of corn and the tubercles of
the potato do not contain diastase before they have
germinated, this shows the necessity of malting, without
which no diastatic action can consequently arise; and
because the value of diastase is super-eminent, a know-
ledge of the subject will be found available when we
come to examine and describe the process of mashing,
where will also be found some account of resin, another
operative substance not contained in the Table above.
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CHAPTER IIL

MALTING.

BARLEY—TESTS OF SAMPLES—MOULD—THRASHING MACHINES—PURIPYING
AND STEEPING—STEEPWATER—COUCHING AND FLOORING—DRYING—
STEAD’S NEW PATENT—SPRINKLING AND ANTI-SPRINKLING—KILNS IN
VARIETY—KINDS OF MALT—POOLE’S AND WHEELER'S PATENTS—CON-
STITUTION OF MALT—TESTS—MILLS—ROLLS AND MAKERS.

Havina in the preceding chapter disposed of all kinds
of corn and kernel except barley, and of their consti-
tuents severally, we come at length to the remaining
corn, and to the properties which distinguish it in the
malting process ; not that they are peculiar to the seed,
but because they perform their functions with peculiar
aptitude ; and these, by nature, lead to the considera-
tion of another part of our subject, namely, the qualities
of samples.

Barley is the hordewm of the ancients. When the
philosophers Fourcroy and Vauquelin triturated the un-
ripe seed with water, it deposited a white powder, pos-
sessing the properties of starch ; the water passed trans-
parent through a filter, leaving a slimy substance behind
it that possessed the properties of gluten ; and when the
solution was boiled, it deposited flakes of albumen ; the
liquid was then reduced to a syrup by evaporation, and
this residue being treated with alcohol, and the solution
distilled with water, the alcohol being subsequently dis-
tilled to remove some remaining gluten which went with
it, a syrup was left with a sweet taste: thus was the
saccharum of the barley obtained In the treatment
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of the meal of ripe corn, they also found the water
depositing a white powder, which soon became acid, the
acetous water itself reddening an infusion of litmus.
This water held a large quantity of matter in solution,
consisting of albuminous gluten, mucilage, saccharum,
and a proportion of the phosphate of lime and the
nitrate of soda.

In its maturity, the farina of barley contains a yellow
powder, which looks like fine sawdust, and feels granular
to the touch : this is the substance which in our Table
above is inserted as “fibre,” but which is called hordein
by Proust, who discovered that the malting process con-
verted it into starch, which is a point of the most con-
siderable consequence, as the meal contains from 54 to
56 per cent. of it. Marcet has examined it in both
states, and found its composition to be as here given :

HorpEzIN OF BaRLEY, StarcH oF MaLr.
Oxygen percent. ........ 47-6 | Oxygen per cent. ........ 51-8
Carbon cecevecceiccnnns 442 | Carbon ...cevveeennacsn 416
Hydrogen ....cccc0eee.. 64 | Hydrogen ......co000e0e 66
Nitrogen .............. 18| (No Nitrogen observed)

100 100

These numbers have led Thomson to treat the sub-
ject according to the doctrine of atoms ; and thence to
conclude that hordein loses one atom of carbon out of
twelve by malting, and that the nitrogen of the meal is
not inherent, but is imbibed by admixture with common
air, and, if so, it is again alienated by malting. It ap-
pears from this example, and from the specimens at
page 28, that malt-starch contains some 2} per cent. less
carbon than that of raw grain or potato; and that its
oxygen is more by 4 per cent., the hordein nearly coin-
ciding with the starch of the raw substances, except
that it holds some nitrogen in lieu of a portion of the
oxygen held by the others; Marcet’s starch of malt
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coming within a half per cent. of Berzelius's gum, as
given at page 40 above, in each of its elements.

Precisely in the same quantities are the elements
of starch of malt given by Brande ; and Thomson’s ac-
count of hordein, in which he presumes to correct
Marcet by the atomal system, is, according to the scale,
0. (10 atoms) = 10, the atom being unity; C.'* (12
atoms)=9, each ‘75 or § ; and H."’=125, each "125 or } ;
total, 20-25.

Then, as 20-25 : 100 :: 10 : 49:38 0. ) The Ele-
* . % 09 : 4444C. > ments
* . % 1 125: 618 H.) per cent

2025 : 100

But if we must examine the starch by the same test,
we must quarter the atoms, and say, 0.4, C"'t, H.'%,
which give, O. per cent. 51'77, C. 41:60, H. 6:63, which
is as near as can be approximated without absolute
decimation of the atoms ; and shows, that though malt-
ing the hordein has converted it into starch, it has not
made an atom difference in any of the elements, but has
added half an atom, such as they were, to the whole,
and that to the oxygen, the carbon having lost what
the hydrogen has gained. But, as the process makes
great changes in the other constituents also, it may be
as well to notice the system at large.

MavrriNg.—To dissert on this expansive subject fully,
might occupy much space; therefore, a few brief but
necessary remarks shall suffice, merely embracing the
principles and features of the most approved systems,
in strict accordance with the doctrine of economy, as
dictated by close observation during the extensive ex-
perience of many years that the author has prepared
his own malt, and improved his practice by intercourse
with others.
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As the constitutions, energies, and vital functions of
grain differ, more or less, according to the diversities of
soil, climate, seed, season, and husbandry in harvesting,
stacking, and thrashing, so is it necessary that the skill
and experience of the maltster should be equal to the
important task of selecting those samples of corn only
which produce, by proper management, the richest and
most uniform malts; he ought also to be unrestricted
by arbitrary laws, and have full liberty to vary his
practice in its manufacture, as the quality of his grain
and attendant circumstances require, that his produce
may at all times be as perfect as the nature of the
grain, and his improvements from experience in work-
ing it, will admit.

The grain of barley, as shown in the Tablc, consists
of sugar, starch, mucilage, gluten, a large quantity of
hordein, and a hundredth part of a substance not bitter,
but of a resinous character, which principles include
some little oil and earthy matter. From these, in due
proportion and combination, the plumula or acrospire,
the radicle or rootlet, and the desirable saccharine
matter, as well as the diastase that produces it, are
formed by a healthy germination. When the grain is
moist, it swells, decomposes, and evolves heat ; the
radicle is the most susceptible of these changes, as it
soon expands, and conveys food from the moist exterior
of the grain in contact with the wet, and probably from
the atmosphere also, to the base of the plumula, through
the inherent ducts of the cotyledon. While germinating
healthily, the grain begins.to emit an agreeable fruity
aroma, if it have been kept:sweet till put to steep, and
the steep-liquor have been duly changed. The acro-
spire also swells, and gradually lengthens under the
busk, and in a few days the end of the farinaceous
matter, whence the root emanates, becomes friable and

F
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sweet. This progression of the germinating and sac-
charising principle continues, under favouring circum-
stances, until the saccharum is considered to have
arrived at its mazimum of purity, when, to complete
the process, to prevent waste by excessive vegetation,
and also to preserve the sweet for timely use, the mois-
ture of the grain is evaporated on a kiln: it now
becomes what is called malt, and only requires freeing
of its dried roots to render it fit for the brewer.

Such, in brief, is malting; yet, as in every thing
else, a variation in the means adopted in its manipula-
tion, during any part of the process, causes a difference
in the product, and none more so than the two oppo-
site and general practices pursued by the advocates of
the sprinkling and non-sprinkling plans, although both
parties claim the superiority, as rivals ever will.

SeLecrioN oF BARLEY.—The barley most suitable for
being converted into malt grows on large hedgeless
tracts of light calcareous land; and crops, excellent
in quality, also grow on rich loamy soil; but much
likewise depends upon the seed, which will impair after
a few sowings on the same land. The best has a bright,
clean, thin, wrinkled husk, closely adhering to a plump,
round, well-fed kernel, which, when broken, appears
white, chalky, and sweet, with a germ full, and of a pale
yellow colour. On the contrary, barleys that grow on
cold, moist, aluminous soils, have a thin kernel and
thick coarse hide, are colder in their nature, and make
malt very much inferior in flavour, and from 10 to 15,
and sometimes as much as 25 per cent. inferior in the
quantity of extract. The farina of many of these in-
ferior barleys is of a yellowish colour, and breaks hard
and flinty, whence they are avoided as much as possible
by the wary, as the very best pay no more duty, and in
many cases not so much, which is a consideration of
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many shillings per quarter in pristine and ultimate value
to the brewer who makes his own malt, the value of the
additional extract often doubling the additional price
paid for the raw grain.

‘Sugar-planters cut their canes before they have
flowered, because they say that the nourishment which
feeds the blossoms lessens the sweetness of the juice ;
and as corn is known to ripen twelve days after it leaves
the sickle, and as a certain quantity of native moisture
contributes to the contraction of the sweet principle
when seasoning, many experienced agriculturists, rather
than run the risk of having their barley shed or its ears
broken off in the field, make a point of cutting it before
it is quite ripe ; but experience will soon convince an
attentive observer that the ends of the malt made from
barley thus husbanded incline to be steely, which is not
80 with the corn cut in its proud maturity.

Barley is not in a proper condition for malting until
it has sweated and seasoned in the stack or mow two
months at least. Artificial sweating on the kiln has
sometimes been made an expedient with tolerable suc-
cess, but is not so effective in dispelling the benumb-
ing cause that prevents the grain from absorbing a
sufficiency of pure water when in the cistern, as by
a gradual decay and partial appropriation and dissipa-
tion of the superfluous and morbid moisture when in
the stack. Sweated barley loses from a 30th toa 15th of
its bulk, but generally recovers it again in the cistern.

The cautious maltster also directs his attention to
any inequality of colour or size that may be in the
samples presented to him, which act of care enables
him to detect and avoid such mixtures as he knows
will not grow evenly under the same circumstances,
since it would be as impossible for a variety of barleys, or
for the same barley differently housed and seasoned, to

F2
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* make an uniform malt, as to train human beings under

the influence of a contrariety of circumstances, and
opposite sentiments and dispositions, to a concurrent
system of thought and action.

The thin coat of barley, and especially that of the
finer kinds, when stretched by the plumpness of the
kernel, is closely attached to the farinaceous matter
within, with which it is intimately connected by a
spongy substance that valvularly feeds the interior
from without, as from a series of syphons in mutual
action, and is therefore better supplied with solvent
principles in one condition than another, and conse-
quently is readier for solution.

The writer of the Brewing essays remarks upon the
great care necessary to be bestowed upon barley that
has to be coasted to London in large quantities; after
all which, if the voyage is prolonged by contrary winds,
the whole cargo will spoil and become unfit for malting;
and another writer on the same subject cannot believe
that “ship barley” ever makes good malt, because he
thinks it is always a mixture of various sorts. The
essayist has laid down an axiom, that if barley, when
it has been thrashed out, lie damp or exposed, it will
soon lose its freshness, and smell strong and disagree-
able, which, as he says, must depreciate its value. Like
the Irish potatoes named in the foregoing chapter, such
barley will also heat when on board, and is injured simi-
larly to such as is overheated in a stack ; the germ end
of the grain turns to a blackish red colour, which de-
notes that the germ is killed. Take the skin off the
germ end of the corn so discoloured, and it will appear
shrivelled ; but when uninjured, the germ is full ; and
if the skin be taken off, the interior will be found yel-
low, and will look like butter. It is also material to
know that the germ of new stock is paler than that of old.
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- Another serious'and indeed a vital injury inflicted
upon the sensitive germ and its mother seed, is through
the use of the thrashing-machine, which unfits them for
malting by bruising and severing them. Such injured
grain is incapable of vegetation, but not of putrefaction,
which is evident from its blue-grey and mouldy appear-
ance, and from the offensive effluvium which it emits
upon the floors. Corn cut into sections does not germi-
nate at all, and that with broken husks very imperfectly
and partially ; and even then the acrospire and solvent
farina escape through the fracture, and the whole in-
terior turns yellow and putrescent, tasting like rotten
fruit, long before it reaches the kiln. The mephitic
gases that emanate from this spoliation often impart
a bad odour to the more perfect grain in contact; and
besides the first cost and these evil consequences, the
amount of excise duty is another weighty reason for
avoiding the purchase of an article so expensive, and
liable to such contamination, without producing one
compensating quality. ~When the mould makes its
appearance, the maltster is deterred from sprinkling,
because moisture only aggravates the evil ; yet, by this
seemingly wise precaution, the brewer knows that he
entails an injury on the same corns by denying them
their natural sustenance, whereby the saccharising pro-
cess is retarded, and consequently the saccharine pro-
duction is limited in amount. The author has known
the corns cut into two or more pieces to the amount of
10 per cent., and with their coats cracked or torn as
many as 15 per cent., through being partially beaten off
by the machine: the sight of such havoc is most con-
spicuous and deplorable just at the time when the
grain is going to kiln; for it is then that these mal-
treated cripples, swollen by putrefaction in shapeless
mouldy masses, give the whole body a blue and un-
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sightly appearance, and an unpleasant odour, like
exhumed bodies of martyrs risen up to appal the
assassins that sent them prematurely to their destiny.
In drying and turning on the kiln, nearly the whole
of the mould tumbles off like a blue powder, and
falls through the kiln, and the remainder passes
through the screen; but the dried putrid farina
remains, and its effect in the mash-tun is to stop
the pores of the mash, a great proportion of it dis-
solving, and thereby preventing the wort from coming
off bright. It is worthy of remark, that so strong a
tendency has such wort to commence fermentation,
that no barm is required to excite it at pitching;
indeed, upon consideration, we know that some portion
of the wort, being, in this particular case, an azotised
matter, is in a state of putrefaction which boiling does
not totally annihilate; for it is of the same iden-
tical constitution, and in the same condition, as yeast
itself, and, consequently, it acts in the same manner,
and with the same effect upon the saccharine principles
accompanying it during fermentation, but yet more
energetically, probably from being more equally diffused
and in closer connexion.

Worts invested with so much putridity have been
known to attenuate from 26 lbs. (being common stout)
down to 8 Ibs. in the space of forty hours; and in the
winter season, when the heat of the gyle did not exceed
61° at any time. Here the brewer’s interest is in unison
with that of the poor agricultural labourer ; for the flail
and steady honest manual labour of the poor man is far
preferable, in a commercial and domestic view, to this
rough misapplication of the non-compensating machine,
which, in this instance at least, robs the defenceless
man of the means of earning a few shillings through the
severest and dullest part of the year, when the other
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avenues to employment are closed against him; and
which injures the trader and traduces the name of the
working farmer.

SteePING.—This is generally done in a slovenly and
unscientific manner, one uniform time being observed,
whether the grain requires more or less. It would be
better for both maltster and brewer, if all the grain used
were carefully screened before steeping, because the
thin light corn pays duty, becomes exhausted in malt-
ing, and fills the measure without imparting one-fourth
enough of saccharum to pay its cost. Some maltsters
run their barley over a short screen, placed between the
store or garner and the cistern; but the screening
which it thus receives is very impotent. Running the
water into the cistern first, rousing and slowly washing
the grain in, and skimming off the bruised, cut, and
light husky corn, with the chaff and dirt that may acci-
dentally accompany it, is also advisable ; and to do this
with ease, one edge of the cistern might be made lower
than the others, to allow the water and swimmings to
flow away over that edge, to fall on a fine grating while
the grain is being roused into the cistern.

The first principle in Stead’s new patent, dated
March, 1843, consists in propelling a current of heated
air against the grain, and thereby cleansing it as it falls
into the cistern.

The quantity of liquor imbibed by the barley when
in steep greatly influences the future quality of the
malt, and depends upon the time that the grain is
allowed to remain in the cistern, the temperature of the
steeping-liquor, and the quality and condition of the
grain. The bolder and heavier kinds of barley are
seldom steeped long enough, and, in fact, every malt-
ster throughout the country drains his cisterns from
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twelve to twenty hours too soon, especially in very cold
weather, and when he uses river-water, or any other
that has been exposed to the atmosphere.

The temperature of the steep-water does not occupy
the attention of the inconsiderate maltster, since all
that he requires is liquidity ; yet it must be evident
that grain will absorb a much greater. quantity of water
from a well, which is usually at 52° or 53° than of
river-water ranging from 33° to 40° in winter, the same
length of time being allowed for steeping in each in-
stance; and, upon the same principle, less well-water
than river-water will be imbibed when the latter is
raised by atmospheric changes to 66° and means should
be at hand for regulating the temperature accordingly ;
and the grain should not be removed from the steep-
water so long as its nature requires further imbibi-
tion.

The future sweetness of the malt is materially pro-
moted by frequent changes of liquor, though the officers
object to more renewals than one, which certainly is in-
sufficient in mild weather; but it is better to replenish
once than not at all.

The legislature directs that all grain shall be steeped
forty hours, or “so many hours longer as shall be found
necessary.” From forty-five to fifty hours is certainly
quite long enough for the cold thin rubbish which ought
not to be steeped at all ; but the stouter and finer wet-
tings require from sixty-four to seventy-two hours in
the cistern, to saturate them sufficiently under ordinary
circumstances, which is, until the husk will separate
from the kernel on being pressed at each end between
the finger and the thumb. Attention to this particular
is highly essential when it is desired to make a perfect
and rich plump malt, regardless of a charge of five per
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cent. more duty which the additional swell will produce,
but which in reality pays nothing extra, if measure and
quantity of extract be considered, as shall shortly be
shown ; yet some maltsters who make for sale, being
regardless of saccharine production, and wishing to pay
as little duty as possible, purposely steep only for short
periods, in order to prevent the enlargement of the
kernel : it is needless to say that no sensible man would
be guilty of such absurdity, or encourage such ultra-
penurious practice in others.

Coucning.—The grain, having steeped long enough
to saturate its farina to the centre, is now drained and
thrown into a frame called a couch, where it lies about
twenty-six hours, during which time it swells a little
higher, generates heat, and emits some carbonic acid
gas, giving proofs that the process of germinous fer-
mentation has commenced ; and this is the chief pur-
pose of couching. Here the excise obtains the greatest
gauge, and fixes the duty, accounting the greatest “ tell”
the most correct charge. The average increase of bulk
is little more than a fifth, and “the law presumes that
the swell will amount to 18} bushels for 814 bushels
before steeped;” but if the barley was bold and dry,
the malting brewer would find it much to his advantage
if the increase amounted to a fourth; that is, if 80
bushels gauged to 100 in the cistern; for it is of the
utmost consequence that the grain carry with it a suffi-
ciency of moisture to supply the operations of nature till
the first sprinkling-day, which by law is the seventh;
for by the 1st Vict.,, c. 49, sect. 7, “a maltster may
sprinkle a floor of grain which has been kept in the
cistern covered with water the full space of fifty hours,
at the end of six days, or 144 hours.”

If the sides and floor of the couch-frame were per-
forated, it would facilitate the change of air, and
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equalise its temperature throughout the body of the
grain.

FrooriNg.—The barley, having been removed from
the frame, is to be spread considerably thinner, that too
much heat may not be generated, and that the rootlet
may not be too speedily elongated. The art and atten-
tion of the maltster are now demanded to regulate the
temperature of his pieces, and influence the growth and
form of the radicle; for which purpose a thermometer
is sometimes useful, and particularly when the atmo-
sphere is under 40°; but when above this, it is seldom
of practical service, because the pieces cannot be cooled
below 40° by either thickening or thinning, or yet by
turning ; and these are all the means of regulating the
heat which the maltster has hitherto possessed, he hav-
ing been all along a full century behind the brewer
in mechanical contrivance and philosophical research,
though he might easily have provided himself with
attemperators suitable for the purpose. A new era,
however, has now opened through Mr. Stead’s patented
“ Improvements in the Manufacture of Malt,” already
noticed; the second of which is the application, through
the medium of pipes, of steam, cold air, or watery
vapour, in order to facilitate germination under any
state of the atmosphere; raising the temperature by
steam in cold weather, reducing it by cold air when the
floors are overheated, and moistening the air by the
vapour when the weather is windy or the grain too dry.
His pipes are furnished with stop-cocks, to allow the
steam or vapour to escape at pleasure, and they may be
laid along the floors or suspended from the joists, or the
floors may be made double, from three to six inches
apart, the upper perforated, and the pipes inserted be-
tween them, so that the heat or vapour may ascend
through the holes. His third improvement may like-
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wise be noticed here, which is, a mode of propelling any
of his fluids through his pipes into the malting-house,
by means of fans, to regulate the air of the place.

As a thermometer may be of some occasional service,
the author would next suggest that its frame be of metal
rather than wood, as the latter is a bad conductor of
heat, and the temperature of the frame influences the
mercury so much that considerable time is required to
examine the exact state of the pieces into which it is
newly inserted. It should also be pointed at the bulb
end, that it may the more easily pierce the grain. If
possible, the young floors should not exceed 50° in
warmth, and should be turned once in every four or five
hours at the longest ; bearing in mind that the lower
the temperature, if not below 45°, the more gradual is
the progress of both root and spire; the thicker, more
numerous in fibres and bushy will the root be ; and the
more general, natural, and uniform, the decomposition
of the imbibed water and of the farina, by which it is
especially appropriated. These are objects which the
active and thoughtful maltster—for a few such there
are—regards with concern ; though we must admit that
he is sometimes foiled by circumstances over which he
has had no previous control, such as the constitution of
the corn, the state of the weather, and ridiculous laws!

Unless the floors are duly turned and kept cool, the
smell of the moist grain will become unpleasant, and
the radicle will consist only of a few long weak fila-
ments, entwining around each other like boas, and im-
perting but little nourishment to the acrospire. As
these floors become older, they increase a few degrees in
warmth, but should never be allowed to ascend above
56°, if possibly avoidable. The roots and spire now
gather length and strength, and the kernel becomes
white, mealy, and sweet ; these indications continuing
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to show themselves with greater conspicuousness as
long as the germination is progressive, and the grain
sweet and healthy, which, however, seldom extends
beyond the sixth day. At the termination of the re-
stricted period, the corn is allowed to acquire a replen-
ishment of one of its principal recreatives, viz. water,
which must be greater or less, according to the previous
dry or foggy condition of the atmosphere, the time it
has been in the cistern, &ec.; but it usually requires
from one gallon to two upon each quarter. We know
that it is the practice of those who water their floors as
a principle, to use twice and even thrice this quantity
at once; but there is an objection to this excess, be-
cause some of the grain in the nether region of the
piece receives too much water; and hence it is far
preferable that a smaller quantity be applied at every
turning, or at least at each alternate removal, or indeed
as occasion may require, till the termination of the ninth
or tenth day, when it may be discontinued ; and about
four or five days more will be quite sufficient thoroughly
to saccharise the corn, and to consume and evaporate
the chief part of the moisture ; and it is then fit for
the kiln. As it is deemed of the utmost importance
that the germination be not allowed to flag between the
couch and the kiln, and that it may receive the first
effects of the fire of the latter while full of life, health,
and sweetness, the absurd custom of withering is here
dispensed with as a folly.

As regards the criterion to be observed in the growth
of the root and spire, the author knows from oft-repeated
experiments that the former need not exceed half an
inch in length, that it is never too bushy or too strong,
and that the latter cannot be too long while confined
within the limits of the husk, though sufficiently not to
shoot through upon the kiln, unless the barley is so
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superior through its chalkiness, that it is literally half-
malted before steeping; which kind of grain requlres
less than ordinary spnnkhng

The next operation is that of drying; but here we
may properly stay to reply to the principal charges
brought by maltsters who do-not apply water to their
floors against those who are desirous to do it periodi-
cally.

OsecrioN 1.—Unwatered malt 18 from 30 to 40 lbs.
per quarter heavier than that which s watered. REPLY.
—Unsprinkled malt usually ranges from four to ten lbs.
per quarter heavier than sprinkled, if the barleys were
originally equal in quality and condition ; but weight is
no criterion of the goodness of malt, though it may
guide the buyer of barley. The non-sprinklers admit
that where the vegetation of the grain has been imper-
fect, the product is faulty, and yet heavier than good,
being partly malt and partly barley; which argues
against their own theory of perfection. Little do they
incline to think that the more oxygen the grain absorbs
while germinating, the lighter the malt becomes; and
yet they properly admit that the imbibition of this gas
is necessary to the conversion of the farina into sac-
charum, though they unwittingly fall into the same
error as Mr. Reynoldson, who was their chief opponent
in 1808, in supposing that the increased weight of their
grain is attributable to such acquisition ; which is absurd.
The unsprinkled is heavier, not because it is more oxy-
dised, and consequently sweeter, but from the opposite
cause of deficiency in the appropriation of oxygen ; and
hence its greater weight is only a proof of its less full
conversion from barley to malt.

OssecrioN 2.—The root is the vehicle by which the
ozygen of the atmosphere 18 conveyed to the interior, and
the formation of saccharum is in proportion to the appro-
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priation of that element by the farina. RepLy.—Ad-
mitting this principle, still the most skilful of all these
advocates of starvation have not shown that the coty-
ledon, when vmmersed in steep, is furnished with air-
vessels for the conveyance of this especial element from
the aérial regions. Perhaps it will be safer to suppose,
in the absence of better evidence, that the main source
of the oxygen is decomposed water, particularly as this
contains three-times more of it than air; but be this
either way, it does not militate against the sprinkling
system, since we know that the starch of the grain is
oxydised in a fifth of the time occupied in the dry pro-
cess of oxydation.

OnsecrioN 3.— When the floors are watered, the heat
increases, and an equable heat cannot be preserved; which
causes flinty malt. REPLY.—‘ Vain reasoning all, and
false philosophy.” This also appears to emanate from
parties who judge theoretically, and without having ever
paid practical attention to the subject. Every one
knows that moisture increases the evaporation of caloric,
and that in the East the same principle is applied in
cooling wines and freezing liquors, as well as in surgery
and the use of lotions. The truth is, that the genera-
tion of caloric is checked or removed under the sprink-
ling system, and that the pieces are many degrees cooler
than the unsprinkled can possibly be: this some of the
non-sprinklers know ; for they grant that to promote
the growth of the acrospire, they lay the grain a little
deeper, and keep gradually increasing its thickness
up to the kiln. It must then be clear that this deepen-
ing of the pieces is to preserve the moisture, and to
increase the heat.

OnsecrioN 4.—Some of the corns get 8o much moisture,
that 1t causes the mould. RepLY.—The sprinkling is not
intended to be done in so slovenly and prodigal a man-
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her as to give any of the floor a surplus supply of liquor;
yet, were this the case, it could not cause the mould,
unless the grain had been previously injured, and then
the mould could not be attributed to any particular
system of procedure in the malt-house. Besides, the
mould also originates in an extreme putrefaction of the
gluten, which by contagion affects the albumen, muci-
lage, &c., a species of decay which cannot take place
where a due provision of coolness, and the neccssary
fresh moisture for the preservation of vitality is ob-
served. This may not always be done; but we must
not condemn the system upon the error of the individual
who negligently professes it.

OssecrioNn 5.—The non-sprinkling plan 13 the most
natural, clean, pure, and free from adventitious flavour.
RepPLY.—As the natural process of vegetation is subject
to a constant supply of the elements congenial to its
growth, the chief being a regular accession of fresh
moisture, which is derived from the soil, rains, fogs, &c.;
and as the anti-sprinklers purposely withhold such nou-
rishment, and prevent a free circulation of atmospheric
air by heaping their grain together, their opinion of a
“ natural process” is paradoxical ; and besides, their
roots are flaccid, brown, and enveloped in their excre-
mental gases, which render the grain the reverse of
clean and pure, and free from a sour and putrid flavour,
which sort of flavour they necessarily mean by the word
“ adventitious.”

OBJECTION 6.—A cautious and artful maltster may
defraud the revenue of half the duty which he ought to pay,
and yet incur very little risk of detection, provided he 1s
indulged wnth watering the short wet corn on the floors.
RepLy.—He cannot be guilty of vast defraud, if vigi-
lantly watched by the officers; and if he could, that
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would not be a just cause for depriving the honest and
most respectable of the more skilful portion of the
malting world of the best and most philosophical
means of making good malt; and they constitute a
majority : neither is it right to deprive the brewer
and the vast ale-drinking community of the eminent
advantages they ought to reap from the advancement of
science in the production of an article, which derives
from its employment a honey-like richness of extra-
superior quality, naturally healthy and well-made.

OnsecrioN 7.—The vegetation of the sprinkled corn is
Jorced, and 18 consequently pernicious. REpLY.—This
charge is rather obscure ; but if by “ forced” is meant
expedited, it is admitted ; but expedition and force are
two things, and it does not follow that either of them
leads to pernicious results ; on the contrary, enticing,
so far as it fattens the malt by repeated applications of
good, wholesome, and natural food, and only when the
appetite demands it, cannot be pernicious ; and reason,
experience, and the saccharometer, prove the fallacy of
the charge. But to force by means of an accumulated
amount of caloric, generated amidst mephitic gases,
purposed starvation, and partial putrefaction, prolonged
through five or six days more than are required by the
other method, is really pernicious, because the efforts of
nature are paralysed, and the local suspension begets
flints and a gritty mealiness, besides a deficiency of both
saccharum and flavour.

OsJEcTION 8.—The watered barley throws a fresh root
after sprinkling, and the old root 18 purposely beaten off
tn turming. RepPLY.—The form and number of the
fibres are points of solicitude with the observant malt-
ster, but their length is not so much an object with
him as their number, strength, and healthiness, on
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which their power in only conveying fresh supplies of
food to the acrospire and kernel through fully extended
and vigorous ducts, mainly depends; and although
some of the roots may be beaten off in turning, it is
never intentional, but merely accidental ; and if fewer
roots are lost by the non-sprinklers, it is because their
pores have collapsed, become tougher and more fibre-
like, and, of course, less capable of conveying the
oxygen, of which they are so solicitous, from the atmo-
sphere, in which it awaits their bidding.

OBJECTION 9.—One of the evil results of sprinkling s a
large strong root and spire, and therefore a needless ex-
haustion of the kernel.

RepLy. — This, to theorists, may appear plausible
enough, yet it is also erroneous, and for these rea-
sons :—Although the radicle and plumula are certainly
stronger in the watered than in the unwatered speci-
mens, yet their size does not arise from the solid of the
kernel alone, but in a great measure from the decom-
position and self-appropriation of such fluids as are occa-
sionally presented to them through the watering-pan by
the nursing maltman ; and, moreover, such constituents
of the grain as enter into the composition of the roots,
eonsist chiefly of the least valuable and most objection-
able parts, namely, the gluten and hordein, which they
assist in reducing ; these appear to be the cementing or
cohesive principles of the barley, of which it is necessary
to dispose to facilitate the preparation of the saccharum;
and as these, including the albumen, are the most perish-
able parts of the corn, it follows that their removal by
the root or otherwise, renders the malt more suitable
for brewing ales in hot and precarious seasons, and, in-
deed, at any other time; the saccharised starch and
other valuable matter being intended by nature to enter

G
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into the composition of the acrospire or future stalk as
it proceeds, that it may constitute the germ of its own
kind ; yet, as the spire is never allowed to arrive at
that age, strength, and condition, when in the malt-
ster’s hands, which requires those precious fundamental
principles, or is in a fit state for their reception ; any
other appropriation in this respect, or any needless ex-
haustion of the kernel, cannot be fairly attributed to
the more vigorous system engendered by sprinkling.
In fact, a long or large root does not spring through the
course of necessity, but is the casual consequence of an
operation ; for in some particular wettings of grain, a
full formation of saccharum is evinced without any ex-
tension of the rootlet, and in some instances the mere
appearance of a rootlet is all that is put forth; and
whether it be large or small, the spire and root subtract
the elements of the starch and other solvent matter, in
appropriate portions for the formation of sugar; and
sugar can be made, though not so freely, without ger-
minating the corn at all. Again, it is necessary to
remember, that it is not until the spire breaks forth
into light, that the kernel begins to liquefy to feed it:
hence the precaution of all maltsters to stop the vege-
tation by drying before such an accident- occurs, some
allowing the spire to extend two-thirds, some three-
fourths, and others seven-eighths, up the back, according
to custom, conviction, or notion.

OssecrioN 10.—Unsprinkled barley emits a vapour
upon the kiln, which shows that st carries with ¥ water
enough from the cistern to malt it completely.

RepPLY.—This is no proof that the escaping vapour
may not be so far exhausted, so contaminated, and so
dissipated in the grain, that it has long been unfit for
affording any further support to the germ, or for pro-
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longing its vitality. The grain must be drier than it
was before steeping, were it to emit no vapour upon the
kiln.

OsJEcTION 11.—Another object wn sprinkling, 18 to n-
crease the measure some ten per cent.

RepLY.—The measure is certainly increased, but the
accession of bulk to the maltster s not half so much as
ten per cent.: it would be better if it were so, provided
that the other advantage of above five per cent. increase
in fermentable matter, which is insured by the sprink-
ling system, could at the same time be retained, to
afford some compensation for the increase of duty avail-
able to the excise.

OnJsEcTION 12— Watered malt yields from twenty to
thirty per cent. LEsS extract than unwatered.

RepLy.—This is a wide, and undoubtedly a wilful,
mistake, and may more properly be called a perversion.
The author has repeatedly taken experiments during
several years, in order to meet this assertion demon-
stratively ; and the following is the average result,
which establishes the superiority of the sprinkled corn
over the unsprinkled, upon a ground that any other fair
series of experiments will prove to be undeniable :—

! Measure
Quar- 'when dried| Weight | Quar- | Extract
TeEATHENT. ters ' and per ters per
lteopod.i screened. { bushel. hed.| quarter.
Sprinkled .. | 26 | 263 403 | 25 | 904
Unsprinkled | 25 | 256 414 25 | 862

Showing, that though the additional increase in mea-

sure, or outcast, is not three per cent., the additional

extract from an equal quantity brewed is 42 upon 862,

or +:87 per cent., completely contradicting the assertion

of the non-sprinklers. One thing that ought to be
G2
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noticed is this, that the husky barley gauges much
more in proportion to its original bulk, both in the
cistern and the couch, and consequently pays more
duty than the bolder kinds, which are the best; but
here we have an outcast to counterbalance some of the
loss sustained by steeping, flooring, waste, &c., esti-
mated in the report of the Scotch commission at eight
per cent., provided our barley have been good, besides
obtaining the preference in the market, as a reward for
extract and flavour. To the brewer who makes his own
malt, the comparative value stands thus, supposing that
his malt in each case stood him in 58s. per quarter;
each malt having been screened once, and alike :—

L s d L s d
25 quarters sprinkled at 58s. 72 10 0
105 1bs. additional extract on
25 qrs. brewed, at 84. .. 3 10 0
104 bushels outcast,at 78.3d. 3 15 5

7915 5
25 quarters unsprinkled, at
58s.............. 72100
4-8 bushels outcast,at 75.3d. 1 16 0
- 74 6 0
5 9 5

Extract from the out-

cast, sprinkled . . . 1'3 qr. 117} lbs.
Ditto, unsprinkled . . 06 qr. 51§ lbs.
Difference saved on

outcast alone . .. 07 653 1bs. at 84. 2 3 10

Total extra profit on 25 quarters steeped. . 7 13 3

—_— e
L ————
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Being 10} per cent. upon the outlay in favour of due
and wholesome sprinkling, but not upon the measure.

We may again observe, that the difference in the
measure is caused by the strongest roots of the watered
corn not breaking off 8o near the end of the grain as
those of the unwatered, and that the root end of the husk
is also more extended by being occupied by the stumps
of thicker and stronger roots, so that the corns keep
one another farther asunder in the measure; and this
is a more correct way of accounting for a decrease of
weight, than by supposing that it is occasioned by the
exhaustion of the kernel by germination.

KiLxs aND DRrYiNg.—The limits of this publication
prevent any lengthy observations on the structure,
advantages, and disadvantages of the numerous kinds
of kilns on which the drying part of the process is
effected : it must suffice to suggest, that the drying-
floor should be sufficiently capacious to accommodate a
whole steeping at once, at a moderate depth of from
eight to ten inches. The floor may consist of hair-cloth,
pierced iron, tiles, or wire ; but the latter is preferable
by far to any thing liable to choke up, and affords a
readier access and more equal -distribution of heat to
the grain. It is also suitable for imparting any grada-
tion of colour, from the palest to the brownest, though
a little more attention to the fire may be necessary
when drying pale malt upon the wire, than is demanded
by the tiles. Cokes, anthracite-coals, dry and green
wood, and peat, are used for this purpose, according to
locality, price, and the colour in request; that which
dries off the greatest quantity at the smallest expense,
without impairing the flavour of the malt, is the best.
In some instances, hot-air tubes, leading from the fur-
nace, fire-place, or hot-air chamber, and some two feet
through the drying-floor, have been adopted, and found
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to answer the purpose remarkably well, in rarefying the
moisture and air that hover on the surface of the grain,
and thereby causing it to ascend directly through the
corn, instead of the maltman having to turn the sweat-
ing and refrigerating corns to the bottom, again to
cause the rarefaction and condensation of the moisture
and vapour in their passage from the wire through the
cold surface. By this contrivance, besides a saving in
fuel of from 10 to 15 per cent., the flavour of the malt is
preserved, through not being exposed so repeatedly,
after the commencement of drying, to the vicissitudes
of heat, cold, aridity, and humidity, and, consequently,
by being subject to less evaporation of the aroma of the
malt, which inevitably escapes with the vapour. A wire
tube placed in each corner of the drying-room, descend-
ing through the floor of the kiln, and standing about
eighteen inches above the grain, will be of similar
utility.

When a steeping is dried off at two, three, or four
times, the first kiln must either be malted too little, or
the last grown too much, either of which casualties will
present inequalities in the sample ; and besides this, as
much less time and more heat are thus engaged in dry-
ing each separate portion, there is a danger of refixing
the gluten, and enveloping the partially converted hor-
dein and starch together during the drying; and in
this way, much hard, steely, and brittle malt, may be
accounted for.

A great improvement in the process of drying malt
has lately been effected by means of Stead’s patent,
already referred to, through the propulsion of air heated
between the propelling fan and the kiln, and raised to a
higher or lower temperature, according to the colour
which the maltster is desirous to impart to his spe-
cimen. By another contrivance he draws the air from
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the kiln by a fan: the kiln being made as nearly air-
tight as possible, the fan is applied above it, and causes
the current of heated air from below to pass through
the vacant space for the purpose specified.

Another of his novelties is the introduction of
“Tower Kilns,” consisting of a range of four kilns,
one above another, so that when the quantity is large,
he first charges the uppermost kiln, and when it has
remained there awhile, runs it upon the second, and
charges the top with a fresh supply, thus continuing to
lower it from kiln to kiln, till at length it is drawn at
the bottom: thus each portion receives equal treat-
ment, or any may be altered if the first have been
unsatisfactory. Here, too, he applies his fan as before,
“to facilitate the drying process.”

Upon the whole, Mr. Stead’s plans, of which this is
the last, appear to the author to be decidedly me-
ritorious, and admirably adapted to extensive concerns
where intelligent workmen are kept.

A thermometer about two feet long, with a scale of
some eight inches’ range, the frame pointed at the
bottom as before directed, and extending four or five
inches below the bulb, is indispensable where uniformity
is desired. Here this instrument may be used to con-
siderable advantage, as the maltman may regulate his
fire or his dampers according to the degree of heat re-
quired to pass through the grain during any period of
the process.

PaLe Marr.—The most profitable manner of drying
pale malt is to do a whole floor without hindrance, and
slowly to occupy from three and a half to four days in
the operation. During the first twenty-four hours the
heat may be maintained at 80° to 84°, and the malt
must be turned once or twice with a fork. In the
second twenty-four hours the heat may rise from 6°
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to 10°, and the kiln must be turned three or four-times
more, the heat not exceeding 90° at the end of the
second day. On the next day it may range from 95° .
to 98° the turning being continued as before; and
during the last twenty-four hours the heat may be
allowed gradually to advance to 120° or so, and for
malts less pale proportionably higher.

Pale malt for India ale should be dried on kilns
at least fourteen feet above the fire, in which case the
air-chamber will be capacious and lofty. The furnace
should be constructed so as to enable the workman to
exercise the utmost control over the hot and cold
currents for several hours without his attendance ; and
in all cases some hot-air should be made to pass direct
from the furnace over the corn in upright tubes, as
mentioned elsewhere. It is preferable to unload the
kiln without damping the fire or permitting the malt to
cool ; and this being done, to screen immediately and
store away hot in a close dry room. Some experienced
maltsters contend that it is preferable to trample off the
root and store it away with the malt, because it fills up
the interstices and excludes the air ; while others, who
make for sale, say that it acts more effectually if left
on. The best way is to tread off the root, all over the
malt, as a covering; but the salesman maltster had
rather decline screening till his malt is sold, that it
may remain light in an open store, and swell a little by
the effect of the atmosphere playing through, which will
also toughen the roots to prevent their breaking off
close to the husk ; but these considerations cannot serve
the malting brewer, who calculates his profits by that
unerring instrument the saccharometer, and to whom
richness and aroma are so desirable and so valuable.

BrowxN MavT is made and dried in a similar manner
to pale, excepting that before it is perfectly dried,
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a little water is sprinkled over it upon the kiln, to
give flexibility to the husk ; and the drying is finished
by a brisk heat derived from dried beech or other
timber, and during this latter part of the process the
grain is not above two inches thick, and is constantly
being turned.

Another mode of high-drying has recently been
adopted by the late Mr. Poole, of Camberwell New
Road, who, in November, 1843, took out a patent for
the merit of having combined rotatory motion in con-
nexion with a cylinder, heated exteriorly by an oven or
furnace, though he has laid no claim to the invention of
the cylinder itself, which has long been used as a roast-
g apparatus ; and it is clear that in this application of
the principle it will either roast or merely dry, though
he titles his scheme “improvements in drying malt.”
His mode of procedure specifies to put his malt into
a cylinder of wire-cloth, placed within the iron one, in
an oven or the flue of a furnace, the cylinder having
arms by which it is fixed to a hollow shaft, made to
revolve by hand or otherwise. The heated air then
passes inwardly through the wire-cloth to the grain
contained within it, which it permeates, and escapes
out again through the hollow shaft, one end of which is
prolonged outwardly from the oven, so that by the aid
of a rack and pinion the cylinder may be drawn from
the oven at pleasure, as the state of its contents may
require. The oven is closely fitted with doors both at
the place for withdrawing the cylinder and also at the
exit end at which the heated air and gases issue; and
thus, when the cylinder is in action, no air, &c. can
escape except through the drying grain, and thence by
the prescribed channel.

Browx Marr.—Another method of making brown
malt, which is followed by most of the maltsters in and



90 MALTING.

around the metropolis, is to lay the vegetated barley on
a wire-kiln, in a tolerably moist condition, from half an
inch to an inch thick only, and immediately to dry it
off with blazing straw, where it can be had, or more
usually with wood, where straw, whin, or fern is not pro-
curable, keeping it constantly in turning by men with
shovels, who, through the intensity of the heat and
fumes, added to their labour, are nude with the excep-
tion of drawers and clogs. The grain thus expeditiously
dried has the term blown malt applied to it, through hav-
ing acquired an unnatural size from the sudden expan-
sion of the husk by the forcible rising of the farina and
steam within.

PorTer or Brack MArt, commonly called PaTeNT
malt, from a patent granted for the invention and
manufacture of it in 1817, to Daniel Wheeler, of the
parish of St. George, Middlesex, is the legal colouring
matter used in porter brewing, and is prepared by roast-
ing common pale malt in cylinders, like coffee, at a heat
of 360° to 400°. These cylinders, constructed of thin
iron, are made to revolve over an enclosed furnace, till
the malt within them acquires sufficient darkness of
colour to answer the purpose intended. This prepara-
tion is by some thrown into the copper with boiling
worts brewing into ale, merely to extract its colouring
matter, which is done without solving its farina ; others
mash it with their ordinary malt ; and a third class put
part into the mash-tun and part into the copper. Any
kiln of unvegetated or deaf malt, or brown malt which
has over-dried, may be turned to this purpose, if
scorched till unfit for brewing into ale. Wheeler’s
patent superseded the use of essentia bina, or sugar
wort evaporated to a treacle-like consistency, the sale
of which had been monopolised by the celebrated Alder-
man Wood.
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ComeriTUuTION OF MALT.—We see, by the analysis of
barley and malt, given in the foregoing Table, that the
hordein or matter of barley decreases 43 per cent. by
the malting process, that the sugar increases L0 per cent.,
its parent starch 22 per cent., and the next kindred in-
gredient, mucilage, 10 per cent., the hordein having
assumed the character and constitution of one or the
other of them, according to the degree of transmutation
that it has undergone; whilst the gluten, containing
of course the albumen, has diminished two-thirds, and
vet left sufficient remaining to carry on the work of
future conversion ; whence we once more infer that the
hordein, which is the crude ingredient, first yields
starch in malting; that this portion afterwards gra-
dually becomes sugar; and that the gum of the first
formation is the first also to yield sugar by transition ;
and by parity of reasoning we conclude that the gum
yielded by the bursting starch, which the analyst has
here confounded with mucilage, was the last formed,
and had not time, while on the maltster’s floors, for
farther transmutation into sugar; but we do not by
any means charge the trader with the imperfection,
because, if he had humoured the farther progress of
vegetation till more of the hordein had become starch,
and the starch already formed had more of it become
sugar, neither he nor the brewer would have been any
gainer thereby ; for, as before observed, both the acro-
spire and the radicle are principally nourished and
maintained by the newly formed fluid sugar after the
former breaks through the husk ; so that it is better to
stop here, and to transmute the remnant by some sub-
sequent mode of treatment less hazardous, since an ex-
tension of the malting process would present even less
saccharum than now matured, as the longer and hardier
the blade grows, and the more lengthy and ramified
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the rootlets become, the more of this sweet nutriment
they require to devour for their support ; and if left to
the care of nature alone, they would completely empty
the husk.

The analysis of barley chosen for the Table is not
quite 80 exact in numbers as one of barley-meal by
Einhof, who has starch and hordein 67-19, saccharum
521, mucilage 4'59, gluten 3:52, phosphates 0-24, vola-
tile matter 9-38, husk 677, albumen 1-12, undescribed
198. In some of the leading particulars the two ac-
counts differ but little, yet it appears that full 20
per cent. of that which Proust could save in transmutant
or convertible farina, was lost by Einhof in separating
his husk from the substance, and permitting a quantity
of his meal to evaporate and fly off in volatility ; and
that the material which one separates as albumen, the
other has passed unnoticed or classed as resin, and
neither of them has noticed the oil.

The character given of resins is, that they abide in
almost all plants, and in almost every part of the plant;
that they are tasteless and inodorous unless they retain
some volatile oil ; and that they are kept in solution
by that oil when extracted from the plants that bore
them ; but that when the oil becomes exposed to the
air, it either escapes or is converted info resin by the
absorption of oxygen. Thomson supposcs that resin is
in reality volatile oil, not only combined with oxygen,
but also deprived of some of its hydrogen, and splits
the opinion as to its destination with Proust, who says
that “when volatile oil is exposed to the air, it is
partly converted into a resin and partly into a crystal-
lised acid.” Well, therefore, may the 2 per cent. lost
in Einhof’s analysis through his haste to evaporate,
include the 1 per cent. observed by Proust in his cooler
process. Such is the ready fate of the resin of barley or
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malt, which, by its solution and dilution, tinges wort
with a golden colour.

We have seen that green barley is one-half volatile
matter, including the oil ; that meal does not contain
10 per cent., though, according to Einhof, barleycorns
contain 43 parts in 384, or rather more than 11 per
cent., though its resin amounts only to 1 per cent.,
which it retains in the state of malt; and this shows
that the whole or most of the matter accounted volatile
gradually disappears, except the oil, which will go like-
wise, unless by chemical synthesis it combines with
oxygen to form the more concrete substance which is
found to be a species of resin.

The necessity of preserving this transient qualifica-
tion of the barley, which is done by malting, is better
known and more appreciated in the distillery than the
brewhouse, as it is asserted that whiskey owes its pecu-
liar flavour to “ a volatile oil that exists in the bar-
ley,” and which is known to dissolve in six-times its
weight of alcohol, or double its weight of ether. Hops
yield a similar substance, for when they are digested in
alcohol, chemists find a greenish yellow solid matter,
consisting “ partly of oil and partly of resin;” but the
older the hops, the more resinous it is; which again
shows that the volatile oil progressively transmutes
and becomes more concrete in its nature; and then,
according to Payen and Chevallier, who have tested
it, it will require water ten thousand times its weight
to bring it into solution.

Resins, as appears from various authorities, generally
contain from 77 to 83 per cent. of carbon, and about
equal quantities of hydrogen and oxygen; and best
volatile oils from 80 to near 90 per cent. carbon, and
little oxygen or none, and are devoid of nitrogen also.
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We will now take the elementary principles that con-
stitute the more prominent characteristics in the trans-
mutation of malt, and compare them relatively.

Starch Gum 8
ELEMENTS. Symbols.| Hordein. | of or Gluten.
Malt. | Mucilage. | Malt.
Oxygen ...oooeens 0. 4939 | 518 | 5309 (5671 | 22
Carbon .......... C. 4444 | 416 | 414 362 | 567 !
Hydrogen ........ H. 617 66 551 709 | 78
Nitrogen (Azote) ..| Az . . . oo | 145
Total ...... . 100 100 100 100 | 100
By whom Analysed . . »+ |Thomson.|Brande.| Marcet. | Proust. | Marcet.

This Table, compared with the elements of various
similar substances before made prominent in this chap-
ter and the former, affords two elucidations: one of the
approximate or absolute identity of products obtained
by chemists of divers nations from the same sub-
stances ; and the other explaining, at one view, the
changes that take place during the conversion of barley
into malt, through the secret powers of germination. The
comparison between unconverted hordein and the same
turned into starch of malt, already appears in the for-
mer part of this chapter (page 63), the latter in the
same numbers, and the former nearly so, except that
Thomson has not detected the nitrogen, of which Proust
gives nearly 2 per cent. distinct from the oxygen ; and
there also this kind of starch stands distinguished from
that obtained from raw materials. The “gum or muci-
lage” here inserted does not identify itself by any
means with the amidin or gum of solvent starch, as
given at page 39, in any of its elements, but would
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nearly resemble Guerin Varry’s mucilage of linseed,
were we to consider the probability of Marcet’s carbon
being united with nitrogen; and the coincidence may
serve as a key to unlock the mystification which has
confounded these two proximates in the hands of
analysts. The elements of the sugar of malt are nearly
as those of the sugar resulting from starch, as exposed
at page 34, chap. ii,, but do not, of course, agree with the
principles of the cane sugar, except in the amount of
hydrogen ; and it is again remarkable that the above is
all but identical with that obtained by Proust himself
from starch and honey, which yielded exactly alike,
each containing C. 36'36, 0. 5657, H. 707 ; and Saus-
sure’s analysis of sugar of grapes is C.36:71, O.5651,
H. 6:78 ; but crystallised sugar, according to Berzelius,
Brunner, Proust, and Liebig, as well as Gay Lussac and
Thenard, noticed before, contains from 5 to 6 per cent.
more carbon and as much less oxygen.

In the second place, a decrease of hordein and an
increase of mucilaginous gum, show how a portion of
the former is converted by the maltster into the latter,
through an exchange of 3 per cent. of carbon and about
a half per cent. of hydrogen, for an equivalent supply of
oxygen from the water or the air, that between this
and starch there exists a difference of 1 per cent. in
the hydrogen, a larger countercharge of oxygen, with
very little disparity of carbon; this mucilage coming
directly from the seed or its hordein, chiefly by an
accession of oxygen and a loss of carbon, under new
circumstances. The gluten, which appears to contain
2 per cent. more oxygen and less carbon than that given
by Boussingault at p. 57, or by Jones from wheat at
p- 46, shows a completely different arrangement of the
elements, besides an appropriation of 14} per cent. of
nitrogen, and proves it to be altogether a different
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substance from those that ran from one into another
through a transmutant disposition: thus it sustains
its own character throughout, though not its quantity,
as it undoubtedly aids the various transitions, and
helps to form the root.

These decompositions, at different stages of the process,
sufficiently account for the carbonic acid gas found in
the floors of the malthouse, though it is not very con-
spicuous there, on account of its being buoyed by the
lighter elements blended with it, and kept in agitation
by progressive chemical change. It is also worthy of
observation, that throughout all these transformations
the hydrogen and oxygen increase, and yet constantly
maintain about the same proportion to each other which
they hold in the formation and constitution of water,
but that with mucilage it is otherwise, the hydrogen
being considerably reduced ; therefore, the elements of
this substance are not in keeping with those stages of
transition, but it is a distinct kind of matter not de-
pendent thereon; and again, that as the carbon con-
tinues diminishing while the oxygen increases, malt
sugar is an oxide of starch, and malt sugar is oxidised
hordein.

Tests o MALT.—The best pure malt is light, because
it has been well digested ; and if the malt heap contains
much rootlet or “ commings,” it has grown too long, and
especially if the “cockspur” appears, which is, in fact,
the young plumula shot through the husk at the ex-
pense of the saccharum. Equality of colour and uni-
formity of size are both good tokens, unless one end be
friable and the other hard ; for the change is progressive,
beginning at the lower end of the seed, and keeping
pace with the growth of the acrospire till it comes out
at the top, when the whole will crumble, and all further
progress robs the seed of its saccharum, and the whole
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object of malting, as observed by the Scotch Commis-
sioners, is to produce this entire change in the kernel.
“Itis in the power of a maltster,” says a shrewd and
well-informed writer on the subject, “to make the malt
‘as unproductive as he pleases,” by simply letting his
grain lie on the floor a day or two longer than neces-
sary ; for if the acrospire is permitted to grow through
the husk, the starchy matter undergoes a very different
change from that of conversion into saccharum, for it
assumes the appearance of milk, in which state it is
soon sucked up by the thirsty plumula, reducing the
husk to mere chaff; and hence the slightest appearance
of cockspur indicates excessive lightness and an approach
to nonentity in the malt.

A thin wiry rootlet is likewise a bad sign, and for
this reason,—that in barley sown in good soils, the root
is moderately short and bushy, the effort of nature
being the support of the blade ; but that if put to vege-
tate in loose or inappropriate land, the roots run out
much longer, to the detriment of the plumula or stem ;
and from the same natural reason, if kept remaining in
a loose heap on the malting-floor for any length of time,
the warmth and moisture will wiredraw the rootlets very
much, and thereby impede the process and impoverish
the future malt. Such treatment may be a successful
mode of increasing the outcast, and, consequently, the
measure ; but it is not the way to obtain permanent
custom in the sale.

It is unnecessary to dwell upon, and almost super-
fluous to allude to, the demerit of malt made from
barley prematurely cut or ill-harvested. It has been
wisely observed, that the paltry consideration of having
no other immediate work for a labourer, whose hire
does not exceed twelve shillings a week, has frequently
been the cause of mowing barley before its arrival at

H
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maturity, and has ultimately, from the deficiency and
inferiority of the yield, cost the employer a week’s
wages to cover the damage done in a few hours. The
same is applicable to barleys harvested in the wet,
sometimes to the value of a shilling in every five ; and
it is important to remark, that malt made late in the
season, when the weather is becoming warm, is very
inferior in its strength and constitution, from possessing
lactic acid and other objectionable properties, which
operate against the keeping quality of the beer, and
thereby counteract its otherwise natural potency.

Another, and now very common test of the virtue of
malt, but by no means novel as an experiment, is to put
a handful into a glass of cold water, when the well-
malted seeds swim, and will float twenty-four hours
before they absorb a sufficiency of water to precipitate
them ; but the flints, or unmalted kernels, immediately
sink to the bottom; and those partially made dip
obliquely, like magnetic needles, in angles of depression
that adapt themselves to the extent of their imper-
fection, becoming more perpendicular as they imbibe
the liquid in their suspended position, till their gaseous
buoyancy is overpowered by imbibition, on which they
fall to the bottom after the flints and grit; and no
greater proof of inequality in the perfection of the malt
can be found, than in the variety of positions taken by
the several corns when dropped upon the water. The
sample is good when the sunk corns stand upright in
the glass. After all, experienced dealers can decide at
first sight; and with the eye, the teeth and palate
seldom fail as tests in proving quality.

Malt newly pulverised is inflammable, and apparently
electrical. The destruction of Barclay’s brewhouse,
London, in 1832, was caused by the accident, that a
man happened to lift one of the covers upon the box
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of the Jacob’s ladder which conveys the malt to the
hopper, and to thrust a lighted candle amongst the fine
powder-like malt that was flying about when the ladder
was in motion. Undoubtedly, the dry state of the grain,
and its electrical condition, arising from friction in
breakage between the rolls, had occasioned a state of
gradual decomposition, and brought some hydrogen into
the box from the vast quantity of malt that was being
crushed at once, and hence its inflammability ; but the
danger of such an accident does not arise when the
process of crushing has been ended, and the gases have
been allowed to subside.

RecovERING DAMAGED MALT.—Unless malt be per-
fectly dried and well stored in dry rooms, secluded
from atmospheric currents, it will absorb moisture, and
thenceforth a decomposition of the grain, and at first of
the nitrogenised parts in particular, takes place; the
husk becomes tough, the farina yellow and putrid, and
the released and fugitive elements impart a foul offen-
sive odour ; and it is needless to say, that such malts
never produce sound beer. Broken roofs, damp walls,
and bad floors, strongly tend to beget this calamitous
state, and to render the health of the stock incurable ;
but the best curative known to the author, is to sprinkle
the damaged mass with chloride of lime, blending them
well together by repeatedly turning and mixing the
malt well with the lime till every corn becomes en-
veloped within its influence, after which the whole
should stand ten or twelve hours if the heap is thick,
or forty-eight hours if the premises afford convenience
to spread if thin. By this means the strong affinity
which the lime has for water will extract it from the
malt, and the noxious vapours will accompany it in its
exit, at the same time neutralising the acidity and
putrescence which have predominated. The malt thus

H2
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medicated must next be subjected to gentle drying on
the kiln, screened twice, and brewed immediately, with
two-thirds or three-fourths of a superior article ; or if it
is coloured brown or black for porter, that will perhaps
be the best purpose to which it can be applied, since
when mixed with uncorrupt malt, there is a danger of
contaminating the whole mash.

TrREATMENT OF MALT.—In the introductory chapter to
this treatise, page 12, among other definitions it is ex-
plained that the word malt is the idiomatic Saxon con-
traction of malled, signifying bruised. Theix Roman
predecessors called a broad-faced hammer or pestle
malleus, whence the origin of malt; but the mill, by
the Saxons called molin, and by their descendants maln,
as we learn from Domesday and other ancient records,
was a mere mechanical invention for crushing flour or
meal, whereas the malt-mill now in use is a modern
innovation, introduced for expeditious cutting into
larger fractions ; for if malt be ground to a fine powder,
it will set at a lower temperature than such as is ground
into bigger pieces, which opposes its parting with the
water with the freedom which is requisite in order to
obtain a transparent solution, and hinders at least, if it
does not entirely prevent, the necessary extraction of
the valuable portion of the malt. Sometimes in the
application of mill-stones set for coarse grinding, the
smaller corns will scarcely be touched, or only partially
ground, though the larger are literally pulverised, and
the husks are so minced into pieces, that the raw mealy
flavour of the farina is given to the worts, which want
of uniformity is particularly observable in the finer
brewings for ale. Steel mills have been considered an
improvement ; but they sever the husks as well as the
kernels, which is a highly objectionable practice; for
the great object is, to have the grain so malled that the



MILLS AND ROLLS. 101

liquor may have free access to every portion of the
kernel, that it may extract its virtue without suffering
the meal to collect into paste. With this view it is
better so far to destroy the cohesion of the interior as
to detach the husk from the meal without removing it,
but converting it into a kind of bag or shell which shall
confine the soluble farina within its own bounds, and in
a subdued state, cohering, as Donovan says, “ with just
as much force as will prevent their falling into flour.”
In plain truth, the idea of a malt-roll, to obviate the
evils that had arisen from fine grinding on the one
hand and rough on the other, was to the doctor the ne
plus ultra of the brewer’s art, and ingenuity soon grati-
fied his desire. By this device the husks are crushed
and partially severed from the kernel; so that when
the (grist which thou grindest, here it is not, but)
malled grain is infused in water, those crushed husks
become a filter, giving out only that from within, which
is valuable and flows freely through. Hence the supe-
riority of rolls to mills of any kind: indeed, they are
now common in breweries, and have been found to
answer in all the important points, becoming more and
more efficient as talent and opportunity have improved
their construction. They waste little of the farina, the
expense of their repair is very trifling, the husk is not
torn and rendered so frail as to fall in pieces in the
mash-tun, yet the rolls (at least such as the author
recommends) are sufficiently close to pulverise the
whole of the saccharised contents, leaving the uncon-
verted cuticle and less fragile portions of the farina
merely split, or so dislocated as to be still held together
by the integuments : thus the corn is sufficiently broken
for the action of the heat and water, and of the mashing
machine ; but not too much so, as by the ordinary means.
The goods also are light, and free from those pasty de-
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positions so much to be guarded against, the large
corn not being crushed too much, nor the smaller too
little.

In order that the rolls may break the corn perfectly,
without pulverising the husk, which is their principal
utility, they should be of the same size, and travel with
equal velocity ; for when one is larger or swifter than
the other, the unequal pressure on the corn tears the
cuticle into fragments. Prior to rolling, it is expedient
to introduce a wire screen, to prevent the encroachment
of hard substances, and is valuable, as far as it allows
the small pieces of grit, which would cut the rolls, to
pass off with a considerable portion of the rootlet. Mis-
fortunes from such a cause, whether arising from pure
accident or from a mischievous disposition, are not alto-
gether either pleasant or profitable, whether a cheek or
an axle be broken, whether the whole fabric be shaken
by a private jerk, or whether the driving-gear merely
give way, and the cogs be stripped off a bevel-wheel.

The following Table, compiled from official informa-
tion, shows the quantity, in bushels, of malt charged
with duty to the British excise every ten years, from
1770 to 1820, and every year since, each twelvemonths’
accounts being made up to the 5th of January. An
attentive perusal of this Table will show, that, notwith-
standing the great increase of consumption which took

place immediately on the removal of the beer duty on
- the 10th of October, 1830, yet the excessive taxation
to which our countrymen are still indirectly subject
through the legislative impost of an enormous malt-tax,
which restricts their comfort and limits the supply,
keeps the consumption of malt almost stationary, not-
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withstanding the immense increase of population, with
which the demand for other commodities keeps pace ;
and another remarkable affair is, that although, within
the ten years following the repeal of the beer duty, the
increase in the quantity of malt consumed exceeded
25 per cent. of the former level, it will be perceived, on
reference to the Table given at the end of chapter IX. of
this volume, that the hop-duty did not rise in the same
proportion, as it is to be presumed that it ought to have
done, and even to have exceeded, in consequence of the
great recent demand for bitter ale, particularly for the
Indian possessions; an anomaly which would seem to
require clearing up by the authorities who pretend to
cause the statistics of the kingdom to be correctly esti-
mated.

Ten Years Number of Bushels charged duty.

ending
January S
gland& Wales. Scotland. Ireland. Total.

1780 ....| 249,080,283 | 16,872,558 ceee 265,952,791
1790 ....| 251,501,486 17,395,517 19,149,615 || 288,046,618
1800 ....| 263,528,753 | 17,922,597 46,026,067 || 327,477,417
1810 ....| 229,208,139 11,347,139 | 25,194,344 || 265,749,622
i 1820 ....| 230,146,858 | 11,117,392 | 22,990,122 || 264,254,372

! In50 years 1,223,465,469 | 74,655,203 | 113,360,148 [|1,411,480,820

Note.—The Irish duty commenced May 25, 1785.
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Year Number of Bushels charged duty.
ending
January 5. |England&Wales.|  Scotland. Ireland. Total.
1821 ....| 23,884,242 | 1,182,208 1,793,671 26,860,121
1822 ....| 26,138,437 1,305,659 1,949,315 29,343,411
1823 ....| 26,688,512 1,403,177 1,756,391 29,848,080
1824 ....| 24,845,152 | 1,616,590 1,702,395 28,164,137
1825 ....| 27,615,383 2,788,608 2,107,752 32,511,743
1826 ....| 29,672,741 3,925,847 2,706.862 36,205,450
1827 ....| 27,335971 | 2,726,666 | 2,406,252 82,468,778
1828 ....| 25,096,337 | 2,714,073 1,830,091 29,640,501
1829 ....| 30,517,819 | 3,867,159 2,409 36,794,206
1830 ....| 23,428,135 3,712,963 2,012,079 29,153,177
In 10 years | 265,122,729 | 25,242,839 | 20,674,036 311,039,604
1831 ....| 26,900,902 | 4,101,946 1,959,606 32,962,464
1832 ....[ 82,963,470 | 4,186,955 2,101,844 39,252,269
1833 ....| 31,669,771 | 3,714,334 2,006, 37,390,455
1834 ....| 33,789,010 | 4,302,036 1,984,849 40,075,895
1835 ....| 34,449,646 | 4,491,292 2,204,658 41,145,696
1836 ....| 36,078,856 | 4,459,663 2,353,645 42,892,054
1837 ....| 37,196,997 | 4,903,187 2,287,635 44,387,719
1838 ....| 33,692,356 | 4,683,446 2,275,347 40,651,149
1839 ....| 33,823,985 | 4,419,141 2,262,440 40,505,566
1840 ....| 33,826,016 | 4,360,363 1,744,650 39,930,929
In 10 years | 334,391,000 | 43,522,253 | 21,180,824 || 399,094,086
1841 ....| 36,653,442 | 4,397,304 | 1,406,116 42,456,862
1842 ....| 30,956,394 | 4,058,249 | 1,149,692 36,164,335
1843 ....| 30,796,262 | 3,746,476 1,268,656 35,851,394
1844 ....| 30,891,002 | 3,618,607 | 1,184,281 35,693,890
In 4 years | 129,297,100 | 15,860,636 5,008,745 150,166,481
SUMMARY.
Total Bushel Average consumption.
Period in which charged. consumed. . o
|
50 years, 1770 to 1820 ..1,411,480,820 | 28,229,616 | 3,528,702
Last 10, with beer duty onl 311,039,604 | 31,103,960 | 3,887,995
First 10 since do. off ....! 399,004,086 | 39,909,408 | 4,988,676
4 years, down to 1844 ..| 150,166,481 | 37,541,620 | 4,692,702
[
0 oo o BI11,180,99) | 30,609,143 | 3,457,468
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CHAPTER IV.

WATER.

CONFLICTING OPINIONS—HARD AND SOFT—ORGANIC MATTER—SALT IN
WATER—SNOW —RAIN, SPRINGS, AND WELLS—RIVERS—THE SHANNON—
WASHING AND TEA WATER—ALKALIES AND LIME—VIRTUE OF HARDNESS
~—BURTON— GYPSUM — FILTRATION—SUN AND AIR—ILLUSTRATIVE ANEC-
DOTES— MINERAL WATERS — TESTS—SPECIPIC GRAVITY— LOCALITY AND
TASTE.

TrE subject for the brewer’s consideration next in
order to his malt, is the selection of his liquor, or the
water in which he has now to infuse that malt for the
purpose of converting both into wort; and perhaps
nothing in nature varies more in its properties than this
outwardly apparent simple fluid, which is not the aqua
pura which it seems, and is vulgarly said to be, but
hydor impregnated with a heterogeneity of earths, acids,
gases, alkaline and metallic salts, and sometimes even
animal and vegetable matter, some held in chemical
union, and some in mechanical suspension. Pure water,
or oxide of hydrogen, is obtainable only by art.

Brewers differ most widely in their opinions of the
necessary qualities of water, some preferring hard,
others soft, and others again treating the choice indif-
ferently ; in short, the stoic is contented enough to
conclude that water is water, while the sceptic never
considers any water good enough for his purpose, be its
properties what they may.

If men would thoughtfully consider the density of
their worts, and the value of cold water for refrigeration
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and other useful purposes, they would not hesitate in
their choice ; for though a brewer already established
can seldom choose his spring or his stream, the case
is otherwise when the site of a new brewhouse is
being selected. In adjudicating preference in brewing
waters, writers have differed, the greater number being
neutral, as Shannon, Donovan, Black, Combrune, and
his disciple Hayman ; of the soft-water advocates are
Richardson, Wigney, and Roberts; and for employing
hard are Levesque, Ham, and, under his own system of
general management, the present author.

Ham, in venturing to disagree with the doctrines
espoused by the generality of brewers, is not measured
in his terms, and his reason is powerfully substantial
“We feel a diffidence,” says he, “in being obliged in
some degree to dissent from received opinions on the
qualities of this menstruum, when applied to brewing.
There are two methods of producing the higher qua-
lities of beer, the slow and the expeditious ; the former
in country places principally, and the latter in larger
breweries of cities and towns, where the adoption of the
plan of producing early ripeness by hastening the fer-
mentation is become common, to the impoverishment of
the national beverage ; and the distinguishing marks of
the superiority of the British brewery to all others are
now nearly lost. We would therefore wish, if possible,
to see it brought back in some measure to its original
excellence, not by increasing the quantity of materials
used, but by making the most of them in conducting
the fermentation much more slowly than it is at pre-
sent the custom to do. For this purpose we most deci-
dedly prefer hard spring water, particularly that from
wells dug in a chalk soil, where it can be obtained. .. ..
We can now oblige the hardest water to make an extract
from the malt in equal quantity, if necessary, to that
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produced by rain or snow-water, possessing, besides, the
valuable property of checking the fermentative process.
To those, therefore, who still wish to hasten that pro-
cess, 80 as to anticipate age, to the impoverishment of
the liquor, we would by no means recommend the use
of hard-water, for if the fermentation is to be conducted
with expedition, hard-water will be found inimical to
its progress ; but in all other cases, where a fulness of
the palate is sought to be preserved after keeping the
beer a considerable length of time, we invariably approve
of the hardest and most transparent water that can be
procured.” (p. 31.) This is sensible language, and so
far explanatory of the grand wltimatum, that it becomes
the very motive by which the author of the present
treatise is actuated, and the principle to which his
system is peculiarly adapted throughout its several
stages.

Water that is free from saline matter, or that holds
it in scarcity, is not fit for the brewery, being impotent.
The softest is in the state of snow, which, according to
Bergman, is destitute of all gaseous bodies, so that fish,
as announced in the Journal de Physique by Carradori,
cannot live in it, because it has no function ; whereas
good water, which, according to Thomson, is entirely
colourless and as transparent as crystal, contains 1 per
cent. of carbonic gas, with other ingredients, such as
silica, oxygen gas, salt, muriate of lime, sulphate of
potash, and the carbonates of lime and soda, all of
which were discovered by Bergman in the springs round
Upsala, which are considered to be exceedingly pure;
but rain or soft-water does not contain carbonate of
soda, sulphate of potash, or silica; and it has been
observed by Morveau, that rain-water which drops from
the roofs of houses, after the rain has continued awhile,
contains only a little sulphate of lime, which it has



108 WATER.

dissolved by trickling down the slates. As for the
muriate of lime which rain can contain, it must, accord-
ing to the same learned philosopher, be exceedingly
small.

The next gradation is into springs: these are no
other than rain-water which gradually filters through
the earth, and by collecting at the feet of declivities,
forms fountains and channels, and comes out at the
surface. From this circumstance it is as pure as rain-
water, unless it have met with some soluble substance
in passing through the soil, and become impregnate
with it. Various streams may thus be formed, and
flow in sundry directions, according to the internal
stratification of the land, and with variable acquisition
accordingly ; which accounts for the fact that soft and
hard springs are often found close to each other; but it
is generally found that in the purest of springs some
little carbonate of lime and common salt are found,
besides the usual quantity of air and of carbonic acid
gas, with sometimes muriate of lime, carbonate of soda,
or both. In 100 cubic inches of water, from which Dr.
Henry expelled the air by boiling, he found 476 inches
of incorporated gas, of which 3'38 inches were carbonic
acid, and the remaining 1-38 atmospheric air.

Well-water is the same as spring-water, because it
comes from the same source ; a well being a cavity to
receive the contents of one spring or channel, or per-
haps more ; but as its waters do not pass away, as in
the case of an ordinary spring, it is more likely to
reccive an accumulation of foreign matter, till by re-
peated deposition and by stagnation it becomes hard ;
that is, till the quantity of earthy salts held in solution
by it, will not allow it to dissolve soap.

River waters are a collection of rain and springs,
fluctuating with the seasons, but usually possessing
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greater softness than springs, both from admixture with
rain and snow, and from their depositing the matter
mechanically suspended, as they proceed in their course,
retaining only the usual extraneities that are in chemi-
cal union, as air and carbonic-acid gas, with a very little
salt and carbonate of lime. That the quantity of this
kind of water is variable according to season and geolo-
gical construction, might be analogically inferred from
the natural realities that heavy and continued rains
penetrate farther into the earth, and urge their course
by greater pressure than ordinary wet, each stratum in
the road of descent furnishing pregnable matter different
from that above it. But the chemist goes beyond this
in his views, and gives demonstrative proof of the facts ;
for instance :—

Thus, Mr. St. Pierre Foley, Lecturer on Chemistry
and Geology.at Limerick, in three experiments on the
water of the Shannon, undertaken under different states
of the contents, in March, 1842, has produced the follow-
ing as the fruits of his analyses, an imperial pint being
his integer:—

L As passing from the river up a pump, in its usual
state.

GRAINS,
Carbonate of lime . . 595|262 grains of carbonic-
Sulphate of lime. . . 062| acid in addition, hold
Sulphate of soda .. 0:30| the 595 of carbonate
Chloride of soda . . . 197} of lime in solution;
Magnesia, carbonated 025 therefore, there are in
Dead organic matter 2:10| every pint of such

——| water 857 grains of

Total grains 1119 | bicarbonate of lime.
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II. The same filtered and tested afterwards.

GRAINS. )
Carbonate of lime . . 555 [The 555 grains of car-
Sulphate of lime. . . 0'60 | bonate of lime were
Sulphate of soda .. 0:30| again held in solution
Chloride of soda . . . 197 | by 2'62 grains of car-

Magnesia . . . .. .. 020/ bonic-acid, making to-
Vegetable and ani- gether 817 grains of
mal matter . ... 002| bicarbonate of lime to

—— | the imperial pint.
Total grains 8-64

IIL. Taken up in a flood and unfiltered.

GRAINS,

Carbonate of lime . . 59 | The carbonate of lime is
Sulphates . ...... 10| not increased, nor does
Muriate of soda and there any appear in
earthy matter ... 70/ addition, that the filter
Vegetable matter. . . 20| will not remove.

Total grains 159/

To this the analyst adds: “I think it right to remark,
that on a hasty analysis of the Shannon water, made
about the latter end of September, 1841, I then found
that the water contained much more chloride of soda
than at present, and somewhat more organic matter,
but the proportion of lime seems constant.”

From the above results Mr. Foley deduces these con-
clusions :—

1. That by a series of tests similar to those by which
he discovered the presence of the enumerated proper-
ties, he proved the absence of others, such as all ni-
trates, free alkalies, alumina, potassa, iodine, and silica.
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2. The hardness of the water for economical pur-
poses, established by the excess of lime held in solution
by the carbonic and sulphuric acids.

3. The great advantage of the filter in removing the
whole of the mechanical mixtures thrown in by the
floods, and almost all the vegetable and animal matter.

4. The non-removal of the lime by filtration, through
its being held in chemical solution, chiefly by an excess
of carbonic-acid : this he looks upon as the chief “bane”
of the water ; but though he has encountered “ Father
Shannon,” he is not bound to be a brewer.

5. That the lime must, nevertheless, be removed,
ere the water can be fit for those domestic purposes in
which soft water is effectual ; and to accomplish that
object he recommends Professor Clark’s process, and
concludes by urging the necessity of purification.

The following analysis of a spring which supplies an
eminent brewery in Kent, and of a well which they
have upon the premises, but from which they never
brew, shows the great dissimilarity of waters in the
same locality, and the necessity of good judgment in
giving preference. The quantity in each case was a

gallon.

The Spring. GRAINS.
Chloride of calcium (muriate of lime) ... 6043
Sulphate of lime (gypsum) . . ... ... .. 5210
Carbonate of lime (chalk) .......... 18160
Carbonate of magnesia . . .......... 0150
Nitrate of soda, by estimate . . .. ... .. 6476

Total contents . . ........ 36:039
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The Well. QRAINS,
Chloride of sodium (common salt). . . . . . 50085
Sulphate of soda (Glauber salt) . . ... .. 2124
Carbonateofsoda . .............. 17-200
Carbonate of lime (chalk) .......... 5760

Carbonate of magnesia, no sensible weight.

Total contents . . ........ 75169

The well-water, which comes from a bed of blue clay,
though as clear as that of the spring, is rather unplea-
sant to the taste, as might be expected ; and surely no
uncommon sagacity can be needed to ascertain which of
the two best suits the brewer in the exercise of his pro-
fession.

Depositions may be found adhering to a tea-kettle, or
other vessel in which hard water has been boiled, and
serve to purify rather than strengthen the water. Every
thrifty housewife knows that carbonate of soda, or that
pearlash, which is a subcarbonate of potash, will expe-
dite the process of making tea, and will assist her in
the washing operation ; and she knows practically that
snow will have the effect of softening hard water. The
effect of alkalies is to precipitate the earthy substances ;
but by the addition of snow the water is merely diluted,
and the same quantity of foreign matter is diffused
through a greater bulk of water; but the lime which
hard water holds in solution, by its action upon the
soap decomposes it, and thus renders the water unfit for
the washerwoman’s use. Rain water contains about 2}
per cent. of atmospheric air, and the gaseous bodies com-
posing it are set at liberty by the boiling of the water,
and the solid substances are deposited, forming the
thick incrustations that line the kettle.
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Carbonate of lime is but sparingly solved by pure
water ; but when carbonic acid is present, as in the
case of the Shannon, the solution and retention are
more effectually and permanently secured ; and this is
another argument for not heating the water in the
brewery so that it shall expel the property that holds
it in existence there ; and moreover the disposition is
increased when the carbonate comes in contact with
the sugar of the malt, and, of course, afterwards in the
ale, where an additional portion of carbonic acid is
generated by fermentation; for sugar is a powerful
solvent of lime. Dalton asserts, from the results of his
own experiments, that the hardest spring-water seldom
contains in solution so much as one-thousandth of its
weight of any foreign body ; and it appears from Foley
that the filtered Shannon contains one in nearly 1012:
since, however, the fact is admitted that sulphate of
lime, gypsum, selenite, or be it called by what synony-
mous term it may, is the constituent that makes water
hard ; and since the sulphuric acid, which is its essence,
probably corrodes the gluten, albumen, &c., and renders
their powers inert in their decay, its good qualities
must at once be acknowledged by the brewer; but it
cannot be everywhere obtained; so that it would be
well to consult some able chemist on the readiest and
cheapest mode of impregnating certain waters artifi-
cially with such properties as are desirable.

The sulphate of lime is found as a mineral in great
abundance at Chelaston, near Derby, and at Beacon
Hill, near Warwick ; it is also procured in large quan-
tities from North America, and has become greatly
esteemed as a manure. The anhydrate of Werner con-
tains a still larger portion of sulphuric acid ; as a speci-
men analysed by Klaproth, was found to consist of

1
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sulphuric acid 565, lime 420, muriate of soda 025,
loss 125 ; total, 100.

Has, then, the use of hard water no good effect in
the management of the brewery? The author knows,
from his own experience, that worts made from water
of this kind, require pitching from ten to fifteen degrees
higher than those from the very pure waters, in order
that the same attenuation may be effected in the same
time ; and hence their preservative property ; but there
is, besides, another advantage in the use of hard water,
which is, that more saccharine matter can be left in the
article, by which the fulness and flavour will be greater,
without the risk of becoming acid, as other full-bodied
ales do, especially in hot weather.

The Burton ales principally owe their superior quali-
ties and uniform permanency to the nature of the water
there used, and which, according to the best evidence,
is strongly impregnated with this hardener of water,
gypsum or sulphate of lime; the principal geological
feature of the place and environs being described as a
tolerably perfect gypsum, occasionally interspersed with
carbonates.

When Booth, or rather his employers, the “ Society
for the Diffusion of Useful Knowledge,” first brought
out their Treatise on the Art of Brewing, some reflec-
tions there cast upon the Burton brewers induced them
to stand forward in a body, and to commence legal pro-
ceedings against the publishers, Baldwin and Cradock ;
and the cause was brought before the Court of King’s
Bench on the 10th of May, 1830, when Mr. (now Lord)
Brougham stated that chemists of eminence had been
sent down to Burton to analyse the worts and the
waters, and that the Committee of the Society were
satisfied with the honesty of the brewers, who had
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thrown open their doors to receive the analysts; but he
added, that “ the learned person, the author of the trea-
tise in question, who was a practical man, being a brewer
of twenty years’ standing, had been misled upon the
subject, by circumstances which might have misled any
body. He had said that he could make Burton ale,
similar to that of these brewers, if he were allowed to
add certain saline impregnations, chiefly gypsum. Now
it so happened, though the fact was not known to the
author at the time the treatise was written, that the
springs at Burton ran over a rock of that substance,
which gave them a natural impregnation.” Under these
circumstances, the learned counsel admitted, on the
part of the Committee, that nothing deleterious was
used in the Burton breweries ; and the rule for a cri-
minal information was discharged, upon the condition
claimed by Mr. (since also created Lord) Campbell, that
the contradiction should be as extensively circulated as
the libel had been. “ Very well,” said Lord Tenterden,
who presided, “the lovers of Burton ale may now drink
it without fear;” to which Mr. Brougham responded,
“If they drink it in moderation.” The above apology
or explanation was to appear in the future editions of
the work ; and in an ungracious accordance with the
covenant and decree, the following appears in the 52nd
page of the second edition, published in 1834 :—

“One of the affidavits gratuitously acknowledged the
occasional use of flour and salt, to assist the fermenta-
tion of the inferior ale; and the jalap, of which it only
was said that ‘some recommend’ for the same purpose,
(and the use of which is doubted at page 28, part L)
may as well be left out of the supposed accusatory list
of ingredients. These, then, are reduced to salt of steel,
2 ounces to 20 barrels; honey, 1 lb. per barrel ; sul-
phate of lime, 6 ounces per barrel ; and black resin,

12
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1 ounce per barrel.” Thus stands the notable attack
on that communicative, and, as Lord Brougham called
them, “ generally respectable” body, the brewers of Bur-
ton-on-Trent, whose chief excellence lies in sulphate
of lime ; and yet men will decry hard water, as though
it were a detriment and plague, though one ounce of
that which makes it so will preserve six gallons of ale
“for ever and a day.” But David Booth preferred, like
Naaman, or rather Combrune, “ Abana and Pharpar,
rivers of Damascus, to the waters of Israel;” and, like
Gehazi, was subjected to leprosy in consequence.

The author, unwilling that his judgment should be
circumstantially dependent, has made inquiries on the
spot, and is obliged to the politeness of Messrs. Bass,
Ratcliffe, and Gretton, the eminent Burton brewers, for
the following information on Burton water.

“The wells in Burton, used by the brewers, are from
twenty to twenty-four feet deep, and are supplied by
springs which enter them on the opposite side to that
on which the Trent runs.

“Some years ago, Mr. Cooper, of London, analysed
some water taken from the well at our brewery, the
result of which was as follows :—the imperial gallon
contained of uncombined carbonic acid, 7'5 cubic inches.
Its specific gravity was 10013, and the solid contents
obtained by evaporation 79 grains: those solid contents
were composed of—

Carbonate of lime . . ........ 993
Sulphate of lime . . ......... 5440
Muriate of lime. . . . ... ..... 1328
Sulphate of magnesia . ....... 0-83

7844

“The water used by Burton brewers is not exposed
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to sun and air: it is generally pumped direct from the
well to the copper. There are not more than two or
three reservoirs in the town, one of which is on our
premises, and is under a roof. It is certainly not used
for the purpose of exposing water to the sun and air.
(In reference to this, see forward, p. 122-3.)

“ As to the locality of Burton, it is certainly favour-
ably situated for brewing, on account of its abundant
supply of peculiar and excellent water for the purpose;
and in that respect it would, perhaps, be very difficult
to find a place equal to it.”

On this information only one conclusion can be
formed, which is, that an indifference to the quality of
the water is equivalent to a carelessness of the fate of
the wort, and that Burton water contains special virtues
not to be found in soft. It appears that Burton water
is 9 per cent. harder than the Shannon, the incorporated
matter being one grain in each 892.

Sulphuric acid will undoubtedly prevent a se-
condary and acetous fermentation when a small quan-
tity of this acid, or muriatic acid with alum, is added
to malt liquors; and it does this in one or both of two
ways, namely, absorbing all the superfluous oxygen pre-
sent, instead of allowing it to attack the alcohol ; or
acting caustically upon the albumen and gluten, and
rendering them 1nsoluble as the mixture increases in
density, and precipitates them to the bottom: hence
the desirable properties of the limestone are attributable
to its acid ; and if this idea is correct, the attributes
belong to the sulphate, and not to the carbonate ; nor
has it been shown that carbonic acid will accomplish
much of this. Chemical practice determines, too, that
carbonate of lime is generally accompanied by a sul-
phate or a muriate, either of potassa, or of soda, or of
magnesia, or of lime, and often by both of those kinds
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of salts, as at Burton, and in the swollen Shannon after
a flood.

Water highly impregnated with gypsum, is much
harder than that containing carbonate of lime, and for
reasons already advanced, though the quantity of each
be the same; and this difference is to be attributed
rather to acids than to the alkalies or the like. When
waters run off moors and fens, and the brewers in cer-
tain districts are compelled to use them for want of
better, it will be found desirable to impregnate them at
second hand with gypsum, or with such limestones as
are easily procurable. If calcined, their solution by the
water is thereby facilitated, but the operation expels a
‘portion of the sulphuric, carbonic, or other acid, and of
the water combined with the lime, but not without
some deterioration of their anti-acid virtue; and they
form hydrates, and afterwards become carbonates, by
re-absorbing the carbonic acid of the liquid which they
were intended to improve and preserve. Where the
burnt mineral is obtainable in great plenty, the loss of
disengaged sulphuric acid may be compensated by em-
ploying a superfluity ; but it is much better to use it in
the primitive state, giving more time for gradual solu-
tion, as in the Burton and Chelaston soil.

F1LTRATION OF WATER.—AsS it is really necessary that
all waters, whether fluent or stagnant, should be puri-
fied from the substances mechanically suspended within
them, which can be done by plain mechanical means,
many machines and other devices have been brought to
operate with that intent, and nearly a hundred patents,
or perhaps more, have succeeded each other in this and
other countries, all intended as improvements upon
plans then in operation, or as substitutes for such as-
were found defective or otherwise objectionable ; and of
those that have been found least so, the author has pre-
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ferred and recommended spacious beds of antiseptic
and anti-acid substances, such as calcined bones, vege-
table charcoal, or limestone in the sulphate or carbonate
state, or the nearest approximates, laid in strata, the
coarsest uppermost ; prior to which he would introduce
a filter of sand to avoid choking in the finally corrective
filter, which sand might be changed as it became foul
or did not work well ; but in a “ Memoir on the Filtra-
tion of Water on a large scale, and on the Properties of
Maurras’s Patent Filter,” recently addressed to the
Commissioners for inquiring into the health of towns,
by B. G. Sloper, Esq., he at once recognises a system
calculated, for the present at least, to eclipse all others
in efficacy, simplicity, and economy ; and as the ma-
chines may be constructed in number and magnitude
according to the quantity of water in requisition, they
certainly can be recommended to the trade, with the
few following remarks, taken from the Memoir.

1. In all artificial filters, the filtering material should
be unexceptionable. It is not sufficient only that it
should be porous, but its chemical nature should be
such that it cannot change under long continued mois-
ture, decompose, ferment, or by mechanical rupture,
allow particles of its substance to pass away at any
time with the filtered water.

2. Regard should be had, before we sink our shafts,
run our tunnels in sand and rock, construct artificial
sand filters of large dimensions, or manufacture our
machines, 1st, to the first cost; 2ndly, to the cost of
filtration ; and, 3dly, to the durability of the filter.

3. One of the most essential requisites of a system of
filtration is its certainty and permanency, as well as the
means of extending the product of filtered water with
the increased wants of a population, without the chance
of diminution or failure from any cause whatever.
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Mr. Sloper, after examining a variety of systems, in-
cluding all those that are or have been the most popular,
and pointing out the defects of each, observes that, as
in one of Wickstead’s artificial sand filters, which yielded
at a rate noted 10 the first week, 9 the second, 6 the
third, and only 2 the fourth ; so a large natural filter
may render an abundance of water for a number of
years, and after a time surprise the engineer by the
rapid decrease of its product, and possibly its ultimate
total obstruction. Acting, therefore, upon the principle
that all vegetable and animal filters, such as those of
cotton, wool, charred wood, bones, &ec., which last, with
others, (like the public filter of the Garonne at Thou-
louse, which has cost £40,000 to supply 50,000 inhabit-
ants, or 16s. a head,) he proves to be excessively dear ;
and that water filtered even through sand deposits its
solid impurities, to a certain depth, between the inter-
stices, till that which at first was a porous filter be-
comes an impermeable earthy mass, feeding vegetation
rather than purifying water, he says, with true resolu-
tion, that “ tf nature does not renew the filtering surface,
MAN MUST;” and thereon he founds the credit due to
Maurras for his invention, which has contrived “ that
the filtering material is sand of various degrees of fine-
ness, so arranged that it cannot escape from its position
in the machine, and that the dirt is effectually removed
at intervals, and the porosity of the filtering sand re-
stored.” Besides this, it is “applicable to small com-
munities as well as the largest, possessing ALL the qua-
lities required for a permanent constant filtration, viz.
uniform and unvarying porosity, durability, a constantly
pure and unfermentable filtering medium, certainty of
product, and moderate cost.”

A particular description of this novel machine, with
a drawing, is given in the Mechanics’ Magazine, Vol
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XLL p. 152, where he explains that with a surface of
5} feet square, (doubled, of course, that one may relieve
the other, as he says 60 feet in all,) he can clear 150,000
gallons in 24 hours, with a head of water 26 feet. The
whole machinery he declares to be almost indestructible,
and the porosity of the filtering sand not to vary, being
riddled and placed according to sizes. The New River
Company in London have tried the experiment for four
months on this scale, and certify that with 12} feet
head of water it discharges 1187 gallons in 10 minutes
before cleansing, and in 7 after, or in 8} on the average,
which is 20,118 gallons a day, or 665 to each foot of
the filtering surface.

Still, notwithstanding the excellency of this invention,
which professes to purify the supply of water to a poor
man’s cottage for twopence or threepence a year, no
filter, however ingeniously constructed, can sweeten
tetric water when its tetricity has passed from suspen-
sion to combination; nor will any other means yet
known, including evaporation, do it on a scale suitable
to brewing. If communities will inhabit places which
will not naturally supply their proper wants, particularly
for this purpose, and if they are too poor or too idle to
obtain a purer beverage by artificial means, they had
better import their beer from localities that can produce
it in perfection. Waters brought from a distance across
the country in open aqueducts, are often so surcharged
with decomposed vegetables and ordure, and have lost
so much of their better qualities by evaporation, that
they stink within a few hours after coming upon the
premises ; and even when not precisely so, passing all
that distance in subjection to the sun’s rays in the
summer months, warms them till they reach 60° or
sometimes 70°, which renders them completely useless
as a cooling medium. It is surely enough to repeat
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that such places had better have their beer brought to
them than their brewing water, and thereby burst the
wretched trammels which monopoly, nature, and cus-
tom, compel them submissively to wear, to the destruc-
tion of their health, their capital, and their comfort.
Gypsum, which according to Ure is 22 in specific
gravity, or nearly the same as the carbonate, is consti-
tuted of 28 parts lime, 40 sulphuric acid, and 18 water,
and which are the weights of its prime equivalents,
shall now be considered in a way that cannot reasonably
fail to create alarm in the mind of the careless but
sensitive brewer. The author having in his experience
tried all sorts of water, from the hardest to that which
is called the purest, and never having failed to obtain
as good an extract from the former as from the latter,
is sure that the principal objection to the hard is founded
on the old erroneous notion of its want of capability in
extractive power ; he is therefore persuaded that nothing
but a correct knowledge of the art of mashing, and a
little patience in attending to the fermentation, can be
wanting to bring it into general repute: this theory
has so often been practically proved of late, that nothing
but the confirmed bigotry of senseless custom can oppose
it. Should any further arguments be necessary, the
following surely will suffice:—A near relation of his
was, a few years since, connected with two breweries in
the same town, only a few yards asunder, and supplied
with water from the same stream, which water was
notoriously bard. In one of these breweries, the copper
was commanded by a very large and flat liquor-back,
which was exposed to the sky for the purpose of ren-
dering the water softer, previously to being used in the
mash-tun ; and precipitation and evaporation, of course,
did their part in effecting that change, and in propor-
tion to the time that the water lay in its tranquillity.
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The other brewery had no liquor-back, but was provided
with a good dome copper, the pan of which received the
water as it was pumped up from the stream. The two
establishments were just at par in regard to strength,
price of materials, connections, plant, and management,
except as above described ; but the truth was notorious,
that during the summer months the ale brewed from
the water which had been deprived of a part of its
saline contents by exposure to the air, would not keep
80 well as that made at the other house: indeed, a sour
article was scarcely known in the latter brewery, nor
were finings ever used or needed. In another house at
some distance from these, an event, sufficient to satisfy
all reflecting men, came beneath the author’s own per-
sonal observation:—This brewery was situated on a
limestone rock, from which issued a beautiful stream of
hard water ; and this was uniformly used in the brewery
with invariable and complete success, until a change
took place in the practical department, through the
introduction of & “ clever young man” from a soft-water
country, who took the reins, and being an adept in art
and mystery, very skilfully and chemically softened all
his water prior to using it, by adding sub-carbonate of
potassa and some other alkaline extract of grave and
serious importance. All this in cold weather went on
smoothly enough ; but lo! summer came, and brought
the brewer’s sour foe; and our clever young operator,
who was to have shone as a paragon among the brethren,
was obliged to learn that he had disengaged the sul-
phuric acid, and deposited the lime, by a misapplication
of potash ; and that while he had smarted under the
extreme mortification of seeing nearly as much sour ale
brought home as had been sent out to the consumers,
he attributed his disastrous fortune to the original
nature of the water instead of himself'!



124 WATER.

The author one day, when expatiating on the virtue
of hard water, was asked by a gentleman rather largely
connected with a brewing-house, “ Admitting that car-
bonate of lime is indigenous to grain grown upon gypsum
or other limestone, and is desirable in malt liquors, why
not put it in the water or the mash?” His reply to
the question was and is, that the more gradual the
impregnation, the more minute and copious are the
particles imbibed, and the more permanent are their
existence and hold ; for as it filters through the soil, it
‘dissolves a portion of the soluble salts with which it
comes in contact, either by its own solvent power, or
by the action of the carbonic acid it contains, whether
native or incident. The same will apply to the grain
grown upon alkaline earths, with these additions, that
the alkali impedes the formation of an acid such as is
generated during the ripening of the corn, and the
existence of which is natural, more or less, in all grain ;
and besides this, the particles of the alkali are of the
finest and most soluble description, being macerated,
filtered, and literally grown in and with the farina of
the grain, as its vegetation advances; and when thus
imbedded in the corn, it is still more minute and more
intimately blended throughout its parts, being aided
by the best means, namely, the solvent powers of the
native sugar of the barley when in a green state, and
particularly just before ripening. This favourite mineral
water of ours is more efficient to the brewer as an anti-
acid, than mineral corn, the quantity of the essential
properties possessed by each, being vastly different in
proportion to the bulk: the advantage is in each case,
however, decidedly great, whether they be taken sepa-
rately or connectedly; and in the common system of
brewing, both are highly desirable when attainable, let
the haters of hard water declaim as they are wont.
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While treating of mineral waters, the author must
not forget that he is addressing his observations to a
brewing portion of the world, or to such as wish to be
conversant with that art, and would therefore be par-
ticular in recommending such as are invaluable to
brewers especially, some of which may be unfit for the
majority of manufactures and domestic uses ; while, on
the other hand, some waters which those classes of
persons employ, are not of fit quality to be introduced
into the brewery. Water, for instance, that contains
such large quantities of salts and such a variety of
gases as are usually found in the medicinal fountains
of our fashionable spas, are often unfit to be taken into
the brewery, on account of their purgative or other
peculiar properties ; yet many of the inhabitants employ
them for their regular common domestic purposes, some
of the saline and gaseous properties from which they
derive their medicinal celebrity by operating on invalids,
being removed by a little exposure to the atmosphere ;
or it may be that the water does not materially affect
the healthy and constitutionally strong, in whom custom
has established the prerogative of second nature. How-
ever this may be, the object now sought is not to cure,
but to prevent sickness ; and it has been shewn that at
least some hard waters can be used in the brewery with
considerable advantage.

Chemists divide mineral waters into four classes,
namely, the acidulous, the chalybeate, the hepatic or
sulphurous, and the saline; the first of which, though
generally containing earthy carbonates, have an acid
taste ; the second are replete with iron; the third, by
their sulphur, present an obstacle to fermentation ; but
the fourth sometimes possess all the necessary qualifi-
cations by containing salts whose base is lime, and
generally the carbonate or the sulphate, or perhaps
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both, while others have an alkaline or magnesian base ;
the latter of which are purgative and bitter.

Leamington water contains 150 times as much of the
sulphate of lime as of the carbonate, and nearly four times
as much muriate of soda as of both, the whole of these
constituting about one-fourth of its whole quantity ;
and Dr. Garnet has not shewn that Harrowgate water
contains any sulphate of lime, or more than %th part
of the carbonate; so that the public have little need
to fear that brewers will purge them with such as are
denominated medicinal waters: their medicine is not
water, but sweets and bitters.

Some waters possess all the properties that are ser-
viceable in the brewery, and yet, like these, are unfit
for use in consequence of something inimical which they
also possess, as in the following specimen, taken from a
spring near Shooter’s Hill, in Kent, one quart of which
on analysing gave these very important constituents in
various states of combination, amounting in all to 151
grains :—Sulphate of magnesia (Epsom salts), 88;
muriate of magnesia, 10; muriate of soda (culinary
salt), 32 ; sulphate of lime, 8; carbonate of lime, 10 ;
and argil or common clay, with a little calx of iron,
both diffused but not dissolved, 3. This result must
surely at once point out the necessity of examining all
waters before they are brought within the precincts of
the brewery ; for notwithstanding that water is the
brewer’s most important compound, little attention has
been paid to its latent properties, except where its
effects have been so striking as to produce an extreme
of good or harm. According to Cavendish’s original
tests, the composition of pure, tasteless, and transparent
water, is H. 11°1, O. 889 ; but later and more refined
experiments give H. 15, 0. 85. In all probability water
was never found perfectly colourless when in a mineral
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state, but with a yellow, blue, or green tinge, according
to the properties of the vegetable, animal, or mineral
matter held in solution, or being in contiguity to it ;
and some ascribe its shades of colour to optical causes
or illusions not clearly understood. The waters gene-
rally called hard, however, in which soap will fall into
flakes resembling snow, in consequence of a super-
abundance of alkaline, metallic, and earthy salts that
they contain, and are rendered turgid by a solution of
gold in aqua regra, or of silver in mercury, or of lead in
nitric acid, or acetate of that metal, may be tested by
any of these several means ; and the difference in water
generally may be discovered by appropriate tests, for
which purposes a long list of the substances found in
mineral waters, and of the re-agents employed to detect
them, is given in Carey’s “ Chemistry as it was, com-
pered with what it is,” but nothing completely definite
can be achieved without recourse to analysis, which was
long considered a difficult process. Experimenters will
now find a code of rules, and a description of the requi-
site apparatus in Kirwan’s “ Essay on the Analysis of
Mineral Waters,” and in the “ Annals of Philosophy”
as communicated by Dr. Ure. The following, with the
tests applied to each, are from Carey, and are simple and
useful :—
Acvds 1n general; discoverable by infusion of lit-
mus.
Acid, boracic ; by acetate of lead.
Acid, carbonic; by litmus, lime-water, or barytic
water.
Acid, muriatic ; by nitrate of silver or of lead.
Acid, phosphoric ; by solutions of barytes, or nitrate
of mercury.
Acid, sulphuric; by barytic salts, pure barytes, or
acetate of lead.
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Acvd, sulphurous ; by its smell and its effect on black
oxide of manganese, the colour of which it changes.

Alkalies in general ; by vegetable colours or muriate
of lime.

Alwmine ; dissolved by acids, succinates.

Ammonia ; by its smell, or by nitrate of mercury.

Carbonates vn general ; by effervescence on adding acids.

Earths; by precipitation on boiling them, or by an
alkali.

Hydro-sulphuret of lime ; by sulphuric or nitrous acid.

Iron; by the same tests. The sulphuric acid dis-
solves it.

Lime, pure; by water saturated with carbonic acid.

Lime, dissolved ; by oxalate of ammonia, or barytic
solutions.

Magnesia ; by precipitation on boiling, if dissolved by
carbonic acid and pure ammonia ; or the phosphate
of soda, when by other acids than the carbonic.

Muriates of alkalies; by solutions of silver.

Muriate of lime ; by the same, or by oxalic acid or
oxalic ammonia.

Sulphates in general ; by barytic solutions or acetate
of lead.

Sulphate of ammonia ; by barytic solutions or by boil-
ing with fixed alkalies, which dissolve it.

Sulphate of lime ; by barytic solutions, oxalic acid, or
oxalates.

Sulphuret of alkalies ; by polished metals or nitrous
acid, or by their smell when sulphuric or muriatic
acid is put to them.

Sulphuretted hydrogen gas ; by its smell, or by acetate
of lead, polished metals, or infusion of litmus.

The following are St. Pierre Foley’s notes on his

analysis of the Shannon water, made for M. Fitt, Esq.,
Newgate Brewery, Limerick.
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TESTS USED. RESULTS.
1. Aqua ammonia . ....... No precipitate.
2 Turmeric paper when cold . . Air bubbles, but no

change of colour
3. After boiling some time . . . Brownish.
4 Acetateoflead ........ Very dense.
5. Muriate of barytes. . . . . . . The same.
6. Nitrate of silver . . . .. ... The same.
Do. do. by light. . . . Purple and blackish.

7.Oxalicacid . ... ....... Slight.
8. Oxalate of ammonia. . . . .. Dense.

9. No. 1 after the carbonic and
sulphuric acids were removed Cloudy.
10. Lime-water, after removing
the sulphates of earthy mat-
ter, by evaporation, oxalic
acid, and alcohol . . . . . .. Cloudy.
11. No. 6. Precipitates dissolved
in alcohol, and evaporated to
dryness . ........... Effloresced.
12. Sulphates and nitrates re-
moved, then test No. 6 . . . Very brown.

13. Tincture of galls . . . . .. .. No precipitate.
14. After removing sulphates, add ‘
No.8.............. Extremely dense.

15. No. 10, acetate of barytes, fil-
ter, evaporate, digest in alco-

hol, and evaporate to dryness Efflorescent.
16. Prussiate of potassa. . . . .. No change.
17. Phosphate of soda . . . . . .. Slight.
18. Ditto and ammenia . . . . . . Denge.
19. Saturated solution of soap . . Very curdy.
20. Ditto half saturated . . . . . . Curdy.

21. Ditto saturated an eighth . . Ditto, slightly.
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TESTS USED. RESULTS.
22. After boiling and filtering,
addNo.8 .. ......... Cloudy.
23. Starch, &e. . . ... ... ... No change.
24. Sulphate of zinc. . ...... Trace.

25. Sesqui-carbonate of potassa . Trace.
26. The same shaken and let rest
for24hours. . ........ Cloudy.

The same results are observed in the water passing
up the pump and that after the filtration, except in
No. 12, with which no colour appears in the filtered
water: the results and non-results therefore are:

RESULTS. NON-RESULTS.
1. Bicarbonate of lime. 1. No nitrates.
2. Sulphate of lime. 2. No iron.
3. Magnesia. 3. No alumina, except after
4. Muriate of soda. flood.
5. Sulphate of soda. 4. No free alkalies.
6. Dead organic matter, 5. No iodine.
vegetable, animal, &e. 6. No free acids.

Such are some of the means to which others as well
as the author have resorted in order to discover the
quality of water ; and he can with truth add, that there
are few specimens in which some of these symptoms do
not appear. As a general rule for discovering the ex-
tent to which any particular supply of water has imbibed
foreign impregnations of a saline or other mineral cha-
racter, the specific gravity of distilled water, which is
equivalent to a cubic foot, is 1000 ounces ; this is made
a standard of weight, and kept as the criterion of specific
gravity where substances have to be compared, through-
out the world of science and of commerce ; and is the
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foundation on which all measures of bulk, hydrometers,
and other statical instruments, are based. Water
from the same stream, and sometimes from the same
fountain, is often, from the causes that have been
assigned, found to vary in its specific gravity, and
thereby to indicate a variableness of density, being at
its maztmum on the commencement of a flood, and
at its mendmum soon after such flood becomes slow and
limpid ; but these changes are seldom so far perceptible
in the majority of spring and mineral waters, as to allow
the brewers who use them to calculate upon them with
any degree of certainty. The acids are weightier than
water, and so is lime; therefore each of these will
increase the specific gravity of the liquid in which it
is mixed, in proportion to the quantity of the mineral
present ; though a question may arise as to which of
these takes the greatest part in adding to the density
of the water ; but upon making comparisons, we shall
find that which contains the most acid, and especially
the sulphuric, to be not only the hardest, but also the
heaviest ; the increase of density and gravity depending
in some degree on the principle of condensation, so
apparent on the admixture of the acid with water in
the ordinary way. Scudamore, in his “ Chemical and
Medical Report of the Properties of Mineral Waters,”
page 2, copies Kirwan’s work on this subject, where
he gives the following formula for estimating the quan-
tity of solid matter from the specific gravity, which, he
says, will give the true proportion within 1 or 2 per
cent. :—* Deduct 1000 from the specific gravity of the
water, and multiply the difference by 1'4; the product
will represent the quantity of solid contents. It gives
the weight of the salts in their desiccated state, and
consequently freed from the water of their crystal-
lisation. The weight of the fixed air must be also
K2
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included. Ezample :—Let the specific gravity of the
mineral water be 1079 and that of distilled water 1000 ;
(1079 —1000) x 1'4=1106; or 1000 parts of water of
that specific gravity should, according to Kirwan’s rule,
contain 110'6 parts of saline water. He adds, that
Brisson found a solution of two ounces of salt in sixteen
of water to have its specific gravity 1079 : here eighteen
ounces of the solution held two of salt. Now, as
18 : 2::1000 : 111-1.”

In consequence of the indifference manifested towards
the subject of water by a certain class of writers, and
of the acerbity evinced by some brewers, and the
nescience of others, especially in handling the waters
termed hard, the author has opened his thoughts and
spread their contents more diffusely than every-day
affairs could have justified,—being convinced that not
all practical men have time to bestow upon recreative
reading, though it be instructive ; if, however, the argu-
ments and proofs which he has adduced are calculated
to awaken the understanding incidental to men of com-
mon sense and prudence, which has been his aim and
wish, he has his reward in the conviction.

Men are too apt to think of others only in comparison
with themselves, as though all were surrounded by like
circumstances, which may account not only for the dis-
parity of judgment between Booth and the Burton
brewers, and our “clever young man” and his cus-
tomers, but likewise for the failures of many others
whom shame or policy has withheld from publicity.

The localised brewer, who is unacquainted with the
public taste abroad, seeing as through spectacles made
to suit his own eyes and age, is ready to attribute other
men’s misfortunes to unskilfulness or neglect, and hesi-
tates not to suggest or dictate such antidotes as are
reasonable to his own thought, though others can see



LOCALITIES AND TASTE. 133

that nothing could be more erroneous if made general.
How different, for instance, is the ale brewed in Scot-
land from that produced in the South and West of
England ! Who is there in Britain that cannot discover
a difference of flavour and gust between the London
and Dublin porter? Who that has travelled would
expect to find the London taste in Newcastle ale, or
either of these in the ales prepared at Liverpool, Lin-
coln, Nottingham, Sheffield, Birmingham, Derby, the
Staffordshire Potteries, Maidstone, Dorchester, Devon-
port, Alton, or North or South Wales ? The eighty-seven
brewers of Manchester supply as many varieties of fla-
vour and excellence, but still it is all Manchester ale.
Each respective article in any of these places, if of good
quality, is preferred by the local consumers of “the
cheer ” generally, to every other that in their opinion
can be brewed. The inhabitants of the towns and vil-
lages “round the Wrekin,” which is situated in the
centre of a splendid barley country, will have their ale
brewed of a pale straw-colour, and consider that all of a
darker cast is adulterated; whereas the ‘Pottery
chaps” will have it nearly “as red as blood,” and
imagine that paleness is only another term for small-
ness. At Wheelock, in Cheshire, in the margin of the
salt country, are two large porter establishments watered
from springs in the rising ground immediately above
them ; and their neighbours say that no place besides
Wheelock can produce porter that is truly good, though
travellers think otherwise. This porter has a black
shade ; but peculiar taste may not depend so much on
the quantity or colour of the malt, as on the selection
of the hop, and less on either than the fermenting
heats ; nor yet on these together so much as on custom,
founded on ancient practice; and the brewer is in a
great measure bound to conform to the will and taste
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of his customers thus formed, whether it be refined or
vitiated, addicted to sobriety and taste, or given to
wallow in the depths of dissipation: as the market is,
so must be the commodity, or it will cease to be a
market. It is, however, in the power of a skilful brewer
to improve the quality of such beer by gradual means,
which he may do almost imperceptibly, until the public
and himself will be equally gratified ; it is moreover his
duty; and amendments of this kind never go unap-
preciated.



CHAPTER V.

MASHING.

REFLECTIONS—QUANTITY AND QUALITY OF MATERIALS—OARS AND MA-
CHINES—INITIAL HEATS—STATE AND CHARACTER OF CONSTITUENTS—
ATMOSPHERIC DATA—THE MASHING ATTEMPERATOR —STANDARD HEAT—
VALUE OF THERMOMETER—BENEFITS OF ATTEMPERATION—PROGRESS OF
CHEMISTRY—NEW MASHING SYSTEM POUNDED ON PRACTICE —TRANSMUTA-
TION OF INGREDIENT SUBSTANCE—RESULTS OF EXPERIMENTS—DEFECTIVE
PLANS—COMMERCIAL COMPARISONS—EXAMPLES OF BREWING—INCREASED
PROFITS.

Lorp BacoN admonishes, that he who would duly pre-
pare himself for business must not be a follower of cus-
tom or antiquity any more than of novelty, neither
must he be servile in his submission to authority, hasty
in his affirmations, or too sceptical in his doubts; but
must place each particular in the position assigned to
it by proof evidence. He must have prudence cnough
to discover the lapsings of truth into error, and the
conversion of error into truth, from a just knowledge of
his own nature, and a correct sense of the scale and
measure of his own ability in judgment; complying
with the nature of others, and surveying the order of
affairs with one eye, and their relative uses with the
other ; seeing also, that as discoveries proceed, the art
of discovering advances with them. Man should not
be vain, as the same moral philosopher reflects, in com-
municating the knowledge he has acquired, nor cunning
in the concealment of what he knows, but ingenuous
and free, rendering his subject suitable to the under-
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standing and capacity of those whom he intends to
enlighten or improve.

With these sentiments before him, an author must
feel desirous not to indulge in superfluous words or
double meanings, nor to pretend to any kind of mys-
tery, but to be plain and intelligible, treating his sub-
Jject fairly, truly, and practically, with rationality and
unlimited candour; for science has the effect to open
and ennoble the mind to experience ; but quackery and
conceit only mystify and mislead, thereby debasing the
character and the object pursued.

Brewers have always experienced great difficulty
through their inability to maintain, increase, decrease,
or vary at pleasure, the heat of the whole mash: a
power which it is the object of the present chapter fully
to confer as an essential boon. We may really be asto-
nished that through ages, when many valuable facts
might have been apparent, and would have been elicited
by careful attention to the progress of the mash, the
tun did not derive improvement from the introduction
and application of some machine contrived to neutralise
the variations of temperature arising from change of
season and other causes, and which must have occa-
sioned incalculable loss and inconvenience in every
brewery.

Each generation happens to produce its class of men
who consider the age in which they live to be as per-
fect as necessary, and are therefore content to sleep in
hypothetical security, letting events pass as they are,
unless improvements actually suggest themselves to
their own minds, or come recommended by personal
friends. These are they whose supine doctrine tells us
that nothing more can be done towards converting malt
into wort, than is done already:—so men said years
ago, when 751bs. per quarter were considered the attain-
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able mazimum, though 90lbs. and more are now
realised, so that such people judge beyond their own
comprehension, and so will continue to do till convinced
to the contrary by reason, science, and practice. If we
consult the most intelligent and well-informed observers,
we find them frankly admitting that the art is either
misunderstood, or so insufficiently known, that a vast
deal has been remaining to be discovered. They know
that the merit and value of a thing are ascertained by
comparing it with others, and the result of that com-
parison they term experience ; but here the ground of
true comparison has been wanting, and consequently
the summum bonum has not been attained except in
the imagination, and there only at an outstretch. Now,
although the practical brewer has not opened the eyes
of the otherwise discerning to a just conception of this
subject, because he has not clearly understood the true
principles of dissolution and transmutation in the com-
ponents of malt, yet certainly many have unconsciously
approached the criterion consequent upon the discovery
of that certain “something” now at length found out,
clearly understood, and reduced to practice.

Few,—very few until lately, were the brewers at all
acquainted with the secret workings of hot water in the
mash-tun ; and the best of scrutineers could do no more
than imagine this incomprehensible ¢ something,” in
forming or developing the sweet principle of the grain,
on which the successful issue of the mash, the after
process, and all the qualifications of the various pro-
perties connected with them, must ever depend. The
number of practical brewers acquainted with the science
of chemistry to any available extent, especially in pro-
vincial circles, is still very select ; and fewer yet possess
knowledge sufficient to enable them to make elaborate
analyses of materials; so that we did not become
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acquainted with the nature of this secret till the che-
mists of the nineteenth century spread a diffusion of
light abroad upon the world, and encircled a special
halo round the brewery by discovering, not largely, as
to fill a nutshell, but within the bulk of a mite, the
existence and superlatively powerful properties of pias-
TASE, and the necessity of watching and humouring it.
This generation has been taught to see this, or at least
to acknowledge it, till men of sense cannot longer urge
that the further progress of improvement is impossible
or impracticable : as well may they say that mucilage
is of equal value with saccharum in the composition
of malt-liquors, as to deny that improvement must take
a new and wide range ; as well may they contend that
the niceties observed by ingenuity and perseverance
are cquivalent to a mere waste of time, talent, and -
patience, and that every notion of improvement is a
chimera, because, forsooth, persons like to stumble in
darkness, as to deny that modern chemistry has thrown
open that door to the hitherto hidden area of perfection
round which authors and operators have long been
hovering, like bees and butterflies, round some cap-
tivating flower, cnveloped in a web of gossamer.
Self-sufficient declarations must cease, whether parties
have been dilatory on the one hand, or extravagant
and presumptuous on the other.

Experience teaches all practical men to avoid ex-
tremes of temperature on either side, and for various
reasons which shall now be made to appear in a few
truthful and intelligible words, devoid of all mystery
and doubt. The brewer having selected his barley
from the best market and his water from the choicest
fountain, his next object is, to know how to use them
to the greatest advantage, which undertaking is often
attended with difficulty, and especially when the selec-
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tion has not been made according to his wish, or when
the malt has not been properly malled, so as to loosen
the farina without cutting the corn into segments.

In the first place, it is always advisable to have the
materials ready over night, as the contrary practice has
a dilatory appearance, and is often the cause of unfore-
seen delay ; for if one thing is unready when all are
wanted, the whole must stand waiting, to the great
hindrance of business. This advice is supported by
common prudence, and by two useful ancient maxims,
one of which is, “ Leave nothing undone tll to-morrow,
which to-day can accomplish ;” and the other is the
wholesome proverb that “The early bird catches the
worm.” In fact, the hope that encourages him not to
rest, and that eye of his which oversees his engagement,
must dictate this course to him as the most expedient ;
and having accustomed himself to “plough deep while
sluggards sleep,” the retrospect yields a consolation in
the idea that cherishes the knowledge of having done
right ; which idea hope cannot suggest, in consequence
of the existence of a chance of doing wrong.

We can fairly presume that in the middle of the nine-
teenth century, when art is fertile and fine, and elegance
accompanies every acquisition, no need can obtain for
writing an essay on the necessity of cleanliness in the
brewhouse and utensils, since no man can tolerate the
slightest deviation from it.

In the next place, take the hint already given, and
mash early in the morning ; and if the mashing liquor
shall by accident attain the boiling heat of 212° it
must be slackened down to the temperature wanted,
and precautions must be taken to prevent its becoming
hotter in future than is necessary for mashing, particu-
larly where the advantages of good calcareous water
exist. On the contrary, if local circumstances enforce
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the use of such soft waters as contain ammonia and
animal matter to an injurious extent, some boiling with
proper correctives, would be beneficial as a curative of the
disorders engendered by their impurity. It may be ob-
jected that the sulphuric acid and lime which constitute
the sulphates and harden water by their presence, would
be expelled and precipitated, if saved in the hot liquor
back during the boiling of the worts; but this, with
moderate bovling, we have no need to fear, because sac-
charum, the basis of our commodity, is a powerful
solvent of lime, and the strong chemical affinity of the
compounded wort for both these desirable constituents
of a hard brewing water, renders their detention and
amalgamation peculiarly and particularly beneficial.
The act of infusion, or mixing the liquor with the
malt, is done by bringing them together in such man-
ner within the mash-tun, and so taking care to preserve
an equal penetration by the fluid throughout every
portion of the solid, that the process of solution be no
where prevented or retarded by inequalities. To effect
this purpose properly, some brewers introduce 2 barrels
of liquor to each quarter of malt employed ; others
turn on 2} or 24 barrels, either at once or periodically,
according to custom, old or new system pursued, or
other attendant motive; 1§ barrel will, however, suf-
ficiently saturate the malt, especially if let into the
tun at a proper heat, and at the same time and speed
as the malt is running in from the hopper above, or
otherwise ; but if at the same time the operation is
performed by the common mashing oars, the mash can-
not be properly made, because the balling of the malt,
and the cooling and in part acetifying of the worts and
goods cannot be prevented. Nothing but a mashing
machine can do the work quickly and efficiently where
the body of goods is of much magnitude. If the object
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sought were no more than a solution of the sugar pro-
vided by the former partial vegetation of the seed when
malting, why should the operatist, in thus mashing or
compounding his elements, be so particular in his heats,
as shall presently appear? Why should such diversity
of opinions prevail, since we know that water of almost
any temperature will readily perform this simple office ?
Why do many who know not the use or value of the
thermometer take the precaution to see their faces in
the liquor intended for the first mash, as in a mirror,
before they add the first malt to it, if they have no
object or solicitude beyond obtaining a mere fermenta-
ble sweet 2 This peep-show plan seems to have been a
general test of the ebullient principle, anterior to the
introduction of the instruments, though the silliest
brewer of the present day would assuredly not think
of mashing with boiling liquor, for he cannot wish to
scald it.

Malt, however well made, as seen on reference to our
analytical table, Chap. I p. 28, contains 30 per cent. of
sugar and mucilage in about equal portions, and from
50 to 60 per cent. of starch, with 12 per cent. of hordein
or unconverted farinaceous matter, the remainder being
composed of albumen, gluten, and a little resin. Under
this composition, if the mashing liquor have been too
hot, the consequence, even if balling have been pre-
vented, which is improbable, will be a gelatinising or
setting of the whole mash ; and though the sugar and
gum (or mucilage) may have been dissolved, they will
be so enveloped in the pasty mass, that not a gallon of
wort, as in the case related at p. 22, can be disengaged
and drawn off ; and if the mash is made at too low a
heat, only the 30 per cent. of the corn reduced to sugar
and mucilage by malting can be made available, which
will show an extract of about 35} 1bs. to the quarter by
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Long’s saccharometer; and although one-half of this
wort is decidedly the best that can be obtained under
any circumstances, yet the whole compound will be of
the character called mawkish, or inclining to insipidity,
because the most valuable properties are neutralised by
the equal amount of mucilage, which is destitute of
sweetness. This wort will also be foul and white, like
thickened milk, owing to the presence of a large quan-
tity of starch and some hordein, both in their primitive
state; for although they disengage themselves from the
goods, and run off with the mucilage and saccharum,
they do not dissolve or yet affine with them, but are
merely held in mechanical suspension ; and the starch
would ultimately precipitate itself to the bottom, and
granulate like laundry starch, unless immediately sub-
jected to fermentation, in which case it would create
more evils than benefits. Thus we see that by treating
the malt erroneously we produce nothing on the one
hand, and only about two-fifths of the capable produce
on the other; so that it is hence evident that some
intermediate stage or course is required ; and the nearer
we approach perfection, the more we increase the quan-
tity and quality of the beverage extracted.

Experience teaches this aforesaid fact to all brewers ;
but they are not all equally well versed in the causes
that operate to bring such different results ; nor are all
aware that in either of these examples the whole starchy
portion of the malt is entirely lost to the trader, not
having been developed in a tangible way. To realise
such an amount of extract as would be satisfactory, we
must use a certain quantity of water, and no more, at
such a temperature as will dissolve the starch and con-
vert it, with as much of the hordein as possible, and
assimilate these two constituents with the saccharum,
by the chemical transmutation described in Chap. III
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p.91. The gradation of the converting process will
thus arrange itself:—The 15 per cent. of sugar will not
undergo any perceptible change of character, but will,
to some little extent, officiate as a saccharisor by con-
tagion and assimilation, aided, of course, by other con-
stituents and circumstances ; the 15 per cent. of mucilage
will become sweet, and partake of the nature of sugar;
the 56 parts of starch will be macerated by the gluten
and a principle that accompanies it, and will then
become mucilage, and some of it will be again trans-
muted into sugar; and the more matured portion of
the 12 per cent. of hordein will assume the mucilaginous
character ; but the perfection of these transformations
will be in proportion to the temperature of the mix-
ture, the skill of the operator, and the means which he
has to carry out his designs.

To proceed with the same subject in a more lucid,
and, it is presumed, a more scientific manner, we may
observe, that in consequence of the great discovery made
by those very eminent French chemists, MM. Payen
and Persoz, we prove that by right application of cer-
tain principles contained in hot water, grain, &c., the
gum that the maltster leaves in his malt, and a great
proportion of the starch also, can be made into a sweet
liquid, and that, too, chiefly at the expense of the very
ingredient, as will forthwith be shown, that causes tur-
bidity, acidity, and the long train of misfortunes to
which brewers have heretofore been liable, and with
which, consequently, they are too well acquainted:
bence it is that for the first time an instrument can
be placed in the hands of the managing operator, by
which he can now clearly see the nature of the mashing
process, examine its capabilities fully, and select such
heats, and maintain them such time, as his advanced
knowledge dictates and his business requires. This is
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a mashing machine of entirely new construction, which
also embraces the character of an attemperator, by
which the casualties already named, and many more,
will be effectually avoided. The great necessity of such
an introduction has become imperatively urgent, and
the advantages derivable from it can easily be demon-
strated, for they consist in its entire efficiency and its
profitable utility.

The multifarious opinions by the host of brewing
writers and writing brewers on the subject of mashing
heats, since the reign of George II., when his physician,
Dr. Shaw, first let light into the brewery, would afford
a rich fund of amusement to the curious in thermome-
try and to the fastidious connoisseur in ales, were it
consistent with the measure of the present design to
collect and contrast them ; but one modern writer, in
particular, attaches much importance to atmospheric
changes, and assuredly he cannot attach too much.
The valuable observations on this head by the “Scot-
tish Ale-brewer,” to the extent that they reach, are
declaratory of the present author’s own practical views,
and give pleasurable expression to a train of his pre-
conceived ideas. Mr. Roberts believes that the great
aim of all brewers (but he believes more than enough)
is to ensure an attendant heat of 147° to 152° to the
wort running through the mash-tun tap; and that if
they are successful in obtaining this, with a free and
transparent stream of wort, carrying a fine pearly head,
they are satisfied with their own judgment, and rest
contentedly upon their oars with self-gratulation.

But, as he rightly sees the misfortune, the tempe-
rature of the atmosphere will sometimes reduce that of
the unemployed grist or bruised grain 25° or 30° and
at others 40° or 50°, according as the state of the wea-
ther may be ; for if tried by a thermometer soon after
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preparation, it will vary from 80° to 90° in the bulk ;
but as it lies and mellows, it also cools and imbibes
more moisture from the superincumbent air than it
would have done if kept whole ; and as this absorption
of atmospheric damp amounts to the same effect as
drinking a certain quantity of cold water, and is appor-
tioned to dts chillness, a hotter mashing liquor will be
demanded accordingly, and more especially if it have
lain some days in its bruised state. Moreover, these
variations in the atmosphere, which may range as wide
as 30° or more, will also necessarily affect the goods in
the mash as well as the resulting wort, cooling both
more quickly at a lower than a higher temperature ; in
consequence of which a still hotter liquor must be
employed in colder weather, unless we can be allowed
to say that we can prescribe a remedy ; for that can
most assuredly be done.

Whatever be the temperature of the malt or grist, of
the water or the atmosphere, whether varying or sta-
tionary, prior to the admixture, the apparatus may be
heated either before or after the ingredients are poured
into the tun, or while infusing, to any degree that may
be requisite to bring the goods from an extreme to a
mean and desirable warmth; but a little experience
will enable the brewer to find that the better way is to
defer the attemperation until the machine, as a masher
only, has blended all the malt and water into a homo-
geneous mass ; for where it is to be used, the mash can
be made with liquor from 10° to 30° lower than the
prevalent and often dangerously high practice, by which
new method and amendment in the art the goods will
be gently operated upon, the slightest risk of setting
them will be avoided, and the malt will be better pre-
pared for the forthcoming accession of heat found neces-

L
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sary to complete the chemical organisation of the con-
stituents composing the mash.

The intervention of philosophical research has deter-
mined that the desired metamorphosis of the contents
of the brewer’s mash-tun will require the process to be
continued several hours, and that the solid and fluid
particles be kept in contact at the heat of at least 160°.
By the time that the first mashing is finished by the
old process, the heat of the goods is always many degrees
lower than 160°, and is seldom, if ever, above 150°, even
in the summer season, though the water may have
boiled at 212°; and though such a medium might be
said in common phrase to “answer” for the time being,
in a common way, yet the position cannot be retained
during the space necessary to produce the desired sac-
charisation, notwithstanding frequent applications of
additional hot liquor, regardless of its disproportion in
comparison with the quantity of malt, even though it
be aided by the quickest possible operation of the old
cooling mashing machine. It has recently been ob-
served by certain practical gentlemen of considerable
repute in the brewing world, that if more than two
barrels of liquor per quarter are used in the first mash,
the diastase, and the ingredients on which it would
operate, will be too much diluted and weakened, and
consequently their respective atoms will not be suf-
ficiently in contact with each other to effect the neces-
sary conversion.

Kirchoff, whose experiments are recorded in the four-
teenth volume of Schweigger’s Journal, saw something
of a secret movement, but could not find the true cause
any more than others. He saw that barley-meal con-
tained both gluten and starch, that starch could not be
converted into sugar by merely infusing it in water,
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and that gluten did not become saccharum by the like
inefficient mode of treatment; but that a mixture of
pure pulverised wheat gluten and potato starch, by
being infused in water at a certain temperature, caused
the conversion of the starch into sugar after a certain
time ; and he afterwards found that the action of the
gluten of malt would produce abundance of sugar from
raw grain; and why? It is thence evident that some
principle connected with the gluten acts upon the
starch, converts it into gum, acts again upon the gum,
and sweetens and changes it into sugar. It is in reality
the diastase, that unvoluminous discovery of the French-
men above-named, which has been latent within it,
waiting only for the means of action which a proper
temperature alone can exert, in order to do the work of
transmutation silently, secretly, and radically ; for, like
jalap, it works best when kept at a certain congenial -
warmth.

Thus it may be seen that great cause exists for the
introduction of an attemperating power, capable of act-
g as a saccharifier in transmuting the goods to a new
state, which entirely depends upon the mode of ope-
ration ; and having noticed the utility of an efficient
mashing machine, which shall perform its appointed
work in the manner least prejudicial to the future
wort, the author begs now to introduce his patented
invention, as an apparatus adapted to the purposes
required in this double capacity ; and to explain the
principles upon which it acts, both as a mashing instru-
ment and as an attemperating medium. These requi-
sites and many others will be found combined in

The Mashing Attemperator.,

The motion of this apparatus and the manner of work-
ing it, with its effect as a mashing machine, being of
L2
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the ordinary description now employed in the best esta-
blishments, nothing has now to be particularised except
the principle which constitutes the novelty of its cha-
racter: of course it revolves in the usual horizontal
way, though its mechanism is somewhat different. The
shaft and arms, or rakes, in the first place, are made
hollow for the conveyance of hot or cold fluids, and
through these hollow branches hot water or steam can
be introduced at such times, and in such quantities, as
the operator may require; the same being conveyed
down the central shaft, or around it, through a revolving
steam box, which is a modern invention of the author’s;
and from the middle of the shaft directly to the farthest
rake, where it commences its tortuous course within
the body of the mash, and through the machine, on its
return towards the centre, where it is discharged in an
exhausted state into the atmosphere. Thus the heating
medium is first conveyed to the outer portion of the
goods, because there they cover a larger field of space
in proportion to the distance travelled over by the
machine ; and by contriving this arrangement and that
of the pipes throughout, an equal distribution of caloric
is every where ensured.

The first advantage of this apparatus, its entire effi-
ciency as a diffuser and controller of heat, as well as a
masher, is explained in the description here given ; for
when it is heated and put in contact, through the rota-
tory motion, with all parts of the mash successively,
density or mobility of parts offers no impediment to the
equal diffusion of the attemperating heat ; but on the
contrary, the caloric is equally circulated throughout
the tun after the first revolution or two from the admis-
sion of the steam or hot water; and the temperature of
the mash can either be preserved at an uniform stand-
ard, or may vary according to skill or pleasure. Expe-
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rience, nevertheless, fixes a standard of 165° and neither
to rise above 170° nor to descend below 160°, lest the
powers of nature be paralysed by excessive heat on the
upper hand, or soured by sluggishness on the lower.

Here the use of the thermometer, as a standard of
temperature, must be strikingly obvious ; but when we
consider it as an implement of science and not of art,
as a theoretical test and not as a problematical means,
as an indicator of heat and not the cause of it, we have
attributed to it all that belongs to it ; but the brewer
wants more : he wants, in fact, to attemper his heat to
his subject, and he wants a thermometer to prove that
it is properly attempered.

Even so far back as the days of Richardson, ther-
mometry was considered an useful science, and was
urged on the brewer’s attention, though the instrument
is now scarcely known to many who pretend to be prac-
tical brewers. “It is evident,” says the veteran, “ how
much the use of the thermometer ought to be studied
by the brewer, in order to ensure him that certainty of
success which he cannot by any dissimilar means obtain.
Without this instrument it is ¥mpossible he can accom-
modate his practice so as to secure to himself every
attainable advantage. The discrimination of the senses
is limited and irregular. Beyond the temperature of the
body our judgment of heat cannot reach, and within that
degree it is very incompetent. A variation of a very
few degrees, which the instrument only can determine,
produces effects no less extraordinary in themselves
than important to the brewery:” and after this he
proceeds to say, that “many disgraceful properties of
beers” arise from a want of the proper knowledge and
use of this instrument. His contemporary, Baverstock,
though opposed to others of his views, agreed with him
on this point, as he says, “The eye or the touch can
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afford no tolerably certain direction as to the heat of
water below the boiling point, or as to the heat of worts,
otherwise than according to the accidental warmth of
the finger at the time it is applied. The natural heat
of the human body in health is 96° by Fahrenheit’s
thermometer.” This is the language of experienced
men of the old school, the latter of whom had to en-
counter a prejudice so strong, that prior to 1763, when
he became partner with his father at Alton, he had
been obliged to conceal his instrument from paternal
eyes; but we find no such expressions in Combrune,
whose work came out within the preceding year.

The incompetency of the human body as a test of
heat, is thus still further demonstrable from daily oc-
currence: one man shakes hands with two friends at
the same moment ; one of these feels warm to him, and
the other cool ; the warm man meets with a fourth, who
remarks how icy his touch is, and the cool man with a
fifth, who pronounces him warm at least, if not hot;
and all this because the five men are differently attem-
pered within. Again, invalids complain of excessive
cold or heat, when robust and healthy people feel little
variation or none ; therefore the body is not adequate
to the task of judgment without collateral dependence ;
and the only dependence now and long since known, is
a correct thermometer ; and with that as an auxiliary,
the mashing attemperator can be pronounced, without
a moment’s hesitation, a tested apparatus far superior
to any other power-machine or hand-implement ever yet
ushered into the brewing plant, and may safely be chal-
lenged against all competition in its first attribute of
entire efficiency.

L. As a diffuser and controller of heat in the mash ;

II. As a concentrator and an economiser of the ex-
tract ;
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IIT. As a promoter of alcohol ;

IV. As a creator of a delicious flavour, and of bril-
liancy and durability in the production ; and

V. As a saccharifier and rectifier of imperfect malt.

Let us now proceed through these heads seriatim, and
shew how this invention is

I “ A diffuser and controller of heat in the mash.”
We admit that brewers, or some at least, have become
acquainted, to an extent, with the nature of the truisms
here advanced ; but they have been curtailed in their
system by limitation of time, which has hurried them
through their work, to the great deterioration of their
property. Diastase, like that leaven spoken of in scrip-
ture, which the woman hid in two measures of meal,
until the whole was leavened, is thoroughly searching
when once loosened within the volume of its operation ;
but it must in like manner have time for its perform-
ance, and its demand is peremptory. Its astonishing
principle in converting starch into sugar, at the rate of
two thousand parts of starch to one of diastase, is named
in Turner’s Chemistry, seventh edition, by Liebig and
Gregory, which is very high authority ; but they apprise
us that this wonderful conversion requires some hours
to be complete, that the diastase will not act freely
unless the temperature exceed 158°, and that it does
not combine with any other substance. “The paste
of starch,” say they, “spcedily loses its gelatinous
consistence if an infusion of malt be poured on it. It
then forms a mobile liquid, and if there be enough of
malt, the starch is completely changed into grape sugar
at the end of some hours, provided the mixture be kept
at the temperature of 160° or 170°.” (See back, p. 59.)

All brewers are aware, that in proportion to the height
of colour in the malt, will be the diminution in the
quantity of extract which it can yield: amber, for in-
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stance, does not afford so much as pale, and brown con-
siderably less than either; which difference arises from
the degree of destructive heat suffered by the diastase
or saccharising principle of the grain, while it lay upon
the kiln, and which principle acts the part of a ferment
in the mash-tun, proportionate only to its strength.
They who have seen the evil of starving the mash, have
been led by theory to err in the contrary extreme, by
mashing too high. The eccentric Dr. Ure, in his Dic-
tionary of Arts, Manufactures, &c., page 98, puts this
great and infallible truth into an unequivocal light, by
publishing an experiment, in which he stirs from 6 to 10
parts of finely ground pale barley malt, into 400 parts
of water heated to 80°, raises the heat of the compound
to 140°, and then adds 100 parts of starch, which he
also stirs well into the first mixture ; again increases it
to 158°, and keeps it constantly at that point, or between
it and 167°, as extreme limits. The solution, which
originally is milky and pasty, becomes thinner in 20 or
30 minutes; and soon afterwards, as the starch bursts
into gum, is nearly as fluid and limpid as clear water.
This fluid is now available for two very different pur-
poses ; for if it be quickly raised to the boiling point,
to prevent the further action of the malt upon the starch,
and then be suitably evaporated, “ it may serve for those
purposes in the arts to which gum is applied;” but if,
on the contrary, this same fine fluid, which in this state
he declares to be a mixture of mucilaginous gum with
a little starch and sugar, and to be called dextrine by
the French chemists, be chosen “to promote the sac-
charine fermentation for the formation of beer,” he in-
sists that “ we MUST maintain the temperature at between
158° and 167°, for three or four hours, when the greatest
part of the gum will have passed into sugar.” Hence
the desirableness of obtaining and preserving this sta-
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tutory heat in the mash, which can only be done by
attemperation.

So important has the preservation of the proper heat
been considered, that several have written on this sub-
ject, of which the fallacies enumerated in the introduc-
tory chapter, page 21, are instances, and many other
contrivances have been brought into use in distilleries
as well as breweries, in order to break up the goods
speedily, and with as little loss of heat as possible ; but,
for the reasons there stated in substance, nothing has
been done that was calculated to sustain it steadily, and
accordingly the results have been imperfect ; no need
therefore remains to submit further evidence of the
superiority of the theory here propounded, of its truth
as a practical measure, or of the necessity of its appli-
cation in either brewery, distillery, or vinegar works, as
the brewers who have adopted it are the best judges of
its superior efficiency ; therefore the inventor at once
proceeds in his endeavour to make the system of his
first mash understood, as an advantage of importance to
all traders who adopt it. He never mashes with liquor
hotter than 160°, and he blends the malt with it as it
runs into the tun, by the use of the mashing-machine
alone ; and his plan is, to run on from 1§ to 1§ barrel of
liquor per quarter, and to mash long enough, without
regarding diminution of heat, to separate every corn
from the rest, and to surround it with the infusing
liquor. The mash is then covered down, and allowed
to stand from half an hour to an hour, or during such
time as, from inspection, the whole interior of the husk
will take to be saturated with liquor. After being
satisfied that the malt is prepared for a finishing opera-
tion, the mashing-machine is again put in motion, to act
upon the goods in its new character of an attemperator,
by imparting the caloric, now passed into its hollow
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rakes, to the mash. By this proceeding, the whole of
the contents of the mash-tun are raised from 130° or
140° to 160° or 170°, in 20 or not exceeding 30 minutes,
and are maintained at this heat for three, four, or six
hours, according to the colour and quality of the malt,
and the discretion of the brewer. Thus a principle is
carried out on sure grounds, which neither double mash-
tuns, nor fixed steam, nor hot liquor-pipes, nor an
additional machine, nor the repeated and erroneous
application of extra boiling liquor among the goods, or
such as is very hot, can at all comparatively effect: all
these have totally failed, from the impossibility of con-
forming, through such means, to the nature of each
different constituent, and to the necessities and chemical
affinities of all.

Such is the retentive character of dense fluids, that
when the quantity used does not exceed 1§ barrel to
the quarter, and the heat of the mash is properly ele-
vated, the contents of the tun do not materially part
with their caloric during as much as six hours; and the
worts are as sound at the end of this time, or even after
standing twice as long, as they are at any intermediate
or former period. How different is this very important
condition from that of worts which are extracted from
more fluid mashes, and indeed from the state of those
denser worts that are occasionally, but experimentally,
drawn by other plans ! particularly such as are subjected
to a prolonged agitation and oxidation, during the most
critical and least safe period the mash can experience!
Of this character especially, it may here be in place to
notice the half-made worts that are removed from the
goods, heated, and again and repeatedly pumped up upon
the mash, on the plan of John Long, of Dublin, adopted
in 1790, his specification for which appeared in the
Repertory of Arts, &c., Vol. VL. p. 297. This practice,
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which was found not to answer better than the rest
that have been alluded to, has recently been revived
under the new title of “ Calorific Infusor,” tried, and
again abandoned, as were all the others before it.

Reverting, then, to our duty as brewers: before an
attempt is made to saccharise the malt in the mash-
tun, every particle that constitutes the farina should be
saturated with liquor of a moderately low temperature,
which will dissolve the originally-made malthouse sugar
first, and give it time to flow out of the fractured husk,
and to make way for the advancing liquor into the ex-
panded pores and vacant cells, towards the interior of
each particle.

The course open to us, then, is to take our time, and
judiciously to proportion the liquor according to the
malt, applying the attemperator at a proper period ; for
by so doing we make the most economical appropriation
of the gluten, diastase, starch, and gum, during the first
and only mash ; whereas without such an arrangement
we shall not be able to reduce this new and valuable
theory to practice; but with such a machine it can be
done without the slightest possibility of danger or risk,
and with certainty and precision.

It has been somewhat unguardedly objected, that
when one substance changes its character and com-
plexion to become another, it must necessarily undergo
an increase or decrease of some of its elementary gases,
or that, in fact, a chemical change must transpire, and
gases must evolve, as in the fermenting gyle, or as
occurred in the first malting process upon the floor,
where certain elements were imbibed, and others were
emitted, which interchange was perceptible to the out-
ward senses; and the objectors add, that as no such
evidence exists in the brewer’s mash-tun, no further
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conversion of the grain takes place between the malt-
house and the fermenting gyle.

This objection to our theory may at first sight appear
formidable ; but it is at best but a one-sided view, which
a little further enquiry and observation would have de-
monstrated ; for the chief beauty of science lies in being
able to prove, in a variety of ways, whatever comes
within its scope, but it is the province of an ignoramus
to assert that which he cannot prove; and the author
verily believes that this gainsaying is limited to two or
three inexperienced and thoughtless young men, and that
it has originated as much from their sheer ignorance as
from any vicious motive ; but the following may perhaps
lead them to the light, if they are disposed to be en-
lightened. It is true that the external appearance of
the mash does not present any decided evidence of
chemical change; but, it is asked, would not the ex-
treme density of the whole contents of the mash retard
the ascension of gases, if any were generated during this
first mash? We know that fluids of the lowest specific
gravity part with their aérial or gaseous contents with
greater facility than richer liquors: thus soda-water,
champagne, bitter ales, and small beer, give off their
fized gases more easily and more copiously than stout
and full-bodied and dense new ales ; and though it may
not be wise to aver that gases are evolved in the mash-
tun, it may not be amiss to notice another circumstance
which may tend to shew that such an occurrence is far
from impossible. All practical brewers have had oppor-
tunity to observe, that just as the copper *is through,”
the furnace fire requires damping or checking, to prevent
the swelling worts from flying over the edge of the
copper from their tumultuous ebullition; and that at
this critical period the turbulency of the wort is always
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preceded by a foaming head, which gathers and breaks
violently for some minutes, during which time it is not
unlikely that something more than caloric is exerted in
the struggle, particularly as the excessive agitation soon
ceases, and is not resumed upon the introduction of more
caloric.

The boiling of fermented beer evinces the same appear-
ance; so that this phenomenon seems pretty evidently
to imply, that upon the accession of surplus heat and
motion, gases are cmitted in both cases alike ; and as the
same convulsive foaming occurs in worts that have been
made from water that had been previously boiled, the
escape of fixed air cannot in this instance be the cause;
and besides, mere water could not, under the circum-
stances, absorb a thousandth part of the quantity deve-
loped. These aérial vapours, then, consist of an accumu-
lation of atmospheric air that formerly inhabited the grist
or bruised malt, and that were absorbed and retained by
the wort during the mash ; therefore the phenomenon
is accounted for, which is one step gained towards the
solution of our problem, and as such, is not mere specu-
lative theorising; and though the original objection
raised against the theory of transmutations in the mash-
tun, has not yet been fully met, it may at once be an-
swered that no evidence of the evolution of gases in the
mash-tun is sought, because the circumstances attending
the diastatic saccharine fermentation and the vinous
processes are widely different, and that our senses, our
instruments, our experience, and our actual knowledge
of the metamorphosis in question, combine to render
objecting observations unavailing; but as even this
species of argument may be deemed illogical, perhaps
the following is more lucid and conclusive.

Every brewer who uses a thermometer in his mash-
tun, may observe that during the first 15 or 20, or
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perhaps 30 minutes of the infusion of his grist, and con-
sequently that when his mash is at the hottest, a spon-
taneous and gradual increase of temperature takes place ;
and one moment’s reflection must convince him that this
accumulation of caloric, which is similar to that which
subsequently arises in his fermenting squares, is caused
by some chemical action within the volume of the mash ;
and he will further reflect, that the well-directed efforts
of nature soon afterwards become retarded, then stayed,
and ultimately are reversed, all through a compound
relaxation of heat, from the standing of the mash, and
the cessation of the chemical action.

If this is not enough to lay all speculative scruples
upon the point to rest, the following assuredly will
Guerin Varry assures us, and Liebig has lately corro-
borated the testimony, that diastase liquefies starch and
starch mucilage, converting them into sugar, without
the disengagement of any gaseous products, and that
“the action takes place even in vacuo.” Hence in this,
as in other chemical metamorphoses, the elementary
gases do not perceptibly evolve, which shows why they
are not recognised in the brewer’s mash-tun ; but they
arrange themselves and form new compounds according
to temperature and substance, and to their consequent
natural affinities. Who, then, can longer presume to
deny the theory of conversion, or reject the discoveries
of the chemist, and the practice founded thereupon by
the co-operation of the artizan? or, in a plain word, who
can doubt the efficient merit of a machine, such as the
one here described ? The objection must be particularly
out of place, after viewing the attemperator in its next
light, as

IL. “ A concentrator and an economiser of the extract.”
The following will elucidate the stages of saccharific
transition in practice. The author, by the aid of this
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machine, took a course of experiments, the result of
which was conclusive and satisfactory that the theory
which he had sought to establish was founded in truth.
Samples were drawn from the mash-tun at the end of
each hour, after the heat had been raised to 160° and
was kept above that point; and so small was the devi-
ation in any case, that the progress here reported cor-
responds with each experiment to a nicety not worth
distinguishing : —

Standing of the Density by Increased
tap in hours. Dring and Fage. density.

T...... 359 ...... 0

2...... 38 ... 21
3...... 395 ...... 15
4...... 403 ...... 08
5...... 408 ...... 05
6...... 411 ... ... 03

Total increase 52. All these mashes were of pale
malt and of the same quality, and just two barrels of
liquor were used per quarter, at the statutable tempera-
ture of 160°F. After mashing about fifteen minutes,
all the malt was well blended with the liquor, and the
whole had a mealy smell and milky appearance, the
heat of the mash at this period being in few of the
instances higher than 137°. After a limited time,
steam was passed through the mashing machine, which
was kept moving ; and in about half an hour the mash
usually attained the temperature of 165°, below which
it was never allowed to descend, but was in some
instances elevated to 166° or 168°, by merely having
recourse to the steam cock for a few minutes when
the heat was receding below the point considered to be
expeditiously saccharising. At this period, as taught
by chemistry to expect, the appearance and odour of
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the mash underwent a very remarkable change, the
former thick mealiness being dissipated, and the ex-
tract becoming quite clear and transparent, and so it
always continued to the end.

The subjoined table will illustrate the effects of a
right application of heat still more strikingly, where
the malt is mashed with the ordinary quantity of
1% barrel of water to each quarter, or one-eighth less
than in the former case, the extract coming off thus:

Hours infused. Density. Increase.
1...... 45 ... .. 0
2...... LY 2-4
3...... 49 ...... 16
4...... 499 ...... 09
5...... 505 ...... 06
6...... 51 ... 05

Total increase 6. In fact, all who have introduced
the system now admit that the worts are drawn at least
25 per cent. heavier in saccharum than they ever could
be before the Mashing Attemperator was erected, and
that no other extant means can compete with it. One
of the principal advantages of being enabled to obtain
such weighty worts is, that comparatively very little
liquor is required to exhaust the goods after the mash
is made. For example:—if we use 20 quarters of
malt that will produce 901bs. per quarter, or 1800 Ibs.
in all, and if we at first draw 20 barrels of wort at
501bs. each, or 10001bs. in the aggregate, we have
drawn considerably more than one-half of the extract.
This may be done; and when due precaution is taken
in supplying the remainder of the liquor, we shall ex-
perience no difficulty in bringing off the remainder of
the extract with 24 barrels of liquor, yielding on the
average 33 lbs. per barrel, or 792 more. Thus the whole
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product is ohtained in 44 barrels of wort, weighing
nearly 411bs. per barrel; and with more facility, be-
cause in this latter case a larger quantity of sparging
liquor may be used to produce the necessary length
for the more ordinary beers ; whereas worts made upon
the old system require boiling down to the density
wanted ; but the evaporation which attends that pro-
cess has long stood condemned as wasteful of time, fuel,
and material

Baverstock, in his strictures on Richardson, fully
explains this practice, in a manner to deter all sensible
men from pursuing it. The system of the latter was
to reduce the quantity of the second or last of two or
more worts by evaporation, “so much as to leave the
quantity as well as quality just such as will serve the
wntention,” in order to form an average standard gra-
vity :—a work of great tediousness and no little uncer-
tainty, besides the expensiveness of the process; and
yet the plan, ridiculous as it may seem, is continued
by many at the present hour.

First example, unth Two worts. He takes a fixed ave-
rage of 29:81bs. per barrel, towards producing which
he has a strong wort, weighing 34-251bs. when cool,
and a smaller, as low as 176, which, to produce the
required standard, must be evaporated till it is dried
up to 2535, the other extreme requisite to average
the mean at equal quantities of the two. This small
wort at 17'61bs. raw, he supposes to rise to 201bs. by
imbibing the juice of the hops and some of the first
wort retained within them; and he calculates that
from 29°4 barrels, he must evaporate 74, the required
quantity being 22 of each sort; 2 of these barrels out
of 29, he allows to pass off in the passage to the cooler,
“including all continuance therein,” so that 54 barrels
have to be spent by boiling in the copper.

M
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Second example, with THREE worts. To average 2555,
he supposes the two best to realise 596 between them,
which leaves 1706 for the density of the third ; which
he finds to produce no more than 925 before it is
boiled in the hop-copper, or 11'5 when it comes out,
and to consist of 30'26 barrels, making an aggregate of
34799 1bs. of fermentable matter; this he boils three
or four hours, and then takes an observation, when he
finds the gravity 14-5, and dividing his 34799 1bs. by
this, he has now 24 barrels remaining. “And the
brewer is to form his final quantity as well as quality,
by means of a frequency of such examinations of his
last wort while in the copper. To occasion a sufficient
increase in the density of this wort, so as to form the
average required, no less than one-third of that whole
quantity is to be evaporated. Let the practical brewer
consider well this circumstance, and passing over the
doubt and uncertainty of ever hereby obtaining the
precise specific gravity required, let him observe some-
what on the great waste of time, fuel, and so much of
the pleasing quality of the hops as may yet remain in
them, caused by this method.”

Baverstock’s remedy is worse than the disease he
seeks to cure, for he conceives the density of his wort to
be affected by the depth of the vessel in which he tests
it: a certain sign that he conceived it to be thicker at
the bottom than near the surface, and consequently
that it contained much unconverted sediment ; and it
would be well if the practice and samples of the last
century were not troublesomely enough continued by
certain novices yet in existence ; but surely all skilful
men must rejoice at the abandonment of all such specu-
lation ; and party gyles of all sorts, always an evil, may
now be wholly abolished. The consequences of such
concentration alone as the Mashing Attemperator
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achieves, considered apart from additional extract, are
therefore not only extraordinary, but are beneficial in
a pecuniary sense, as seen on view of the eight sub-
joined comparative examples of brewings with malt that
is brought to yield 90 lbs. density per quarter.

1. Examples of four brewings by the ordinary prac-
tice, from which the usual lengths, with table beer or
return wort are drawn, either of them estimated at
1s. 2d. per 1b.

3|S5 No.of Price | val trct of Total | Total
§-§ 53 barrels, | Density.- el ve. |7.'B. or| YAlUe: | oxeract.| value.

s 8. s 8. s | Ibs. £. s
1 10 ' 30 26 36 (5410 120| 7 0] 900 |6110
2 10 | 22§ 32 48 |54 0| 180 |1010)| 900 |6410
3 10| 20 36 58 |68 0| 180 {1010 900 | 6810
4 10 ‘ 15 40 72 (54 0| 300 |1710(900 7110

2. Examples of four brewings by the Attemperator,
with the same made malt as above, the extract forming
an entire gyle of the same densities in the several cases
as before, and charged at the same prices, with the
additional profit upon each.

£ )5 | No.of Price T. B. | otal | Total |A
z.g g‘g b):nell. Density. bivrel. Value. g W, |extract.| value. | saved.
s. 8. s 1be. 8. s |8 s
1 10 3 26 36 |62 6 $ 900 (62 6|0 16
2 10 28, 32 48 | 6710 g 900 (6710({3 O
3 |10 26 36 58 (7210 =z 900 |7210(4 O
4 10 22} 40 72 (81 O 900 (81 0[9 10

!

Total gain by the four brewings, £17 6s. In fur-

ther elucidation of this, let us suppose that a brewer

consumes 2000 quarters of malt annually at 54s., and

that his chief productions are Nos. 1, 2, and 3, in equal

quantities, as it is presumed that little of No. 4 is
2
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brewed in a common way of practice, and that pro-
bably the quantity of No. 1 exceeds that of No. 3; we
omit No. 4 in the calculation as a consequence, which
gives the average additional profit 5s. 24d. per quarter,
or £520; and if to this we add the value of the ad-
ditional extract obtained through the powers of the
machine, at 5 per cent. only, and in many cases it is
double of this, it gives the 20th of 2000 x 54s., or £270
more, and shews the additional profit on the 2000 quar-
ters to be altogether £790 a year ; and when we deal
in the extract No. 4, this profit will be more than
doubled.

To brewers of strong beers, and those whose demand
for inferior qualities is limited, the vast economy effected
by the application of this principle of concentrating the
whole produce of the malt into one gyle, however
weighty, must at once be obviously clear ; but where it
is understood that this may be done without discolour-
ing the worts by extra boiling, and is attended, amongst
other advantages, with an additional quantity of supe-
rior extract, amounting to many pounds per quarter, the
merits of such a means cannot be doubted by any one ;
but surely the trade in general must appreciate it, and
particularly brewers of Vatted Beers, if only by reason
of its concentrating powers. At a moderate calculation,
the increase of gain is more than sufficient to pay the
whole expense of the home establishment at least,
which is no false theory, but a fact which the author is
prepared irrefragably to prove.

Admitting as a simple hypothesis, that the saccha-
rometer indicates the extracts by two different processes
to be equal in quantity and gravity, still this will not
stamp their identity in respect to quality, inasmuch as
one may be much more mucilaginous than the other,
without its gravity being sensibly affected thereby. The
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very serious importance of the distinguishing properties
and products of these two principles cannot surely fail
to attract the lively attention of all who trade in the
fluid extract of grain; for while the two widely dif-
ferent characters of mucilage and saccharum are blended
in nearly the same proportion within the malted corn,
and the inferior constituent increases as well as the
superior when placed in an ordinary mash-tun, and they
stand at the same cost to the trader, he certainly must
perceive his interest, if he is wise, in providing the
readiest, the simplest, and at the same time the most
efficient means within his reach, to increase the latter
at the expense of the former, thereby improving the
flavour, the strength, the constitution, and the perma-
nency of his manufacture, be he brewer or distiller.

The author dislikes paradoxical conclusions that tend
to perplex others; therefore he trusts that his state-
ment is clear and comprehensive ; for though the con-
centration of his worts by the peculiar manipulation
conducted from one hour to six, may shew an intricacy
of specific gravity as great as ever between these two
chief ingredients, the brilliant liquidity of the running
stream from his tap shews the presence of the better
and the absence of the worse. It appears that the dias-
tase, which has been the agent in this ‘conversion, works
the most effectually when it has the greatest quantity
of material to operate upon, which is a natural conse-
quence, and is quite apparent from the saccharisation of
the remaining goods, as exemplified in the experiments,
the increase of density being in a ratio almost inversely
proportional to the length of time they have stood over
the tap ; thereby prescribing a convenient and evanes-
cent limit to the duration of time necessary to complete
the approximation, as the quantity converted within
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the sixth hour betokens only small increase, and is, of
course, partially attributable to the evaporation of the
mash ; indeed, the same remark applies throughout the
process to a rational extent, and some deduction should
be made for this.

IIL. “A promoter of alcohol.” If this new and tho-
roughly chemical theory, which is here carried into prac-
tice, were ill-founded, or of doubtful benefit in its result,
it would not be countenanced by philosophers at large ;
and much less would they embrace it as a principle, or
embark in its promulgation as a doctrine; but if its
basis be good, and its apex clear and accessible, then
the practice of acclination must be made to correspond
with the detail. One step in the way of accomplishment
is to exemplify the amount of spirit produced from
various materials, in order to shew how far the approxi-
mation to the character of sugar increases the tendency
to create alcohol. This is proved by the simple fact
that malt, which is more saccharised than barley meal,
will make more spirit in proportion to its weight ; and
that Indian sugar and molasses will yield more than
malt. The order of gradation that attends the vinous
decomposition of farinaceous starch, as it passes through
its stages into gum, sugar, and alcohol, shews that the
original sugar is the first to decompose, that the latter
formed saccharum follows in succession, that the more
perfectly starchy particles are the last to yield, and that,
therefore, the more the produce is purified, or converted
from mucilaginous gum by transition into sugar, the
more spirit it will contain ; and here the principal ques-
tion is, how much more spirit will clear and pure sac-
charum produce, than an equal quantity of matter which
is half saccharine and half mucilaginous? That gum of
itself will not undergo the vinous fermentation, no doubt
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exists, the proof negative being before us; but “its
aqueous solution acquires an acid taste in a few days,
and becomes muddy.” This is an old and long recog-
nised principle. “As to strength in beers,” saith an old
and intelligent author, “as in wines, cider, and every
fermented liquor, the foundation of it all is sugar.” And
again, “Every particle of it is the creation of vinous
fermentation ; and no such fermentation can be excited
except in a liquor that is drawn from some species of
sweet, and is ever in proportion to the sweet extracted.”

According to certain experiments prosecuted by the
House of Commons, under the joint superintendence of
Drs. Thomson and Ure, a quarter of malt, with proper
management, will yield 18 gallons of proof spirit, and a
quarter of barley from 18 to 20 gallons, (which shews
that mucilage can be brought to spirituosity when in
affinity with other matter,) the best grain producing the
higher quantity, and weighing 551bs. per bushel, or
4401bs. on the whole; and the average weight of the
malt being 421bs. per bushel, or 336 1bs. per quarter.
The annexed quantities of various sugars and sweets
are also each equivalent to a quarter of malt, or will
respectively produce 18 gallons of proof spirits, the
truth of which has been determined by an eminent dis-
tiller with whom the author corresponds: West India
molasses 275 lbs., refined or sugar-house molasses
295 1bs., Jamaica inferior raw sugar 2341bs., best West
India sugar 1751bs. This subject largely engaged the
attention of Baverstock, who gave the average of sugar
200 Ibs. and that of treacle 240 lbs., which last is lower
than modern experiment goes, probably because as the
manufacture of sugar was then less perfect than now,
the molasses contained more saccharine matter. But
he also notices another sweet, and that is honey, 226 Ibs.
of which he gives as an equivalent to a quarter of malt.
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The following table of equals in productive matter will
therefore be found practically useful :

Ibs. givi Gallons | lbs.

Materials employed. [[%- ELVn8) GAUOS | Pimer | Value.
£L.s d

Best West India sugar . 175 | 10286 972 41111
Jamaica raw sugar . . 234 7692 | 1300 |5 16 2}
West India molasses . . 275 6545 | 1528 [3 18 53
Sugar-house treacle . . 205 6102 | 1639 318 7
Unadulterated honey . . 226 7-964 1256 810 2
Best samples of ey . 396 4545 | 2200 (213 8
Malt of medium quality . 336 53857 | 1866 1219 0

Whence it appears, that if we go so far as to consider
that the whole of the best sugar became spirituous in
these examples, little more than half of the malt, and
less than half of the barley, was turned into alcoholic
beverage, though capable of a greater yield, because
much of the farina or hordein remained unconverted ;
and it is evident from these results, that sugar formed
the basis of alcohol, which is a powerful argument in
favour of a saccharine extract, in preference to such as
is mucilaginous, both for the brewery and for the dis-
tillery.

A few observations on the above Table, in comparison
of prices and upon other commercial points, may not be
altogether uninstructive. Before the passing of the
Imperial Act in 1824, or at least prior to the termina-
tion of the European war, particularly in 1813, a bushel
of ripe and well-cleaned barley, old Winchester measure
of 21504 inches, and estimated to weigh from 50 to
521bs.,, was calculated to produce from 40 to 421bs. of
good malt, worth 96s. per quarter; but the imperial
measure of 2218'192 inches is above 14 Ib. heavier accord-
ing to the same foundation, which is not the best ; for
we have seen above that some barleys weigh 551bs,,
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and consequently that their malt will reach 444 lbs. and
would be worth 101s. 8d. at the same rate. At that time
treacle was selling at 48s, sugar at 90s., and honey at
80s. per cwt. of 1121bs. ; and at these prices did Baver-
stock, often referred to by brewers as a calculating
authority of his day, estimate his 96s. %worth of malt to
yield as much fermentable matter, presumed to be sac-
charine, as 103s. worth of treacle, 165s. worth of sugar,
or 161s. worth of honey. This he did to prove that
notwithstanding an act of parliament passed in 1812, to
permit the use of sugar in brewing ale, malt was still
considerably the cheapest brewing material. At the
present time, when no such toleration exists, notwith-
standing the great reduction which has taken place in
the prices of sugars, it has still the pre-eminence ; for
according to the official revenue returns of the year
ending December 18, 1844, the average price of sugar
brought from the British American colonies was 30s. 5d.,
besides a duty of 25s. 24d., and that of East Indian pro-
duce 33s. 73d. with the same duty to be added, which
prices have been taken in estimating the equivalents in
the table, East being put for West India. The two kinds
of treacle have been taken at two-thirds of the sugars,
about which prices they sell, with an import duty of
9¢s. 64d. per cwt. added to each ; and honey at four times
the worth of treacle without duty, being supposed native;
but this article, if brought from British possessions
abroad, bears a duty of 5s. 3d., and if from foreign con-
nexions, from 10s. 6d. to 16s. per cwt.

According to the same official document, the average
cost of malting barley for the last year was 36s. or from
34s. to 38s. ; Dantzic, free, 34¢. or from 33s. to 35s., and
bonded 27s. or from 24s. to 30s. per quarter, duty 21s. 8d.
added when malted, and about 4s. 6d. more if imported.
Taking the best that can be obtained, at 440 Ibs. for 38s.,
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the value of 395 1bs. with the malt duty added is 53s. 8d.
It might appear hence that barley was cheaper than
malt ; but if it yielded as much real saccharum, the
malting process would be useless. The average valde of
pale malt per quarter for the last year was from 58s. to
63s., that of brown 54s. to 56s., and the best samples
from Ware 64s. to 65s.; pale malt is, therefore, more
valuable than dark, and ale than porter; for “where
mucilage prevails, there will be an increase of spissitude
without an increase of value” Now to treat of the
Mashing Attemperator as,

IV. “Creator of a delicious flavour, and of brilliancy
and durability in the production.” Although a gradual
and very considerable increase in the absolute gravity
of the first wort is clearly indicated after attemperation,
yet we cannot thereby readily demonstrate the whole of
the benefits arising from a judicious appropriation of the
first mashing heats, and for this reason: having kept in
recollection that the saccharum in some barleys is to the
gum as 100 to 88, differing in others as far as 100 to 80,
or as 5 to 4, and that the difference in the ratio of these
compounds diminishes during the malting operation, till
at its termination they appear in the malt at an equality
of 15 per cent. each; still from the most satisfactory
experiments that the author has yet been able to make,
he finds no real determinable difference between the
specific gravity of the unalloyed saccharum and that of
the gum, nor does analogy alter the matter much ; but
this subject will be found more fully treated upon in
Chapter VII

The ingredient mucilage has other peculiarities which
war against the interest of them that are obliged to deal
in it. When blended with sugar and fermented, as in
ale, for example, the sugar is always the first to decom-
pose, and the mucilage does not transmute so fast as its
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accompanying sugar, particularly towards the latter stage
of the fermentation ; but in low temperatures it often
happens that every trace of sugar is lost, and that the
fulness of the article depends upon the perishable sup-
port of the remaining mucilage and the presence of car-
bonic acid gas. Be it recollected that ale, when atten-
uated and fine, shall retain one-half of its original
extract ; yet it is by far less than half so sweet as
before fermentation ; thus demonstrating that the unat-
tenuated matter consists of an almost tasteless mucilage,
attended by a bitter from the hop, which of itself would
neutralise the sweet to an extent proportionate to the
progress of fermentation. The want of flavour in mu-
cilage, and its proneness to acidity, place it incomparably
beneath sound saccharum, inasmuch as a smaller quan-
tity of the latter by 90 per cent., will impart adequate
sweetness, devoid of clamminess and turbidity : how use-
ful, then, must be that process which can aid the trans-
mutation of the gum into saccharum, leaving only the
more slimy portion of mucilage, or amylin, unconverted,
and even softening that in its harsh temper!

A ready and common test for proof of perfection
according to quality is the palate: by this simple means
alone, it has been a matter of great surprise to the
individuals who have but merely tasted the worts pro-
duced by the patent machine, that the increased rich
sweetness and high odour should be so obvious to the
senses during the saccharising process ; and the extreme
brightness of the worts is also a remarkable feature.
The fact that the mucilage, when in a separate state, is
clammy, poor, and insipid, shews clearly that the in-
creased sweetness of the mash must be attributed to
the transformation of the gum, more than an improve-
ment of the original saccharum of the corn.

These observations do not apply to the first wort
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alone, but to the whole extract when embodied in one
gyle; and the superior richness and smoothness of the
perfected beer, as tested by the palate, declare its para-
mount virtue to be out of comparison. The action of
the diastase on the more advanced portions of the
starch, and indeed upon nearly the whole of it, begins
in a way almost immediate, and certainly decisive, as
soon as the heat has sufficiently advanced ; for in none
of the worts made by the new system, though minutely
examined by a noted practical chemist who assisted the
patentee in some of his experiments, could a particle of
starch be traced as such by the indefinite test of iodine, -
though in a few instances there were slight indications
that could not be distinguished from the appearance
caused by the presence of amylin alone ; and thus it is
that future brilliancy is given and guaranteed, because
all obstacles are removed by the attemperation. The
mere transmutation of starch tnto gum s not, however,
the sole object, but a provision upon which greater things
depend ; for it is practicable, as shewn by analysis and
enquiry, as well as by the common every-day use of the
attemperators in present use, that by following up the
same means to a greater length of time, the advance-
ment of the several constituents of the grain to a most
valuable saccharum resembling the sugar of grapes
would be more complete.

Testing wort at the tap with the tincture of iodine,
has of late been considered a good practical experiment,
since if any of the starch has escaped the action of the
diastase, the iodine will turn it blue ; but this is falla-
cious for the brewer’s practice, because it is also a test
for dextrine, and nearly all the amylaceous substances,
and produces similar signs and colours. Suppose the
whole of the starch to be rent asunder and the iodine
test to be applied to the wort, it will give a blue or red-
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dish colour; but the starch does not do this from its
having partaken of other properties, but the cause of
the colour is then the presence of an amylin, or the
untransformed enclosure of the starch, which continues
to resist the diastase, though the amidin or enveloped
interior of the starch globules, have passed into sugar.
Still after all, the tincture does not tinge, as is generally
the case to a great nicety with the attemperated worts ;
it certainly shews the clearness and brilliancy to have
been commanded to the full extinction of all the con-
vertible matter; and brilliancy is as much the cause of
profit as flavour, though both are better when they are,
as here, co-existent.

West of England brewers and others, who vat their
beer and keep a large stock, are frequently disappointed
on broaching a vat, by finding its contents thick or
cloudy, or “grey;’ and with some brewers this is
general during the warmer months of the year. Such
beer often changes from tolerable fineness to a low
fretful fermentation in one night; yet this fickleness
and instability of the article is never experienced by
brewers that make their extracts upon correct principles,
because with them the azotised parts of the grain, the
originators of these troubles, are so far reduced, dis-
solved, or simplified in the mash, as to render their
further decay or dissolution so easy and certain during
the vinous fermentation, that the residue is less suscep-
tible of further decomposition when in the store, whether
induced by heat or shocks. This has also been proved
by experience ; and besides this, we have the declared
opinion of Liebig, not only to warrant the general sys-
tem of saccharisation into one substance, but also to
speak to the permanency of the substance itself, where
he says, “There are many facts which prove that the
most simple inorganic compounds are also the most
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stable, and undergo decomposition with the greatest
difficulty, while those which are of a complex compo-
sition yield easily to changes and decompositions. The
cause of this evidently is, that in proportion to the num-
ber of atoms which enter into a compound, the direc-
tions in which those atoms act will be more numerous.”

Finally, as regards the attemperation of mucilage
into a saccharine consistence, it is found to be more
adhesive than sugar, and this will account for Dr. Thom-
son’s finding more of it in the last and weakest worts
than in the first-drawn: it also deposits much more
sediment and yeast during the decomposition, which in
some measure shews its deficiency in yielding alcohol,
when compared with saccharum, and helps to explain
that high gravities are not always the best signs of a
perfect wort. The reduction of the many distinct sub-
stances in the complicated admixture of hordein, starch,
gum, and albumen, into the one pure, simple, and
soluble article, sugar, renders the wort issuing from it
less liable to run into an acetous fermentation, because
the change has been attended by a general decompo-
sition and purgation. Doebereiner shews the fatal effects
of retaining these crudities, and has exposed them in
the “Journal de Chimie de Schweigger,” where he says
that after trying experiments on starch, his researches
convinced him that pale beer contained a considerable
quantity of it, and avers that it makes it nourishing, but
“at the same time disposes it to turn acid.” This is
the evil that has abundantly prevailed ; but saccharum,
which is more nourishing still, has not that tendency
while properly treated; and hence the policy of con-
verting the starch through purification by diastase ; for
where acidity enters, it breaks a hole into the brewer’s
purse. This truth being cleared up in a few words,
we proceed to speak of the Attemperator as,
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V. “The clarifier and rectifier of imperfect malt.”—A
variety of circumstances have contributed to increase
the intrinsic value of malt. Farmers have of late been
more choice in their seed than formerly, and have exer-
cised greater judgment in the selection of soils and
manures, have improved their lands much better for
the reception of the corn, and increased competition has
made the maltster more attentive to his department of
the preparation ; and the invention and adoption of the
saccharometer has doubtlessly been an excellent hand-
maid in inducing and carrying out the work of amelio-
ration. Notwithstanding all this, the brewers of the
present day pride themselves upon their increased ex-
tracts, and attribute them, correctly in some few in-
stances, to an improvement of their own devising, either
in the heat of their liquor, or upon their mashing or
extracting process, or to some novel cause to which
their forefathers were strangers. One difficult task,
however, yet remains unfinished, which is, that not
having had a fair and full opportunity of proving their
superiority, they cannot be justified in affecting to dis-
play it. In dealing with flinty or otherwise imperfectly
made malt, whether occasioned to be such by bad ma-
nagement, by unfavourable soil, or by unpropitious sea-
sons, and particularly this last cause, the management
of such malt is a duty of very serious consequence to
the brewer, inasmuch as not only are the flavour and
the amount of extract alarmingly diminished below the
common average, but the misfortune is often, if not
invariably, heightened by high prices; yet through the
want of unanimity or faith in the trade, and the pecu-
liar nature of the brewing business, any attempt to
counteract such precarious casualties, by lowering the
gravity or increasing the price of the beer, is ever
attended with great risk to the trader, and is probably
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followed by great ultimate disadvantage ; for it is well
known that brewers, unlike many other commercial
men, must keep their prices almost stationary, let the
market value of their raw materials be what it may.

It is really important to observe on this point, that
the attemperator has been found a most efficacious
machine where the malt has been of imperfect nature ;
for as diastase is kept constantly present and in vigour
by the peculiar standard of heat introduced and pro-
longed, this singularly agitant property having origi-
nated at the commencement of germination and re-
mained latent ab initio, until heat and moisture have
been duly applied, and each particle of both has been
brought into close contact with the hardy starch, gum,
and hordein of the broken grist or bruised malt, these
latter are forced into an active state of transformation
through the restless disposition of the aroused diastase,
and the result is similar to the former process of sweet-
ening the corn by malting, but with this difference,
that in the mash-tun no roots or spires spring out of
the vitals of the seed to feed upon them! Now it must
be admitted, that by the ordinary means these flinty
and barley-like malts cannot derive much improvement
by infusion, because the brewer is unable to maintain
the heat of the mash at a safe and suitable temperature,
or at any thing like it, for more than 60 or 90 minutes
under the most favourable circumstances ; and that
during one-half even of this time, unless the goods are
swamped with boiling liquor, the heat of the mash will
not average 154°; but whether that malt be of a steely
or of a deaf character, if some portion of it has ger-
minated at all, though unkindly, the right application
of the attemperator through a proper period of time
will so soften the hordein and stubborn or fibrous
starchy matter, as to enable the diastase to pursue its
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natural and supremely active course. These impure
malts contain from double to triple the amount of hor-
dein to that of the best samples, and consequently they
require more vigilant treatment and longer care to
bring the saccharific particles into solution. Such malts
should be ground finer or crushed better, mashed more
carefully and with colder liquor, and the temperature
should be raised by more stages, till the ultimate heat
of the goods become some 5° or 6° higher than usual,
and the infusion should occupy considerably more tvme.
There are, besides, other indispensable conditions which
will make such grain nearly as valuable as the more
expensive, all of which will be explained to those who
will possess the means of making them available.

It may be proper to observe, by the way, that an-
other practical measure arises hence, which may one
day be of vast mercantile consequence. According to
the collective wisdom of such eminent men as Lowitz,
Vogel, Braconnot, and some others, cane sugar, sugar of
milk, woody fibre, and various other substances, furnish
grape sugar by a simple manipulation in which a dilute
acid is employed with heat and lime, the latter being
introduced merely to neutralise the acid: such is the
nature of things and the effect of popular science, as
expressed by the greatest chemists of the present cen-
tury. Distillers have for a long time been allowed to
use a certain quantity of raw corn in proportion to the
malt they consume ; therefore it is really very impor-
tant for them to know that such accustomed indulgence
can now be fully appreciated, because the new patent
process must, as it assuredly does, greatly enlarge the
scope of solvency, thereby materially increasing the
amount of solid extract, and promoting its richness,
and consequently augmenting the measure of alcohol.

Worts produced by this procedure are less clammy

N
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than those of the ordinary kind often are, and are not
mawkishly sweet like the latter; and though many
pounds denser, they drink with a cleaner taste and
more pleasant relish, leaving the palate sensible of an
agreeable delicacy, with a prominency of flavour and an
aromatic odour, part of which excellent quality may
truly be attributed to the action of the oil resident in
the husk of the grain, which the long continued heat
developes and probably increases beyond what science
has hitherto discovered of its native quantity ; but al-
though this minute proximate principle imparts strength
and prolongs preservation, it has a disadvantageous
effect on the saccharometer, being lighter than water.
When the author’s attention was first attracted to this
gratifying result of his mash, outwardly so mysterious
at first view, he fancied that as he deviated in his
management, his wort, and subsequently his beer, bore
some peculiar trait, which always displayed itself in the
ever interesting process of fermentation; and further
observation and experience soon convinced him that
some unseen principles were involved, till at length
these became apparent, and the causes of variation
during fermentation, and of the peculiarity in the arti-
cle, were accounted for, not only by difference of gra-
dation in the time, heat, and liquor employed, but also
by other attendant causes producing their own effects.
The most important feature of his worts, because it
is the most convincing, and embraces the greatest
variety of consequences concomitantly, is that in pro-
portion to the time occupied (within certain reasonable
limits) in the mashing and attemperation of the goods,
the less evident is the increase of density -according to
the senses ; and although the accession of extract is at
the same time duly indicated by the saccharometer, yet
it is not a due indication of the quality of these highly
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saccharised worts, as the ultimate character of the beer,
and the additional alcohol it produces, unequivocally
demonstrate. This conclusive observation is correct in
practice, and further inquiry shews it to be chemically
consistent, which must evidently arise from the purity
and simplicity of the extract itself. At first thought it
might seem to imply an absolute elasticity in the attem-
pered worts, by which their volume had increased ; and
as we are assured by chemists of note that 100 parts of
starch will afford 110 parts of sugar, then as six parts of
malt will saccharise 25 parts of starch, yielding 274
parts of sugar, exclusively of that furnished by the malt,
the idea does not appear incredible ; and it is evident
how rare the fluid must have become after such ten-
dency to change its character, and such long induce-
ment to do so.

That the quantity of starch rendered into saccharum
under circumstances similar to a good and properly
made mash, exceeds the amount of its amidin, is evi-
dent from an experiment published, with many others,
by the great chemist Guerin Varry, in the “ Annales de
Chimie et de Physique,” LX. 32, where from 100 parts
of starch in the state of mucilage, (that is, with the
shells broken,) and 89 times their weight of water,
mixed with 12} parts of diastase dissolved in 40 parts
of water, he formed 8691 parts of sugar, which dis-
tinctly shows that amylin, the most obdurate of muci-
lage, does not altogether resist the potent impetus of
diastase, though learned analysts have averred that it
does; but perhaps they had not patience to give the
trial sufficient time, for it has been shown in Chap. II.
that the amidin of starch is but 38 per cent.

Whence, then, the 87 parts of sugar, if the amylin
were unconvertible? And if convertible under common
circumstances, why not even more so by the extraordi-

N 2
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nary means expressly provided for that purpose? It
may be considered egotistical and superfluous to pro-
duce any further reasons for preferring these means to
enable the brewer to exercise as much control over his
mash-tun as his attemperators afford him over his fer-
mentations ; for this long wished-for desideratum has
been well received, and continues to experience daily
increase of patronage from the most intelligent portion
of the trade ; we will therefore conclude this subject by
observing that, while we are converting primary and
other compounds, we transmute a gross compound into
a finer and less complicated article, acquire ADDITIONAL
EXTRACTS AND PROFITS {0 a very considerable extent, and
are proportionately rid, to a like extent, of the impe-
diments which until now have served only to weigh,
muddle, acetify, and perplex.
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CHAPTER VI

SPARGING.

SCOTCH METHOD-—ASSAY OF GOODS—PARTY GYLES— RETURN WORTS —THE
HYSTRICON-—GREAT ECONOMY IN TIME, LABOUR, AND FUEL—DILUTION—
FILTERING MASH—PREVENTION OF ACIDITY—DIVERSITIES ADJUSTED—
GRAINS—IMPOSTURE EXPOSED.

SoMe brewers have a practice, immediately on setting
tap, of starting the sparger also, to allow the hot liquor
to flow upon the goods quietly and rather slowly, but at
the same pace that the wort is running off ; which course
they continue without intermission, passing and keeping
as much liquor on the goods as they require for the
necessary length. Although the process is a slow one,
it is far preferable to frequent mashing, and is much
approved by those who practise it. Others defer sparging
until one-half, three-fourths, or the whole of the first
wort is run off; but it appears that. a majority mash a
second time, whether a sparger is used or not, and aver
that the whole extract cannot be obtained by one mash
and a sprinkling. Richardson was of this opinion, be-
cause he had not sufficient patience.

Most brewers must have observed, that during the
drainage of the first wort, the goods settle down into
the lower part of the tun, which settlement causes a
circular chasm, sometimes of considerable depth, between
the goods and the tun; and as the mashing-machine
remains stationary within them, the lowering goods
rest upon its shaft, and subside between that and its
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numerous rakes, forming vacuities beneath them ; and
cracks and channels are formed in other parts of the
goods, increasing in width or number according to the
time engaged in drawing off the worts. Sparging upon
goods in this state must be disadvantageous, in conse-
quence of a partial drainage through these various soughs,
fissures, and void spaces ; therefore reparation is usually
sought in a second mash, but can only be rendered of
tolerable service by keeping the goods in a very fluid
state during the after process of sparging. Difficult and
unequal drainage is yet the more evident with gritty
malts containing a superfluity of insoluble particles,
which accumulate in strata, stop the pores of the mash,
and create impervious masses, often causing the ex-
tracting liquor to shoot across the surface towards some
hidden cavity, or to run off obliquely in currents to fill
the chinks, instead of percolating directly and equally
from top to bottom. This state of management cannot
be otherwise than well known, and particularly to the
porter brewer who mashes the patent malt with his
other grist.

The author would be extremely sorry to disparage
other men’s measures, or unnecessarily to allude to any
system pursued by any class of his brethren in the trade,
his object being solely to point out the defects in the
old practice, and to suggest a new and better course for
the benefit of those who encourage the invention of
improvements, leaving others to enjoy their own opinions
at their own leisure; but he has only to turn to the
London cow-keepers’ men, and to ask them what they
see and feel when throwing the grains out of some of
the mash-tuns in the metropolitan breweries; and if
then bound to believe what one-half of them say, he will
find that they prefer those that lie under the mashing-
machines and rack, and round the bottom of the upright
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shaft ; and he must thenceforward conclude that the
mode hitherto followed, where every requisite which
skill can devise, and which has apparently been adopted,
is far from perfect ; and that mishaps of a similar kind,
but to a much greater extent, are of still more frequent
occurrence where the operative brewers are destitute of
the advantages possessed by the ingenious individuals
who have the management of these tremendous esta-
blishments.

In many breweries, both in and out of London, re-
course has been had not only to second, but to third,
frequently fourth, and sometimes fifth mashes; but in
the preceding chapter the Mashing Attemperator has
been accredited for the whole as an entirely efficient
instrument, and such it will ever be found ; and it may
hence be presumed that a devisal for exhausting the
retained saccharine matter without extracting also the
pernicious elements, will be at once productive of eco-
nomy, expedition, and security.

These weighty desiderata the inventor of these ma-
chines has deeply considered throughout the arrange-
ment of his plan, and especially in the aid and aim of
the Hystricon, or continuous sparging, agitating, and
grain-ejecting machine, which he has brought forth as a
means of reducing labour, of saving time, and of dimi-
nishing expense ; and has attached to each of his three
points its order in the arrangement of the ideas pro-
ceeding from cause, action, and effect; and in that order
they are here treated.

Before entering into a minute illustration of the me-
chanical parts and practical properties of this piece of
mechanism, it may be proper to shew that once mashing,
as already maintained, is sufficient to liquefy and unfold
the saccharum of the malt. In this mode of treating
the partially spent goods, the reader may perceive an
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agreement in this respect with the Scotch method,
where it is held that the whole extract should be made
in the first mash, because all that is afterwards required
is a mere washing out of the remnant left in the goods;
and it is moreover observed by Mr. Black, that “those
who go farther do more harm than good, as they only
obtain mucilage, which instead of enriching, impoverishes
the beer.” Here, then, is an assertion which quite esta-
blishes an opinion entertained by the author, that though
Mr. Black happened to be the first to point out the
importance of the exertion of diastase through proper
mashing heats ; yet, being at a loss for the most effica-
cious means for increasing the heat of the mash, his
dread of mucilage shews that he did not derive much
benefit from his knowledge.

The inutility of a series of mashes with the same
goods, seems generally to be known in Scotland, as we
find another writer on this subject, arguing that as his
countrymen mash but once, properly speaking, they
eannot be said to have more than one wort, the first
running of that wort being the extract obtained from
the malt by the liquor used in the infusing process,
besides a considerable portion of that which the sparging
produces ; the after running being entirely the result
of the sparging operation. The sparger mentioned as
being so generally used by the Scotch brewers, is now
tolerably well known in England ; but to the uninitiated
it may be necessary to describe it. The apparatus con-
sists of a perforated horizontal tube, resting upon a bar,
and supported by a pin in the centre, above which and
the tube a receiving vessel is placed, to supply the tube
with liquor. The perforations extend through the whole
length of the two or three arms of the tube, so that the
sparging water may spout horizontally, but in the op-
posite directions; and the rcaction generated by the
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issuing of the water from these side holes, is sufficient
to keep the pipe, by its centrifugal power, in a rotatory
motion, dispersing the liquor equally over the goods.
In short, this common sparger is a modification of the
well-known and much-admired “ Barker’s Mill,” and is
another application of its principle. A well-founded
objection has been made to this kind of sparger by a
London brewer of high scientific attainments and most
extensive practice, because of the water cooling too
much on its passage to the goods; but this objection is
removed in the Hystricon, which conveys its water in a
close pipe directly through the sparger to the goods,
which sparger nearly touches them during the whole
operation. Its various bearings shall now be minutely
considered.

L Or ecoNomy or Cause—Dugald Stewart has with
Jjustice observed, that the essence of the philosophy of
Bacon and Newton consists entirely in “ascertaining
the universality of a fact;” it will therefore be under
the guidance of such philosophy, that an attempt shall
be made to ascertain how far the inventor’s statements,
or those which he has chosen to adopt as his own, can
be borne out. Now, the following simple experiment
will prove that the brewer, by his present inefficient
process, does not obtain all the saccharine matter which
the malt is capable of yielding. If, after the extracting
process is ended, 50 lbs. of grains be taken out of the
tun from a few inches beneath the surface, the same
from the centre, and a third equal weight from the
bottom, and if each of these be subjected to further
sprinkling with water of the same temperature and
quantity, as two quarts, for instance, in each case, and
if the first assay jar of wort imparted by each sample in
its respective order be fairly weighed by the sacchar-
ometer, the three results will shew that the heaviest
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and sweetest worts reside at the bottom, and the lightest
and most insipid near the surface, the extract from the
intermediate sample being proportionate in density to
its distance from the extremes of height and depth ; the
gravity at the bottom being, for example, some 2 lbs,,
that at the middle 1'5, but that towards the top only
11b. or less. This difference will not be quite so ap-
parent when the grains have previously been kept in a
saturated state, or when a return wort has been drawn
from them ; for some brewers keep their goods standing,
or rather swimming, in water, that they may realise a
greater extract, and boast of it accordingly, regardless
of the soundness of the constitution ; but in the ordinary
state of the mash-tun at this period, especially after
repeated mashings and divers spargings, the compara-
tive densities of the respective extracts will usually
stand as above.

If, with the grains taken from the upper part, an ad-
ditional experiment be made, the saccharometer will
indicate but very little improvement in the water, and
perhaps none. To practitioners the latter fact cannot
be new, and they are equally well aware of the small
quantity of water and time required for the removal of
the saccharum from the grains nearest to the action of
the sparger: this arises from the lightness and porosity
of the surface, and from its being constantly washed by
pure water only. On the knowledge of this important
fact, the principal feature of this invention is founded ;
and it has this novelty at least, be it merit or not, that
it removes the permanent surface of the goods, disposing
of the tendencies consequent on such permanence, and
creates a continuous light and porous surface or super-
stratum, treating it with a sufficiency of pure water from
the commencement to the termination of its action, by
a well-directed sparger, which cleanses every particle of
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the grain, internally and externally, of all the saccharine
and other fluid matter ; but that other matter is arrested
in its progress downwards, and the exhaustion through-
out the whole mash becomes as complete as it has here-
tofore been in the upper strata only ; and a considerable
increase of extract is the result, besides other very im-
portant benefits, chiefly noticed under the third head
below.

Every brewer is sensible of the inferiority of weak
worts from party gyles, and many usually give a pound
or two of saccharum per barrel on their ales, when under
20 lbs. per barrel, if drawn from the same goods as an
article of greater strength. It is a fair presumption
that this liberality on the part of such brewers, emanates
from a conviction that their saccharometer presents a
false indication of the actual density of the saccharine
body of these weak ales, and that the instrument is
affected by a foreign agent: he certainly ought not in
anywise to do it from the apprehension that the indi-
vidual saccharum of itself, and alone, is inferior in sweet-
ness to the first extracts. The ales are inferior only
in specific gravity and in richness or flavour, the most
valuable constituents of which have evaporated or passed
off with the first worts. The pound or two per barrel,
then, must be given as compensation for the injurious
effect of some uninvited attendant, or apparent “ neces-
sary evil,” as it is called by some who calculate on a
wrong basis, which evil has the effect of smothering,
sooner or later, the most desirable qualities of the
saccharum.

Other and very serious evils attend party gyles.
There cannot be any real difficulty in working them,
but there is a great doubt of their working satisfactorily
when the worts differ in constitution ; and there is much
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trouble, some perplexing calculation, a great loss of
time, and sometimes of material also, in obtaining any
certain gravity requisite to sustain a given price.

Another matter requiring serious consideration, is
that of return worts. Brewers of strong ale, economists
of a certain class, and those whose peculiar trade and
practice enforce the use of these worts, as well as persons
who reject them, know too well that they have but a
choice of evils. Amongst the latter ranks Levesque,
who wisely observes, that though throwing away a wort
of five or six pounds per barrel may seem extravagant,
it 18 “ like skimmed milk, but of little value.” Thus one
throws away that which another estimates at an equal
proportionate value with his other worts; but in the
new system such worts are unknown. The merits of
these people’s practices may be best illustrated by re-
ference to the following common-place example :—

Of two successive 20 quarter brewings, the first shall
produce a return wort for the second day’s brewing,
amounting to 36 barrels, at 5 lbs. per barrel, or
36 x5 =180 lbs, which being divided by 95, or the
quantity that good malt will yield, gives nearly 19
quarter of malt, which at 65s. per quarter, amounts to
6l. 3s. 6d.; and supposing this to occur only once in
each week, the loss exceeds 320l per annum. This is
undoubtedly extravagant, and the advocates of the
wasting system content themselves with the declaration
that it is next to valueless, which surely must signify,
that although 36 barrels of wort contain 180 1bs. of fer-
mentable matter, it so abounds with impurities, through
the manner in which it is extracted, that they neutralise
the benefits expected to be derived from any saccharum
which it may contain, to such a degree, that the whole
becomes no more valuable than the original water. Thus
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we see that the consequence of such a practice is, that
5} per cent. at least of the available saccharum of the
malt, in every brewing where short lengths are drawn,
is devoted to the feeding of pigs or cattle! This re-
duction of profit, with its concomitant disadvantages,
has hitherto been in a great measure unavoidable, in
consequence of the absence of proper means for the ex-
tension of the malting or saccharising process to the
mash-tun, and for dividing the rich soluble properties
of the malt from the poor and insoluble. But whether
these return worts be milk without cream, or water
without sugar, or worse than either,—or whether they
be profitable or injurious, they need no longer be desired
or feared, nor need party gyles be made; or if made,
. the coarsest and least soluble of the objectionable ingre-
dients may be rejected by those who possess the new
apparatus and apply it properly; and having thus far
defined its economical principles, and shewn the causes
of its necessity, it may now be advisable to describe the
machine itself, with the manner of its operation.

IL. Or ExeEpiTioN or ActioN.—The saving of many
mashes or comminglings is one act of expedition; and
that of a protracted sparging (from spargo, to sprinkle),
and a consequent economy and facile management in
treating and separating the gyles (from TI'valovw, in
English idiom gyalon, a cavity or pit), is another ; since
the sparged wort produced through the Hystricon (from
Yorp&, a porcupine or hedgehog, so called from the
structure of its agitating rake), may be added to that
originally produced by the mash, without any fear of
the common consequences ; but the action of this in-
strument itself is so expeditious and conclusive, that its
use and title may be conjointly considered under this
head as an indivisible and distinct subject, requiring the
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greatest consideration : hence, then, this section on the
use of

The Mpstricon.

The period of setting tap having arrived, that must
be done so as to draw off the wort as fine as possible,
and if the Attemperator has been properly used, it can-
not be otherwise than bright. The goods having parted
with the first wort, or nearly so, they will have subsided
beneath the rakeless part of the mashing-machine, so
that from this period no part of the Mashing Attem-
perator touches even the surface of the mash. The
power and machinery used for working the Attemperator
will also work the Hystricon, and when put in motion,
the momentum will be conveyed to every part of the
apparatus, which combines the several advantages of a
sparger, with the additional functions of a superficial
grain agitator, a skimmer or conductor, and an ejector;
and when these get into play, they will perform in the
following order: the whole, when in revolution, pro-
ceeding round the tun, occupies at its outer end some
fortieth part of the circumference, the inner being at-
tached to the central shaft; it also fastens to the cross-
bar, and revolves with it round the tun. The Hystricon
is acted upon by a depressing screw, placed between the
bottom of the vessel, and extending upwardly to reach
the vehicle, which it draws into a downward motion,
that applies conjointly with its other rotary and re-
ciprocating actions ; thus the front of the machine dips
into the mashed grains, and the apparatus by its revo-
lutions describes a spiral of uniform flexure round the
central shaft, working its way from the original surface
downwards, till it scrapes the bottom.

The conductor takes the lead, with its front edge



THE HYSTRICON. 191

buried at the depth of about an inch below the surface
of the grains, forcing them to ascend the inclined plane
of its surface into the machine, where they are passed
on and conducted by a metallic endless web to the centre
of the tun. While the grains are in their transit towards
their destination, the agitator follows close behind the
conductor, but an inch or two deeper, disturbing the
stratum of grains from their local rest ; and the sparger
follows in the rear, visiting these loosened goods with a
searching shower of hot liquor, which completely purges
them of their saccharum, and leaves them ready to be
taken up by the collector.

During somewhere about the first ten minutes, as the
Hystricon cannot lower itself till the screw is disengaged,
which makes the time of preparation optional, only two
parts of this compound machine will be engaged, which
are the sparger and the agitator; and this time will be
sufficient for the sparging liquor to cleanse the goods of
their saccharum to the requisite depth, efficiently aided,
as the drainage is, by the agitator, which being set with
spikes, is of a porcupine-like construction, whence its
title ; for its duty is to revolve and vibrate all the while
by an oscillatory motion, and by this motion to break
the surface of the goods and make it light, so as to
facilitate an equable drainage. The depressing screw
being now disengaged, the conductor speedily comes
into action, collecting the exhausted grains from the
surface of the mash, and conveying them to the web,
which carries them to the centre of the mash-tun, and
thence they will gravitate and pass down the hollow
shaft out of the way ; but if the locality of the premises
will not admit of their accumulation or immediate re-
moval elsewhere, when passed down the centre of the
mash-tun, and if it suit the general arrangement of the
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plant better, they may be ejected by a simple contriv-
ance, over the edge of the tun.

In due time after the first contact, that is, within two
or three minutes, the skimmer again crosses the ground
of action, and takes off the purged and now dry grains;
as uniformly does the “fretful porcupine” agitate the
new stratum exposed by its leader; and with the same
punctuality the sparger continues to dash away the
saccharum ; and at the same time the whole apparatus
accommodates itself to the decreasing bulk and lowering
surface of the goods, until, by its various but united
efforts, it has driven all the saccharum out of the grains,
and all the grains, where convenient, out of the mash-
tun, sweepings only excepted ; when it will cease, and
the process of extraction and expulsion will accordingly
terminate.

1. It presents at every point, during the progress of
its operation, a new artificial, light, pervious, and tran-
sient surface, continually depositing the yieldings of the
goods within the substrata immediately beneath, in a
rich saccharine fluid ; purifying itself by filtration ; and
if the short space of time which passes while the ma-
chine performs a single revolution, will at all allow the
surface to be partially oxygenated, it is immediately
conveyed away beyond the reach of serious mischief]
each portion of the changing surface being struck once
by pure water, but not oftener, nor by any other agent.

2. The developement of the acidifying principle, com-
monly destructive in worts, is controlled by the operation
which clarifies the wort, and the denser and cleaner it
is, the more tenacious is it of its heat, and the more
obstinately does it resist the insinuating and contami-
nating particles of the atmosphere. .

Many collateral circumstances here require some at-
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tention. The first of these is the position of the copper
or hot liquor-back, and the nature of its connexion with
the Hystricon, so as to give a mazimum of power to the
sparger. According to the principles of descent by gra-
vitation, the application of an unbroken liquor-pipe from
the copper to the sparger, converts the whole perpen-
dicular height between them into one column of water,
and causes the liquor to run out of the sparger with a
velocity increased in proportion to such height, so that
the higher the copper, the greater the velocity ; and the
extraordinary powers of the sparger itself must be evi-
dent, when it is known that its arm forms a part of the
vibrating agitator, at the bottom part of which arm are
the exit holes, which are constantly within a few inches
of the goods, and emitting numerous commingled and
intersectional jets of water, more or less perpendicular,
which are shaken by brandishment to and fro upon the
grains, while they are being turned over and kept in
motion by the agitator: these uncommon arrangements,
therefore, render the sparging universal and exceedingly
potent ; though less liquor, less time, and much more
heat, will be engaged than heretofore, and the concen-
tration of the produce will thereby be promoted.

The sparging liquor should never be colder than the
first mash ; for if so, the pores of the husk, hordein, &ec.,
will contract, and the more sparingly will the malt
part with its matter, then held in a state of solution.
When the highly concentrated and hot condition in
which the worts quit the mash-tun is considered, pos-
sessing as they assuredly do, in a corresponding degree,
the preservative essentials which are purified by per-
colation through the kindred goods, these circumstances
combine to prevent the danger of acidity. Add to this,
that of course nearly all the extract will require dilu-
tion to reduce it to its proper density in the wort cop-

0
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per or back, when a light article is demanded. In
accordance with the principle of this theory, a hint may
not be considered untimely. It will be found infinitely
better to dilute with clear fresh water than with an
impure wort, impregnated with nothing more or less
" than the germs of acetic acid, as all those weak and
paltry worts are, after an ordinary first mashing pro-
cess, and when obtained by the old method of repeated
mashing.

On the contrary, the system naturally enforced by
the application of the Hystricon dissolves and releases
only a very small quantity of these objectionable ingre-
dients from the malt, and even that quantity is rejected
by the fluid, and has to accompany the grains; for by
the arrangements already explained, the observant mind
will perceive that the contents of the mash-tun, or bed
of goods, will be sufficiently close and compact, and,
with proper management, capable of performing the
office of a filter; and in consequence of its pre-exist-
ence, its sweetness, &c., perhaps no filter can be devised
that will perform its functions in shorter time, or with
so little waste of caloric, odour, and saccharine matter.

Another singular and important benefit attending
this management of the goods is their gradually in-
creasing solidity throughout the period that a finer
filtration is most essential. This preparative quality
is created by the constant liberation and descent of
minute particles of husk, acrospire, rootlet, albumen,
and other fragments, from the surface, as they are
beaten off by the agitator or coagulated by the hot
liquor, so that as they gravitate, they take speedy pos-
session of all crevices and interstices, and there accu-
mulate as they descend, presenting from the base up-
wards a firm and quiescent obstacle to the progress of
the minutest matter, and allowing little to flow away
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besides bright liquid sugar, perfectly free from every
impurity possible to be removed, which will occasion a
greater saving of time and trouble in the future puri-
fication of the extract.

When the process of extraction is over, a slimy and
gluten-like white sediment is deposited in considerable
quantities on the perforated plates which form the false
bottom of the mash-tun: these are, undoubtedly, the
most objectionable part of the grist or malt, consisting
of a great proportion of detached hordein and farina-
ceous and glutinous matter, but principally albumen
and the like, such as the ancient brewer endeavoured
to destroy by continued boiling. Notwithstanding that
such viscid matter does not retain any of the valuable
saccharum that has either separated from it or filtered
through it, yet when diluted it affects the saccharometer
to a considerable degree, amounting in some inferior
malts to 2 or 3 lbs. per quarter; and were it practi-
cable or desirable to separate the fluid saccharum and
mucilage from the whole of their accompaniments, it is
more than probable that the diminution of density
would, in many instances, double the amount. Yet
with this purposed and inevitable subtraction of weigh-
able but worthless matter, the process yields a far
greater extract than any other yet discovered, not to
mention its superiority in every requisite quality.

With this explanation it would be superfluous farther
to set forth the utility of the Hystricon, or its value as
a machine, in contrast with the generally existing prac-
tice of the brewery, whether in consideration of quan-
tity and quality of saccharine production, of concentra-
tion in the raw worts, of expedition and ease, or of
general economy ; and with respect to freedom from
acidity, it will be found equally pre-eminent.

This introduces the third and last recommendation.

02
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III. Or securITY OR EFFECT.—Onec of the principal
calamities which is likely to befall the brewer, and one
which, under the most favourable circumstances, always
begets public disappointment and private injury, is the
acidifying principle of the atmosphere. This is often
particularly felt, to ruinous extent, in breweries where
large quantities of table beer and return worts are
made, and especially in warm weather, and when the
extracting liquor is used without proper attention to
its heat. In reference to this subject, the author hopes
to be pardoned for the re-publication of the curious
opinions advanced as principles by authors, many of
them eminent, in the absence of such machines, and
without the knowledge of such principles as he has
defined. On a general comparison of those opinions,
whether of practitioners or of theorists, they will be
found to have sprung from various causes, but to agree
in this main particular, that something has been wanted,
although they have not known what, to counteract, or,
more properly speaking, to postpone, the operation of
those causes of acidity which are inherent in all fer-
mented liquors brewed upon the old system: this, how-
ever, a8 is too well known, they have effected in a very
limited and inadequate degree, as well they might, when
without a basis whereupon to found their thoughts ; but
this has not rendered them the less entertaining as a
collective view of the errors of mankind in this beauti-
fully practical department of theoretical art.

1. LevesQue—*“ The brewer should carefully clear off
the grains immediately after the last mash is drawn off,
for if allowed to remain, they will certainly do serious
mischief, as they will soon ferment and strike an acid
wndo the wood; and the latent heat of the mash will
also spend itself, and impart a degree of acidity into the
malt by the stagnation of the heat.” (p. 38.)
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2. SHaNNoN.—“I think it necessary here to advert to
the manner that some gentlemen in the trade have
recommended to dispose of the superfluities of the
fourth mash, which is, to use it instead of so much
liquor in the brewing of the succeeding day. I have
only to observe that this has been the practice of the
malt distiller for many years, and with him it is unex-
ceptionable ; but when it is considered that it is always
a weak, and generally a liquor of an acid tendency, the
impropriety and even danger of using it in brewing
beer or ale must be apparent with respect to hastening
the decline of such beer. It will certainly suit a vinegar
maker, whose object is acidity, and may be used with
impunity by the malt distiller ; but let the porter and
ale brewer beware how he risks his future gyle in this
way ; and let them who make a practice of it account
in future for their redundance of stale beer, and many
other intruding inconveniences they were hitherto at a
loss to account for.” (p. 288.)

3. BaversTock.—“A studious observation of the pow-
erfully different effects of the different degrees of heat
in the water used in the several extractions, and of the
heat in fermenting the worts so extracted from the
malt, is of the very first importance and necessity. The
last is an operation of such influence in the case, that
in conjunction with the precautions required to be ob-
served in the mashings, fermentation determines the
early or the latter period of natural fineness, as well as
a distinction of flavour, according to the several stages
of its progress, and fixes the principles of preservation
in beers. Hops afford the basis of this last mentioned
and desirable property; but all the benefits of the hops
are destroyed by a few hours only of too long protracted
fermentation.” (p. 129.) “Fermentation, besides the
principal action of converting the sweet of the worts
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into vinous spirit, as well as producing other useful
effects, determines the wholesomeness or unwholesome-
ness of malt liquors.” (p. 241.)

4. DoNovaN.—* Length of time in mashing unll com-
pensate for coarse grinding ; but delays are particularly
dangerous in brewing ; and often o them may be attri-
buted the commencement of sourness, which has ulti-
mately destroyed the produce.” (p. 147.)

5. CoMBRUNE.— In brewing with one copper, scarcely
more than three mashes can be made ; otherwise the
time taken up in boiling the worts and preparing the
subsequent waters for extraction, would be so long as
to cause the grist to lose great part of its heat ; and in
warm weather, perhaps, to become sour.” (p. 235.) “In
proportion as it is brewed in a kot or in a cold season,
we must employ every means either to repel or to
attract the acids circulating in the air.”

6. Roperrs—“1It is of consequence that the surface
of the mash should not be exposed to the atmosphere,
as the goods are very apt, especially in warm weather,
to acetify from the imbibing of oxygen. I am of opi-
nion that acetification has often taken place through
want of this precaution, and am inclined to think, were
brewers more generally to take this into consideration,
and act accordingly, they would not run the risk of
incurring so much loss as they now do by the frequent
return of sour or hard ale.” (p. 90.)

7. HaymaN.—“The constituted principles of malt are
known to be chiefly salts and oils; the first of these
tending strongly to fermentation, requires a proportion
of the latter to restrain its powers, without which those
qualities for which the best of our malt liquors are
admired, namely, softness and spirituosity, would be
destroyed ; consequently, the great object to be ob-
tained in brewing is so to regulate the heats of the
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liquor as to extract a sufficient quantity of the oils to
counterbalance the effects of the salts.” (p. 8.

8. TroMsoX.—This eminent chemist, alluding to the
series of experiments made by the Scotch commission-
ers on a large scale in some papers presented to the
House of Commons, says, “The proportion of starch
was usually greatest in the first worts, while that of
the mucilage was greatest in those last drawn. The
saccharine matter also diminishes sensibly towards the
end, and at last disappears altogether. The last por-
tions of wort become much more easily acid than the
first, and, indeed, often taste sour, even when running
from the malt.” (Donovan, p. 152.)

9. Ham.—“ The proportion of the starch sugar is
generally the most abundant in the first runnings from
the malt, for when two or three subsequent mashings
are employed, the water dissolves with this saccharine
matter a proportion of mucilage and gluten, which
causes the wort therefrom to turn acid much quicker
than the first wort. The mode of brewing here recom-
mended, (sparging after the first mash,) will avoid this
additional extraction and consequent tendency to acidity
in the future beer ; and although the total extract from
the malt is rather lessened thereby, little is left behind
but what is likely to injure the future quality of the
beer, and to render it thinner and harsher to the taste;
and if brewers were in general aware of this effect, they
would pause before they attempted to extract the ut-
most possible quantity of soluble matter from the malt.”
@ 11.)

Now, whosesoever theory in this edifying and amusing
catalogue is most worthy of regard, or if each be re-
ceived as a portion of a stupendous whole, (for they
all contain much truth,) this certain conclusion is evi-
dent, that too many mashings and sprinklings dete-
riorate the beverage, and subject it to acidity; but,
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ouriously enough, the Hystricon provides an universal
antidote in all cases or varieties of shape into which
this contrariety of expression can be ramified and made
to diverge. Agreeing with Levesque, that grains turn
sour by standing, and knowing, moreover, that the
directors of a certain establishment, not far from Bir-
mingham, were but a few years ago put to the expense
of a new twenty-five quarters mash-tun from the same
assignable cause, this invention precludes the possibility
of a recurrence, by emptying the tun as it proceeds.
Shannon’s precaution against return worts is also
taken here, because we have nothing of the kind, and
Baverstock’s and Donovan’s dread of delay falls to
nothing, besides which, the concentrated and brilliant
worts produced by the machinery are fitted for fer-
mentation in a peculiar manner, and are less liable to
become acid than those of a less stable kind ; besides
which, the Attemperator secures a sound heat which has
no fickleness, and the surface is unexposed to the at-
mosphere for any length of time during the sparsion.
Roberts’s objection is also met; as is likewise Com-
brune’s, as far as regards repulsion, and as consistent
with general theory. Hayman’s distribution of the
constituents of malt into oils and salts is less definite
than the rest, yet it admits of a kindred interpretation ;
and he elsewhere says that where malt contains little
saccharine matter in proportion to the other products,
“the beer brewed from it is vapid and poor, and turns
acid in warm weather, and it injures the reputation and
pocket of the brewer;” thereby, in.common with the
rest, completely advocating a new system by protesting
against the old. Thomson’s experiments strongly favour
the invention, inasmuch as they prove that the muci-
laginous matter does not begin to flow freely till the
saccharine principle is waning ; and besides this, muci-
lage undergoes a further change by virtue of the requi-
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site time and temperature in the first mash, for it
becomes a sweet. Hence to protract a brewing by
repeated mashes is erroneous, because they are destruc-
tive of the nutritious property. Lastly, Ham’s decla-
ration against extracting the “ utmost possible quantity
of soluble matter” is no longer serviceable, because the
mode of procedure has assumed a new measure and
shape, in which the objectionable ingredients are either
suppressed, converted, or rejected, and a more valuable
commodity, heretofore unreachable, is by conversion
obtained in lieu; for whatever the Mashing Attempe-
rator leaves undone, to which utility can give a sanc-
tion, the Hystricon is constructed expressly to accom-
plish; for as Dr. Shannon again says, in his second
book, page 11, and of which these pages must convince
every steady reader, “ distinctively, the saccharine prin-
ciple is productive of the vinous, the gluten of the
putrid, and the mucilage of the acetous fermentation.”
So that whether the principle of acidity in raw worts
be attributed to a tardy process, or to oxidising the sur-
face of the mash, or to the quality of the extracts
unitedly, or separately, (but unitedly of course by con-
catenation,) or to any other means which has hitherto
been assigned, the Hystricon has its cause in economy,
its action in expedition, and its effect in security. With
such a mass of evidence in its favour, and such a host of
witnesses to pour it out spontaneously before us, none
of whom could have any self-interest to subserve, we
must either question the competency of talent to judge,
or we must admit the validity of the proofs which these
individuals have adduced ; for justly the poet asks

“ How or why
Should all conspire to cheat us with a lie 1”

One objection, and that the only one which can be
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reasonably made against the introduction of the Hys-
tricon, is its cost, coupled with the danger of placing it
in the hands of novices. As concerns the mash-tun,
the Mashing Attemperator is certainly the more valuable
of the two inventions, because of its extreme simplicity
and its converting and concentrating powers ; and expe-
rience soon assures all who use this machine, that many
of the advantages derivable from the Hystricon alone,
may be obtained, after the first mash s properly made,
by a careful and well-informed practitioner; and these
are a truly bright and extremely dense and rich extract
of any weight within reason, in one wort only, forming
a much greater amount of extract than can by any pos-
sibility be produced by any other known means.

Having disposed of this part of the subject, in doing
which the grains have been neglected since the moment
that the web ceremoniously but promptly conducted
them out of the tun, let us recollect that the destiny
and remembrance of these our guondam friends are too
interesting for oblivion, and too lucrative in their aggre-
gate to be despised. Dr. Ure treats this subject in
his Dictionary of Arts, &c., with singular benevolence
to the brute creation, where he condemns the prac-
tice of a triple mashing operation, because he thinks
that it exhausts the malt till the extract is not useful
for strong beer or porter. He admits that a weaker
wort might be drawn off for small beer, “or for contri-
buting a little to the strength of the next mashing of
fresh malt” as a return wort ; but instead of shewing
chemically that such a practice would or would not
answer, he contents himself with the belief that re-
spectable brewers seldom employ it in that manner, as
it impoverishes the grains, which are useful as food for
cattle. Verily “ respectable brewers,” if of the thought-
ful class, have much more cogent reasons than this.
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The author having expressed his sentiments on this
subject rather freely, and he hopes convincingly, would
not have referred to the above curious excuse for the
waste of a little fattening extract, had not such super-
ficial logic a tendency to mislead capitalists and to
shackle the energies of the wealth creators, namely,
practical and scientific men, had he not heard of pigs
made drunk with brewers’ refuse, and had not a similar
but silly and uncommercial observation been made to
him as inventor of the Hystricon by one of the directors
of a brewing company in Birmingham, who after wit-
nessing and admiring the splendid action and decisive
exhausting powers of this instrument, was doubtful
whether the depreciation in the quality of the grains
would be compensated by the additional extract ob-
tained in consequence of such exhaustion of the malt!
Let the practical brewer answer these two questions—
Does not the price of grains depend more upon the
supply and demand than upon their quality? Which,
during the progress of extraction, is the brewer’s greatest
care, the enriching and increasing of his worts, regard-
less of the poverty that he inflicts upon his grains, or
the thought of converting grains into money? This
subject, he is persuaded, would hardly be worth dis-
puting, in these days of competition and scrambling for
gain, did it not afford an excuse for an anecdote or two.
A friend, in the firm of a celebrated brewery, has ridi-
culed this idea of rejecting an additional profit of from
£800 to £1000 a year, by the “visionary wiseacre,”
for the sake of retaining an income of £250 which may
still be realised ; and has observed that it has reminded
him of an old gentleman in the country, who was well
known to the informant’s late partner, and who kept
many swine, which were his chief hobby. When the
breweries did not furnish a sufficient supply of grains
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for the old gentleman’s purpose, he would say, “ Well!
my pigs must not want.—Grains they must have, if I
brew on purpose and spoil the drink, which I always
do!” Another intimate friend, a manufacturer, ob-
serves upon the same subject, that if the increase of
scrap, or waste metal, when the cutting-out tools have
been employed, indicates judgment and economy, he
will order that fewer goods and more scrap be made
forthwith ; and a third facetiously says that the whole
argument brings to his recollection the poor Roscom-
moner, who after reposing on a bed of straw in England,
exclaimed after an exultant sneer at the English straw,
that it was not half so good as that of his own country,
it was thrashed so cruelly.

Grains are properly called “draff” in the northern
English counties, because the strength has been
draughted out of them ; but draff will still be draff
in quantity, to whatever extent it may have been
draughted ; and in consequence of his own experience
and that of the several establishments where his ap-
paratus has been tested, the author has no respect for
the philosophic cunning of those financiers who tell
him that he washes every thing out of the husk,
whether bad or good, and therefore are fearful that
his extract contains “too much gluten to keep:” an
observation which refutes itself, and shews that they
who employ it have not learnt their lesson. Never-
theless, the grains that are left after having been ope-
rated upon by the Mashing Attemperator and the
Hystricon, are too remarkable in their structure to be
thrown away without notice; for on examining them,
the fleshy parts of the farina, which constitutes the
chief value of the draff as food for hogs, is found ad-
hering to the husk, and constitutes that which chemists
term hordein, being a farinaccous substance too obdu-
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rate for conversion into starch, probably from the imper-
fection of the seed, since in some husks the appearance
of empty honeycomb is presented by the microscope,
the cavities of which are numerous, and are deeper at
the end which has connected the skin with the farina
which has dissolved away from it in the mash: indeed,
the ragged appearance of these grains is more or less
perceptible in every house, but is more particularly
observable in the undissolved portion of the grain that
has been operated upon by a judicious use of the At-
temperator. Even during the first mash, before the
sparging has commenced, the adhering farina feels
softer, and appears more spongy, than when brewed by
the ordinary process; and the conclusion to be formed
from this striking fact is, that the gluten, &c., has,
through the long continuance of a suitable heat, re-
leased its cementing hold upon the particles of the
farina, and has thus opened a free passage for the
solvent power of the liberated diastase, and the assi-
milating property of the saccharum to and on the
starch and more matured parts of the hordein, there
enveloped by the more hardy portion, and by the less
soluble and fibrous, or lignine parts of the grain ; which
is probably the chief cause of the gradual increase of
convertible extract, and of the consequent improvement
in the density of the wort.

Circumstances may arise in life, of such'a character
that a person feels himself so placed that he must not
only take common care of himself, but also act as a
monitor for the sake of others; and such happens to
be the author’s own situation, at least so he is per-
suaded, while pursuing the unoffending course which
he had prescribed for his own guidance, in bringing his
inventions before the public. A fellow, adverted to in
the former edition of this work, issued a circular in the
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summer of 1844, in which he undertakes to work mi-
racles such as never entered the brewery. Not content
with joining Shannon’s and Black’s principles into an
assumed system of his own, though clearly pirated from
them, he professes to produce, “in two hours,”—* great
gravities ”—“by this means,”—*“ which it would be
impossible to obtain by any other,”—‘ varying from
ninety to one hundred and ten pounds per quarter of
malt ;”—neither is this all ; for in some of his commu-
nications he pretends to extract 1371bs. as shewn by
his official circular. “ Official” it must be, as long as
the old bird remains in town and his emissaries move
about the country like Guineamen or other slave-
catchers on a barbarian shore, of course where their
coast is clearest from shrewd intelligence and natural
activity ; yet, however secretly the traffic may be car-
ried on, and how credulous soever the unwary may be,
the privateer may chance to catch a tomahawking from
a native, notwithstanding his craft and cargo; and it
becomes an act of justice and kindness to put the public
upon their guard against any leagued impostors who,
with uncommon ingenuity in all manceuvres and pla-
toonery, except such as belong to a knowledge of the
art which they presume to spread, have the effrontery
to tell brewers how to realise the enormous extracts
above mentioned. The principal, from his town resi-
dence, refers his dupes to his coadjutors, who, wherever
they happen to sojourn, represent themselves to be
resident brewers in country towns, always, as a matter
of business, at a respectful distance from parties apply-
ing for information.

Now, a quarter of tolerably good malt has been found
to weigh about 3201bs.; therefore assuming this as an
example, and supposing it possible to convert the whole
of the farinaceous matter into saccharum, leaving only
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the outward skin or husk, which when dried to the
same siccous state as its parent malt, will not be less
than 281bs. and may be 48 or 681bs, and was esti-
mated at 1201bs. when Richardson drew his “ Stati-
cal Estimates ;” then dividing the highest possible
remainder, 2921bs. by 2:583, which is the dry extract
that produces a pound of density by Long’s or Bate’s
saccharometer, the quotient is 113'047 lbs. per quarter,
as the utmost density that such good malt can yield,
when the husk is exhausted by machinery till its
interior becomes like honeycomb as above described.
The fallacy of these pretenders is still more striking
if we imagine the possibility of dissolving every part of
the malt, husk included, into wort ; for the 2:583d part
of 3201bs. is 123-827 Ibs., whereas they profess to brew
141bs. more, and if they employ the Scotch saccha-
rometer, they will find themselves miserably more de-
ficient ; so marvellously clever are these ubique creatures
of character and generalship, though they assuredly
have not yet found how to brgw all their grains into
saccharine extract. Either they mean this, or their
meaning is ambiguous; and if not this, they must
analogically insinuate that 1371bs. is their total ex-
tract per quarter, which is ridiculous, because an ob-
tainment of 90 in indicated gravity is equivalent to a
specific extract of 2324 nearly. One practical gentle-
man has wound up his correspondence with the parties
by the following letter ; and it is needless to say that
the worthies found it too explicit to require an answer.

“ August 28, 1844,
“In your reply to my last letter, you state that I
have no confidence in you, and farther assert that I
want to obtain all the information I can without paying
for it: the latter charge I utterly deny, and whatever
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‘want of confidence’ I might have shewn, the cause of
it rests with yourself.

“You offer your services to brewers, to instruct them
how to obtain something like 138 lbs. gravity by Dring
and Fage from one quarter of malt : this being at least
40 per cent. more than I ever knew how to obtain, I was
anxious to possess such very valuable information ; but
strongly doubting your ability of getting any thing like
such an extract, I required a reference to some respect-
able party where your plans were now being used and
regularly adopted. With this request I supposed you
had complied when you instructed me to refer to
Mr. W. B, of Southampton; but on enquiry I found
that Mr. B. was only known in the town of Southampton
as a temporary lodger at the house of an elderly woman
in Bevis Street, and certainly not known there as a
brewer. Not feeling satisfied with this reference, I
requested you to favour me with another, and in this
instance you referred me to ‘T. P. Esquire, Englefield
Green, Egham, Surrey :’—here again I was disappointed
to find the gentleman, as in the former case, just at
that time to be out of business, and only known at
Englefield as a resident with his father-in-law. What
he may be elsewhere, I had no means of ascertaining.

“ Now, sir, I will not question the respectability or
integrity of these parties, but reverse our cases for one
moment, and tell me as a man of business and ex-
perience, if these references would have satisfied you.
The answer you must give is too palpable to be ques-
tioned. Upon my second failure, I remembered Mr. B.
having told me in his letter that it was in Worcester-
shire he had ‘followed out your plans,’ being at the
time ‘a partner in an extensive concern,’ and thinking
it probable that there at least I should find your sys-
tem in full vigour, I asked him to favour me with the
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name of the brewery and its situation, but I judge by
his silence that I have been too inquisitive.

“ I will once more repeat my former question. Can
you refer me to any brewer in England who is now
using your plans? Will you name the breweries where
Messrs. B. and P. used them? Ifit is not giving you
too much trouble, I will thank you to give me the
result of one of your own brewings, expressed in round
numbers of barrels drawn, and density per barrel by
Dring and Fage’s saccharometer. To clucidate the sort
of calculation I wish to be furnished with, I will sup-
pose a case where you have been fortunate enough to
obtain a gravity of 1381bs. per quarter, say a ten-
quarter brewing, first wort 30 bals. at 35 lbs. per bal. ;
second wort 30 bals. at 111bs. per bal.,, 30 x 35=1050,
and 30 x11=330, making in the whole 13801bs. ; di-
vide this by the number of quarters, and it just gives
138 lbs. gravity per quarter. The extract in a barrel of
wort of 35 1bs. gravity, as shewn by Dring and Fage, is
884, and in a barrel of 11 1bs. gravity 27-7 ; to obtain
the total extract, I multiply each of these sums by 30,
being the number of barrels in each wort ; 884 x 30=
2652, and 277 x 30=831, thus shewing the total weight
of extract to be 3483 1bs. from the 10 quarters of malt,
348-31bs. per quarter.

« If there is any error in this computation, please to
point it out, state the weight per quarter of your malt,
also the grains when dried to the same degree. Re-
member I am still willing to adopt your plans when
reasonably satisfied of their correctness.”
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Or all the instruments that have been invented to
assist the brewer and improve his practice, none ex-
ceeds the saccharometer in utility and elegance; and
yet, though introduced now more than half a century,
repeatedly improved, and vended by at least half a
dozen eminent mathematical instrument makers, scores
of brewers in the provinces never heard of its existence,
and many others remain ignorant of the value of its
application. Such is the apathy and dogged content
under which some persons sleep, that though the light
of science may smile upon them in the advice which
they receive from some malt or hop factor, and though
they may be induced to send to town for one of these
instruments, which will arrive accompanied by a
pamphlet replete with instructions and examples mi-
nutely wrought, and explicit enough to be compre-
hended by the dullest capacity, yet when the proprietor
places it in the hand of his brewer, who probably is
one of those who occupy the offices of stoker and cellar-
man to boot, for the munificent remuneration of some
20 or 25 shillings a week, it is returned upon the
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master’s hands without having been wetted, with an
anxious wish for the safety of a bauble so delicate, and
yet so troublesome and unserviceable to him; for, to
tell the truth, John is like the Yorkshireman in the
farce, who cannot read writing or print, though “a dab
at chalk,” and consequently, as it will neither increase
nor improve the beer, he can continue to do without it
and it is consigned to the mantel-shelf as an artificial
curiosity. The author has known several cases of this
kind, and has had proprietors remarking to him that
their business, from the smallness of its profits, was not
worth their attention. Little dream they where the
fault really lies, and little do they suspect that their
hebdomadal pound’s werth of ignorance costs them more
than all their other expenses; for whence, it may be
asked, originate the profit and success of an establish-
ment if not through the managing brewer? ALL is
based upon his understanding, judgment, and prudence ;
and his physical energies can avail but little, unless
directed by wisdom and cultivation commensurate with
the magnitude and importance of their engagement.
For gentlemen to trust their reputation and capital, and
perhaps their whole fortune, to the management of a
brewer whose thermometer is his finger and whose sac-
charometer is his palate, is to adventure upon a strange
sea with an insane pilot ; or, as a once popular writer on
the art was pleased to observe, every practitioner was
involved