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PREFACE.

THE present Manual has been prepared for the use of Excise
Officers 1 India during ther course of instruction at
Distillery Schools, and later on, as a reference book m every-
day Exase work

The chapter on gauging has throughout been compiled by
Excise Officers, as T have no practical acquaintance with this subject.

The matter for the sixth chapter, dealing with the arrangement
of a distillery, has largely been drawn from the official handbooks
1n use m the United Kingdom

C. H. BEDFORD.

CextrAL Excise LaBoraTory For INDIA,
Fasauli, 261l September 1910
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TECHNICAL EXCISE MANUAL.

CHAPIER 1.

Infroductory.

1 Distinction betieen foreign and country ligitors —The Indian Exase law
makes a sharp, if somewhat artifical, distinction 1n treatment between for
exgn and country liquors  The former head includes, 1 addition to all -
ported liquors, all iquors made 1n the country in imitation of imported
hquors and taxed at the tanff rate  This Jeaves under the category of country
Iquors fermented liquor prepared ding to nd P , plamn
spint made from approved bases and taxed at a local Excise rate, and spiced
liquors which do not mmtate any imported hqueurs or cordials Both
foreign and country liquors fall naturally mto two classes, according as they
are fermented or distilled  Fermented hguors sre agam divided nto wines,
or frmt hquors, and beers, or malt hiquors Distilled liquors are divided
into plamn spints, which are the direct product of distilation from an ordinary
base, and liqueurs or cordials which are artificially flavoured at some stage
of the process of manufacture =

2 Foregn Liguors—It will be convenient to consider first foreign and
tken ¢ountry hquors under these heads

3 Tines—Wines are obtamed by the fermentation of grapes or other
fruts  The frauts 1n question are first pulped and then allowed to ferment ng
turally That 1s to say, fermentation 13 produced by the yeasts naturally
present on the shins of the frmt  Inthe o ==te s te ok
fermented hiquor 13 straned and cashed re:
the sugar has been fermented are termed
a relatively large amount of unfermentec :
bodied” wines  To prevent further fermentation mn thece, and sometimes
to preyent wines turning sour 1n the tropics, aleokol, usually brandy, 1sadded
This 1s called * fortification ”  Wines which contam more than 42 per cent,
of proof spirit are not admitted under the tanfl as such but are taxed as sl”’lt'

V\ines commonly take their names from the places whence they com .
Thus Medoc 1s the produce of \¢doc 1n the French Department of Guond:
Sherry comes from Xerez in Span, and the term Port covers all wine shy e(’t
from Oporto, though attempts have been made to confine the term :oplglh
produce of the Douro distnict No wines are made 1 Bntish India b 3
small quantities are imported from Kashnur » but



(5}

TECIINICAL EXCISE MANUAL

t Cider and Perry—An cxception to the above somewhat arbitrary
classification of all fermented frwt liquors as wines oceurs in the case of cider
and perry which are made from apples and pears respectively, but are treated
as malt hquors for Customs and Excice purposes  The consumption of these
hquors 13 small  Some cider 13 made 1n Kashmir, but none 1n any other part
of India

5 VMalt Inguors —The malt hquors properly so called are beer, ale, stout
and porter These are made, where malt and hops are used, by stecping
specially prepared or * malted” gramn in water, the solid matter 13 then
straned off, this strmned lquid 1s boled with hops, the hops ate
next stramned off, and the stramed lquid 1s fermented by adding
specially prepared yeast  After fermentation 1s over, the hquid 18 allowed
to scttle and 15 then cashed for use In modern processes, glucose and
other materals are largely used 1n place of malt, and hop substitutes are
oceastonally used in place of hops, but the general outhnes of the method of
manufacture are simlie  The amount of beer produced in India 1s nearly
equal to that imported The following are the more important vareties
which occur —

Pale ale—made from the best malt and with a specislly large amount
of hops added
Mild ale—stronger 11 slechol and extract than the former and with
fess hops
Porter—a black beer made with specially prepared malt, which gives
1t its speenal flinvonr and colour
Stout—a strong porter
Lager beer—a hight beer contaiming more carbonic acid gas than ord:
nary beer It 1s able to contam this extra amount of gas on
account of specidl modes of fermentation carned on at low
temperatures by means of special hinds of yeast It 1s stored
at low temperatures
6 Fnumerated spirits —Of the plain spints the Bntish tanff disting
uishes between ted and ted spints  Under the first head
ing are included brandy, rum and Geneva  For Indian purposes whishey
mav te added to this hst Al other imported spints (swectened or un
swneetened) are clisafied as *‘ unenumerated spints "’
7 Whidey —Whidkey 53 an alcoholic liquor made by distiliation from
a f nnented mash of cereal gramng treated with malt  Tho term must also
belelitoinclule for the precent at any rate, all spints  prepared so as to
o« <« the divinctive colour, odour anltaste of whishey  Scotch Whidhey
an1Indi Whikey are whist cvare pectivels distilled sn Scotland and Inland
& Iranly—Uranly 1, properly spealine a sunt ditidled from grape
wine, but 13 hell to mclule any spint jrgired 50 as to pastes the colour,
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odour and taste of brandy The French law lumts the use of the term
“ Cognac ” solely to brandy made 1n the Cognac distnict of France, which
mcludes the Departments of Charente and Charente Inférieure The term
“Eau de vie” covers grape spmits from other districts as well as imitation
brandies made from other bases In I'rance an offial * white certificate ”
of onigin 1s granted 1n the case of pure wine brandies  Bottled brandies mixed
with beet root spimit are required to be labelled  Eau de vie fantaisie ”” and
are granted an offical ‘red certificate’

“ Brit sh Brandy * imphes a spmt compounded 1n Dngland so as to re-
semble brandy

¢ Hamburg Brandy * 1s spint made 1 Germany from potato or beet
and compounded so as to imtate grape brandy

9 Rum —Rum 1s spirit made from vamous productsof the sugarcane
The better qualities are made 1n Jamaica and Demerara and are known by the
names of these localties  Inmtation rums are made from bases other than
sugarcane and are coloured end flavoured 50 as to resemble genwne rum
Thelaw at present does not enforce the distinetive labelling of such spinits,
but spint made or compounded in India for sale as rum under foreign hquor
ltcenses 15 coloured generally with caramel, before 1ssue

10 G —Gim 15 a colourless spinnt  sweetened or unsweetened, distilled
{rom gram or other bases such as barley, rye or maize, and 1s flavoured
with jumper bertes or other flavouring agents o as to possess the charae-
tenstic taste and odour of gin  “ Geneva " or * Hollands  1s gin imported
from Holland *

11 Unenumerated sprits —The most of the d
spints are spints of high strengths made from potatoes and other bases and
used largely for compounding Theso are commonly hnown as “slent”
spirtts asmuch as they give no mdication of therr ongin, whereas the
cnumerated spints retamn a distmetive flavour of the base from which they
were ongially made  Imported rectified spints are taxed n this eategory

12 Colombo arrack —An exceptional instance of a foreign spint 1s the
toddy spunt largely imported from Ceylon into the Madras Presidency  The
locally made toddy spint 1n that Presidency has also been declared for the
purposes of the L to be * forergn <pint

13 Lyqueurs, ete—These are as n rule unported, artificially flas oured
spints  They are compounded with a vanety of flavounng colouning or
swectenmg agents  The methods of production are ucually trade secrets
Ay Britt b miade hiqueurs are commonly hnown as * cordial: ” “ Butters
are spints compounded with bitter flavounng a~ents,

*1 rafull feci< nofwlaticorisnotncladdin the terms wh hev tranlc rum ani
giund renco st 1lben alototie ) epertof the I val € mmis on on Wh Lev and other
Totable & r1s (19%3)  Yor pres nt purpeses the above detm cas will be safie cnt.

52
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14 Other amported liquors —Other mpored liquors with which Eneise
officers aru less intimately concerned are spints used 1n drugs, medicines and

tolet preparations, denatured spints, perfumed spints and medicated
wines

16 Denatured spirits —Denatured spinits are silent spints which have
been rendered effectually and permanently unfit for human consumption
under special regulations They are used only for non potable purposes
such as burning Lighting and 1n the arts and manufactures Denatured
spunits pay o 74 per cent  ad talorom rate of duty A mimmum strength
of 50° O P has been fixed for them throughout India

16 Perfumed spirts —These are scented spints usually of very high
strength  They are taxed on umport at an arbitrary rate  Locally made
perfumed spirits are taved at the rate of duty appheable under the tanff
to ‘ spints—other sorts , that 18 on the slent spint used n their manufac
ture

17 Medicated spirits —Medicated spinits or wines are spints or wines coni-
pounded with various drugs  Their sale 1s controlled for Excise purposes
when they contain more than 20 per cent of proof spint ~ When their strength
reaches 42 per cent', they are taxable at the spint rate

18 Country Iiquors —Under this head there arc no wines to consider,
though occasionally wines are used 1n the manufacture of spiced hiquor

19 Country Beers—Toddy —* Toddy * or *“tan’ 1s tho most important
of the country beere It consists of the fermented or unfermented sap drawn
from any hind of palm tree, from the spadix 1n the case of coconnut and
palmyra and from the stem in the case of dates Tins sap ferments
naturally and rapidly  When drawn from the tree, unless the temperature
of the air haj pens to le unfavourably low or unless the collecting pots are
clean or conted internally with lime, fermentation atarts at once

20 Otler country beers —Other country beers are made from rice, barley
or millt, and more rarely from gur or mahua Such beers are known n
Burma as w _/: (the first and strongest hiquor drawn off) Maw-a Kaurg,
La awye 2eje and seinge , 1in Bengal as pachwa, kandia jaur, marua lusna
and eugda, n Fastern Bengal and A<xam as boa malk zu and laopam -
1 the United Provinces as do-a, darbalra, soma and rabra, tn the Punjab
a4 sur, lugriand chang, 1n Madras as londa, ker da and sonts sory 1 My core
as ally bhgya, i Kashmir as chang or aral

Packirar 1 made from huded nce winch 14 Foiled or pulped A speial
fermenting sgent s then muixed with 1t and wlen fermentation 1s comyleted
the hijuor s strained 02 and drunk diluted or undiluted
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21 Couniry sprrit—Country spimt 10 plamn spmt made from matenals
Tecogmsed as a country spmnit base It 1s 1ssued and sold, generally at fixed
strengths and at country spint shops subject to the local rate of Excise duty
The fermentative bases ordmanly fecognised are (1) more or less crude or
unrefined sugar, eg cane or date gur, Jaggery, molasses or shira  {2) makua
which 1s the dned flover of the Bassia latifolia tree, (3) m special cases
toddy, raisins dates etc

22 Rectsfied sprit —Reetified spint made 1n India 13 ordmanly subject
to the same regulations and duty (Rs 11-4 0 per proof gallon) 2s silar spmt
mmported from abroad

23 Spwced spirtt —The only flavoured hquors now recogmised as country
spints are the spiced gpimts made m the Punjab, Sind and Bombay and to
a small extent 1n Ajmer Merwara and Baluchistan The flavourng agents
are usnally added between the first and second distillations and are selected
from among the following —amseed cardamom, corrandar, ginger, orange,

mundy  (Spheranthus  wndica), #um,  peppermint, mango,  )asmine
{motia) Lhas Lhas {Andropogon  muriaticus) sweetlemop,  rose,
ete

2% Proof strength —It remains to explain bow the strength of spmt 13
rechoned for duty purposes In the assessment of duty on spint and 1n com
mercal transactions relating thereto the standard of stremgth 1s termed
¢ proof *  This s the scale to which Sif es’s hydrometer has reference. The
term “‘ proof ” comes from the method formerly used by the Excise 1n testing
a spmit s strength by pouring a certain amount of1t on gunpowder and then
applymg =« hight If the spint was over * proof ” strength, the gunponder
ultimately took fire, if it was under * proof ” strength, the gunpowder was
too much mostened by the water n the spint to do so  Different countries,
such as Amenca and Holland have different standards of proof
The standard tn use 1 India 1s the Dnghsh standard commonly known
as “London proof ' London proof spint 1s defined by Act 58, Geo 3,
¢ 28, as o nuxture of alcohol and water *“ such as shall at a temperature of
B1° F. weigh exactly 19/13th part of an equal measure of distilled water ™.
In other words 13 volumes of proof spint shall weigh the same as 12
tolumes of water at that temperature  The “ proof " spint thus defined
has o density of 91984 at 60° F and contans 49 21 per cent by weight
of aleohol and 50 76 per cent of water, or 5706 per cent of aleohol by
measure* or volume Spints weaker than this are described as so many
degrecs or so much per cent under proof (UP) Thus spint of 20 per cent
under proof (20° U ') contains at 60° F 80 meacures of proof spint and
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.
20 of water Pure water 13 100° under proof  50° U P, spint contains equal
measures of proof spint and water

Over proof (O ) spints are those stronger than proof spint and are
described according to the number of measures of proof spirit that 100 volumes
would yield when swtably diluted with water ~Absolutely pure alcohol 1s
75} degrees O P and contamns 175} per cent of proof spinit, so that 100 volumes
when diluted with water yield 175} volumes of spint at proof

25 Rectified spints of wine—This 13 the name given to the most con-
centrated alcohol obtainable by ordmary distillation It 1s silent spint which
should be of not less than 50° O P. strength  Spint up to 70° O P (97 per
cent by volume) can be produced, but ordmanly 68° O 1s the upper hnut
of strength producible 1n patent stills on a commercial scale,—the average
strength, i the Umted Kingdom, bemng about 66° OP Spint of
thus last strength 1s also produced in India  Rectified spint of the Bntish
Pharmacopeeia 1s made by a special process and contains 90 per cent of alcohol
by volume The legal himit in Lngland as imposed by section 39 of the Spirits
Act, 1880,1343° OP A more converuent hmit for India would be 50° O P,
which has been adopted as the mimmum hmit of strength n the case of
denatured spmt

26 Absolute alcohol —Absalute aleohol 13 obtained from recttfied spint
by removing the water present as much as possible by treatment with quicklime
or potassium carbonate The term absolute alcohol 15 a relative one  Com-
mercially, the name 1s grven to any spint stronger than can be produced by
distillation alone  The absolute alcohol of the British Pharmacoperia should
not contam more than one per cent by weight of water, and has a density
at 60° F of from 0791 to 07969 These densities are equvalent,
respectively to 9995 and 99 & per cent of alcohol by volume * It may be
noted here that absolute alcohol tends to absorb water rapidly from the mix
when exposed for even a short time

27 Arerage alcoholic strengths of Liwquors —The average wolume per-
centage of alcohol 1n vamous liquors 1s as follows —Whiskey, Brandy and
oo, R, S, 47, 4he bghden wores vieh 28 Uanet, Rragiedy, R wmas,
Champagnes and Moselles, 10 to 15, the stronger wines such as Port, Sherry,
Madeira, 15 to 25, Vermonth, 17 to 20, Kummel (Russtan), 43

Beers Pale ale and light bitter ale, 6 to 7, Indian made pale ale, 5t0 8,
Pilsener, 5 to 6, Black Munich beer, 5, Porter, 5to 6, stout 7to 8, oldale
13 to 14, the native or “tavern” ale of the Nilgms and Bangalore, 8
to 11

Pachuar * strong, 15 to 20, diluted, 5 -

* Brtsh Pharmacopoia 1898
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Toddy Date and Palmyra, 4 to 5, Cocoanut, 8, Sago, 6

Medicated Tines Vibrona, Peptone Wine, and Wine of Cod Liver O1l
19 to 20, Vincarms Aswagandha Wine and Coca Ve, 16 to 18

28 Legal imts for spant strengths —Under the Englsh Food and Drugs’
Act Amendment Act of 1879, mimmum strengths have been fixed of 25°
UP for whiskey, rum and brandy, and 35° UP forgin  The same hmits
have been adopted 1n most provinces in India both as regards imported and
locally made * foreign ” spint, but specially high priced spints have been
exempted In the case of country spints fixed 1ssue and sale strengths are
now generally adopted Those most commonly 1 force are 25° UP and
60° U T, but 15°, 20°, 30°, 40°, 45° and 50° U P have been adopted 1n some
cases In Bengal liquor weaker than 60° U P 1s also 1ssued

CHAPTER IL

Materials. .

20 Sugars and allied substances —Sugars and alled bodies capable of
forming alcohol by fermentation are compoundsof the elements carbon,
hydrogen and oxygen  They contan hydrogen and oxygen m the proportions
necessary to form water se, twice as much hydrogen as oxvgen Thus
dextrose m addition to 1ts carbon, has twelve proportions* of hydrogen and
six of ovygen, and 1s hence able to form six proportions of water, which
consists of two proportions of hydrogen and one of oxygen Bodies of this
nature are cliemically termed carbohydrates, or hydrates of carbon  Starch,
cellulose gum and dextnin are other examples of carbohydrates Carbo-
hydrates may, for the present purpose, be disided intotwo hinds fermentable
and unfermentable The sugars may be divided into simple sugars (Like
glucose or grape sugar), which can be directly fermented, and sucroces,
more complex sugars hihe cane sugar, which cannot be directly fermented
but require to pass through a smple preliminary stage, called imersion
The allied substances hike starch, which 15 the main constituent of cereal grains
such as barley and nce aleo require to pass through a prelimmnary process
called * sacehanfication ™ or conversion into  sugar, before they can directly
ferment under the action of yeast One proof that a substance 1sa sugar 13
that 1t can be fermented 1nto aleohol and carbomc acid gas, and this process

13 termed vinous or alcoholic f ion  Dunng f only about

* The term  proport on s used 1n order to avoid cor leratim of “ators ™ szl
moleet les
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4 or B per cent of the sugar becomes contertible into the substances (other
than alechol and carbome acid gas) which are termed by products,

The yeast takes up about 1 to 1} per cent of the sugar elements dunng
fermentation  No methyl alcohol or “ wood spinit ” 13 formed duning vinous
fermentation

30 The process of wnversion —Cane sugar does not ferment directly as
does glucose It requres first to be changed 1nto a mixture of the ferment
able sugars known as dextrose and levulose The mixture of dextrose and
levulose resulting from inversion 1s an uncrystallisable syrup which has a
sweeter taste even than cane sugar and 1s called mvert suga?, or, com
meraally, *“nvert ”

Dextrose occurs 1 sweet frmits and grape juice, along with eane sugar
and levulose It 13 also found in honey and many kinds of cereals Vhen
starch 13 boiled with dilute acids, water 1s taken up and the starch sphts up
mto dextrose and dextrin

Levulose occurs 1n the invert sugar of honey and certamn fruits, probably
always along with other forms of sugar It 18 chiefly obtained by mversion
of cane sugar by the aid of yeast or dilute acids, or by a special ferment

Inversion 1s caused erther (1) by the presence of a body 1n yeast called
wmvertin  or (2) by the action of dilute acxds such as hydrochloric or sulphuric
This change (1nversion) 13 brought about by the cane sugar takmg up 2
definite proportion of water Inversion occurs at ordinary air temperatures,
but 18 hastened by heating

31 Comersion —* Conversion ™ of starch mto sugar 1s simlarly pro-
duced by another substance present 1n yeast called diastase, or by the action
of acids under artifictally mcreased pressure and heat The starch of mce
1s also convertible into sugar by certain moulds which grow naturally on
the dampmice  In certain parts of India and China, these moulds are collected
and used hke brewer s yeast

Bakhar 1s such an agent mixed with other vegetable substances and caked
T Chozan, Topan, Assamn, Runma, ot , wech montds, wne prepanedan wapertrd
1 small cubes or balls These produce an aleoholic hquor from mece which
may contain over 20 per cent of alcohol, whereas i ordinary vinous fer
mentation the yeast only yields about 15 per cent (by volume) at most

Ordmary distillery washes range up to 10 per cent (by volume) or shghtly
over, but 1n India they often reach a much less amount

32 Caramel Production —When sugars hke dextrose whieh” contamn the
elements of water are heated sufficiently, the water s duven off and a number
of bodies of 1nd p are produced and these are known as
caramel and 1ts denvatives Caramel, or “ burnt sugar " 18 thus not one
substance but & mixture of several It 1s used for colouring and flas ouring
purposes The best method of prepanng 1t 15 described 1n Chapter XT
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33 Materuls commonly used wn Europe —Whiskey may be made from
malted barley or mixtures of the same with various cereals such as unmalted
barley, maize, oats, rye and wheat In Scotland, pot still winskey 1s generally
only made from barley malt In Ireland, a mixture of barley malt and un-
malted barley, oats, wheat and rye 15 employed, and usually four fifths
of the whole mash consists of barley (malted and unmalted) and the remain-
ing one fifth of a mixture of oats, wheat and rye

For whiskey made 1n a patent still the bases used 1n Lngland are chiefly
maize and molasses with some malt In Scotland and Ireland, maize, nee
barley, rye and cats with malt m varying proporttons, according to the parti-
cular flavour required are employed In Germany, Belgium and France,
bects and potatoes are largely used For maling spint for denaturation,
molasses 15 eefly used i England

Brandy —Genuine brandy 1s made from fermented grape jmce which
15 then distilled to separate the spint and its volatile flavounng agents from
the other constituents

The term *‘Lau de tie’ 15 legally appheable to spmt made from wine,
<ader perry grape shins (left after wine maling), chernes, plums and other
fruits and also to a mivture of such Eau de vre with plam epmit made from
gramn, potato or beet root

The best French brandies come from the Cognac region, and are termed
Cognac

Rusn —Genume Rum should be entirely made from sugarcane products
But the term ‘ rum 18 also conceded to what should properly be called
“Imitation Rum”, made from bases other than sugarcane and having the
colour and flavour of rum

Gin 13 o gram st made from cereals, chiefly maize, malt and rye It
<hould be flavoured by redistillation with juniper berries Imitation gins
are plan spints flas oured with genuine gin or more commonly with flavouring
essences §0 as to taste hke gin

31 VMaterals wsed in India —The bases i use 1n India have already

been enumerated m Chapter I, but some further detamls asto them may now
be given

35 Mahua —That which 1s perhaps the most 1mportant of them makua,
nolieq or mhotera 13a base pecubar to India The suzary flowers which fall,
or are collected from the tree known as Bacua latifola are used for making
makua spirt and to a very small cxtent, makua fermented hquor The
tree oceurs in the centril regions of India “ from Western Bengal, Oudh and
Kumion to Gujerat, Kanara and Burma It ascends the lulls to altitudes of
close on 4 000 feet and s often enltinated  Bassia longifolia 15 another vanets
which occurs from the Konkan southwards and replace Bassia latifolia 1n
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4 or b per cent of the sugar becomes convertible 1nto the substances (other
than alcobol and carbome acid gas) which are termed by products,

The yeast takes up about 1 to 1} per cent of the sugar elements dunng
fermentation  No methy! alcohol or “ wood spinit ” 18 formed during vinous
fermentation

30 The process of wnversion —Cane sugar does not ferment directly as
does ghicose It requures first to be changed into a mixture of the ferment
able sugars known as dextrose and levalose The mixture of dextrose and
Ievulose resultmg from inversion 1s an uncrystallisable syrup which has a

sweeter taste even than cane sugar and 1s called invert suga?, or, com
meraially, * 1nvert ”

Dexrtrose occurs n sweet fruits and grape juice, along with cane sugar
and levulose It 1s also found 1n honey and many kinds of cereals When

starch 1s boiled with dilute acids, water 13 taken up and the starch splits up
mto dextrose and dextrmn

Lerulose occurs m the mvert sugar of honey and certain frmts, probably
alway s along with other forms of sugar It 1s chuefly obtamed by inversion
of cane sugar by the aid of yeast or dilute acids, or by a special ferment

Inverston 1s caused erther (1) by the presence of a body 1n yeast called
mvertin  or (2) by the action of dilute acids such as hydrochloric or sulphunc
This change (inversion) 18 brought about by the cane sugar taking up 2
defimte proportion of water Inversion occurs at ordmary air temperatures
but 15 hastened by heating

31 Comiersion — Conversion” of starch into sugar 1s smmlarly pro-
duced by another substance present in yeast called diastase, or by the action
of acids under artificially increased pressure and heat The starch of nice
13 also convertible mto sugar by certamn moulds which grow naturaily on
the damprice  In certain parts of Indie and China, these moulds are collected
and used like brewer s yeast

Bakhar 1s such an agent mixed with other vegetable substances and caked
In China, Japan, Assam, Burma, ete, such moulds are prepared or mmported
1n small cubes or balls These produce an aleoholic hquor from nce which
may contain over 20 per cent of alcohol, whereas 1n ordinary vinous fer
mentation the yeast only yields about 15 per cent (by volume) at most
Ordmary distillery washes range up to 10 per cent (by volume) or shghtly
over, but 1n India they often reach & much less amount

32 Caramel Production —When sugars like dextrose which” contan the
elements of water are heated sufficiently, the water 1s drzven off and a number
of bodies of indefinte composition are produced and these are known as
caramel and 1ts denvatives Caramel, or * burnt sugar,’ 18 thus not one
aubstance but & muxture of several It 1s used for colounng and flavourmg
purposes  The best methed of preparing 1t 1s descibed m Chapter XTI
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33 Matenials commonly used wn Europe—Whiskey may be made from
malted barley or mixtures of the same with various cereals such as unmalted
barley, maize, oats, rye and wheat In Scotland, pot still whiskey 1s generally
only made from barley malt In Ireland, a mixture of barley malt and un-
malted barley, oats, wheat and rye 1s employed, and usually four fifths
of the whole mash consists of barley (malted and unmalted) and the remamn-
Ing one fifth of a mxture of cats, wheat and rye

For whiskey made 1n a patent still the bases used in England are chiefly
maize and molasses with some malt In Scotland and Ireland, maize, nice
barley, rye and oats with malt i varying proportions, according to the partt-
cular flavour required, are employed In Germany, Belgium and France,
beets and potatoes are largely used For malang spinit for denaturation,
molasses 13 chiefly used n England

Brandy —Cenwine brandy 1s made from fermented grape jumce which
15 then distilled to separate the spinit and 1ts volatile flavouring agents from
the other constituents

The term * Lax de t2e * 15 legally applcable to spint made from wine,
cider, perry, grape skins (left after wine making), chernes, plums and other
fruits and also to a muxture of such Eau de t2e with plan spint made from
grain, potato or beet root

The best French brandies come from the Cognac regton, and are termed
Cognac

Rum —Genume Rum should be entirely made from sugarcane products
But the term “rum s also conceded to what should properly be called
* Imitation Rum ”, made from bases other than sugarcane and having the
colour and flavour of rum

Gin1s & gram spint made from cereals, chiefly maize, malt and rye It
should be flavoured by redistillation with jumper berrmes Immtation gins
are plam sprrits flas oured with genume gin or more commenly with flat ouning
essences g0 as to taste hhe gin.

31 Malerals used tn Indie —The bases in use mn India have already

been enumerated n Chapter I, but some further details asto them may now
be gnen

35 Mahua —That which 1s perhaps the most mmportant of them makua,
wmokwa or mhotwra, 188 base peculiar to India  The sugary flowers which {all,
or are collected, from the tree known as Bassia lotifolia are used for maling
makua spirit, and, to a very small cxtent, makhua fermented hquor The
tree occurs in the centril regions of India “ from Western Bengal, Oudh and
Kumaon to Gujerat, Kanara and Burma Tt accends the hulls to altitudes of
close on 4,000 fict and 1s often cultinated  Bassia longifohia 15 another vanety
which oceurs from the Konlan couthwards and replace Dassia latifelia
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South India*”  The flowers of this tree are not used for spint maling The
mahua flowers are cream coloured and occur in large clusters The tree
flowers from Debruary to Apnl  About March the flowers mature, and
continue, till the end of Apnl, to fall to the ground  Eachtree yields from 2 to
4 maunds of flowers The fall of flowers 1s generally complete m about
10 days The collected flowers are dried 1n the sun and turn reddish brown
and have a rather mouse like odour ~ The flowers collected for sale are not
allowed to dry as much as those kept for food  When Lept for some time,
they are liable to become black coloured and of a morst appearance, denoting
partial fermentation Such contam less sugar than the fresher flowers
36 Sugar ~Sugars made 1 India may be clasufied as follows —
(1) Cane juice (ras), (2) Refuse of brused canes {(megass) which 1s termed
pata  (3) the raw sugar, which 1s jaggr: or jaggery, also gur or gul (4)
Rab 13 the juice which has not been boiled down so much as gur and which
13 sold 1n a more hquid condition, (5) molasses and treacle are the unerystallis
able sugars dramed away from gur and rab (molasses 1s known as choa, bhara,
lapta matk , and treacle as putr lat, etc), (6) Country sugar 13 a Iugher
grade article than (3) and one which has been longer boiled than gur and
which on cooling has been stirred tall 1t thickens It 15 not refined and 1s termed
lal shakar, Rhanr, bhura choyanda, etc  (7) Refined or white sugar 13 made
from rab by boihng and clanfying and then the scum (called skira) 1s removed
and finally the sugar 1s drained of 1ts molasses This 1s putrs, or, if further
washed and erystalhsed, 1t 1s termed Akand There are various qualittes
of crystallised sugar or Ahand Trom Ahand are made the white erystalline
sugars termed susre and chine  Kuza Lhand  corresponds to Enghsh
sugarcandy
Sugar spints are made from cane or date gur or shira (either alone or
mixed with makua), cane or date chitta (treacle} molasses jaggery (cane
and palm), ete, the unerystallisable residues bemng generally preferred
Country vinegar 18 often made from shira and pata
37 Other bases —Spint made from makua or sugar bases forms by far the
laxger proportion of that consumed 1 Inda at the present day, but 2 vanety
of others have been, or are still, used either lieitly or ilhaitly The most
important of these 15 toddy, which at one time formed the base of a large
proportion of the spmt drunk in the Bombay and Madras Presmdencies
This spint has now been declared, 1n Madras, to be taxable at the tanfirate
Grain spimts have been made from nce, barley, wheat, millet and marue
or ragy {(Eleusine coracana) Rice spint was at one time extensively manu
factured 1 Bengal The use of this base 15 m some provinces discouraged
as involving a waste of food stuff and also because the illicit manufacture of
rice spint 18 not uncommon and 1t 1s desirable that the licit should be easdy
distinguishable from the illictt article  The only other grain spint of import-

*Watts Commercial Products of India  edition 1908 pages 116 7
1 Watts Commercial Products of Jndw  edition 1908 page 952
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ance 1s whiske; made from malted barley m the Punjab for European con

sumption T'ruits used are raisins and dates 1n Sind , dried apples and pears
1 Kashmir, and, very rarely, pime apples and prickly pear A peculiar
hquer 1s made m Goa from cashew (Anacardum occidentale) This 1s popu

larly beheved to haye dwretic and sweat producing (diaphoretic) properties,
and to be useful when applied externally 1 cases of rheumatism Analvsis
shows that 1t contans, though mn very small proportions, the active principles
of the cashew (127, cardol, which has irntant properties, and anacardic acid,
which 15 an active drug) It 1s not desirable that the spint should be used
for ordinary consumption  Inthe Bombay Presidency its import 1s prohibi-
ted

38 Permussible and wadmissible additions to  liguors —Acacia bark
18 8 legitimate addition to the wash  The fruit of Phyllanthus Emblica known
as amla, aonla, amlaki, daula, or gondhona, 1s a harmless addition to the wash
but permussion to add 1t should always first be obtaned from the xcise
Department

The use of such substances as the folloning at any stage should be stnctly
forbidden —

Dhatura, Indan hemp, Strychnta or Nux TVomica seeds, Opum
or popps capsules, acomte colocynth (bitter apple or tuh),
Termala bellerica (bhawra, sagona) or Termunalia chebula
fruits (harra, Falikka), Sorghum tulgare (juar) root, Gomywn
seeds (Entada scandens) and tobacco
39 Spirit yiclds —The following table which 1s based on results obtatned
at the Central Dxcice Laboratory Ihasauli shows the amounts of fermentable
sugars ordmanly present 1n makua, gur, shira, and jaggers —

| Tomavsvasss rerernr £
Fousltt [ o
— theorcticat) 2
' e
Dases. £ g Tovert sugars | Canesugar | JLIBRCE s
& E . Jrool ST
H £ i, [ ZE
E = £
Tereent | Percent | lereent Ter eent Per eent
Anhua ¢o 528t 570 °}toss 2to1s eo | so
cr s 550 i3 8to1°5 | ditatrs o1 |54
avera,e 102 | average 344
Sira s -1 331 | 33101875 | 2135t0802 s | e
avennze 143 | average 33
Joggery [ 08 €310658 ~ijes

210183
jsverage 3021 | average 36

* VWhen makua solutions are examined by the polaricope thev usaall t
fuactive as the levulose present balances the destrose It n!n' alo ln-(::u:l :22‘:’: -::h:
;l c' l'eluhle solids not susar  average 115 the teolutle matter 15, and tke moutore, 16
per een

10l makua ramples Tay contain s batle as 340,
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Other bases nsed give, with skilful working, the followmng yields —

220 Ihs Vheat Freld 70 gallons alcohol
Rice 7 .
,  Rye 61 .
,  Bailey 55 s
’ Oats 48 N
Indian corn 50

‘Wheat gives a malt as rich as barley 1n some respects, but 18 searcely ever
used 1n India  Rice, oats, Indian corn and rye have so much value as foods
that they are comparatively rarely used unless damaged

Sweet cassava root 18 also occasionally used A ton of root (contaming
23 per cent of starch) should yield about 38 gallons of alcohol at 90 per cent
by volume

CHAPTER III.

Fermentation and the Use of the Saccharometer.

40 Se'ting up the wash —Tive agents are needed to produce alcohohe
fermentation —

(1) Sugar, (2) Water, (3) Ferment, (4) Heat, and (5} Awr In
the absence of any of these fermentation cannot proceed
In spint mannfacture by European methods thé materal used, called the
fermentative base, 15, after mversion or conversion, if these are required,
steeped 1m hot water to extract the sugary matter The resulting solution
«of sugars 1s termed the wort To this wort, when cooled to a particular tem
perature, the ferment yeast 13 added 1n order to start fermentation This
18 termed “ setting * or “ mtching * the wort The yeast should have been
grown under such conditions that 1t consists entirely of pure yeast In the
presence of pure vigorous yeast, other germs (wild yeasts, acid forming germs)
tend to die The Indian distiller, however, and Ily the Europ
distaller i Indra also does not add a special yeast to us fermentative material
<hiefly because a supply of pure yeast 1s usually not avatlable Moreover,
some yeast 13 naturally present in lus fermentative bases and the temperature
employed mn extracting the sugars 1s not high enough to kill this yeast On
the surface of mahua flowers, gur, etc, certamn yeasts are to be found and
these start fermentation as soon as the sugars pass 1to solution For this
reason the sugary solution rarely exists as a true wort, which 18 properlv an
ed iquid but b almost at once techmeally 2 wash, that 1s to
say, a fermenting or fermented hqmd Thus the term wash has for conve-
nience been ndupted heremn for all distillery liquds before distillation A
process Jogous to “ pitching the wort * 1m Buropean distillenies
cnsts n some Indizn distillenes m whch a proportion of what 1s termed
“ active wash ” 13 added to the wash as 1s described 1 a later paragraph
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41 Methods of dealing wutk the solid matter 1n mahua washes —The pitchuing
of washes made from sugar bases which can reachly be dissolved, presents no
difficulty The conditions under which makua washes can best be fermented
have not jet been properly worked out The common indigenous process 1s
simply to mix the mahua with spent wash and water, to depend on natural
fermentation and to pass the whole wash when fermented mcluding the solid
matter, into the still  This 1s a process that results both 1n waste of matenals
and 1 the production of an imnferior spint, as will be shown later Several
attempts have been made by breaking up the makuc to produce a wash
simlar to that made from potatoes but so far no satisfactory process has
been evolved DMore success has attended experiments with the difiusion
process In this 1t 1s usual though not absolutely necessary, to place the
mahua first 1n a covered raised tank, preferably with a conical foot to add
suffictent water and then to turn on hot water (or steam through a number
of jets) so as to ensure thorough mixture When a considerable part of the
sugar has been dissolved 1n this way the mixture 1s distributed over a series,
or battery, of wooden vats with perforated false pottoms  In these the malua
1s further macerated by hot water passed through the battery being kept hot
by a coil of steam pipes meanwhile  Bj this means practically all the sugar
1s dissolved out 1n six or eight hours and the wort 13 ready to be poured into
s fermenting vat the mahua being removed through the hitherto closed false
bottoms of the maceration vats It will be observed that if steam or botling
water has been used o wash so prepared contamns no hye yeasts and that
these must be added 1n the form of active wash  or as a specially prepared
jeast before 1t will ferment

42 Proportion of uater to matersals and dilution of wash —It 18 smportant
not to use too strong a sugar solution  The chief reason for this 1s that
alcohohe fermentation cannot proceed m a wash that contains more than
a certamn percentage generally 10 per cent of its bulk of alcohol, so that
any sugars that remain in the hiquor after this pomnt has been reached are
wasted It has long been kunown that with less than four parts of water
to one of sugar fermentation tahes place imperfectly or not at all  There
15 & tendency in Indis to use less water than this proportion which results
m waste especially m the case of a base like malua which requires a large
amount of water to extract the sugar from 1t  In Europe where the amount
of sugnr extractable from any base 1s well known or carefulls found by ex
penment beforchand  the actual proportion used 1s most earefully regulated
by the help of an nstrument called a saccharometer and if too much sugar
1present in the wort wateris added in order to dilute to the neces.ary degree.
The saccharometer s fully described later 1o this Chapter In anv compan
<on of y1elds the number of pounds per maund should be stated as the maund
vones i different Provinces

43 Onginal gravity —The denuty or gravity noted when the wort or
wash 1s first preg ared 1s hnown as the first or ongmal gravity to distinguich
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Other bases used give, with skilful working, the following yrelds —

220 bs VWheat yield 7 0 gallons alcohol
,  Rice 77 y
’ Rye 61 "
Barley 55 ,
s Osts 48 "
Indian com 55

Wheat gives 2 malt as rich as barley in some respects, but 19 scarcely ever
used 2 India  Rice, oats, Indian corn and rye have so much value as foods
that they are comparatively rarely used unless damaged

Sweet cassava root 18 also oceasionally used A ton of root {contamng
23 per cent of starch) should yield about 38 gallons of alcohol at 90 per cent
by volume

CHAPTER III.

Fermentation and the Use of the Saccharometer.

40 Sefting up the uash —Five agents are needed to produce alcohohe
fermentation —

(1} Sugar, (2) Water, (3) Ferment, (4} Heat, and (5) Arr In
the absence of any of these fermentation cannot proceed

Tn spmt manufacture by European methods thé matenal used, called the
fermentative base, 1s, after inversion or conversion, if these are required,
steeped 1 hot water to extract the sugary matter The resulting solution
of sugars 1s termed the wort To this Wort, when cooled to a particular tem-
perature, the ferment yeast 1s added 1n order to start fermentation Ths
18 termed “ setting ¥ or  pitching * the wort The yeast should have been
grown under such conditions that 1t consists entirely of pure yeast In the
presence of pure vigorous yeast, other germs (wild yeasts, acid forming germs)
tend to die The Indian distll r, and lly the Europ
distaller 1n India also, does not add a special yeast to his fermentative matersal
chiefly because a supply of pure yeast 1s usually not available Moreover,
some yeast 1s naturally present mn his fermentative bases and the temperature
employed 1 extracting the sugars 1s not high enough to kill this yeast On
the surface of makua flowers gur, etc, certain yeasts are to be found and
these start fermentation as soon a8 the sugars pass mto solutton For this
reason the sugary solutton rarely exists as a true wort, which 1 properly an
unfermented liquid but becomes almost at once techmically a wash, that 1s to
say, a fermenting or fermented hquid Thus the term wash has for conve
nience been adopted heremn for all distillery liquds before distillation A
process somewhat analogous to * pitching the wort " 1o European distillenes
exists i some Indian dstilleries 1n which a proportion of what 1s termed
““active wash ” 13 added to the wash as 1s described 1n a later paragraph
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41. Methods of dealing w:th the solid matter 1n mahua waskes —The pitching
of washes made from sugar bases, which can readily be dissolved, presents no
difficulty The conditions under which makua washes can best be fermented
have not yet been properly worked out The common ndigenous process 1s
simply to mix the mahua with spent wash and water, to depend on natural
fermentation, and to pass the whole wash when fermented, including the solid
matter, into the st1ll  This 15 & process that results both 1n waste of matenals
and 1 the production of an imferior spint, as will be shown later  Several
attempts have been made, by breaking up the makua, to produce a wash
similar to that made from potatoes, but so far no satisfactory process has
been evolved More success hes attended experiments with the diffusion
process In this 1t 15 usual, though not absolutely necessary, to place the
mahua first 1 a covered rased tank, preferably with a comieal foot, to add
sufficient water and then to turn on hot water (or steam through a number
of jets) 50 as to ensure thorough mixture When a constderable part of the
sugar has been dissolved mn this way the mixture 1s distributed over a seres,
or battery, of wooden vats with perforated false pottoms In these the makua
is further macerated by hot water passed through the battery, being Lept hot
by a coil of stem pipes meanwhile By this means practically all the sugar
1s dissolved out in six or eight hours and the wort 18 ready to be poured nto
a fermenting vat, the makua being removed through the hitherto closed false
bottoms of the maceration vats It will be observed that, if steam or boiling
water has been used, a wash so prepared contans no Iise yeasts and that
these must be added tn the form of * active wash’ or as a specially prepared
yeast before 1t will ferment

42 Proportion of water to materials and didution of wask —It 18 important
not to use too strong a sugar solutton  The chief reason for this 1s that
alcoholic fermentation cannot proceed n a wash that contamns more than
a certain percentage, generally 10 per cent of its bulk, of alcohol, so that
any sugars that remam 1n the hquor after this pomnt has been reached are
wasted It has long been Lhnown that, with less than four parts of water
to one of sugar, fermentation takes place imperfectly or not at all There
18 8 tendency 1n India to use less water than this proportion which results
m waste, c:pocm“) m the ease of a base hike makua which requires a l:u’gc
amount of water to extract the sugar from it In Europe, where the amount
of sugar extractable from any base 1s well known or carefully found by ex-
perniment beforchand, the actutl proportion used 1s most carefully regulated
by the help of an instrument called a saccharometer, and if too much sugar
18] resent n the wort, water 1s added n order to dilute to the necessary degree.
The =accharometer 1s fully descnbed later 1n this Chapter  In any compari-
<on of y1elds, the number of pounds per maund should be stated, as the maund
sanies in different Provinces

43 Onginal gravty —The denuty or granity noted when the wort or
wach a3 first prepired 1s known as the first or onginal gravity to distinguich
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1t from the lower gravities found as fermentation proceeds, that 1s, as the sugar
which 1sheavier than water, 1s changed nto alcohol, which 1s lighter than
water

With some Indian fermentative bases, the first gravity does not entirely
epresent sugars or other fermentable substances and further experimental
work 18 required to ascertan what proportion represents non fermentable
materials in solution It 1s known however, that the first or onginal gravnity
1 Indian distilleries not under shilled management 1s frequently too high
For patent Stills the most suitable onginal granty s 1045°-1050° whilst
for pot still a somewhat higher onginal gravity should be employed as being
more economical  Drfferebt qualities of makua or of gur, etc, yield different
quantities of sugars 1n solution so that 1t 1s impossible to direct that so many
gallons of water shall be added to so many maunds of the fermentative base
as the resulting gravity will vary with the quality of the base employed Con-
sequently 1t can only be lud down, firstly, that the most swtable mtial
gravity for the different kinds of bases under different conditions should
first be determined , and secondly, that it should be ascertamed by the use
-of a saccharometer that this gravity has been attained before any fermenting
agent 13 added to the wash

44 Yeast and the use of aciue wash —The culture and prescrvation of
jeasts sutable to different washes 13 a study 1n itself and one with which
hittle progress has been made in India It 13 not proposed therefore to discuss
here the expenments that have been made It may be safely said, however
that expenments with brewer’s yeast for mahua washes have not been gen
erally successful and that a cheap and satisfactory yeast for the fermentation
of mahua washes has yet to be discovered The smaller Indian distsllenes
depend entirely on the wild yeasts present on the mahua The more ad-
~vanced 1mprove on this somewhat by adding to the wash when set up erther
a portion of an already fermenting wash from another vessel ora portion
of a specially prepared fermentation In either case the yeast 1s impure and
the consequence 1s that, although the distiller may have!every other re
qusite for proper fermentation, he can never control the process m an exact
manner Asa result the wash becomes contamnated mn many cases to a
disadvantageous extent by acid producing germs which tend not only to
make the liquor sour, but to stop fermentation before all the sngar in the
wash has been converted mto alcohol The acid so produced 1s distilled over

to an undesirable extent along with the alcohol and, if the spint 15 weak,
the zeid 1 1t tends to make 1t increasmgly sour Such spints keep and
carry badly

45 Use of ‘“spent wash™ an subsequent fermentation —The wash m

wany distillenies when set up 1s mised with a proportion of spent wash
This must not, be confused with the proportion of * active ” wash added
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an order to help to set up fermentation The eflect of adding the spent
wash 1s to restramn the growth of acid forming germs and to act asa
yeast food If added when still boilng to the dry mahua 1t may have the
effect of stenhzing the wash Spent wash contamns some phosphates and
mitrogenous matter which are good yeast foods It also contans lactic
and other orgamc acids which within certam Imuts help to make the
yeast more vigorous and also to check the growth of acid producing
germs Mimneral acids, such as sulphuric acd, do not act so well as
organic acids for this purpose The Indian distiler acts empinically
this matter of adding spent wash, probably from previous observation or
custom, which shows 1t to be a useful plan n practice One nsk of this
haphazard method 1s that wild yeasts of undesirable type get nto the
wash and stop fermentation before all the sugars have been used up and
these wild yeastsalso tend to produce deleterious substances which distil
over with the alcohol

&

Any change mn such matters 1s likely to be very slow in India  But

the contmuance of the present crude methods means wasteful and danger-

ous manufacture, which cannot be efficiently controlled by the Excise
or by the distaller

16 Other additrons fo the wash —Such substances as Ammonium
Sulphate 2nd Sulphuric Acid are occasionally added to the wash with
the view of quickening fermentation  Ammomum Sulphate 1s added
as a mtrogen contanung food for the yeast Sulphune Acd 13 added
to restrain the undue production of acid forming germs such as the
acetic and lactic ferments and by so domg to lessen imterference with
the yeasts action Both these methods tend to quichen the course of
lealthy fermentation and are used mn certain of the larger distillenes
with satisfactory results The bark of the Acacia tree, known as babul
or telam (probably an abbrevistion of the Tamul Iurrurelam), 1s largely
used 1n sugar washes 1n the Madras and Bombay Presidencies and else-
where Its action 1s duc to the tanme acd 1t contams, which acts by
preapitating  albummous matter {rom the wash, thus facilitating fers
mentation It also tends to chech excessive acid formation  the wash
Other spectes of acacin as well as the above mentioned AAcacta aralica sre
used for the sume purpose fmla 1s used for a stmlar purpoce n
Central Indiv and elsewhere Tlis 1s the astringent frunt of Phyllanthus
Fmblica  Tts action 13 due toats tanme acsd  Carbolic aer 1 has occasionally
Leen used to restrun the growth of 1 organisms in the wash or to clean out
furmenting vats after use It should never be used for any such purpo es as
1t <pails the ~mell and taste of the liquor and 1f used 1n sufficrent quantities
m cquse actmal ssmptoms of powsoning

17 &alts wheeh ad or check fermer tation —Certam <ilts wlen prescnt
help forme itation, for exampl, sulphates of sodm, pota iy ammoniam,
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calerum (lime), zinc, copper or aluminium, chlorides of sodum or potassium,
calclum or ammontum , tartrate of potassium, lactate of sodium

Fermentation 1s hindered by—
Sulphates of won and manganese, mtrates of potassium and
ammonium, etc

48 Ezamples of well proportioned washes—An excellent example of
a well proportioned molasses wash 1s ag follows —

50 per cent palmyra and cane runnings, 25 per cent of cane treacle
25 per cent of palmyra treacle Water 1s added til the
density 13 1050°  Then to each 3,000 gallons of wash, 4 lbs of
brewer’s yeast, 75 Ibs of acacia bark, 5 1bs of ammomum
sulphate and 40 ounces of sulphuric acid are added

As an exnmple of the proportions used elsewhere, the following wash
may be taken —

65 Bengal maunds of makua, 100 gallons of spent wash, 1,800
gallons of water, 8 drachms of commercial sulphunie acd,
and 4 pound of ammontum sulphate

49 Aeration of the wash —Air 1s particularly necessary at the beginmng
of fermentation Certain distillers hold that after fermentation has been
ireely started, the vat should be covered and the layer of carbomeacid gas
resting on the higquor's surface should not be disturbed, adding that, if 1t 1s,
acid fermentation results and that this 1s especially apt to occur towards
the end of fermentation  But 1t 15 certain that excellent results are obtamed
by the use of vats uncovered during fermentation It 13 a good plan, how-
ever, to cover the vat towards the end of fermentation m order to lessen
evaporation of alcohol and msk of over-acidity To keepthe true yeast
healthy, especially 1f the ortgnal supply 1s small, 1t may be necessary to further
aserate the wash by stirmmg 1t Yeast requres a certamn amount of oxygen
for 1ts existence and more especially for development and growth In some
modern dxshllemes, where the manufacture of yeast as an article of commerce
25 d. Jtaneously wib mapnfs of sleohol, 2 gentle stream
of ar 15 continuously pumped 1 during fermentation  Fermentation under
Indian conditions usually slows down because the yeast employed 15 weak
1n character and small in quantity, and aeration 13 necessary 1 these cases
Stirmng also more effectually buings unfermented portions of the wash it
contact with the healthy yeast cells

50 Strnng the wash, and frothing —Stinng should never be effected
by thrusting the arm into a fermenting cask or small vat, as 18 often done
i Induan distitleries A wooden pole with 2 broadened end should be
used Ifmarked frothing of the wash occurs, stirring 1s inadvisable  Frothing
over 1s best avoided by the use of sufficiently deep vats  The loss from froth-
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ing can often be hept within fair himits by beating down the froth without
stirring up the wash, wmith flat preces of wood Besides the loss, the con
tammation of the fermenting room floor 1s to be strictly guarded against
Froth which has heen allowed to overflow from such a fermentation will
often prove a source of frothing 1 later fermentations

51 Means of requlating the temperature of the wash —The temperature
of the wash must not mse too Ingh or fall too low, as in the first case mproper
fermentation results and m the second case fermentation 1s arrested The
lowest pomnt at which fermentation can proceed 1s 59° I'ahr , and about
82° Fahr 1s the most favourable temperature for vigorous fermentation
This regulation of temperature can most readily be effected by placing a
coil of metal tubing in the wash and then passing through the coil a current
of cold or of hot water as may be required Such a coil 18 termed an * at-
temperator”  Evaporation from the outside of the earthen pots used n
crude Indian distillenies acts to some extent 1s a means of cooling the wash,
but 1n such cases no regulation of temperature 1s possible and the igh air
temperatures, though promoting evaporation when the awr 1s dry, i many
places reduce the cooling effect to negligible dimenstons

The eflects of a temperature higher than 82° Fahr are—
{2) Increased production of fusel o1l and ethers,
() Lessening of the activty of the yeast,

() Greater tendency to help the growth m the wash of harmful germs,
such as those producing acetic lactic and butync acids, which
stop the action of the yeasts and hence lessen the production
of alcohol  The later stages of alcoholic fermentation are the
most dangerous as regards excessive acad production  Differ
ent yeasts differ considerably m their sensitiveness to acetic
acid, but most yeasts power of workmng 1s hindered or stopped
by 1ts presence m a proportion of one per cent One half per
cent of Inctic acid or even ,Yth per cent of butyne acd
scrrously anterferes with the yeasts action, while fermenta
tion stops when the ethylic alcohol present 1n the wa<h amounts
to 15 per cent the amylic aleohol to 1 per cent, the butvhe
alcohiol to 25 per cent, or the propylic to 10 per cent The
average amount of ethyhic aleohol 1n spint washesin India may
be tahen as about 10 per cent

52 Tume to be alloved for fermentation —The proper length of fermentation
dupends on many conditions <uch as the quantity of wach, temperature,
actinty and punty of the veast , quality of the fermentative bases usad ete
Much thus turns on the <kl and care of the distiller and the v~ of appropnate

C
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plant and matenals The times allowed by various distillers {hroughout
India 1 1905 06 were ascertamed to be as follons —

Base u ed Hot weather Cold weatler
Madras—
Jaggrs or molasses 28--32 1 ours 32—3 hours *
Do 6—8 days 7—9 days
Treacle and cane runnings 36—40 hours 40—48 hours*
Jaggre 1014 days 1216 days
Do 6—8 1314
Do 8
Bombay—
Malua jaggr raisms 56 7—10
Mahua 6—8 8—10
Do 6 7 7—8
Do 4 N
Do N
Do 34 56
Molasses 15 6—7
Toddy 2—3 3—
Do 3 5
Dengal ard Eastern Bengal—
“Makua and molasses 6—17 10—1°
o 4—8 6—8
Mahua and gur 3—o 6—3
Do 14— 517
o 40 6—7
akuo 35 6—10
o 517 7—9
Do 4—6 6—10
Do 34 6—17
Cane gur 1317 1722
3 910 13—15
Do 19 21
Date and cane molasses 9 12
Date gur 710 101
™~ Date 12
Unated P o1 nees—
Bahua and sh ra 35 days upto9
Mahua 35 up to 9
Sk a uptod  *
Pungab— e
Mola ses 4 days 5
Gur or khand rab (Full d st llery) 3—4 67 *
ur 3—6 67  *
Gur £0 hours 7% hours*

* The d tllenes at wl ch th se per ods vere allowed are under Luropenn management

The great vanations according to chmate season of year quality of
matenals used care and skill of distiller are sufficiently mdicated 1n the ahove
statement  Some of the longest fermentations met with are those m whick
7aggre or gur have been used but on the other hand the most rapid fermenta
tion among the examples mven was one of gaggry or molasses A badly
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conducted jaggr: fermentation may last a fortmght, which 1s, of course,
o very objectionable condition of affairs from the pomt of view of economy
of working and the quahty of the resulting lLquor The crude toddy ”
fermentations run therr course 1n 2 to 3 days in summer and m 3 to
5 days in winter, <o that toddy 1s by far the most quickly and easly
fermented of the bases used in Indian distilleries, though mn other respects
an undesrable base 1n practice Makua 15 ordinanly a slow base to
ferment, but this, agan, 1sa result of the crudity of the process generally
emploved

53 Methods of determaimng when the wash 5 ready —Indran dis
tillers frequently dectde when the wash should be removed for distillation
merely by 1its alcoholic odour, sound of bubbling or the non appearance of
gas bubbles on 1ts surface Some pass the wash to the stll after a fixed
pertod without reference to 1ts actual condition  The rough tests mentioned
are musleading, as a powerful alcoholic odour only proves loss of alcohol by
evaporation, whilst gas bubbles may and do emerge long after true vinous
fermentation 15 complete The d of an over prol d fermenta
tion 15 a most important matter The alcohol m a wash goes on collecting
until a point 1s reached at which 1t 1s present n sufficient amount to check
any further action of the yeast From this pont onwards, fermentation
dies away and the active bubbling of the liqud ceases Entangled gas
bubbles, however, may escape for days afterwards so that an instrument
which shows when aleohol 15 no longer beng formed has to be employed
A daily exarmnation of the fermenting wash by testing the gravity with the
saccharometer 1s thus of the highest mportance to decide when alcoholie
fermentation 15 really complete (as 1s further explained m the succeeding
section) The proper way of deternuming whether fermentatior 1s com-
plete 15 by (1) obeerving the temperature by means of a thermometer , and
(2) seemng whether thy speaific gravity of the wash 1s stationary or not by
means of a saccharometer At the of fer 4 the
temperature begins to nise on account of the heat produced by the chemical
changes occurnng , 1% attams a maximumm, or highest pomt, and then falls
to a stationary pomt The spectfic gravity steadily falls as fermentation
proceeds, as the heavier sugar 1s turned into the hghter alcohol and gas
When the specific gravity 1s at a stationary pomt, fermentation 1s complete

Ezample . —

Aleohol
Stage of fermentation Spearfic | Gojume | Acdity | Temperature,
gty | poome | percentage | Fake

Oan setting up fermentation 11006 04 036 e
1 day later 10067 I 051 80°
2 days Inter 10289 In 081 75
3 R . 1028 97 10 0
A DL wms 96 10 700
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plant and materrals The times allowed by verious distillers {hroughout
India 1 1905 06 were ascertamned to be as follons —

Base used Hot weatler Cold weather
Madras—
Jaggrs or molasses ©8—3° 1 ours 32—36 hour *
Do 6—8 lays 7—8 lays
Treacle and cane runn ngs 36—4010 18 40-—48 hours*
Jaggrs 1014 days 12—16 days
Do 6—8 13—14
Do 6 8
Bombay~—
Malua gaggre rasns o—6 7—10
Hahua 6—8 8—10
Do 6— 7—8
Do L 5
Do ° 8
Do 34 5—6
Molasses 45 6—7
Toddy 2.3 3—5
Do 3 5
Bengal and Eastern Bengal—
Mahua and molasses 6—7 10—1?
Do 46 6—8
Mahua and gur 35 6—3
Do 45 57
Do 45
Mak o 3—0 6—10
o 517 7—9
Do 4—6 6—10
Do 3—4 6—1
Cane gur 18-17 1772
o 9—10 13—15
Do 19 1
Date and cane molasses 9 12
Date gur 7—10 10—15
™ Date 12
Un ted Prot nces—
Malua and sh ra 3.5 days up to 0
Mahua 35 up to 9
Sk ra uptod *
Punjali— -
Molasees 4 days 5
Gur or kkand rab (H {l distillery) 34 6—7 ¥
Gur 3—6 6—=7_ *
Gur 60 hours 79 hours*

* The ! t lleries at wh ch these periods were allowed are under European management

The great vanations according to chmate season of year quality of
matertals used eare and shill of distiller are sufficiently mdicated 1n the above
statement  Some of the longest fermentations met with are those i which
1aggri ot gur have been used but, on the other hand the most rapid fermenta
tion among the examples given was one of jaggrs or molasses A badly
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conducted jaggre fermentation may last a fortmght, which 18, of course,
a very objectionable condition of affairs from the pomnt of view of economy
of working wnd the quality of the resulting liquor The crude toddy ~
fermentations run their course 1n 2 to 3 days in summer and 1 3 to
5 days in winter, <o that toddy 1sby far the most quckly and easmly
fermented of the bases used in Indian distillertes, though 1n other respects
an undeurable base in practice Mahua 13 ordmnanly a slow base to
ferment, but this, agamn, 1sa result of the crudity of the process generally
employed

53 Methods of determuung tchen the wash 15 ready —Indian dis
tillers frequently decide when the wash should be removed for distillation
merely by 1ts aleohelic odour, sound of bubbling, or the non appearance of
gas bubbles on 1ts surface Some pass the wash to the still after a fived
period without reference to 1ts actual condition  The rough tests mentioned
are musleading, as a powerful aleoholte odour only proves loss of alcohol by
evaporation, whilst gas bubbles may and do emerge long after true vinous
fermentation 1s complete The avoidance of an over prolonged fermenta
tion 1s & most important matter The aleohol 1n a wash goes on collecting
until & pomt 1s reached at which 1t 18 present 1 suffient amount to chech
any further action of the yeast From this pont onwards fermentation
dies away and the active bubbhng of the hqmd ceases Entangled gas
bubbles, however, may escape for days afterwards so that an mstrument
which shows when alcohol 13 no longer being formed has to be employed
A daily examination of the fermenting wash by testing the gravity with the
saccharometer 13 thus of the highest importarce to decide when aleoholie
fermentation 1s really complete (as 1s further explamed 1n the succeeding
section) The proper way of determiming whether fermentation 13 com
plete 13 by (1) observing the terperature by means of a thermometer , and
(2) seetng whether the specific gravity of the wash 1s stationary or not by
means of a saccharometer At the of fer the
temperature begins to nise on account of the heat produced by the chemical
changes occurning , 1t attamns a maximum, or highest pomt, and then falls
to a stationary pomnt The specific gravity steadily falls as fermentation
proceeds, as the heavier sugar 15 turned into the highter alcohol and gas
When the speaific gravity 15 at & stationary pomnt, fermentation 1s complete

Ezample . —

Alcohol
Stago of fermentation S&E‘f‘l‘tﬁ" volume Acidity | Temperature,

ERRYY o centage | Pereentage hr
On setting vp fermentation 11006 04 036 50
1 day lat 10567 64 0ol 80°
2 days Tater 10289 94 081 To°
3, . 10218 97 10 w0
4w om « . .| 1028 96 10 70
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conducted jaggr: fermentation may last a fortmght, which 1s, of course,
a very objectionable condition of affairs from the pomt of view of economy
of working and the quality of the resulting liquor The crude toddy =
fermentations run their course i 2 to 3 days in summer and m 3 to
5days in winter, <o that toddy 1sby far the most quickly and easly
fermented of the bases used mn Indian dstilleries though m other respects
an unde iwable base 1n practice Mahua 1s ordinanly a slow base to
ferment, but this, agmm, 158 result of the crudity of the process generally
employed

53 Methods of determiming then the wash 15 reedy —Indian dis
tillers frequently decide when the wash should be removed for distillation
merely by 1ts aleoholic odour, sound of bubbling or the non appearance of
gas bubbles on 1ts surface Some pass the wash to the still after a fixed
period without reference to 1ts actual condition  The rough tests mentioned
are misleading, as 2 powerful alcohole odour only proves loss of alcohol by
evaporation, whilst gas bubbles may and do emerge long after true vinous
fermentation 15 complete The d of an over prok d f
tion 13 a most 1mportant matter The alcohol m a wash goes on collectmg
until & pomt 1s reached at which 1t 1s present m suffictent amount to check
any further action of the yeast From this pomnt onwards, fermentation
dies away and the active bubbling of the liqud ceases Entangled gas
bubbles, however, may escape for days afterwards so that an instrument
which shows when alcohol 1s no longer being formed has to be employed
A daily exammation of the fermenting wash by testing the gravity with the
saccharometer 13 thus of the highest importance to decide when alcoholic
fer 13 really plete (as 15 further explamned in the succeeding
section) The proper way of determiming whether fermentatiof 15 com
plete 1s by (1) observing the temperature by means of a thermometer , and
(2) seemng whether the specific gravity of the wash 15 stationary or not by
means of a saccharometer At the commencement of fermentdtion, the
temperature begins to rse on account of the heat produced by the chemical
changes occurring , 1t attans & maximum, or highest pomt, and then falls
to a stationary pomnt The specific gravity steadily falls as fermentation
proceeds, as the heavier sugar 1s turned mto the hghter alcohol and gas
When the speaific gravity 1s at a stationary point, fermentation 1s complete

Lzample . —

Alcohol
Stage of fermentation Speaific volume Avdity | Temperature,

granty | oo | percontage ahr

On sctting up feementation 11006 04 036 0
1 day later 10067 64 0,1 80°
2 days later 10289 94 031 o
., 10748 97 10 0
1, . . 10218 96 10 -0
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The above records show that (1) the specific grawity fell steadily
(attenuation) and was stationary three days after fermentation began, (2)
the proportion of aleohol formed mn the wash steadily rose to & maxmmum
on the third day and on the fourth day fell very shghtly, m this case pro
bably because of loss from evaporation, since no ncrease of acidity occurred
at the expense of the alcohol, (3) the acidity rose steadily to a maximum on
the third day after fermentation, (4) the temperature rose to a highest-point
and then fell, remaining stationary on the third and fourth days It will
also be observed that 1t 15 a record of continuous observations that 1s needed ,
and that unsystematic or occastonal testing 1s useless

As soon as the fixed attenuation pont has been reached there should
be no delay 1o running the wash into the still and starting distillation  If
there 15 a delay, a second fermentation begins, and this 1s really of the nature
of d position or putref In such a case, harmful volatile subs
tances are apt to be formed i the wash, and the change most readily noticed
15 1ts 1ncreasing sourness and disagreeable odoux

In the indigenous method of working makue 1t 13 1mpossible to obtam
the ongnal gravity by the saccharometer, but by using the diffusion process
this dufficulty 18 overcome It 1s claimed that, if the makua flowers are placed
1 the stil], a fuller flavour 1s obtamed, but the diffusion process gives a like
result 1f the spint 15 distilled to a fauly low strength

54 Necesstly of cleanlness —An essential to a properly controlled fer-
mentation which cannot be too frequently nsisted upon 1s absolute cleanlt
ness at all stages of the process Ths should commence with the water
supply, which should be ample and of good quality, and with the stores
for the buses, which should be well flocred, pukka bwldings, and kept as
free from flies as possible The fermentig sheds should have pukka brick
roofs or other cool roofing matenal, and pukka floors, which latter should
be regularly washed down  The spilling of wash on the floor should be
avorded Termentation should be carried on 1 vats, which should pertodi
cally be thoroughly cleaned, and not i earthen ghurrahs, which lend them
selves to the accumulation of dirt  Neglect of these precautions leads to the
contamination of the fermenting wash by microscopic germs which produce
acds, thus helping to sour the liquor, or by wild yeasts which produce
defective fermentation and tend to prevent the action of the more smtable
‘ancties of yeast when present Even greater precautions are necessary
when special yeasts are prepared for additron to the wash

65 Method of cleantng Jermentation vats —In custillertes where steam 13
available 1t should of course be used for cleaning out the vessels ond this
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should be followed by scrubbing  When steam 1s not available, the following
process may be adopted —

As soon as the wash 1s run out of the vats they should be well cleaned
with hot water and a thin paste of hme (quickhme if pro
curable ) <hould then be thoroughly brushed over the interior
Before refillng the vats with wash the solution of lime should
be carefully washed off with water up to the probable surface
level of the wash to be placed m the vat Above the level
of the wash the lime coating should be allowed to remam un
disturbed as 1t will be fournd greatly to assist the cleaning of
the 1at afterwards all scum thrown up and adhering to the
sides being easily removed along with the lime Sulphurne
acid 15 used m some Indian distillenies for cleansing the fer
mentimng vats after use  This 1s unobjectionable The strength
1n which 1t may be used 13 1 part of strong commercial sulphunc
acd to 40 parts of water This 1s roughly about half a pmt
of the acid to an ordinary sized bucket (of 23 to 3 gallons capa
aity) filled with water Such buckets should be wooden and
not metal as the acid will act on the latter and corrode 18

56 Description of the thermometer and mode of use —Thermometers
are Imstruments for measuning temperature by means of the expansion by
heat or contraction by cold of a column of mercury m a capllary or hair
like tube Every thermometer has a round or cylndncal bulb at one end
of this capillary tube and the opposite end 1s closed Between the top
of the capillary tube and the top of the mercury column 1s a vacuum or space
empty of arr  The expansion of the mercury column 1s measured by a scale
which 15 graduated erther on the stem itself (the preferable form) or on an
wvory or wooden frame to which the bulb and stem are attached BMercury
15 chosen as the ligmd best swited for use in 2 thermometer as 1ts expansion
1s regular and 1t only freezes or boils at temperatures never encountered 1n
Excise work The thermometer 15 divided into a number of division«
(degrees) according either to Tahrenheit s orthe Centigrade (Celsius’s) scale
In Fahrenkert s which 1s that ordmanly employed m India for Excise work,
the higher point corresponds to the P e of boillng water but the
zero or 0 point represents the temperature obtamed by mixing equal weights
of snow and ammomum chlorrde The scale between these two pomnts 1s
equally dided mto 212 degrees Fahrenheit s thermometer 1f placed 1n
melting ice reads 32 degrees—the  freezing pomt  if placed 1n boiling water,
212 degrees The Centigrade thermometer 1s divided nto 100 degrees
between the freczing and boling pomts of water,—the freezing pomnt 1s
0 or zero, and the boling pomt of water 15 100°, hence the name Centigrade,
or 100 steps scale  Temperatures below zero are denoted by the minus sign
To convert a ti expressed 1 degrees Tahrenhert to degrees
Centigrade subtract 32 multiply the result by 5 and then dide by 9 To
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The sbove records show that (1) the speafic gravity fell steadily
(attenuation) and was stationary three days after fermentation began, (2)
the proportion of alcohol formed i the wash steadily rose to a maximum
on the third day and on the fourth day fell very slightly, i this case pro
bably because of loss from evaporation, smee no of acidity occurred
at the expense of the alcohol, (3) the acidity rose steadily to a maximum on
the third day after fermentation, (4) the temperature rose to a highest poing
and then fell, remaining stationary on the third and fourth days It will
also be observed that 1t 18 a record of continuous observations that 1s needed ,
and that unsystematic or occastonal testing 18 useless

As soon gs the fixed attenuation pomt has been reached there should
be no delay o runmng the wash mnto the still and starting distillation  If
there 18 a delay, a second fermentation begins, and this 1s really of the nature
of d p or put In such a case, harmful volatile subs
tances are apt to be formed i the wash , and the change most readily noticed
1ats and disagreeable odour

3

In the indigenous method of working makue 1t 13 1npossible to obtan
the ongimal gravity by the saccharometer, but by using the diffuston process
this difficulty 1s overcome It 1s claimed that, if the mahua flowers are placed
1n the still, & fuller flavour 1s obtamed but the difiusion process mves a like
result 1f the spint 13 distilled to a fauly low atrength

54 Necessuy of cleanliness —An essential to a properly controlled fer-
mentation which cannot be too frequently nsmsted upon 1s absolute cleanh
ness at all stages of the process This should commence with the water
supply, which should be ample and of good quahty, and with the stores
for the buses, which should be well floored, pukka bwldings and kept as
free from flies as possible The fermenting sheds should have pukka brick
roofs or other cool roofing materal and pukka floors, which latter should
be regularly washed down The spiling of wash on the floor should be
avoded TFermentation should be carmed on i vats, Which should periodit
cally be thoroughly cleaned and not in earthen ghurrahs, which lend them
selves to the accumulation of dirt  Negleet of these precautions leads to the
contamunation of the fermenting wash by microscopic germs which produce
acuds, thus helping to wour the hquor, or by wild yeasts which produce
defective fermentation and tend to prevent the action of the more smtable
vareties of yeast when present Fven greater precautions are necessary
when special yeasts are prepared for additton to the wash

515 Method of cleaning fermentation 1ats —In distillerses where steam 13
available 1t should of course be used for cleaning out the vessels and this

~
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should be followed by scrubling  When steam 1s not available, the followng
process may be adopted —

As <oon as the wash 15 run out of the vats they should be well cleaned
with hot water, and a thm paste of Iime (qucklime, if pro
curable ) should then be thoroughly brushed over the mtenor
Before refilling the vats with wash the solution of lime should
be carefully washed off with water up to the probable surface
level of the wash to be placed m the vat Above the level
of the wash the ime coating should be allowed to remamn un
disturbed as 1t will be found greatly to assist the cleanmg of
the vat afterwards all scum thrown up and adhering to the
«des bemng easily removed along with the lme Sulphurmc
acd 15 used 1 some Indian distillertes for cleansing the fer
mentimg vats after use  This 1s unobjectionable  The strength
1 which 1t may be used 15 1 part of strong commercial sulphurie
acd to 40 parts of water This 1s roughly about half a pint
of the acid to an ordinary sized bucket (of 24 to 3 gallons capa
city) filled with water Such buchets shonld be wooden and
not metal as the acid will act on the latter and corrode 1t

56 Description of the thermometer and mode of wuse —Thermometers
are Imstruments for measuring temperature by means of the expansion by
heat or contraction by cold of a column of mercury m a capillary or hair
Iike tube Every thermometer has a round or cylindrical bulb at one end
of this capillary tube and the opposite end 1s closed DBetween the top
of the capllary tube and the top of the mercury column 1s a vacuum, or space
empty of air  The expansion of the mercury column 1s measured by a scale
which 1s graduated erther on the stem itself (the preferable form), or on an
nory or wooden frame to which the bulb and stem are attached Mercury
15 chosen as the liquid best swted for use in a thermometer as 1ts expanston
19 regular and 1t only freezes or boils at temperatures never encountered 1n
Lxese work The thermometer 1s divided mto a number of divisions
(degrees) according exther to T'ahrenheit s or the Centigrade (Celsing’s) scale
In Fabrenheit s, which 1s that ordinanly employed in Indwa for Excise work,
the igher pont ponds to the temp of boiling water, but the
zero or O pomt Tepresents the temperature obtamed by mixing equal weights
of snow and ammomum chloride The scale between these two pomts 1s
equally dnided mnto 212 degrees Fabrenheit s thermometer if placed 1n
melting 1ce reads 32 degrees—the * freezing pomnt ', 1f placed in boiling water,
212 degrees The Centigrade thermometer 13 divided into 100 degrees
between the freezing and bohng pomts of water,—the freezing pont 13
0 or zero, and the boiling pont of water 1s 100°, hence the name Centigrade,
or 100 steps scale Temperatures below zero are denoted by the minus sign
To convert a temperature eapressed m degrees Fahrenheit to degrees
Centigrade, subtract 32, multiply the result by 5, and then drnde by 8 To
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58 Bates’ saccharomeler —Bates' saccharometer* consists of a rectan-
gular stem attached to a pear shaped bulb or “ float”. A ring or “ sturrup
1s attached to the lower end of the  float,” and, by means of a comcal hole
made in the underside of the stirrup, a number of poises of different weights
and bulks can be attached In this way an instrument reading from 1000°
to 1150° or 970° to 1150° 15 obtamed

The scale has thirty divisions, 7ero bemng at the top of the stem, and the
poises usually provided are numbered 970, 1000, 1030, 1060, 1090 and 1120
the first of which 1s used only m distilleries and the rest i brewertes also
In malang tests with the saccharometer a sumitable vessel 1s filled with a sample
of the wash to be tested By a process of tnal, or previous knowledge, that
poise 13 attached which will cause the tnstrument to give a readmg on the
scale, then the number which 1s read off the scale 1s added to the number
on the poise and the result 18 noted The temperature of the hquid 1s then
noted and the true specific gravity (1 e, at 60°F ) 15 read from the tables for
correction of temperature supphed with the mnstrument

Erample —Suppose the saccharometer mndicates 13 on the scale wmith
the 1030 weight attached and the thermometer at 74°T

Apparent speific gravity 13 1030 + 13 = 1043
As corrected by tables 31044 7°
= 1045° for practical purposcs

In all cases the corrected specific grivity must be recorded  Fermenting
and frothy samples must be allowed to stand 2 few minutes previous to bemg
tested and a hittle more of the sample added to the vessel to displace the froth
Ii, after displacement of the froth, the disengagement of gas 1s still violent,
some small allowance should be deducted from the scale reading

A poise whenever 1t 1s attached to the mstrument, should be given a slight
twst to the mght to fix 1t hightly but securely n the stirrup hole and, after
use, should be released by a shight twist to the left to avoid damage to the
peg and hole jomt

As a brass gilt saccharometer rapidly corrodes, 1if carelessly treated when
used for acid washes, and as such corrosion affects 1ts accuracy, great care
must be taken to ninse the instrument 1n clean water immediately after use
It should then be carefully dtied with 2 soft cloth before replacing 1t 1n 3ts
case

Directions for paching i ers when d for standard:

sation or other purposes and for preserving wash samples dunng tranut are
gwven m Appendix IT

3, 1

*For an account of the theary of Bates s saccharometer, se¢ Appendix T
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CHAPTER 1V.
Types of Stills and the Process of Distillation.

59 Description of the process of dishillation —The object of dishllation
15 to separate (a) the volatile alcohohe constituents of the wash from the
non volatile constituents, which are left behind m the still and are either
allowed to run to waste or used as cattle food or fuel, and (5) the more
volatile constituents from the less volatile Stills may be considered here
m two great classes, pot stills and patent-stills The pot still 13 the simpler
form of stll Tts main features are —a “retort ” “ pot ™ or “ Lettle ” mto
which the fermented wash 1s run  This 13 heated by a furnace underneath
or by steam coils which are immersed 1n the contents, or mn some rare cases
by a “steam jachet’ From the Lettle the alcoholie vapours pass on into
a head pece and thence escape through a tube or Iying pipe to a worm which
1s surrounded by cold water Here the vapours are condensed agamn imto
the hqwd condition They are then collected m a recerver
60 Types of stills an use 1n India —While by far the larger number of
stills used 1n India are pot stills, these vary in their details and degree of
elaboration 1n different Provinces It will be suffictent to mention a few
examples here
61 Umted Provinces’ type—A good example of the more primitive 1s
that used 1n the Umted Provinces This 1s a still of a capacity of from 20
to 50 gallons  The head of the still 13 earthenware, being merely an mverted
bowl which 15 connected with the recener by a bamboo pipe fitted into a
hole in the side of the still head The joint between the head and stll body
1s closed with clay  The still 15 charged with wash and the spent wash
after distillation 1s completed 15 emptied out, after removing the head and
1ts attachments As a general rule, no condensing worm 1s fitted between
still and receiver Hollow bamboos wrapped round with strng (which may
occastonally have water thrown ontocool the contents) are used as condensers
The recerver 1s usually immersed 1n water with the object of condensing the
vapours passng into 1t dunng distillation  The still 1s heated by an open
furnace o attempt 1s made, as a rule, to regulate the heat One of the
chief defects m working such stills 15 this unregulated still furnace which
leads to too quich distillaton and even to bollng or frothing over
(" pnming ’) of undistlled wash and also to the prodaction of certamn
xmlliuntles, e g, furfural, by overheating the solid matter of the wash m the
slal
The chuef steuctural defects of the above pattern of stll are —
(1) the absence of any device for punfymng the vapours such as a
*“rectifier” or a * doubler,” terms which will presently be explamed,
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{2) the qute madequate condensation of the vapours passing from
the still to the recetver There 1s practically no condensation
till the spinit vapour enters the recever. Not only does this.
defect lead to the production of an mmpure hquor, but there
15 considerable loss of alcohol from the end of the pipe openmg
mto the receiver The aleohol can frequently be seen to 1ssue
uncondensed 1n the form of vapour and to escape nto the air

(3) the troublesome arrangement for emptying the still of the spent
wash ,

(4) the want of secunty for revenue and distiller 1 working an un-
locked still, which leaves the way open to abstraction of spint.
by theft and to loss of spint from the open recewver by eva-
poration

A further defect which has been detected in the very similar stills used
1 the Bombay toddy distillertes 1s copper contamnation of the liquor by
1cans of the wooden pipe connecting the copper still with the receiver

Here the acid wash corrodes the copper kettle, producing copper salts
he wash froths or spirts up mto the wooden pipe, which thus becomes
aturated with coppery hquor  This coppery hquor spreads along the fibrous
nner surface of the wood and thus reaches the copper recerver The liquor
olle¢ting 1n the recerver, which 13 often periodically tinned mside, 1s thus
ound to contamn poisonous amounts of copper salts

62 Bombay or Persian still —Another form of crude still 1s the *“ Bombay '
it ¢ Persian” still  These stills are of copper and are often of 100 to 300
allons capacity The still head 1s of wood and 1s removable 1n order to fill
it empty the still Trom the top of this rises a column of copper or other
netal which 15 connected by a prpe with the worm  This column acts shghtly
18 a rectifying agent and 1n some stills contrivances exst for increasing this
iction by cooling 1t with water  The still 15, in many cases, heated by a coil
»f steam prpes fitted mside 1t and placed, close to the bottom The spent
wash 15 1n some cases discharged from the still by a spectal valve or coch
Worms 1n tubs are used for condensation, but are usually of an extremely
faulty nature The structural defects noted m stills of the above pattern
re—

(1) The wooden still head becomes permeated by impunties which
to some extent are steamed out of the wood 1 the course of
subsequent distillations and are carued over to add to the
mnpunties of the hquor. The cumbersome mode employed
1 many of these stills of filing and emptying the still 1s also
to be noted.
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(2) The steam heating apparatus, when used, though perhaps more
economical than open finng and certainly more controllable,
19 somewhat difficult to remove The coll of piping 1s hence
seldom, 1if ever, removed, so that cleansing of the mside of the
still 1s neglected, with the result that very filthy collections
of putrefying wash come to he under the coil and the floor of
the still 13 corroded by the stale awd wash This leads to
defects 1n taste and wholesomeness of the hquor

(3) The worms are usually too short and often too wide and are not
proportioned to the capuacity of the still The prnciple that
the norm should taper throughout s generally neglected

Important defects m worhing are that a proper flow of cold water m the
worm tub 15 not hept up during distillation and that the receivers and the
“ spmt safes,’ where used, are often open or unlocked, with consequent rishs
of waste and abstraction

63 —Russa stll —A pattern of still which has found favour especnnlly
1n Bengal 1s that hnown as the Russa still (from Russa distillery near Calentta)
See Plate I This consists of a cylindrical copper hettle with a dome shaped
breast, F, from the centre of which a short wide prpe C the head leads to
the worm, K Tater 1s led nto a perforated collar D placed round the
bottom of the head and trickles thence through small holes over the surface
of the breast 1tself, where nmiform distribution 15 secured by means of a jachet
of gunny cloth applied to the breast The waters collected by an upstand
mg rim B, at the circumference of the breast and 1s led off by an outlet pipe
of suitable dimensions E  The under side of the still breast thus acts as a
water cooled rectifying surface for the alcohol vapour as 1t nises mside the
still body, and the rectifying effect 13 mcreased bv a baflle plate of spectal
construction placed nside the still, see Plate II This plate which 1s of
somewhat less diameter than the still body, 1s shaped to the same curvature
as the domed breast 1tself and upon 1ts upper, convex surface 1s nveted
wdpr e o Thbon of mated 50 28 4o o n wpthanding Senge of nnform

depth

The course of this flange 1s that of three or four coils of a loosely wound
spiral  Thus, when the baffle plate 1s bolted up agamnst the dome as closely
as the flange permts, the space between the plate and the dome 18 converted
mto 2 flattened and spirally wound box or tunnel one end of which opens
under the <till head and the other into the still body at the edge of the baflle
plate  When the vapours from the boiling wash nse over the edge of the
baffle plate they cannot at once pass up mto the head, but are obliged to
travel through the spiral box or tunnel where they are m contact with the
under surface of the externally cooled dome  Only the lower boiling portions
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of the vapour, thercfore, reach the end of the spiral and escape up the head,
whilst ligher boiling constituents arc condensed and returned to the still
bods

A tub, G, placed on a level with the breast 1s employed as a wash charger
when sugar washes are used but mahua washes contaming sohid matter are
fed through a manhole m the still body Heatng 1s by direct firng but
1n <ome ca<es the still 1s surrounded to three quarters of 1ts height by a brich
wall with a space betneen which acts in some measure as a flue

64 Frequent defects i workmng Russa stills —This still which 15 based
on a pattern of French brandy still gives good results if the flanged baffle
plate 15 <o carefully fitted under the dome that the whole of the vapour 1s
compelled to travel through the spiral chamber and no portion escapes across
the top of the flange to the still head 1In practice the plates m the locally
made stills are not bolted sufficiently tightly and the vapour escapes con
densation Again though some of the stills have water fed to the dome
from the cold water mam 1n others only the overflow of the condenser 1s
used and that sometimes 1s so dequate that httle d n the
spural chamber 1s possible  Many Russa stills also have ether no proper
flue system or hate the chimney set at one side dlrectly‘opposlte the open
finng place with the result that a through draught 1s created and the flues
are rendered practically useless As a consequence whilst one portion of
the still body 15 unduly heated 1n fact burnt out before 163 time other portions
are unheated and the flames waste thewr heat up the chimuney

65 Efficeent type of pot s(zll —The details of an effictent modern t)pe
of pot-still may now be Ad of a good ple fitted
with both doubler and rectifier 13 here gwen (Plate III) The prmeiple of
the simplest type of pot-still 1s & pot or kettle in which the fermented wash s
heated so that its volatile constituents are driven off to be condensed n
a cooling worm and then collected 1n a recerver The kettle or pot or still
proper ought to be bwlt comparatively shallow The bottom should be
concave to the fire smce this form 1s structurally stronger and exposes a
larger heating surface while the curved surface assists drainmng through the
discharge cock The convex upper surface of the still called the breast
should be rather wider than the bottom From the middle of the breast a
pipe mises to a varymg height and this 1s lly bulbed or
1n an expanston tapering to a narrow end like a pear These contrivances
are meant to cause purification and strengthening of the spit by re condensa
tion of the vapours which 1s termed rectification Thns up pipe 13 termed
the head In the simplest form of still the head opens mto a pipe (called
the ¢ lymg pipe ' ) leading direct to the condensing worm

66 Condensing worm —The worm 15 one of the most important parts
of the still and one which requires more care as regards cleanliness and the
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nisk of blocking than any other Tt 13 formed by a cdpper pipe, graduated
from, say, four inches diameter at the top end to one and a half mches at the
end opening nto the recerver This 18 bent wto a number of spral coils
The coohng capaaty of the call depends on ats ares, on the quantity and
temperature of the water supply available, and on the rate of distilation
Thus twelve to fifteen coils are usnally found to be a satisfactory number for
2 moderate sized still Tor a small, say, 50 gallon still, 6 coils are enough
Lach col should be uniform as regards its outside measurement , and should
be separated from the other coils by a space of about 3 inches The coils
are hept apart by short pieces of solid metal or piping soldered to them outs
side and placed at intervals of about three feet In addition, about four
henvy strap iron braces reaching from the top col to the foot-coil should be
bolted together mn pairs one mside and the other outside the cols The
lower ends of these braces are bolted securely through the end of the worm
tub 50 as to hold the worm firmly n position  The coils must be sloped so
that there 1s a marhed “fall” throughout to enable the condensing hquor
to run downwards to the recerver This prevents liguor stagnatmg m the
worm and corroding the copper, thus leading to serious copper contamima
tion of the hquor The worm should be so placed 1n the tub that the lower
coil will be about @ to 6 mnches (depending on the length of the worm) above
the foot of the tub The end of the worm should project through the tub
mto the recetver, or, where a * spint safe’ 1s used, mto 3t  The worm
tub 13 perced below by a pipe leading cold water into 1t Another pipe at
the top of the tub allows of the ontfow of the condensing water These
anlet and outlet pipes should ordmanly have a diameter of from two to three
inches  Thus the condensing water enters at the foot of the worm tub, flows
upwards as 1t becomes hotter and therefore lighter, and passes out at the
top of the tub, whilst the spint vapour 18 passing downwards inside the worm
This counterflow 18 of importance as being the most effective mode of pro
ducing condensation

67 The safe—In order to see how the still 18 running a locked * safe”
-or box with glass sides 1s usually fixed between the worm end and the recen er
The liguor from the worm end flows mto a cup in which floats a small hy
drometer (or specific gravity beads) the readings of which show the strength
of the spmt at any stage of the distillation An arrangement should also
be made by which the stream of liquor from the worm end can be turned
1nto cither of two cups so that the stronger * foreshots ™ may be dealt with
apart from the later runmngs  Or, stop-cochs may be fitted 5o as to tumn
the foreshiots or first runnings 1nto one receiver, the clean spimt or middle
runnmgs nto another receiver, and the talings or last runmings mto that
contumng the foreshots, or, if required, nto yet another receptacle It
18 most mmportant that fhese scpatate portions {fractions) should be Lept
apart in order that the first and third runmozs may be redistilled 1 order
further to punfy them






Plate IV

DOUBLER.

Copper Shil-Head

Wooden condensing
Fub contaning
copper-worm = —

Entry pipe for }/To Spml-recerve)

Condenser water
Exit.pipe for Condenser



TYPES OF STILLS AND THHE PROCLSS O1 DISTILLATION 29

68 The recerver —The recerver should be a wooden, cemented or metallic
receptacle winch should be kept securely locked under Excise and distiller’s
locks, and should be made sufficiently secure in other respects from msk
of theft Separate recervers should be provided for clean spuit and for fore-
sbots and tailngs

69 The doubler —The abave describes the ordwary swople pot-still, but
1 order to prepare stronger and purer liquor 1t 15 often advisable to fit
‘between the still and the condensing worm —(1) a doubler, and (2) a rectifier
\ rough shetch (not to scale) 1s here given of a doubler (Plate IV) and
3 deseription of the necessary apparatus follows —The dimensions given
are applicable to a still capable of holding a charge of from 600 to 700 gallons
Obtam a stout two headed tub, of one and half inch staves and two mch
top and bottom (sec A, dizgram) Length of staves four feet Breadth
of tub, forty two mches at the top by forty six at the bottom  Cut two four
nch holes B, C, n the upper surface and fit a four inch collar flange to each
TInsert a one inch brass coch E1n the side of.the tub on a level with the bottom,
and another D eight inches vbove 1t Fit a two inch pipe K, called the
return pipe, mto the doubler so that 1ts upper orifice opens eight inches above
the floor of the doubler gs shown i the diagram and on a level with the
upper side cock, D The lower end of this pipe 1s brazed to a collar flange,
by means of which 1t may be connected with the still  Run a four inch copper
pipe Q through one of the collar flanges B let the lower end descend to within
three inches of the bottom of the tub and the upper end project twelve inches
outward, and be brazed to a collar flange H so that 1t mav be connected with
the breast of the st The other four mch opemng C connects by a four
anch pipe I with the worm contamed 1n the worm tub W The doubler 1s
placed midway between the still and the worm its bottom being somewhat
Ingher than the upper surface of the still, and the four mch 1nlet 1s turned
towardsit Inthis position the inlet Q 1s connected with the centre of the
breast of the still and the outlet I, which 1s the open four inch flange, 13
joined to the worm The two inch return pipe K passes through the breast
of the st1ll near the edge and 13 carried downwards mside the still to within
two 1nches of the bottom The apparatus 1s now ready for use
When about to distil, fill the doubler up to the side cock D with water.*
‘When heat 15 applied to the still the liquor which 1% contains vaporizes and
passes through the connecting pipe Q from the still nto the doubler. Here
1t meots a resisting force, 1n the shape of several nches of water through
which 1t must pass or condens<e
The first portion condenses and returns to the still through the two mch
veturn pipe X As the water 1n the doubler becomes heated to the degree
at which aleohol boils, the aleoholic vapours pass through 1t, and are, as 1t
were, filtered leaving the heavier bodies behind to be returned nto the still

* Before ach mstillat on the donbler must be emptied by the nde-cock E_and re fled as
deseribed with fresh water -

D2
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m a hqud form Tt wll thus be seen that, although 1t may take a Iittle
longer to run a charge, the product must be purer and of a greater alcohohe
strength
70 Advantages of the doubler —The doubler has also the following ad
vantages —
(1) 1t prevents the disadvantages following anv primmg of the still,
the chief cause of which 1s over finng, as the primings remamn
1 the doubler and do not reach the recerver,
(2) 1t lessens very markedly the proportions of acids and of furfura
—the chief defects 1n Indian spits are due to too high pro
portions of these by products—as these tend to be arrested
m the doubler
(3) 1t affords an additional safeguard agamst the effects of defectne
condensation

It can be fitted readily and’cheaply to ewisting patterns of pot stills

The necessity of obtaning 2 constant airculation of cool water round the
worm has already been mentioned In the diagram of the doubler the exit
pipe and entry pipe should be at opposite sides of the condensing tub  The
worm end leading to the receiver pipe should 1ssue from the side of the con
densing tub (not through its foot) and should be on the side of the tub furthest
from the stll

71 Rectifier —Between the doubler and the condensing worm 1t 15 well
to have a “rectifier  This, 1n one of 1ts simplest and perhaps most satis
factory forms conssts of a series of narrow Vertical pipes placed parallel
to one another and cooled on the outside by water passmg into the contuning
cylinder at 1ts foot and out agamn at its top In these prpes the aleoholc
vapours eseaping from the doubler, or directly from the kettle where no
doubler 15 1n use, are purified by partial condensation or rectification

A description of the process of manufacture of Scotch whishey m an
efficrent pot still wall be found i Appendic IIT

72 Setting up the stll —The sl proper should be lower than any of its
connecticns  The still foundation 1s first built to a sufficient height and
fitted with fire box and ash pit  Then the still 1s placed n positton  Next
the brick work should be buwilt in, leaving & circular flue round the sides
This 13 almost invanably neglected i natrne distillertes in India The worm-
tub1s then set up so that the worm end 18 a sufficient height from the
Poor to leave room for the recerver Then the head of the still 1s con-
nected with the doubler and rectifier, where used or direct with the worm
by a copper lying pipe tapenng ordinanly from 6 to 4 mches in dismeter
1 a moderate mzed still  The water resernoir for supplymng the worm
tub should be on the roof or at n sufficient height to feed readily into the
worm tub A two inch pipe should run from 1t to the tub The outflow
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from the worm tub should be placed so that the water can be re pumped
after cooling into the resersoir if necessary

73 Running a charge —Stills are charged i well arranged distillemes
by gravitation otherwise by pumpmng The amount of the charge should
be accurately known and the wash backs may be provided with gauges or
other means of tellmg when the limt 13 reached Roughly speaking 1t will
be about three quarters of the capacity of the still As a check on over

* charging o try cock 13 sometimes put 1n the still at the level of the top of a
safe charge and left open while chargtng 1s proceedng so that filhng may
be stopped as soon as any wash begms to trickle from the try cock

74 Runming foul —The still must be watched to prevent 1t runming
foul When the liquor 1n the still 13 heated to the boiling pont of aleohol
care must be taken that the heat 1s regulated bv drawing the fire or cheching
by stop coch the supply of steam Otherwise the contents of the still may
be carried up to the still head and block the worm or pipes leadmng to1t  If
this happens the stiil will be hable to blow up To prevent this—when the
still surface becomes heatel stribe with a hard sohd wooden ball or mallet
on the still head If a hollow sound results allis well butif a dull sound
follows the still 15 in danger of runming foul In this latter case, draw the
fire at once  Any block of the mpes leading from the still may cause the
foot of the still or 1ts head to be blown off

Tn this connection 1t should be remembered that cold water run into the
stll while m full working or thrown on its surfice m suffictent amount to
cause the vapours mnside to be suddenly condensed leads to the space above
the wash becommg (relatively) empty of axr  Thus 1f there 1s & partial block
1n the pipes leading from the still may enable the weight of the atmosphere
(15 1bs to-the square inch) to crush or cave m the still  Safety valves should
be fitted to lessen these dangers

75 Separation of fore shots and tmlings from the muddle runnings —As
already stated the first runnings or fore shots are the strongest and usually
most mmpure portion of the distillate This portton or fraction should be
tun off separately and added to a subsequent charge and further purified
by distillation  The muiddle runnmgs or clean spint 1s the potable spmt
The tailings or last runmings, which are very weak and impure, should be
treated exactly as the fore shots They should not be used for reduction
of the clean spmit .

76 Cleaning the worm —A clean copper worm 15 practically unaffected
by temporary contact with even the very acid liquors common 1n Indian
distilleries  Acid spint and sour vegetable matter of all kinds, however,
rapudly corrode a copper worm if left in contact with 1t for a time and the
pre ence of moisture and atmospheric air greatly helps this process It 1s
most important that no hquid or sohid deposit should remain m the worm
when 1t 15 out of use and that the mside of the worm should dry as com
pletely as possible  Serious corrosion 1s hnown to take place 1f the worm



32 TECHNICAL EXCISE MANUAL -

does not slope properly from end to end In this case, acid Jast runnings
colleet mnside 1nstead of draming away, and the first portion of the next dis
tillate 13 found to contam a high proportion of copper salts Some distillers
now arrange to collect the first few gallons separately merely to avoid copper
contammnation from such a cause Agam objectronable deposits in the worm
such as sugar, acids and sour vegetable fibre, occur as the result of priming,
2¢, boiling over of the wash, and, 1n some distilleries, 1t 15 the custom to
remos e the worm bodily from the tub at stated periods and to treat the whole
coil by direct finng in order to burn up such deposits  Owing to the coiled
and tapering form of the worm, only 2 few inches can be mspeeted for dirt
and mosture and for the s2me reason 1t 1s mpossible to wipe 1t dry and clean
or pohsh the intenior surface with a brush  Consequently corrosion 1s very
liable to occur and to escape detection The worms of makua stlls require
1ery special attention  Such worms have been found constantly to contamn
a greasy deposit, which may be yellowish white, green or black according
toitsage and the amount of corroded copper present This depout 18 soluble
1n strong spint, ¢ g, first runmings, and also 1n acid runmings, and at either
the early or late stages of distillation may cause a serious copper con-
tamnation of the spimt 1n the recerver
77 Methods of cleamng the worm —Vamons methods mn the past hwe
been adopted of cleaning worms of copper salts produced as rbove, but none
with complete success  For instance, filling the worm with water between
distallations, thus cutting off the air which 1s necessary to help corrosion to
occur 1s not sufficent to prevent corroston Nor will pounmg acids or
alkalis Br water, unless 1t 1s boilng, down the worm clean 1t sufficiently
The practice of periodically removing the worm and heating 1t red hot cleans
the worm temporarily but, of course, does not prevent later corrosion  Re-
distillation of & copper contanunated liquor does not by any means necessanly
punfy 1t wnless the worm has been sufficiently cleancd before the re distilla
tion  T'requently, such re distilled samples of liquor have been found to
contain several grams of copper per gallon Excessive amounts of copper
have been found n makuae spint made n a shll with a doubler or even n a
patent still - In the former case the water in the doubler had not been
changed regularly as 1t should have been, and m the latter the condensng
tubes had been allowed to collect copper grease through ignorance of the
facte stated above It may be added that even filing up the worm with
solutions of strong aeids or alkals has httle or no effect 1n the case of makva
stills owing to the pecuhar nature of the depout  Tlns 1s morcover o costly
snd cumbersome process
78 Mcthod recommended for cleaning the worm —A spectal investigation
of the subject wns made at the Central Excice Laboratory as a consequence
of which a special method has been designed for removing this deposit ns
follows —
(1) At the end of each distillation disconnect the spint recener from
the safe or worm end
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(2) Run off the water from the worm tub

(3) Pass steam nto the upper end of the worm from a separate boiler
where posstble, or continue distllation from the residual
wash until steam 1ssues freely from the wormend The ob
Ject'of thus 13 to heat the worm by steam throughout its length
to, practically, the temperature of the steam so as to melt the
makua fat deposited inside the worm The steaming should
be contmued till no fat comes away from the wormend A
period of 15 minutes from the time steam first 1ssues from
the worm end may be taken as a gmde If the worm 1s
very foul, the steamung will requre to be repeated more
than once before a marked improvement 1s effected  The test
of cleanlmess will be the absence of copper from the hquor as
shown by the test to be described later as the ¢ E L test

This steam cleamng should be systematically employed after each dis
tillation 1n pot-stills using mehua By continumg the distillation from the
residual wash the worm cannot be agam fouled to any appreciable extent
by the fat from the mahua as the uncondensed steam will prevent further
deposit of fat  There can be no msk of bursting any part of the apparatus
as steam must be able to pass where spint has passed In steam heated
stills, steam direct from the boiler should be passed mto the worm by means
of a side pece It has been ascertained that the worms of most old stills
m India are apt to be very foul It would be adwisable to submit the worms
(nhen copper 1s detected m the Iiquor) to the foregong treatment m the
case of makua stills regularly, as the mischief ocours 1n them continuously ,
and 1n the case of non makua stills to remove existing accumulations, when
the test shows that the hiquor 18 becomng at all contaminated

Copper contamination may be considerably reduced by the use of a
special form of condenser One suchis mult: cykndrcal and the spmt passes
between two water cooled surfaces, whilst 1n another, 1t passes down a series
of vertical tubes contamned 1n a cylindreal water jacket It 1s claimed for
these condensers that they are economical of space, and efficient in action
1f the water supply 1s ample

79 Boiling powmnts of alcokol and s by products —Before considenng
the punfication of spints as a practical operation, certamn facts regarding
the boiing pomnts of mixed hquids must be referred to  Water, alcohol and
the vanous spmt by products, when 1n a pure state, have each a boiling pont
which 18 constant under standard conditions If two or more, however,
are mixed and distilled, these boing pomnts are changed Thus, pure
alcohol boils at 172° F, and pure water at 212° F, but mixtures of the two
boil at mntermediate temperatures In the accompanymng table, which <hows
the efiect of distilling mixtures of water and aleohol m & pot-still, the
different boling ponts of mustures contaming ! per cent, 10 per cent,
50 per cent, and 92 per cent, of alcohol should be noted m proof of this

-



-,

34 TECHNICAL EXCISE MANUAL

pomnt, also of the fact that the more alcohol there 1s present, the lower the
botling pont

Proportion of Proportion of
Proportion of | rompecaturo | atoohol in the | EFOPOTtO8 O | qorne ooy aloohol n the
gleohol ‘ﬁqf";d" of tho bollng | _condensed ‘l‘ﬁm} ‘l'l‘qfl"‘g of tho botling | condensed
D hique vapour in 100 liqua vapour in
10 100 vols i m 100 vols Tapour 1
92 1710T 930 20 1895 F 7
2 1i5F 920 18 1916 F 63
8 1720 F 015 15 1950 F 66
7 1736 F 900 10 1935 F 55
70 1730 F 890 7 2006 F 50
6o 1760 F 870 5 2030 F 42
50 181 F 820 3 20,1 F 36
10 1805 F 820 2 2075 F 28
3 1826 F 800 i 2005 T 13
30 1850 F 780 0 2120 T
% 1B71F 60

It will further be seen from the table that the 92 per cent mixture boils
at 171°F, that13 1°T' lower than alcohol itself, and 3 et the condensed vapour
contams 7 per cent of water which has thus distilled over at a temperature
41° ¥ below 1ts proper boiling temperature The 10 per cent mixture boils
at 1985 T That 1s to say an ordinary wash must be heated 26}° F above
the natural borling pomnt of aleohol before the mxture boils Thus the
mixng of water and alcahol affects the boiling points of both hquds ~ Again,
from the table, 1t will be seen that, when the amount of water o the mixture
1s large, = large percentage of 1t 1s removed by distillation, and when the
amount 19 smull the percentage removed by one distillation 13 disproportion-
ately smaller [Example from a wash contaimng 90 per cent water, 50 per
cent of the water 13 removed, whilst from o strong spmt (92 per cent
alcohol) only 13 per cent of the water present 1s removed by one distillation ]
Thus the removal of water becomes more and more difficult the less there 13
of 1t Exactly the same laws govern the removal of by products from min-
tures with alcohol and water Their natural bothng pomnts are changed so
that, instead of boiing steadily at one temperature, they distil over at 3
variety of temperatures and the difficulty of removal increases as the amount
present becomes less The following 1s a list of the more important by

products and their natural bolling points when 1n a pure state — |
DBotling pornts of rarious Alcokols (omutling decrmals)
| cCent | cFabr
Fthy! Alrohol ] 172
Normal I‘mp;l Aleohol 7 200
Iso Pro] 83 181
Normal nm;l . 17 242
Lo Dutyl 108 226

Iso Amyl 129 263
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For conyentence of reference there may be contrasted with these the ap-
proxumate bothing points of the other chief by products of alcohol (to be des-
cribed more fully mn Chapter V) —

“Cent °Fahr
Acetic al lebyde (acetaldehyde) 21 70
Acehie ether i 171
Butyne cther (Ethy] butyrate) 120 ! 218
Furfural 162 324

Acetie Aod 1us ‘ 234

Two of these boil at temperatures lower than alcohol For the most
part, they collect 1n the first runnings or “ foreshots,” and hence the neces-
sity of separating “ foreshots,” but small quantities remaim until the mddle
fraction, despite the mse m temperatwie Others 1n the list boil at tem
peratures exceeding that of water In the mam, they distil over after must
of the alcohol has been collected, that 1s m the last runnings or tailings, and
hence the advantage of collectng tailmgs i1n a separate receiver  Portions of,
{for example, acetic aexd and {urfural are found 1n the mmddle ruanmings of a
pot still, which means that they have distilled over at temperatures consi-
derably lower than their natural boilmg pomts Removal of water and by
products from mixtures with alcobol 1s an easy matter up to a certam stage,
though always 2 slow operation It requires the complicated modern patent-
still, 1n which ever; particle of vapour 1s redistilled many times, to sepirate
by products with anything ke completeness, and even, this at its best leaves
at least 3 or 4 per cent of water mixed with the alcohol ,

The following table will perhaps give all the necessary information re-
-quired m practice for the Lxase officer’s purposes —

Produced chiefly during Chaefly distilhing over
1 Aads— |
(a) Volatile Termentatson LM -
b} Tixed Cashing Mot at all
2 Emcrs)(compound ethers o | Fermentationand distillation Early
esers,
3 Furfural Distillation | Late
4 Aldehydes Yermentatson and distillatton  Early
5 * Fusclol (a mixture of Iigher  Termentation Late

alcohols ond ngher boling pomnt

c)
6 Voluils mhaloial brses | Uncertamn | Late

80 Recltfication —Rectification 1s the process of further strengthenin g
and punfymg weal alcoholic liquors or washes by re distillationw It s
essentially, repeated distillation of the liquor 1 portions called fractions,
50 as to separate the impunties at the most favoursble stages An eﬁimmt
patent still produces highly rectified alcohol at one operation  The product
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when lighly rectified does not betray its ongin by any charactenstic flas our
or odour and 1s kence termed silent spirit A dephlegmator 1s & still head
or rectifying apparatus used n strengthemng and punifying spints by recti-
fication The broad principle underlymg the use of such rectifying appara
tus 1s the fact that 1t 13 mmpossible by a single distillation m 2 simple pot
still to separate two substances even if they have different boiling pomts
because the substances boiling at lower temperatures will always mix with
those boihng 2t lugher temperatures and tice tersd  Therefore, repeated
distillation 18 needed and this 18 carrted out by condensmg the vapours
columns and concentrators provided in the rectifying apparatus Plates
of metal or other obstacles placed n a rectifymng column partly condense,
by cooling, the alcoholic vapours coming mn contact with them The con
densed hquor falls back and meets the nsmg alcoholic vapour which again
turns 1t into vapour which goes forward to the condensing worm and recerver
8o that the process 15 one of strengthemng and punfication by means of a
process of repeated cooling and revaporstng The first portion of the dis
tillate contamns a mixture of aldehydes and ethyl alcohol, and this mixture
boils at a lower temperature than cthyl alcohol alone. This mixture 15 some
times loosely called  ether The next fraction consists of clean or rect:
fied spnt, which 1s the purest spimt obtamed during the distillation The
early portions of this fraction contain a higher amount of aldehydes than the
later , and the later portions 1n turn tend to contam relatively more higher
aleohols or, as the mixture of these 1s termed, fusel ol The third fraction,
then consists of a small amount of ethyl alcohol and a relatively large amount
of fusel o1l or higher alcohols which bave the highest asverage boiling pont
of all  The simplest form of rectifier for a pot still 1s that described at para
graph 71 More complex apparatus 13 usually constructed after the type
of Savalle’s rectifier or of that of Pumpe or Hechmann These, howeser,
are searcely ever met with in India and lence hardly ment further notice
here
81 Patent stalls —By the use of a patent still, strong spint 13 obtamed
m one operatton, 1 ¢, redistiflation 15 unnecessary , and the process can be,
and usually 18, conducted without interruption bence the term “ continu
ous distiilation * By the use of such stills the wash 1s thoroughly exhausted
of all alochol and the strength of the resulting spint 15 also much greater
than can be got by the pot still  There 1s a lnrge vanety of patent still plants
on the marhet some of which work interruptedly while others arc meant onlv
for continuous worhing  Tor large operations the patent still 1s ordmzmly
the cheapest but in Indm, as the plant requires shilled supersision, the cdst
of v othing becomes correspondingly greater
The use of pot or patent still 1s largely a question of the scale of the dis
tilling operations  Tor small amounts of wash a pot stiil 15 naturally much
more economical  Yor large quantities of thun washes the patent still 1s
more cconomical , and further 1t turns out a much lugher strength spint
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than does the average pot sl DBut a patent still 13 often not smtable for
ordmanly prepared makhua or other thich washes as the pipes used are
generally too narrow for thick washes

2 Principle of continuous distillation —The prnaple of continuous
distillation 1s as follows —

A continuous stream of fermented wash advances against a current
of steam The difference in temperature of these two cur-
rents 15 enough to deprive the wash of all its alcohol, the spirit-
passing over to the steam The steam thus mixed with al-
coho] passes mto two columns named the  rectifier ” and the
““ analyser ’ {‘dephlegmator ) and 1s there further punfied
and strengthened, and the wash, as spent wash, passes out of
the apparatus

83 Coffey’s Sull —The ongmal type of patent-still 13 Coffey’s which was
invented by an Enghshman of that name and was patented in 1831 The
still (Plate V) 13 arranged 1n two columns, one of which 1s called the rectifier,
the other the analyser Each column 1s sub divided horzontally into a
number of chambers of wood braced together 1n an iron frame The
chambers are separated from one another by means of copper plates which
are provided with a large number of small perforations Each plate 13 also-
provided with a safety valve and a drop pipe  The latter stands up about
an inch above the plate, and passes through the same mto a cup on the plate
below These drop pipes and cups are arranged at alternate ends of the
succeeding chambers

The still 18 operated as follows —

Steam 13 passed 1 at the base of the analyser and when both columns
are filled with stezm (the communication between the two
bemng by the pipe marked 8 n the diagram), the wash 1s.
pumped from the still charger to near the top of the rectifier
by way of the pipe marked 5 whence 1t pursues its course to
the bottom of the rectifier m the continuation of pipe 5, which
traverses each chamber twice by means of a double bend, as
shown m the diagram A double object 1s achieved by this
arrangement In the first place the wash 1s heated by the
ascendmg steam and vapours, and, secondly, the latter are
cooled by the descending wash There 18 thus o saving of
fuel and of condensing water By the time the wash reaches
the base of the rectifier 1t 15 almost at boiling point, 1t passes
on mn a contiuation of the same pipe to the top of the analyser
and thereitss discharged upon the perforated plate formmg
the base of the top chamber of the latter The ascendng
steam bemng under pressure bubbles through the wash, but
prevents 1t from passing through the small perforations, apd
the wash cannot pass to the next chamber until it has
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filled the first chamber to the level of the top of the drop pipe
It then overflows and passes to the plate below The cups
into which the drop pipes dip act as a seal and prevent the
steam passing upward through them Thus the wash gradu
ally finds 1ts way from the top to the bottom of the analyser
and passes out of the latter bv the spent wash tube The
steam meanwhile has been passing continually upwards through
the wash by means of the perforations in the plates The
wash 13 gradually deprived of its alcohol and other volatile
constituents and by the time 1t veaches the base of the analy
ser should be practically free from alcohol The alcoholic
vapours muxed with steam, pass over from the top of the
analyser to the base of the rectifier by the 1mpure vapour tube
8 Thence the vapours piss up the rectifier from chamber
to chamber, and 1n so doing are gradually cooled by the cold
wash descending by the pipe 5 already referred to  The less
volatile constituents of the mixed vapoms gradually condense
aud fall to the base of the rectifier and thence pass to the * hot
funts recerver marhed 15 A m the diagram
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Plate V

1
COFFEY’S DISTILLING APPARATUS.

Order of process

1. Vat for crude lquor.

2. Charger for Still.

3 Additional Charger.

4, Pump. .

5. Pipe conveymg Lquor fo be dis-
tilled. Col No. 2 contaming No.
5 pipe, 1mpure vapour from Col.
No. 1 and dumb plate where hot
distillate 1s drawn off, Col. No, 1
contaimng  liquor  descending
from diaphragm to diaphragm and
ascending Steam from boer,

8. Liguor spreadmng over daphragm.

7. Spent liquor.

8. Vapour from steam and hquor to
bottom of Col. No. 2

9. Vapour ascendng to Col. No. 2

10. Plate where hot product con-
densed 15 drawn off.

11. Hot product condenser.

12. Finished product.

13. Impure product for re-distillation.

13a. Impure product to Stll charger,

14. Uncondensed vapour to bhe con-
densed 1n 143 and conveyed by
13 and 13a to Stil charger. ~

15. Impure Spurit hquid for re-distilla-
tion through15a and 15b to Col.

No. 1,
16. Steam bouler.
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At a certain pomt 1n the rectifier a temperature prevails which roughly
corresponds to the condensation temperature of ethylic aleohol
In this region the ordmary perforated plate formmg the base
of the chambers 1s replaced by a stout copper sheet, pierced
by a fanly wide pipe which stands up about two nches above
the level of the copper sheet The latter 1s termed the dumb
plate A pipe with two branches 1s fitted 1n posttion as mdi
cated 1n the chiagram to dratn all hquid condensmng on or falling
back on this plate  Under normal conditions of working the
greatest part of the ethylic alcohol condenses naturally on or
above the dumb plate, but in order to make the condensa
tion more complete, some of the chambers above the plate
are sometimes fitted with coils through whch cold water 15
passed The spint from the dumb plate 1s, according to its
quality, run by one or other of the branches from the draming
pipe to the “fents’ or “impure distillate” recewver, or to
the “spint” or *fimshed distillate > receiver In practice,
1f the still be working properly when the pure spirit commences
to be collected, 1t runs continuously until the close of the dis
tillation

Thus at the beginming of the distillation, when the spint 1s 1mpure
and at the end, when 1t 15 not of sufficrent strength, 1t 1s allowed
to pass mto the feints recerver, and 1s pumped back from there
to the still ‘The © hot femnts,” which are collected m the
recerver marked 15A, consst of a mixture of weak ethyle
alcohol with an excess of fusel o1, that 1s to say, of higher
alcohols, fatty esters, etc, these hot fents are pumped con
tmuously throughout the distillation to the analyser, and there
re-distilled

From the above deseription 1t will be seen that the process of distilla
tion which 1s carned on by steam in Coffey’s patent still 1s con
tinuous and that the low wines are not collected as m the case
of the pot still, but pass on to the rectifying column in the
form of 1apour, where they are resolved into strong spmits
and femnts At the end of each distilling pemod, which occu-
pies two or three days, the fusel o1l can be removed from the
hot femnts recenver, frequently this 1s done by adding water
to the ligmd, when fusel o1l mses to the surface, and may be
shimmed off and sold for use mn the arts and manufactures

84 Ilges’ continuous stll —The apparatus shown in Plate VI works m a
vapid automatic manner by means of regulating contrivances for the ad-
nussion of wash steam and cooling water and for the removal of the spent
wash  The wash regulator consists of a large beam seale which weighs mto
the apparatus a stream of constant size sufficient completely to fill the wash
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column A Tn place of separate bottoms the wash column 1s furmished with
plates having o downward slope The plates, springing alternately from
the axis and the wall of the column are furmshed with ribs in such a way
as to turn the wash alternately to the nght and left as 1t flows down the
column A pressure gauge 15 shown m the figure at * m " and 15 connected
to the steain Tegulator By means of this latter either exhaust or Ive stexm
may be passed into the wash column according to the distiller s requirements

The steam enters the bottom of the wash column, and, nung upwards, passes
betneen the mbs and so penetrates the wash very thoroughly

The vapours evolved in the wash column subsequently pass mto the
dephiegmator D The chambers of the dephlegmator consist of square,
cast 1ron boxes in two walls of which horizontal cooling prpes are embedded
in rows  The cooling water flows mside the pipes and the mter spaces
between the latter re filled with porcelain balls, so that vigorous rectifica
tion 18 effected The rectified vapours leave the top of the dephlegmator
and pass into column T, which 18 an ordinary condenser

The removal of the spent wash 15 accomplished by the outlet regulator
C which 15 designed so that the introduction of the wash and the removal
of the spent Wash are exactly balanced The apparatus 18 provided with a
water regulator, shown 1n the diagram as the condenser water nlet, which
ensures uniform and constant pressure The water passes upwards through
the condenser E, and then passing from the top of the vessel by the down
ward pipe to *“f’ passes through the pipes m the dephlegmator D and 1s
discharged at “ £ on the other ssde It 15 of the utmost importance to
ensure defimte temperatures 1n the dephlegmator by automatic control of
the quantity of water eirculating through the cooling apparatus On the
proper tegulation of the temperature depends m great measure the success
ful scparation of the fusel oil, for the higher the temperature mnside the
dephlegmator the greater the amount of fusel o1l which passes over into B

85 The Guillaume still —Another useful pattern 1s the Gullaume still
(Plate VII) In this the wach enters K, which 18 a small cistern contaimng
a floating ball and lever attached to a valve on the wash pipe  Bv means
of the latter contrivance the wash in the eistern 13 always maimtamed at the
sams height

The wash descends through the pipe marked *“ wash ” on the right hand
clevation  The pipe descends through the bottom of the column so that the
control tap may be accessible At this pomt the wash pipe may enter the
Tower eylinder, or condenser at P, or 1t may turn upward and enter the upper
condensing eylinder at W (left hand diagram) In the latter case water
must be used for condensing 1n the lower ¢yhinder and will enter at P and

.
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and emerge at X (left hand dwgram) In one type of the still
the condensation and cooling of the spimt 13 accomplshed entirely
by means of the wash, and the wash pipe 13 diverted and attached
, to Paccordingly  The upper and lower eylinders are separated by a diaphragm
and, if water 13 used 1n the lower one, there 1s no internal openmg between
the tno, but when wash 1s used for condensing, a moveable plug fitted
mto the diaphragm 1s removed and the two cylnders form one combined
condenser and cooler The upper cylnder contamns a number of parallel
vertical tubes The wash passes through these whle the spint vapour
condenses on and around them and collects on the lower plate into which
the tubes are fitted The lower cylinder contaimns a large coil 1n which some
spint 1s condensed and the whale cooled by the wash or water which
has entered at P The wash having entered the lower cyhinder R rises and
passes through the opeming m the diaphragm into the tubes contaned
in upper cylnder B, until 1t overflows into the pipe marked * wash®
{left hand diagram) It then descends and enters the mclned distillation
column at Y (left hand diagram)
The wash descends the column bemg diverted from side to side of the
column by baffle plates which fit alternately close up to the left and nght
hand sides of the lower part of the column

The steam, which enters at D, where connection with the steam pipe 1s
made, rises up the column and 1n order to do so 1t has to pass alternately
over and under the bafle plates, and must also force its way through the
wash and m domng so 1t quickly rases the temperature of the descending
wash to boiling pomnt

Consequently the wash 1s practically exhausted of spinit by the time 1t
reaches the bottom of the column and escapes at V, the spent wash outlet
pipe  The baffle plates are fastened alternately to the top and bottom of the
upper and lower halves of this column respectively  The spint vapour nses
through the pipe at the top of the mclined distidlation column (see left hand
diagram) The vapour escapes mto B and is condensed by contact with
the vertical tubes through which the wash 1s passing  Some of the spinit
and most of the impurities collect on the plate mto which the tubes are fitted,
and when the kqmd rises to the level of the opemng of the fents pipe (see
left hand diagram) 1t overflows and runs down that pipe and back 1nto the
wchned distillation column at F (see left hand diagram) The purer spint
<apour which has not been condensed 1 B passes through the external elbow
tube at Linto the coil 1n the lower cylinder R where 1t 1s condensed and emerges
from the pipe terminating at G, the mspection safe, whence 1t passes to the
spuit recerver  Any other spint vapour which ts not condensed escapes
through the pipe marhed * uncondensed spint vapour pipe ” and 1s conveyed
to the bottom of the wash regulating tank, where 1t becomes absorbed i the
«wash A pressure of 40 to 60 lbs has to be mamtamned on the steam inlet
vahe which 15 contained 1n the column € The exact weight to be sttached
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to the lever has to be determined expenimentally The proper balance of
pressure between the mcoming wash and the steam 15 automatically regulated
by means of the apparatus D which contawms a float with a rod attached to
st and the spent wash outlet valve V (on mght hand diagram) Trom the
top of D a prpe passes to the head of the melined distillation column so that
there shall be no internal resistance to the free action of the floating valve
In order to test the vapour of the spent wash the small pipe which emerges
from b " 1s attached near the bottom of the inchned column Some of the
vapour from the lowest pomt of the column passes up this tube nhich then
passes into the condensing cylinder R where 1t 1s shaped into a small coil and
emerges at Z It then termmates in a httle cup  The latter becomes filled
with condensed spent wash vapour A small saccharometer 1s Lept floating
therein so that the density of the aqueous portion of the spent wash can be
observed  Any appreciable quantity of spint which might be present would
<o affect the density that incomplete exhaustion of the wash would be
promptly mdicated

The U shaped curves at the lower parts of the vamous prpes are made
specially to prevent regurgitation

The type here desenibed and :llustrated 13 one of the simplest types of
this pattern of still

86 Method of cleaning patent stills —Patent still apparatus can be cleaned
by steaming or in the usual manner with hot water A method used 1n

Amencn 13 as follows —

After long use distilling apparatus occasionally acqures a crust having
a thicl ness up to § inch, consisting of hardened mash, greace
sand yeast cells, husks etc To remove this without tahing
the apparatus apart, the latter 13 filled with cold water  After a
short mterval the water 18 drawn off, all outlets are opened and
a copper pan filled with equal parts of alcohol and herosene 13
wmsented, {rom the sule and 2at on one of the capons ppeeays
The mixture 1s then hghted In three or four minutes the
chamber becomes dry and hot and the crust so loose that it cam
be casily removed  The process 1s repeated with each chamber,
beginning at the lowest With a gallon of the misture the
largest apparatus can be cleaned mn four hours

87 Claracteristics of patent still and pot still spirits —Patent still spints
can e yrepared <o as to contain the matimum amount of alechol obtamable
by distillation alone  Thus spmit can be obtained from a patent still whieh
may contain as much as 97 per cent by volume of aleohol An cfficaent
patent etill zemos es some of the by products of aleohol altogether or reduces
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the amounts of all very greatly The amounts of acids aldehydes, ethers
and higher salcohols (““fusel o1l ”) are very greatly reduced, while furfural
m most cases 1s practically altogether removed A patent still spirt may
thus be found to contain no acid or furfural, only traces of aldehydes small
amounts of ethers and of hgher alcohols

A pot still spint always contains very appreciable amounts of acids,
furfural and aldehydes, and the quantities of ethers and lngher alcohols
present 1n 1t are very much lugher as a rule than in patent still spimts  But
no absolute rule can be laid down as patent stills greatly vary i efficiency ,
and expenence at the Central Excise Laboratory clearly shows that some of
the less effictent forms may even produce spint not very different mn compost
tion to that made m good pot stills  Agam, a well made patent still spint
may be stored in prevtously used vats or casks and absorb from them definite
amounts of acids, furfural, higher alcohols and ethers

838 Fla.ouring of patent shll spirts —Many of the well known brands
of whishey, ete, consists of blends of patent and pot still spint so arranged
as to maintain o constant flavour the blender s being m the Umted Kingdom,
nearly as important a branch of the spint trade as that of the distiller  An
wferior class of <pints 13 made by mxing paterit still spirits with essences
and these may also be coloured 1n 1mtation of brandy whiskey, etc, with
caramel or with coal tar or other dyes or by storage n casks

The flavouring essences used are hnown as essences of whiskey brandy,
Tum, gin, ete It 1s necessary that the quahty of these colouring and favour
mg agents should be controlled Cheap and very deleterious agents may
be used at times and some of the allegations of deleterious quality which are
<o often made against cheap imported spints have been traced to the em
ployment of such deleterious agents

89 Potable quahires of pot and patent stll spinis —As regards potable
quality, pot still spints contain the natural flavouning by products of spint
to a much greater extent than patent still spmts They are thus of a less
artificial nature than patent still spints which 1 many cases require to be
fisvoured and otnerwist compounded mm order Yo make Yhem palatable
Ture patent still spints produced at the ighest strengths practically taste
of nothing but aleohol and water and are not, to the ordinary mans taste,
palatable  Sugar spirits retam such a distinctive flasour up to 40° or even
45° OP as to bear dilution to low strengths quite well, but 25° OP 15 a
good strength to distil to when 1t 15 desired to obtamn & strong sugar flavoured
spint  If the distinetive flavour of mehua 1s to be retamned sufficiently, dis
tillation should not 1o general proceed to a higher strength than 30° O P.
In India spinits are not blended to meet consumers’ requirements to anything
lihe so large an extent as i European countries
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Good pot still spinit perhaps may, on general grounds, be preferred to
patent still spirnit as bemng essentwslly a naturally produced spint and not
an artificially compounded article  But the proportions of natural by products
ordinarily occurring m esther pot or patent still spirits are present i such
relatively small quantities as to make any real difference as regards their
wholesomeness neghgible 1 practice At the same time, 1t must not be
forgotten that at any time pot still spint may be produced under very un
wholesome conditions due to faults or accidents :n manufacture For ex
ample such spirits made 1n India have been found at the Central Excise
Laboratory to contam more than 12 times the maximum permisstble Imit
adopted at the Laboratory for aldehydes, 25 tumesthe permussible maxi
mum for furfural and 30 times the pernusmble it for acids There 1s
much less danger of this with patent stills but even with these, the amount of
aldehydes has in England through defects in manufacture msen to more than
twice the permissible maximum  Agam 1t has becn seen that noxious
cssences may be employed to compound patent still spints  So that control
by Government 1s necessary 1n the interests of the public

90 heeping and carrying properties of spirits —\s regards storage and
transit of spint o strong spmit may usually be expected to bheep or carry
better than a weak spmt  Further 1t 13 obviously more economical to trans
port from distillery to bonded warehouse or other 1sswing agency a strong
spinit which can later be diluted to any required bulh  To trarsport weah
spnit 19 to carry chuefly water Spint of 60° UP strength has been found
at the Central Ixcise Laboratory to be as Iow a strength as can ordmanly
heep and carry well  But carrymng and Leeping qualities depend on care 1n
manufacture and cleanhness of spint receptacles as well as on alcoholic
strength  Some pot stills can turn out (redwstilled) spint as high as 50°
over proof but the average strength of the complete distillate under the
best conditions seldom exceeds 20° OP  and on the other hand some
Indian patent stills (of nferior type or badls worked) turn out spmt not
much over proof strength

CHAPTER V.

By-products of Spinils

91 T/e component parts of ordinary spirit —Spinits consist almost entirels
of ethylic alcohol and water along with which eccur small amounts of bs
products or secondary constituents which serve the purpose of flavounng
them according to their nature and amount , and these determine the qualits
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«Ordinary or ethyhc alcohol 1s thus by far the most important ingredient of
alcohohc lquors Compared with it, the by-products are present 1 very
minute quantities The latter may be considered m the followmng
groups —

Higher aleohols,

Aldehydes, mcludimg furfural,_

Ethers,

Acuds ,

Acetals, volatile alkaloids, and oils

W N e

o

92 Higher alcohols —The principal higher aleohels occurring mn pot:;ble
spits are amyl, butyl and propyl Others, such as caproic or hexyl,
heptyl, octyl, etc, occur in such minute amounts that they need not be
considered for practical purposes These higher alcohols are the chief
components of what 13 popularly known as fusel o1l The term fusel o1l comes
from a German word fusel which means bad brandy as bad brandy was be
lieved to be due to too much fusel o1l being present  Tusel ol when separated
and analysed, 1s found to contain, bestdes higher alcokols, other substances such
as ethers and volatile otls It 13 thus a very complex mixture Fusel oal 1s
produced chiefly during fermentation These higher alcohols are so called
because In general they have higher densities and boiltng pornts and more
complex chemical composition than ordmary or ethylic alechol Small pro
portions of fusel o1l are invamnably present being normal products of fermenta-
tion and 1t 1s impossible to remove them entirely without destroying the
potable chararter of sput  So that 1t 13 meorrect to talk of a potable
spinit as being *“ quite free from fusel o1l

03 Aldehydes —When ordinary or ethylic alcohol 138 attacked by oxygen
1618 ovidised first of all into a different substance termed an aldehyde There
are numerous aldehy des, 1n fact each varety of aleohol has 1ts own partieular
aldehyde Thus the aldehyde of ordinary ethylhic alcohol 18 termed acette
aldehyde or acetaldehyde Its name will be easily remembered from the
fact that vinegar or acctic acid 1s the substance into which this aldehyde1s
nest oxtdised  Amylic aleohol the chief constituent of the so called fusel
o1, has 1ts amyltc aldehvde and propylic and butylic aleohol (also present
m fusel 01l) hase their propylic and butvhe aldehydes And so on with the
other alcohols present mn spirits There 13 another aldehyde which 1t
has generally been customary to refer to separately m discussing alcokolie
by products  This 1s furfur aldehyde or, asit 1s usually more shortly
termed furfurnl  This 1s the aldehyde of furfur aleohol Tt 1y alo chemi-
calls spoken of as pyromucic aldehvde , and 1t changes on further ovuida-
tion to piromucic acid  The aldchydes first referred to are produced
durtng the course of fermentation, and distillation —from exidation of
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alcohol by varous agencies  Furfural, however, 1s chiefly produced by the
action, dunng the course of distillation, of the hot aeid, aleohole hqud
on certun vegetable fibres contamming chemical ingredients suitable for 1ts
productton  Aldehydes are 1n Indian dwstillertes chiefly produced dunng
fermentation  Furfural 15 mainly formed dumng the course of distil
lation

91 Lthers —The combination of an alcohol with anacid forms an ether
These are properly called esters or compound ethers  As ethyhe alcobol and
1ts acd (ncetic acid} are those chiefly present in spints, the cther formed
by therr combination (acetic ether) 1s naturally the ether most commenly
found Trom the acid denved from butylic aleohol 1t turn 1s obtaned
bultymc ether, from the acid derved from amyhe aleohol valeme ether,
from the propionic actd demtved from propyl alcohol, proprentc ether, ete
Lthers are formed during the course of both fermentatron and distillation

95 Aerds —The next group of by products 1s the acids  These chrefly
result from the further oxidation of aldehyvdes, but are also produced by
the action of speernl acid forming germs which produce acetic acid, lectic aerd,
butyric actd and more rarely other acids according to the particular type
of germ present or predominant  Acids which oceur in freshly distilled spints
are volatile naids  Volatile acids partly distil over along with the aleohol
m spinit manufacture  Tixed acids cannot do so and are left belund 1n the
still  VWhen fixed acids are found in a spint they come from absorption of
tanme or other organic or vegetable ncrds from the wood of the cash in which
the spint has been stored after distillation

96 Acetals volatile alkalowds and orls —The combimnatton of an alcobol
with an aldehyde forms a substance called acetal Such compounds are
present 1n potable hiquors usually 1n such very mnsignificent traces that they
mny be dismussed with the mere mention that they occur  There are alo
sometimes formed 1n certain spirits volatile mitrogenous sabstances of the
nature of alkalowds but only n very munute amounts They are m general
more cunious than mportant

Volatile ols also distil over and often give a characteristic odour to the
spint asin mahua spints  In this ease they oceur naturalls in the makua
flowers  But volatile oils are sometimes added by the distiller to flavour
the spint before or after distillation 1nstances of such added oils are otl of
amseed peppermint, and cardamom

97 By products are generally present an neglpble quantities —The forego-
., by products are ordininly present m, relatively, very small proportions
Althouh most of them are very porconous if separated out by themaelves
and grven i sufficientls lar e amounts to a man oramumal vetin the propor
tions in which they are usually found m spints ther action 13 quite
harmless
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98 Plyswlogical action of alcokol and ats by products —The effect of
aleoholic hiquors depends on their strength on the amount taken on the
age and susceptibihity to alcobol of the mndividual and on whether tolerance
has or has not been established by the more or less frequent use of alcoho!
Its action 13 principally on the nervous system and this 1t to some extett
affects differently m different people even when equal strengths and quantities
have been drunk It acts i the early stages as a stimulant and later when
3 sufficient amount has been taken as a depressant and paralyser of nervous
energy  The higher alcohols (amyl butyl propyl) act like ethyl alcohol
onlv more strongly They therefore tend to mcrease the action of ethyl
alcohol when they are present in sufficient amount which 15 very
seldom

Aldehfdes and furfural have sumilar actions and n sufficient quantities
add to the paralysmg effect of alcokol on the nervous system  These sub
stances are moreover much more irmtating to the stomach than 1s ethyl
alcohol

\cids and ethers are the least harmful of the by products and can only
harmfullv modify the action of spints usually to a very trivial extent On
the other hand certam of the ethers of alcohohc liquors male them much
more palatable and m this way tend to modify favourably the action of
aleobol

The results of a special enquiry made m India into this question in 1900 06,
which were fully confirmed later by the Royal Commussion on Wiishey and
other Potable Spints which reported to the Bntish Government m 1909,
are d up 1n the foregoing ks to which the following may be
added —

The action of relatively small quantities of by products found 1 even
the worst samples of hquor analysed would appear to be ummportant
and practically neglgible Amounts of by products far exceeding those
ever found 1n alcoholic iquors were adeunistered with no appreciable effect

Raw (new and unmatured) whiskey however contams iumtating sub
stances resembling creosote and for this reason 1s found to cause unpleasant
symptoms which more matured wiisheys do not produce Agam higuors
lihe absinthe cause specially deleterious effects but this 1s due to the added
wormwood o1l and not to any naturally occurrng alcoholic by products

99 Cheap unported spirtts —Cheap imported spints have long lain under
the suspicion of bemg specially deleterious  This however 1s not true
of the mvernge spmt of this nature Such spmts are made from aleohol
highly punified by rectification i patent stills and then flavoured with spints
or essences of vamous hinds  The sk 1 such types of spints 15 the use of
deleterious essences which are added 1n order to gne them colonr flavour
and odour
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100 General precautions necessary to avord impurities —Apart from the
question of essences, the chief precautions required n order to avoid mpurities
are care In manufacture and the prevention of addition of drugs or of other
deleterious 1ngredients to the spmit  In the majority of Indian distiileries
every detail of the process needs improvement, e g, as regards cleankness of
stores, fermenting vessels and sheds, the use of proper fermenting vats, a
sufficient water-supply , proper mashmg in every particular, proper stirrng
of the wash during fermentation , regulation of temperature of fermentation
and of acidity , a proper method of pitching with sound yeast , the avoidance
of an unduly prolonged fermentation , straimmng off the sohid matter of the
wash before feeding the still, the avoidance of delay i distiling the wash
on completion of fermentation , still-feeding by gravitation , and, generally,
proper techmeal control of the whole process

The enquiry in 1905-06 nto the quality of aleoholic iquors 1n India showed
that usnally furfural and acxds are the only two Jonds of by-products which
tend to be present m too large amounts m country spimts The results of
the mvestigations above referred to also proved that smgle or double dstalla-
tion, or fire or steam heat, has no appreciable effect on acid or furfural produc-
tion It was shown that those washes which contam the largest amounts
of solid vegetable matter, such as makua, rice, raisms, dates, and toddy, yielded
most furfural, while spirits made from gur, jaggrs molasses and other sugar
residues gave least Patent-still spints i India are usnally made from jaggre
or sugar-refuse bases  This fact and the action of the patent-stillatselt account
for the circumstance that furfural 1s least 1n amount or even absent altogether
1o such patent-still spirits -

101 Furfural control —To avord excesstve proportions of furfural one or
smore of the following precautions should be adopted —

(1) The wash should be strained when bemg run 1to the still so as
to remove solid vegetable matter Furfural 1s formed durmg
distillation by the action of the hot acid lIiquer on vegetable
fibres  hence the necessity for strammg these off, especially
1 the case of makua m which the flowers are usually passed
with the wash into the still, with the view of increasing
the mahua flavour

(2) Over-firing of the still should be avoided, as furfural 1s produced
more abundantly when the wash 1s over-heated, cspecially
towards the end of distillation

(3) Automatic stirning apparatus should be used, especially with fire-
heated mahua washes

{1) A doubler and rectifier should be fitted to the pot-still, as furfural,

being a substance having o high boiling-pomt, 15 hept bach
by therr action  Care must, howeser, be taken to empty the
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doubler after each distillation and to keep 1t and the rectifier
clean

102 Prevention of excessue acidily —For the prevention of excessive
acidity, proper fermentation, the avoidance of delay m distilling the com-
pletely fermented wash , proper firtng of the still, and the use of a doubler
and reetifier are the chief precauttons to be observed m manufacture In
the fimshed spirit, excessive acidity will tend to occur if the spirit 15 over-
diluted with water or placed m dirty receptacles It may be again pomnted
out that a farrly well made spirit of as low o strength as 60° UP will keep
and will bear carryng well, but badly made and dirtily stored spmnts of much
higher strength have been proved to do neither

The volatile acid which occurs 1 spirrts 1s chiefly acetic 2eid and 1t 1s
chiefly produced during fermentation, but to some slight extent also durmg
the subsequent distillation The amount of acidity in Indian washes vares
within large hmits  Some washes for mstance have been found to con-
tam 15 times as much ac:d as others and, when the varying time of fermenta-
tion m different distilleries 1s remembered, this 13 hardly surprising

103 Control of aldehydes —Aldehydes other than furfural are produced
during fermentation and also during distillation  Improvements and care
throughout fermentation and distillation will generally act m the direction
of lesseming aldehyde formation The doubler and rectifier have less effect
on aldehydes than on any of the other by-products The formation of
aldehydes has been found to be much favoured by high temperature of the
wash  But high air temperature favours the evaporation of the more volatile
aldehydes It thus often happens that crudely made pot-still spimts made
during the cold weather m Indian distillerres contam more aldehydes than
spinits made under the same conditions during the hot weather, as the escape
by evaporation of the aldehydes 15 favoured by the high air temperature

104 Prevention of excessue fusel oil production —Fusel od 1s, contrary
to popular 1des, of hittle practical mportance 1 Indian hquors 1t 1s pro~
duced durmg fermentation chiefly, so that care as regards the detals of fer-
mentatton 13 specially indicated  The employment of a doubler and rectifier
are particularly useful m heeping back the higher boiling pomt amjl ard
butyl alcohols, but have much less effect cn the propy1 aleohol, which passes
over along with the ethyl alcohol, from which 1t 13 practically impossible
completely to separate 1t

105 Control of ether production —Ethers are produced dunng fermenta-
tion and distillation  General care m conducting these processes and the
proper use of a doubler and rectifier will Leep the ethers within proper Limt~,
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The same remark applies to other by products of less importance and less
frequent oceurrence, such as volatile alkaloids, acetal and volatile oils

106 Copper contamination of spurits —Serious contammation tends to
«occur from copper salts when the condensing worm 13 not carefully kept
«clean, As much as seven grams of copper per gallon have been fourd m
-country spirit  The most serious cases of copper contammation occur m
mahua spmit and this 1s due to the volatile fatty acid m makua which distils
over, chiefly towards the end of distillation, and 15 depomted i the worm
Here 1t attacks the copper and forms a compound, a copper soap At the
following distillation the alcoholic vapours and fluid dissolve some of the soap,
“thus contamnating the spirit

The fatty acid 1 question 1s itself harmless ™ It 1s its combimation with
copper that makes 1t dangerous  The fatty aeid 1s sohd at ordinary tempera
tures , and melts at about 55° C (=131° F} The copper soap 1t forms 1s
nsoluble 1n water but 15 soluble m alcohol especially 1if shghtly acid as m
country spmt It begomes flud in bothng water Thus the fatty acid 1s
much more easily hquefied than 1s the copper soap Hence 1t 15 best to deal
with 1t before 1t has attacked the copper and the best means of doing so 13
that already desembed 1 Chapter 1V Copper salts are not volatile and
‘hence cannot distil over, but small quantities may pass 1nto the recener 1f
“* priming ”’ oceurs or through crude and unswitable condensing apparatus
“The copper recerver 13 seldom the cause of contamination and, if kept clean
cannot be The separation and redistillation of the first and last portion of
-the distillate 13 essential to the production of an uncontammated liquor

Laquor may turn mky from contact with iron pipes or nails and wood—
won tannate bemng formed This 1s not poisonous, but such hquor needs
to be redistilled to nd 1t of the coloration Zme (dertved from galvanised
dron pipes or vessels) and lead (from water used to dilute spints) may also
-cause spirib contamnation

107 Tests for umpuritres —By products are not generally present m pro
sportions sufficient to be mjurious to health Nor, when they are, can they
De detected by any such simple tests as could safely be applied by Excise
officers

Control of quality generally must therefore be exercised by the peri-
odical submusston of samples for analysis An exception to the rule 13 made,
however, 1n the case of copper salts Intlis case a permussible hmut of &
quarter of a gramn per gallon of spint as 1t leaves the still (provided that 1t 1s
Teduced to 10° U P 1f 1t exceeds that strength) has been presembed and the
following procedure for detecting 1t has been laid down

108 The C E L test for copper —Treshly distilled spmt should be
tested, as casked or vatted spinits are less sencitive to the test  Tiwo smomlar
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comeal test glasses (each holding about s1x ounces) should be equally filled
nearly to the top with the sample under test Three drops of ferrocyamde
of potassum solution* should then be added to one glass only and the
contents stured up with a glassrod If there 1s the slightest production
of a reddish or pink colour 10 the contents of the glass so treated, when
the two glasses are placed mde by side on a sheet of white paper and
observed from above, then the sample contams copper m excess of the
tinut of o quarter of & gram per gallon  Compamson in this way with
the ongmal spirtt (2 ¢, untreated with the ferrocyanide solution) 1s essential,
If a blue or green colour results, iron 18 present and the sample should be
sent to a laboratory for analysis, as no opinion as to the amount of copper
salts can then be formed by the ferrocyanide test alone It should be specially
noted that the spint must be diluted to 10° UP or less, as higher strength
spints than this tend to interfere with the test by precipitating the fer-
rocyamde
109 Flavourimg and colourmg agents —The following imgredients used
1 makmng spiced liquors are harmless —Ginger, nutmeg, gum acacia, saffron
Leora (Pandanus odoratissumus), turmenic, frmt of Helwcteres Isora, seeds
of Nelumbium speciosum (2 species of water lily), catechu, fennel, amseed,
cardamom, cortander, orange, munds, mum, peppermint, mango, Akas kkas
sweet lemon and rose Red and blach peppers are added with a view to -
creaze thurst and this practice should be forbidden Of colouring agents
caramel 1s the most satisfactory  The foll g are & few ples of others
that have been tested —
(1) Night jasmune flowers (harsinghar, shieul) —These are permussible
A rtough test for detecting whether or not this agent has been
used 15 to add a small guantity of hydrochloric or sulphune
acid to the hiquor This addition should produce no change 1n
hquor coloured by might jasmine If, however, o red colour
results, some other colounng agent than night jasmine has
been used, probably an aniline dye
{2) The fesu flower 15 also a harmless colouring agent
(3) So also 1s saffron, which 15 occasionally used instead of caramel

(4) The amlme dye,t Diphenylamine orange (also called Tropzo-
lme 00 or Orange IV,) rather resembles the colour produced
by mght jasmme It 15, however, a porconous dye ard its
use 1 any proportions should be forhidden

* As much powdered ferroeyanide crystals s will Lo heaped on o two anna picce added
to half an ounce of pure water wall make & solution of suffieicnt strength  The solation should
be hejt 10 the dark when not :m use  When 1t tums a decp yellow colour mstcad of pale lemon
1t should Lo thrown nway snd n fresh solution prepared ~The ferrocyamde crystals should
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(5) “Phosphine” 1s another dye used for colouring hquor and su
Its use 1n the case of spinit 13 permussible, as 1t has been fo
to be non poisonous 1 the proportions used usually abot
grain per mmpertal quart of liquor

110 Composition of flarouring essences —TIWhiskey essence may be m
of fusel ail, especially of the higher fractions, dissolved m strong aleo
O1l of bireh 15 also used  Rum essence 1s often made of ethyl formate, wi
possesses an odour of peach kernels  Ethyl butyrate s another ether frequs
ly used as a rum essence and 13 often made for this purpose by distil
saponified butter with alcohol and sulphuric aeid  Rum owes 1ts charactert
flavour to ethyl butyrate and formate, hence the employment of these
essences  Prune Juice 1s also used as a flavourng constituent  Oil of ca
has been found to be the chief imgredient of other rum essences

For brandy essence, ethyl pelargonate (cenanthic ether) 1s largely u:
as also 1s acetate of ethyl MNatnte of ethyl 1s occasionally used, but 15
a permussible 1ngredient Oils of cloves, cassia, hitter almonds, galls,
spice and oakbark are also occasionally employed Ymitatton brandy
made at times by distilling plain spirit with argol, prunes and a small amor
of real cognac and then adding tanmin and colounng with caramel  * Cogm
ol 13 also employed to flavour imitation brandies

Guin essence 18 usually prepared from jumper oil or bermes Turpent:
almond cake, coriander, cardamom red pepper, grams of paradise, orns a
angelica roots are also used as flavouring agents

No chemeal flavourmg and colouring agents which 1t 15 proposed to v
for making so called “ foreign ” liquors from plan spmts should be allow
to be employed until samples have been sent for analysis and the proportic
11 which they may be used, if at all laid down

CHAPTER VI.

Arra t of a Distillery.

111 Dustillery arrangements dealt wuth under the substantize law tn England -
The proper arra of the partments and vessels of a distillery 1s
matter of the first 1mportance from the pomt of view of the revenue as well:
of the distiller, so much so that 1n the Umted hingdom the provisions regar
mg this matter form part of the substantive law, wide Schedule I to the Spin
Act 1880, on which the following mstructions are m a great measure base

112 The simplest form of arrangement described —One main object «
the arrangements being to secure that the spinit shall pass through its ent:
course 1n closed pipes, 1t 1s convensent as well as economical to make use «
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the force of gravitation and to build etther oun & hillside or m several storeys
In the ordinary country distilleries, however, to which this chapter particular
Iy relates, 1t 13 not usual to build 1n more than one storey and 1t will be sufficrent
for the present purpose to consder a single storey bmilding as illustrated on
the opposite page  This consists as will be observed 1 a series of compart-
ments on the mner side of a secure wall the first for storage of maternals,
the second for preparation of wash the third for charging of stills, the fourth
for distillation, the fifth for spint recervers and the sixth for storage, reduc-
ton and issues It will be conventent to consider these m order

113 The outer wall —The onter wall should be of brick or <tone and high
and secure  No lean to buildings on the outer side should be allowed All
openings 1 1t, ¢ g, windows ventilators or the dramn for the 1ssue of spent
wash, should be covered with wire netting of square mesh the apertures of
which do not exceed one quarter of an mech so that no vessel can be passed
or out This should be riveted on the mside to the window frames All
windows and ventilators should m addition be secured by malleable 1ron bars
at least threc fourths of an inch mn drameter and not more than four inches
apart fixed deeplv m the brick or stone work Wdows on the ground
floor should also be secured by 1nside shutters having strong hinges and a
cross bar

A single pair of high and secure gates for the admission of materials and
13sue of spintt 13 generally sufficient The gates must be so construeted that
when shut they cannot be hited off the hinges On the two sides of these
guard houses may be placed outside and offices for the Excise officer and
the distiller mmside  The doors must have proper fastenings for securing
them with revenue locls These fastenings whether of the ordmary hasp
or other formation should be attached to the doors by screw bolts riveted
over nuts on the mnside  The hinges should be attached to the doors and door
frames by bolts rveted on the mside and all hinge joints should be formed
by welding and not by ordmary riveted pins

114 The store for materials —In the store for materials a puhka floor
and proper walls and roof are essential The doors and windows should
be covered with wire-gauze frames to heep flies from the mal ua, sugar, ete, —
stored within ~ The doors should be fitted with weight or spring attachments
so that they cannot be left open between the removals of matenal The
windows should have the gauze frames fixed so that, if glass windows are
also used they can be opened without disturbing the gauze protectors W herc
escape holes for dramngs are necessarv, thev should be fitted with strong
and sceurely cemented ron gratings so as to exclude rats and other vermun

116 Tle fermentation room —The fermentation rmom also should be
cemented or closelv paved under foot <o that anv wash that 1s spilt mav be
cleaned up at once and not remain to form a breedine ground forfnld yeasts

F2
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and acid-forming germs which tend to infect subsequent washes through
theair  Ample provision should be made for ventilation and sater supply.
The vats should be of oak or other hard wood, not hable to warp, spht, or

leak , or of cement, not of metal, which 1s hable to corrode Fermentation
vats are usually somewhat deeper than they are broad and the foot 1s broader
than the top, but where sold makua 1s passed mto the wash 1t 1s useful to-
have the top as wide or wider than the foot so as to expose more of the
mahua to the action of the water The use of earthenware pots and small
cashs should be discouraged Each vat may be covered with a hd freely
perforated with holes so as to allow of the escape of gas and the access of aw
as well asto exclude flies, etc The vats should be set i a regular order
above the main pipe or trongh by which the wash 13 conveyed to the wash
charger The following are the provisions of the Spints Act m this
connection —

Thero must be fixed 1 every fermenting back to the satisfaction of the proper officer, &
disrhargo cock or plug and plug hole through which the wash m the back may be conveyed
by a mam gupe or open trough mto ¢l e jack hack or wash charger

. - - [P INN

.
this pipe must not open nto the back

Lxeept as aforesni] and except the pipe for conveying wort into the fermenting back
from the coolers and a sewer coch or plug for carrying off the water wherewith the back is
cleansed  thero must not be any pipe or conveyance entening mto or passing out of the back *

*Spints Act, 1880, Fust Schedule, Third Part.
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116 The uash-charger —In some distilleries an intermediate vessel known
as a wash-charger is used Into this are run the contents of different fer-
mentation vats until & sufficient charge for the still has been obtasned  Where
distillation 1s contimuous, as m a patent still, a wash-charger 1s almost -
variably used From the wash-charger the wash is carried by a closed pipe
direct to the still  The wash-charger’s capacity should be not less than half
that of the largest fermenting vat It may be connected with the femts
recener by means of a close pump or metal pipe, through which impure sprrits
may be returned to the still for redistillation

117 The still —The vessels should be arranged, if possible, so that the
wvash may pass by gravitation mto the still and the spirit may pass by gra-
sitation 1nto the recenvers The condensing tub should be fed by a constant
supply of water as cool as 1s obtamable and the supply tank should be high
enough to allow of this The following orders regarding still fittings are ex-
tracted from the “Instructions for Surveymng Distilleries” *—

Stills may be of any form or construction the distiller may thmk
proper, but there must be no openmngs mto them except those
1 connection with the respective chargers, and an air coch
or valve upon the breast or head The external onfice of the
air valie must be so constructed and covered by a perforated
metal plate, that 1t would be impracticable by that means
either to mtroduce wash or to abstract spints, or to convey
away spuit vapour for condensation elsenhere When com-
mon stills are heated by means of steam, no objection 1s to be
made to perforation 1 the steam pipe within the stil so that
the steam may mix with the wash or low wines to be distilled,
provided the pipe, before 1t enters the still, 1s at such a level
that the flud 1 the still cannot flow mto the boiler when the
pressure of the steam 1s withdrawn The cock on the steam
pipe, near the still, must be secured with a worhing fasteming
when the still 1s at work, and with a close fasteming during
the brewmg pertod A working fastemng 1s one that will
adumut of the hex bemng turned but not of its being withdrawn
from 1ts proper position i the coch  The mandoor 1n common
stills must be provided with proper fastemings and Lept locked,
except when the still 1s open, under notice, for cleansing or
repar  Every ordmary still must havea discharge cock, easily
accessible to the officer, and not more than three feet distant from
the body of the stall , this coch 1s to be kept loched when the still
15 not at work

* Paragesphs 54 sud 55.
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118 The safe or sampling apparatus —There should be placed between
every still and the receiver or recervers into which 1t discharges a glass safe-
furnished with a hydrometer capable of showimg the strength of liquor down
to water so that both the quantity and strength of the spirts which are run-
ning will at any moment be visible to the operator I desired, a sampling
apparatus may be used instead, provided that 1t 1 so constructed that for
every sample drawn off an equal quantity shall be discharged 1nto a closed
and locked receiver, and that the samples shall be produced to the officer
and shall be found by him to agree m measurement and strength with the
corresponding quantity so discharged 1nto such receiver and shall be passed
by him mto store

A useful pattern of safe 13 one made with thick glass mdes firmly niveted
or cemented into stout metal supports The front face of this box 1s made
to open and 1s fitted securely with a hasp and locked with Excise and distiller s
padlocks  An arrangement for allowmg vapour to escape without msh of
abstraction of spirit 1s required  This 1s often a small pipe mserted between
the worm and the safe the end of which 15 closed with a fixed plate perforated
with small holes through which the vapour escapes It should be noted
that 1f the safe clouds with vapour 1t 1s evident that the arrangements for
condensation and coolin, of the iquor are madequate  Whatever the pattern
of safe or sampling apparatus used it must be so constructed that, when locked,
spirits cannot be abstracted therefrom by the mtroduction of a pipe or sy phon,
by causing to overflow or by other means

119 Recerers —The Recerver of a pot still should be large enough to hold
all that the still can discharge at one distillation whilst a patent still must
be provided with two receivers to ensure continuous workmg and purty of
product They may be of wood, cement, or least preferably, of ron  Copper
should never be used They should be fixed and immoveable, so constructed
a3 to be quite secure from attempts at abstraction of spint and so as to be
able to be thoroughly cleaned out feriodically, and so placed that they car
easly be exammed and the fact that they have not been tampered with readily
ascertamed  If the first extract of & pot still distillatron 13 to be ssued for
sale 1t 1 essential that a feints recerver should be provided for the fore shots
and tailings so that the middle portion of the distillate may be separated
from them in another vessel and may alone pass wmnto consumption If the
whole distillate 1s to be redistilled a second vessel 18 not so necessary, but it
1s convenient 1n this case also to separate the femnts from the fimshed
spint

When two receivers are fitted to the same still arrangements should be
made <o that the distillers may be able to divide the spints discharged frony
the still mto different lots according to their strength or quality, witheut



AR ANGEMENT OF A DISTILLERY 57

requiring the presence of the officer to unlock cocks or to empty a receiver
This may be eastly arranged for by malung the end of the worm lock mto a
pipe from which branch pipes will lead 1nto different recersers

Every spiut recerver must be connected with the safe at the end of the
worm by means of a close metal pipe, externally visible throughout 1ts whole
length, and so placed that the spimts shall run directly from the safe to the
recerver , there must also be a pump or a proper discharge cock fixed m
the recerver for drawing off the spints and connected therewith a close metal
pe, externally visible throughout its whole length, for conveying the spints
directly from the receiver to the spimt store or back to the charger

The entry and exit pipes should be fitted with cocks which must be locked
by the Excise officer and, 1f desired, by the distrller also  The cock on the
charging pipe must be shut and loched whenever that on the discharge pipe
1s open and tece tersd, except when botb are required to be open simultaneously
for cleaning and repairs n which case either the whole apparatus must be
disengaged from the still itself and be so secured and locked that 1t cannot
be used agam until the officer has removed the lock or the still itself must
be locked up so that 1t cannot be used  When spints run from the receiver
nto the warehouse, the discharge cock of the recewver should be frequently
tested to sec that 1t does not permut any leakage when shut, by shutting for
half an hour or longer the cocks at the vats while spmts are collecting m the
recerver, and by ascertammg whether any accumulation takes place m the
pipe

120 Disposal of spent wash —The disposal of the spent wash 1s some-
times a cause of difficulty So far as distillery arrangements are concerned
the essental 15, once the officer has satisfied himself that 1t 18 exhausted, that
1t should be passed out of the distillery premuses as <oon ss possible This
1s best arranged by letting 1t run out by gravitation along a shallow floor
channel, well cemented and swept clean after each operation  If 1t 15 desired
to Leep some of the spent wash for use 1n later operations 1t should be pumped
mto a covered vessel hept for the purpose Underground spent wash tanks
should never be alloned as they get mnto a very filthy state and poison the
air of the fermentation shed

121 Spirit store —The spinit having passed from the receiver mto a
storage vat 1t remains to consider the arrangements for storage, reduction
and ssues  In a small distillery these processes are ordmanly conducted
m & smgle room about wlich 1t 1s only necessary to remark that 1t must be
protected by secure doors and well hghted and must have all apertures covered
with wire gauze It 13 commonly convemient to arrange the vats along one
side at such o herght that a cask can convenientlr be placed underneath and
to carry the spnt and water pipes overhead The vats should be dimded
1ato three <ets for storage, veduction and 1ssue  The products of distillation
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are passed direct from the recetver mto the storage vats and one may be added
to another, even though they are of different strengths, if there 1s no storage
vat empty When 1t 15 proposed to reduce stored spirit by the addition of
water to one of the fixed 1ssue strengths the spixit should be passed nto a vat
set aside for the purpose, or at any rate mnto an empty vat, for water to be
added to 1t 1n accordance with the reduction tables When the destred result
has been attained the product should be passed mto an ssue vat set apart
for the 1ssues of spirit of the strength 1 question

122 Spirit rats —All spint vats should be closed covered sessels properly
secured and connected with the receivers or withone another by pipes through
which the spirtt 13 run by gravitation or pumped  The best materal for vats
13 wood, but cement may also be used Metal 1s least smitable and copper
should never be employ ed for this purpose  Vats should be placed on a securc
foundation at such a distance from the floor of the store room as to enable
casks or other receptacles to be placed under their escape pipes  They should
have a clear space all round them so as to be readily inspected and eastly
got at m case of leakage, etc They may be pamted, but if the staves are
plugged, & seal should be put over the plug The only openmgs alloned
should be the pipe connection through which the vat 1s filled, the manhole at
the top and the coch at the bottom  All these must be securely loched with
revenue locks The vat and the discharge cock should be so set that
the whole of the contents of the vat can be dramed out through the
cock

123 Marking of rooms, wessels and casks —The following are the pro-
visions of the Spirits Act, 1880, 1n respect of the marking of rooms, vessels
and cagks —

Brecy duatiller raust cause to bo legibly painted with oil colour and must heep so peinted
on some conspreuous part of every vessel or utensil mntended to be used by hum 1 ks business
and of the outside of the door of every room and place wheremn any part of his busmess 13 to
be carnied on of any spirits are to be Lopt, the name of the vessel, utensil Toom or place sccord
10g to the purpose for which 1t 15 1ntended

Where more than one vessel utensil room or place 1s used for the samo purpoee all suck
vessels utensils rooms or places must be marked by progressive numbers
- - PRI

A plan of the distillery showing the position of all rooms and fived vessels
should be taken from the distiller and brought up to date wheneser any change
1smade  An account should also be kept up to date of all vessels and cashs
Vhen a distiller wishes to disturb a vessel or 1ts fittmgs 1 any way he should
obtam sanction through the officer m charge in order that the vessel may be
re gauged before 1t 13 again used

*Spinta Act, 1590 Furst Bebedule, Mnth and Tenth Parts
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124 Pipes for conteyance of wash and spirt —All conveyance of wash
~or spimt should be by pipe and not by bucket or cask Pumpmg or
zunning by gravitation should be employed Thus the wash should be prped
to the still and spint from the receiver to the storage vats For temporarv
attachments rubber hose wired outside 18 perhaps the cleanest and best to
use  All pipes except those exclusively for discharge of spent wash or water
should be wsible throughout their entire length so as to be easily nspected
or reached m case of leakage, etc  \Where a pipe has to pass through a wall
the opening should be carefully cemented all round , or the opening should
be grated and the pipe made to pass through the centre of the gratmg It
will be found a great consentence and saving of expense to have pipes flanged
and m comparatively short lengths so that they can easily be removed for
evamination The flanges should be riveted together and sealed with a
revenue seal The ends of pipes required to connect the several vessels and
utensils must be fastened to the utensils by soldering or by riveting

Under the Spinits JAct of 1880 evers pipe must be pamted with a distmetrie
colour indicating its contents Convenient colours for this purpose m India
are for spinit red, for wash green for femts brown and for spent ash vellow
The officer 1n charge of the distillery should be held responsible for the prorer
-pamtmg of such pipes and for heepmg them brightly pamted Blind ends
of fixed pipes should not be allowed ~ The pipes should end 1 an clbow where
they have their last outlet Where pipes must be left open i the absence of
an officer, they should be stopped with a bung or plug and taped and sealed
by the officer i charge

125 Construction of cocks and fastenings —Evers cock Lept or used by
a distiller should be constructed 1n such manner as the Commussioner of Excise
may from tmme to timedirect The use of a rach or any other deseription
of coch upon water pipes wash backs wash chargers, or stills may, however
be allowed provided such coch, when shut, can be properly secured by a
revenue loch , but, upon receivers and the pipes connected therewith, and
upon pipes through which femnts or spimts pass, the ordmary turnmg cock
should be used The plug or hey of such coch should not be rveted
m, but must be so made that 1t can be taken out by an officer for examma-
tion, and 1t must be legibly marked to show when the coch 1s shut or
open

Tastenings must be provided and mamtuned by the distiller for <ecuring
the trap doors of the chargers and receivers, the chech dipping holes m the
spint recaser, and the cochs, plugs, pumps, veseels, and utensils required to
be sccured , and when 1t 15 necessary for the distiller’s operations that cochs
upon close pipes must be lft open when no officer 13 present, working fasten-
angs must be provided for such cocks  The fastenng should be construeted
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as much as possible In one piece  When hinges in them are necessary, the
hinges must be formed by welded jomnts, and not by nveted pins, if part of
any fasteming 1s attached to a vessel or utensi, 1t must be by rvets and
not by screws The fastenings for cocks must fit so closely as not to admit
of any cock being partially turned or opened, or the plug or key fted up-
or taken out, after the fastening 1s appled  Chamn fastenmngs should not be
used except m cases where 1t would be impracticable to apply those of any
other description

126 Rewenue locks —For securing the cochs and fastenmgs above re-
ferred to a special pattern of revenue lock 1s employed 1n England which 1s
so made that 1t cannot be opened without tearing a label which has been
shut up m the lock  On the label 1s entered the time at which it 15 attached,
and the torn label 15 pasted after removal agamst the counterfol so that 1t
can be readily checked with the entries 1n the officer’s diary  The following
mstructions should be observed m use of these lochs when they are
supphed —

An account of all locks received 1n the distillery must be kept mn its
store register

Every lock m use or on a staple m the distillery must be carefully
labelled 1mmediately on being locked

When locks are nether m use nor on z staple, they must be Lept
the possession of an officer or secured m the strong box

Should 1t happen at any time that a lock cannot be opened m the
usual manner 1 1s not to be picked or forced, but must be re~
moved by cutting through the fastenng

In the construction of fastenings care should be taken that the lochs
are not placed 1 such positions as to be constantly exposed
to wet or mjury  When Excise locks have to be used m places
where they are esposed to weather or corroston by fumes or
splashing with acad used for cleansing purposes a loose fittmg
tin guard should be employed

Before detaching a label from the book, the officer in charge must
write upon both label and counterpart the date, hour and
minute, with his mitals, and, over the words prmted n the
muddle, the intials of the name of the vessel or fastening for
which the label 13 to be used

Before opeming any lock the officer m charge must ascertain that the
label 13 perfect When 1t 15 taken out of the lock the date,
mmute, and officer’s mitials should be written on the Jabel and
counterpart, and the label attached to 1ts proper place mn the
book
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No lock, Ley or label must under any pretext be allowed to pass mto
the hands of a trader or his servant, or of any other person
whatever, not authorised by the Commissioner of Excise to
mspect and examine it

127 Course of uash, low wines, fewnts, and sptrits —The following extract
from the Eaglish law sums up the course of the hqmds passing through the
pipes m a distillery arranged as above indicated —

All wash must be fermented m tho fermenting backs and thence conveyed directly mto
the wash charger, and thence into the still for distillation

Al low wmea fewts ard sp rits running from the worm of the st 1! must run the ec
directly mnto the safe at the end of the worm

All low wmes must ke conveyed directly from the safe wnto the low wines recerver and
thence directly 1nto tho low wines ard femts charger and thence dircetly mto the low wmnes
stzll for re distillation

Al spmits must be conveyed directly from the sofo mto the femts recerver or sput recerver

Al spinits conveved into the feints recerver must be conveyed thence directly into the
low wines and femts charger or wash charger or intermediate still charger and  thence direetly
1nto the still for re dist Uation

Mo epints conveyed mto the spirt recerver may be re distilled or may be removed there
from escept mto the distiller § spunt stores

All spinits d stilled m tho distillery must after the offcer has taken an account of their
quantity and strength be forthwith eonveyed through a close metal pipe from the spirst re
cerver mto the store cask or vat mn the spint store

Except after notice to or m the presenco of an officer access may not e kal to ¢l e end
of the worm of any still or to any low wines fewnts or spints from the time of the extraction or
distillatson thereof n the still unt] they are taken account of by the officer in the proper rocerver
or to any spinta 1n o store cash or vat *

128 Chechs afforded by these arrangements —It wall be observed that
under these arrangements the officer has several chechs on the outturn which
he may test one agamnst the other Taking these in semal order —

The matenals are weighed out of a locked store and passed to gauged
fermenting vats  here the attenuation of the wash 1s noted when 1t 18 com-
plete a given quantity of wash is run mto a still of known capacity , the pro-
duce passes by loched pipes nto a recerver where an account 1s taken of 1t,
1t 13 passed out generally before 2 fresh distillation supersenes, inte a storage
cash and an account tahen agam, thence a given quintity 1s passed out for
reduction and account taken again the reduced hiquor passes mto an 1sue
vat and 1s added to the account of hquor of the same strength and when it
15 finally 1ssued a last account is talen  \n officer who wishes to satisfy
lumself that no fraud 1s gomng on can check the account of quantity 1ssued
agamst three other accounts 1z, those of outturn, production and quabtits
1ssued for reduction  Thus 1if ke tales a given period, he knows the opemng
and closmg balinces, he knows the quantity of matenals 1ssued, and their
average spint yield and so can deduce the quantity that should have been
outturned , he can chech this agamst the quantity that was outturned

* Spints Act, 1550 Furst Schedule Eleventh Part
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according to the receiver record , he can trace this mnto the store, thence he
gets a new set of checls, 122, of 1ssues from store for blendimng against 1ssues
of blended hquor In course of time 1t 13 possible that the Englsh system
of ra1smng a presumptive charge on the attenuation of the wash may be worhed,
up to

CHAPTER VIL

Proving and the use of the Hydrometer.

129 Stages at which prouing 13 mecessary —The hydrometer 15 the instru-
ment most commonly used m Exeise operations and 1s employed for the pur-
pose of proving the strength of alcoholic quors This should be done (1)
while distillation 1s proceeding by means of a hydrometer i the safe 1 order
to ascertain the strength at which the spmit 1s runnimg and to hnow when
all the alcohol m the wash 15 exhausted , (2) as soon as cach distillation 13
«completed 1 order that, with the aid of a gauge of the quantity, the number
of proof gallons distilled may be reckoned, (3) a sumilar chech should be
made for a sumlar reason on each occasion of transfer of liquor from one vessel
to another, and (4) all hiquor 1ssued must be carefully gauged and proved
before 1ssue and, 1f 1t 15 to be compounded, before any substance 15 mived
wnith 1t

130 Descraption of the kydrometer —The hydrometer enables one to rechon
alcoholic strength by showing the density or speafic gravity of the spint
1 which 1t 1s floated

131 Specrfic gravity explained —By specific gravity or density 1s meant
the relative weight of equal bulks of different substances This 13 expressed
1 relation to a standard substance, pure (distilled) water at a fixed tempera-
ture being taken for this purpose The spearfic gravity of a hqud 1s the
relation which 1ts weight bears to the weight of an equal bulk of pure nater
The spectfic gravity of water 1s thus taken as 1 anl the speaific gravity of
alcohol has been found to be 793 Any muxture of the two has a speeific
gravity lying between these two figures, and tables have been constructed
gring the amount of alcohol corresponding to all intermediate specific
gravities

All substances which are dissolved 1n water alter its specific gravity
Sugar or salt mcreases 1t (see paragraph 57), but alcohol or any other sub-
stance hghter than water lessens 1t Substances which are merely suspended
and not actually dissolved do not alter the specific gravity of the flurd *

* Surper led matter however affects 1) o reading of o floating instrument  Thus a wash
should be allowed 10 settle somewhat before being tested with tle s cf arometer whilat »
turtad spint ssmplo must be allowed to clcar comy letely by settlement or if nece-eary be fltered,
before 1t 13 jrored with the Sikes bydrometer
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The specific gravity of a flmd 1s measured by various means, eg, by a
hydrostatic balance, or by a specific gravity flask termed a pykmometer,
but the means used m ordinary Excise or Customs work 1s the hydrometer
The pyknometer can only be employed mn & laboratory where a delicate balance
and other requisites are avalable The hydrometer used for Revenue work
1 India 15 that of Sthes It 1> made of glass or of brass

132 Description of Sikess glass hydrometer —Sikes’s glass hydrometer
consists of several distinet parts or spindles each of which has a large empty
bulb, below which 1s 2 small bulb contaimng quicksilver (metallic mercury)
The object of this latter 13 to make the hydrometer float 1 an upnght pos:-
tion when placed mn a hqud of smtable density  Above the larger bulb 1s
a narrow shaft or stem on which are marked numbered divisions and sub
disions  Each of these divisions 13 termed a hydrometer or stem degree ,
and the sub divisions mdicate fifths of a hydrometer degree The ordinary
glass Sikes s hydrometer consists of five such parts or spindles marked re-
spectively 0 to 20, 20 to 40 40 to 60 GO to 80 and 80 to 100 When proving
the strength of a hquid the spindles which will float properly 1n 1t 13 chosen
The other spmdles will esther sk to the foot of the vessel or float with the
scale entirely above the liqud The appropriate spindle 13 read at the
pomt where the surface of the liquid cuts 1ts graduated upper portion The
depth of immersion 1 the hquid 15 thusthe gwde to the alcoholie strength,
of the liquor as shown by its density

133 Correction for 7 —The temp re of the lLiquor 15 most
mmportant  Liquids expand when heated and contract when cooled and so
their specific gravities are mcreased by cold and lessened by heat If, for
evample, this matter of the liqud’s temperature were to be neglected a
spinit tested m the cool of the early morning would appear to have mereased
m strength when re tested 1 the heat of mdday

The temperature of the hydrometer stself must not be neglected If
a spindle be placed 1n a hiquor cooler than itself 1t will tend to rise or fall and
must therefore be left m the Liquor until 1t has had tume to become of the same
temperature as the Lqud Othermise a hydrometer spmndle which was
warmer than the hiquor m whicK 1t was placed would show a less alcohohic
strength than it ought to do  Sikes’s hydrometer was ongnally graduated
at 51° Fahr That s therefore the temperature at which Sikes’s hydrometer
has been constructed to give exact mdications  But to enable liquors to be
proved ab all ordinary temperatures, tables have been constructed {Sikess
Tables) which show directly the spint strength corresponding to anv stem-
reading at any temperature between 40° and 100° F So that, by taling the
liquor s temperature by means of the thermometer and looking up the
tables at the temperature <hown and then observing the reading of the
hydrometer, the alcohohe strength of the liquor can 't once be read off
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134 Special Lght spindle for proving hugh strength spirits at Iagh tempera~
#ures —The highest strength readable at 40° F by the ordinary 0—20 Sikes’s
spindle 15 705 O P , whilst at 100° F the highest strength readable 1s 57 2
OP It will thus be seen that lugh strength spints cannot be read at certan
temperatures by the ordinary 5 part mstruments Hence a special light
hydrometer spimdle made of glass 13 provided for testing hagh strength spints
at high temperatures This 1s known as the A or ight Sthes’s spmdle  The
A spindle recommended for use 15 graduated like other spindles 1 20 degrees
cach of which 1s sub divided mto fifths  The value of these readmngs at different
temperatures 18 given 1n the corrected Sikes’s table A spmndles are widely
m use, however, which carry only 10 degrees on their scale and with these
@ separate set of tables 1s supphed These tables, bemg uncorrected, should
not now be used To the reading of such a spindle 10 should be added and
the figure thus obtained looked up m the corrected Sikess tables under the
heading * A’

135 Durect reading hydrometers —The glass Sikes’s hydrometer with
five spmdles 18 used 1n distilleries and warehouses for proving spirtts for duty
Glass hydrometers of much less delicacy can be used for district and shop
suiting work  and these are often of the type known as * direct-reading”
That 18 to say they are graduated so as to read in proof degrees (not hydro-
meter degrees) at a fixed temperature and a card 1s used with them which
shows the correction to be made at temperatures other than that at which
the hydrometers are adjusted These mstruments may be graduated on
one spindle so as to cover all ranges of strengths likely to be met with, or
4 two part mstrument may be supplied with larger graduations and hence
likely to be more accurate

136 Reasons why glass hydrometers are to be preferred —Glass hydro-
meters are preferable to brass hydrometers, especially for use m Inda, be-
cause the latter tend rapidly to become inaccurate, as the acid spimits corrode

therr surfaces and thus make them lighter than they should be Brass
1nstruments are also more easily spoilt by bemng dented by blows or by being
put away after use without having been properly washed in clean water and
dried  Agamn brass instruments are more casily tampered with than are
those made of glass Glass mstruments ate, m spite of bemng more fragle
than brass, cheaper to us~ 1m the long run besides being much cheaper to buy
m the first 1nstance It 15 obviously better that a glass spndle should be
broken than that the same force should produce a dent on the bulb of a
‘brass instrument and cause 1t to give unnoticed wrong indicatrons

137 Sikess brass hydrometers—The brass Sihes’s hydrometer conwsts
of a hollow bulb into which fits an upper shaft graduated from 0 to 10, each
diision of whieh 13 sub disided into five parts, each of which 15 thus one
fifth of a stem degree  To the under surface of the bulb 15 attached a com
<al stem which ends 1n a small loaded bulb which keeps the instrument’s
weight low enough to enable 1t to float 10 an upnght position  To this lower
<t can be attached a aenies of graduated weights numbered from 10 to 90
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Tach weight represents the number of stem divistons indicated by its
aumber This device renders 1t possible to have only one spindle and this
of a convenient length If no weights were used, the single spmdle would
have to be inconvemently long  Lach weight commences where the preced-
1ng one leaves off Thus the 10 weight when floating at 10 1s the same as the
20 weight floating at 0, and so forth To read the mstrument, the weight
gives the tens, the stem divisions the umits, and the stem sub divsions the
decimals

138 Types of wnstruments most suiable for Indwan conditions —Five-
part glass Sikes’s hydrometers are required for distillery and bonded ware-
house work A three part glass hydrometer (0—33, 33—66, GG—100)
has also been used mn one of the larger Provinces, but these spindles are less
easily read and do not give such close indications as the five-part mstrument

Tor shop wisiting and district work one part glass hydrometers are largely
used They arc direct reading and are usually graduated from proof to G0°
UP and n some cases to 70° UP They are usually standardised at 83°
Tahr and a special correction table has been constructed for use with these
struments  Where, as 1 one large Province, the range required 1s from
10° UP to 90° UP, two stout glass Sikes s spindles (33—66° and 66—100°)
are most swtable for employment The brass Sikess hydrometer should
mever be wsed m India to prove spmt for duty purposes In district and
shop work the latter 1s less objectionable, but glass should always be pre
ferred where posuble Glass hydrometers with hollow stems open at the
top, should not be used, as they tend to give nusleading results unless special
precautions tnvolving delay, are taken  They have other defects which make
therr use undesirable

139 Method of taking samples —Before an account 1s taken of spint
any gauged vessel, all wlets and outlets should be locked The dip should
then be taken and the contents of the vessel thoroughly stirred before with-
draning a sample for proving The amount of spirtt taken for test should
De sufficient to fill the hydrometer tnal glass to within two inches of its top
After the strength of the spmit Las been proved, the sample should be re
turned to the bulh from which 1t was tihen

140 Reading the kydrometer stem —In taking a reading 1t 1s necessary,
firstly, thoroughly to stir up the liquer so as to mux layers of different tem-
peratures and densities , secondly, to give time for the mercury m the ther-
mometer to come to rest, thirdly, to make surc that no arr bubbles have
collected on the hydrometer’s surface

When the hydrometer has been immersed to the scale top and 13 floating
at rest 1n the iquid, 1t should be read as follows —

(a) The observer should first place hus eye so as to see just below the
surface of the hqud in the tnal glass
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(b} He will then note that about one stem division 1s lidden by the
surface layer of the iqud It 1s the Jower edge of this surface
layer (memscus) which 1s to be read where 1t cuts the stem

(c) The stem 1s graduated from above downwards and must always
be read in this direction Particular care must be taken as-
to this for, if read from below upwards, a serious error will result

(@) In dark coloured or cloudy liquids the lower edge of the menis
cus cannot be seen so that mn such cases the stem 1s read from
the top of the stem downwards to the surface of the hqud and
one sub division (for the memscus) 1s then added Glass
hydrometer jars (not metal vessels) should invanably be used
n proung spint

141 Directions for use of Sikes’s glass kydrometer witk the corrected Siles s
tables —The following directions are for use with the official tables —

Having poured a sample of the spints mtended to be proved mto the trial
glass, ascertamn the temperature of the flmd by immersing the thermometer
theren  Stir the sample, and wait till the mercury becomes stationary..
The degree shown on the thermometer scale 1 the temperature of the spints..
The various degrees of temperature are mdicated at the top of each page,
commencing with 40° and ending with 100° of Fahrenheit s thermometer..
Open the book at the temperature ndicated, and select the spmdle likely
to be requred Immerse 1t 1n the spmit and press 1t down to the top mark
on the scale If the proper spindle has been selected, 1t will float at some
division on the stem, this 18 “the mdication ¥ Opposte this mdication
m the table will be found the strength of the spimt

Ezamples —

() If the hydrometer spindle 20 to 40 sinks to 280 (: ¢, indication
28) with a temperature of 40°, the strength found 1n the tables
under that temperature at 28 will be found to be 46 3 over
proof.

(%) If, agamn, at temperature 51° the hydrometer spindle 40 to 6O
floats so as to indicate 43 0 divisions on the stem, then opposite
the indication 43 under temperature 51° will be found the
strength 233 over proof

{¢) At temperature 60°, indication (9 2, the strength will be found.
to be 16 7 under proof

Fach sub division of the hydrometer stem corresponds to 02 per cent.
of the whole scale (apart from the portion termed A)

The <lide tule and comparatine rule as lutherto supplied with the um-
corrected Sikes 8 tables should not now be emploved
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142 JLanufs of accuracy —To save expenditure of time on calculations
which are apt to be more elaborate than accurate 1t may be noted that the
followmg are the limts of accuracy for ordmary Evcise work —

Thermometer readings to one degree hydrometer readings to one fifth
degree, proof strength to one tenth degree as given m Sikes s tables, bulk
gallons as found by the dip but m no case to more than one place of dect
mals

In reducing bulk gallons to proof the result should agam be worked out
to ove place of decimals

In Customs calculations even less exactitude 1s possible because of the
maren of error that has to be allowed for m the gauging of vessels of various
<hapes In this case 1t 1s ordmanly suffictent to work out strength to the
neavest degree rechommg 2 and upwards as equal to 1

143 Specific grauty balls —In some large distillertes m place of using
a hydrometer at the safe a number of beads or balls ewch having a fixed
specific gravity marhed on 1t are placed in the lwid m which some float and
some sink  The gravity 1s shown by the bead which at any moment rises
or fallsin the hqud  These beads give 2 rough indieation of the spint strength
dunng the course of manufacture  They should never of course be em
ployed by Excice officers for proving spint as they are not reliable for this
purpo e They are chueflv used 1 patent stills as a gwde to the workman
1 charge

144 Standardisation of wnstruments —Hydrometers thermometers and
<accharometers require pertodically to be compared with standard mstru
ments whose absolute accuracy has been determmned Any errors are dis
covered and the necessary correctrons noted on a correction card and this
must be carefully consulted whenever the mstrument 1s used The standard
«accharometers hydrometers and thermometers at the Central Excise Labo
ratory Kasaul * have been compared with the official standard nstruments
mm London and periodically these Indiman standard instruments are alo
checked by other very accurate laboratory methods These are termed Im
pennal standard nstruments  Standard mstruments which have perod:
callv been compared with these standards and which are Lhept at whatever
provincinl centre 1s appointed by Government for the purpose may be called
Provmenl standard mstruments At each distillery a five part glass Sihes s
hydrometer standardiced at the authonsed centre and provided with a card
of corrections should be hept as the distillery standard and used to standardice
the worhing et of Sikess five part glass hydrometer <ax, once every sit
months  This distillers standard should on no account be uced for proving
spints 1 the ordinarv way escept emergently (in case of breakage of one
or more spndles of the working <et) Whenever anv cuch breahage cceurs

* “ow tl ase at tae Customs and Excwe Central Laboratory Caleutta.



68 TECINICAL EXCISE MANUAL

application should at once be made for replacement The distillery standard
should be re standardised at the authonsed centre once a year 1n order that
errors due to any alteration m the shape of the bulb may be detected and
corrected for If no alterations are recorded after two such annual standard:
sations, 1t may be assumed that the glass has settled down to its final shape,
and 1t will be unnecessdry to send 1t agaimn for re standardisation unless there
anses some other reason to suspect its accuracy The standardisation of
the distillery working set agamnst the distillery standard should be made by
floating both instruments side by side in large glass vessels contamning m turn
spint of the various strengths ikely to be met with mn practice The stems
must be deeply plunged 1n the flud and should not be released until they show
a tendency to mse The card corrections required for the distillery standard
should be first applied to 1t Then the readings of the working set should
be compared with the corrected readings of the distillery standard If the
reading of the working sct 15 greater than that of the corrected distillery
standard, the amount should be recorded on the card as a minus (—) corree

tion  If the reverse 1s the case, the correction will be a plus {(+) one

A separate correction card should be prepared at each fresh standardisa
tion of the working set and carefully used in all subsequent readings until
replaced by later corrections

Standardication of instruments used for district worl should be carried
out mmilarly bv mspecting officers who should carry a standard mstrument
with them

145 Care of wstruments —No Exciee mstrument should ever be allowed
out of the custody of the officer 1n whose charge 1t 15 The duty of using
these instruments must on no account be entrusted to menials or to any un
authonised person  The responsible Excise officer alone must take all read
mes by hydrometer and h Sacch ers, hydrometers
and thermometers after being used should bc carefully washed 1n clean water
and drnied before being put away

The direction oceasionally given to hit hydrometers from therr box by
the stem may easily lead to fracture of a spindle at the junction of stem and
bulb  When o spindle stichs 1t should be gently levered out of the case by
rusing the bulb

Hydrometers and saccharometers should be taken out of use if for any
reason they fail to float vertieally  The presence of mercury m the upper
bulb or hollow shaft does not make the readings mnaccurate as long as the

~stem floats truly

Thermometers should be carefully exammned from time to time tosce that
the mereury column has not become separated 1nto sections and that no por
tion of 1t has lodged in the wider part at the top of the stem  Should this hap-
pen the thermometer should be securely grasped by the stem townrds the top
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<nd and then sharply jerked downwards If this fails, the bulb may be
gently heated until the mercury agamn forms one unbroken column  If neither
method succeeds, the mstrument should be returned and another indented
for m 1ts place No thermometer which has once reqmred such treatment
should be used without careful scrutiny and 1f the fault occurs a second time
the mstrument should be taken out of use

Directions for securely packing brass and glass hydrometers for despatch
are given at Appendix IT

CHAPTER VIIL
Reductton and Blending.

146 Definitions —Reduction of spirits means their dilution with water

Blending of spints mears the mixing together of two or more spints of
different strengths

147 The necessily for seduction —Two leading features of the improve-
ments i distillery processes that have tahen place m recent yjears are the
ntroduction of modern stills m which spirit can be produced at high strengths
and the regulation of the lower strengths at which spimt 1s allowed to be
tssued from distilleries and ware houses and sold at licensed <hops These
mvolve the reduction from one strength to another of the greater part of the
spint that 1s distilled

148 Reduction by rule of thice —The method hitherto used for effecting
reduction has been by a rule of three caleulation as follows —

Multiply the volume of strong spint by its proof strength and divide by
the required proof strength and the result will be the s olume of diluted spirit
1 ¢, the bulk after reduction

Tor example —150 gallons of 10° O spint (140° proof) are to be re
duced to 25° UP (75° proofy T'ind the new volume

110
150 x

= 280 gallons

79

149 8 rinkag anl ats explanation —The Excise control of reducing opera
tions 1s comewhat complicated by the fact that when a piven volume of
spunt, as in the above example s reduced by adding <av, 130 gallons of water,
the resulting v olume 15 not 280 gallons as might be supposed, but onlv about
275 gallons  Thus in anv <enes of redueing operations the total of reduced
<pint 15 always less than the total found by addine together the strong spint

c?2
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used and the water added to1t This shrinkage 13 due to the fact that wher
alcohol and water are mixed a combmation of the two substances occurs
accompanied by a distinct contraction or loss of volume The nse 1 tem-
perature that 1s observed during the operation 1s one proof of such chemeal
combmation  The effect 15 greatest when 497 volumes of water and 51
volumes of aleohol are muxed together, only 100 volumes of spint being ob-
taned nstead of the expected 103 7 volumes The rule for reduction which
15 grven above correctly calculates the bulk to which any volume of strong
spirit must be watered down 1n order to obtain a given lower strength , but,
if used to calenlate by subtraction the amount of water to be added, 1t fmls
to allow for the naturally occurring loss of bulk by contraction The prac-
tical results of this are that the bulk obtamed 1s less than that calculated,
but the spint strength 1s correspondingly too high, and such abnormal re
sults are undesirable 1n Excise control It should be understood, however,
that shrinkage losses though inconvement from the practical Excise potut:
of view, are always losses of water, not of spmt

150 Shrinkage exaggerated by the old Siless tables—The occurrence
of shrinhage would be of less consequence from the Excise pomt of view 1f
the proof gallons before and after reduction were found to agree, because
such agreement would supply the required Exase check  So long, however,
as the uncorrected Sikess tables were emploved the proof gallonage after
reduction was constantly found less than that before reduction Such
losses 1n proof gallonage, shown as wastage losses, ranged from 1 to 6 per
cent of the total proof gallonage (see Madras Excice Manual, Second Edition,
page 43, column headed “ mean contraction m proof per cent®) These
losses were due to errors m the old tables, the proof values for certain mdi
cations (hydrometer readings) being 1 many cases distinetly too low, more
particularly those for low strength spints at high temperatures  For example
a spint of indication 832 at 90° F according to the old tables1s 619° UP
or 381 per cent proof, whilst the reading on the corrected Sikess tables
now employed 13 601° UP or 399 per cent, proof On a hundred gallons,
this represents 381 proof gallons according to the old table, instead of
399 proof gallons or a difference of 18 proof gallons Thus, i this
mstance the old tables understate the proof gallonage by 18 n 40, that
15 to 1y thev <how a wastage loss of 1} per cent which has no existence
1n fact

151 Shrinkage losses removed by the reduction tables and the corrected
Sikes & tables —It 13 very umportant to realise that shnnkage losses are eli-
mimnated from the distillery stock account when the new reduction tables
and the corrected Sthes's tables are employed The reduction tables shos
the true amount of water to be added, including that required to compensat
for contraction, whilst the corrected Sihess tables give true spint values
for all indications of the hydrometer instead of the frequently erroncous
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~alues shown 1n the old tables As a result the bulle of the reduced spit
will be that calculated by the rule of three method and the proof gallons
before and after reduction will agree 1f gauging and proving are carried out
+with due care and precision

The true amount of water to be added has been calculated by a method
explaned m Appendix IV and 1s shown for all reductions likely to oceur mn
practice The corresponding bulk after reduction 1s given 1 each case to
cnable the Excse officer to check the unavoidable loss of water that occurs
1 the operation

152 Other causes of error —Independent of errors m working howeser
a small apparent loss not exceeding 1 per cent of the proof gallonage will
frequently appear This 1s referred to mn the preface to the reduction tables
and 1s due to the high temperatures prevalent m India  When strong spint
13 measured before reduction say at 85° F 1ts bulk 1s greater owing to ex
pansion by heat than its true bulk at the standard temperature 60 F  Con
sequently the proof gallonage 1s exaggerated For n like reason the proof
gallonage of the reduced spirtt 1s also exaggerated but the error 15 greater
in the first case than m the second ard so a loss i proof gallonage appears
~which 1s 1n fact only the difference between two errors due to difference of
temperature

Apart from this loss the proof gallonage after reduction should agree
with that before reduction to within 4 per cent This } per cent 1s not due
to 1naceuracies 1n the tables but to unasoidable errors in working  Anv
greater difference 1s due to errors m reading the thermometer or hydrometer
or to maccuracies 1n gauging the reduction vat or the vessel used for measur
g out the water to be added Wooden vats morcover 1if used for reduc
tion or storage are apt to cause trouble unless they have been swtably conted
mside in such a manner as to prevent contact of wood and spit & new
dry vessel will absorb spint while one which has previously been used for
stronger or weaker spint may increase or dimumeh the strength of the <pint
placed mat  The actual efiect of the<e conditions cannot be calculated before
hand so that the state of the vessel should be considered when recults other
than those shown by the reduction tables are obtained A metal vessel or
a wooden one lLined internally <o that the <pinit cannot pass mnto the wood
<hould be employed for reduction purposes if posuible and restncted to use
as a reduction vat

VWhen discrepancies ere observed i either reduction or blending opera
tions and cannot be accounted for by carelessnese or other can es indicated
abose the hydrometer or thermometer may be at fault or posaibly the qualite
of the water used for reduction and the facts should be reported for
orders

153 Vats to be so arrar ged as to reduce mizture of spints to @ munimur) —
Tt 1s further de<irable that the nusture of finushed spints at different strengths
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should be avoided as far as possible  To this end, the result of each dis-
tallation should be passed from the receis er into 2 storage vat before the next
distillation commences  Mixture in the storage vat may, however, be un
avoidable Reduction should be effected 1n an empty storage or 1ssue vat
or 1n a vat set aside for the purpose which should be emptied after each opera
tion and used only for the misture of spint from the storage vats with water
The spint so mised will be reduced to a fixed 1ssue strength and of course
there 15 no objection to the addition of this to spint of the same strength n
an 1ssue vat

1564 Procedure m reductron —To reduce a given volume of spint of given
strength to a lower strength, the reduction tables should be consulted for the
amount of water to be added This should be measured out, ndded to the
strong spint and sufficient fime allowed for the mixture to become umform,
assisted by stirmng, before the reduced spint 1s proved and gauged Re
ductron can also be correctly carried out by adding water without measuring
the quantity unt:} the bulk shown 1n the tables as “ bulk after reduction ”
15 obtammed In this case, the mixture must be well stirred, especially
towards the end and the last few gallons must be added very quietly so as
to secure a level surface for reading the dip rod Care and expenence are
required to add the right amount of water successfully , for example, 1t may
be desirable to reduce the bulk to some shghtly higher strength as a first
stage and then to complete the reduction to the required strength as a later
stage By this method also there 1s no shrinkage because the volume 15 ex
penmentally adjusted to the calculated volume As the amount of
water added 1s not measured, 1t cannot be entered n the distillery
records

The tables show that to obtam, for example 280 gallons of 25° UP
spint from 150 gallons of 40° O P, 135 6 gallons of water must be added
The difference between the final and omgmal bulks 13 only 280—150,
that 15 130 gallons, so that an extra 56 gallons of water are requred
This 13 the amount of water that dicappears by contraction and 18 appro¥
imately the shnohage’ that would be found under the old ineorrect
method of calculating the water by subtraction

By either of the methods now grien the contraction 13 allowed for and
30 there 18 no shrinkage  Also the proof gallons before and after reduction
agree with one another, 1f the corrected Sihes s tables are employed, and this
15 the most trustworthy Exese cheek

155 Lxerse cleck on bulk —In the foregong paragraph it has been stated
that 56 gallons of water disappear by contraction as a result of mrung 150
gallons of 10° OP spint and 1356 gallons of water The proportion of
water that dieappears vanes according to the strength of spinit reduced
5o thet a distillery record of the water to be added 1s not a ratisfactory Excise
check on bulk becauce the total obtaned by numenical addition 1s alwave
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different from the proper total of reduced spint  The only satistactory check
on bulk 1s to compare the 1olume of reduced spint found with that shewn

1 the tables as bulk after reduction and these ought to agree R

156 Procedure wn blending —1It 15 1mpracticable to supply blending tables
owing to the great vanety of blends possible but all such operations come
under one of the following cases —

Case 4 —To find the quantity and strength of a spint obtamed by mixing
two or more spinits of different strengths
Rule —To find the quantity add up the bulk gallons

To find the resulting strength, add up the proof gallonage and multiply
the total by 100 then divide by the bulk gallons The result 1s the per
centage proof strength

Ezample —100 gallons at 20° UP (80 degrees proof) and 450 gallons at
LP are mixed Find the resulting volume and strength

100 gallons at 20 UP = 80 proof gallons
400 LP = 450

550 530
530 x 100
— 96 ¢ per cent proof
530
Answer 550 gallons at 36° U P

In this case the contraction 13 so small that the shrnkage 1t causes (one tenth
gallon) 1s neglgible Generally spealing the results ealeulated by the van
ous rules now given for blending agree with those actually obtaned sufficiently
well for all practical purposes The shmnkage never exceeds 1 per cent
of the final bulk and when 1t 13 large enough to be measured the corrected
Sikes s tables show o compensating increase in the spint strength so that
the proof gallonage before and after blending remams constant and the re
qusite Excise check 1s thus afforded A method for calenlating the shnnk
ages m each ease 13 described m Appendix IV

Case B—A strong spmit 1s to be Jowered to a given strength  Find how
mans gallons of a ghen weal spint must be added to do this

Rule —lultiply the volume of strong <pint by the number of degrees by
which 1t 1s to be Jowered and divide by the number of degrees the weak spint
will be rused by mivng

Example —35 gallons of 40° OP spint are to be reduced to %0 O P
by addition of 10° UP <pint  Find the volume of weak spint required
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The strong spirtt will be lowered 140—125=15 degrees and the weak spint
rased 125—90=33 degrees

[ THx15
Then —————=321 gallons
35

Answer —-32% gallons of 10° UP spinit, the final volume being 7543821
gallons

The shrinhage here 1s 025 per cent

Case C—A weak spirit 13 to be ramsed to a given strength  Find how
many gallons of a grven strong spmit must be added to do this

Rule —Multiply the volume of the weak <pint by the number of degrees
1t 18 to be rased and divide by the number of degrees the strong spint will
be lowered by the mixing

Ezample —100 gallons of 30° UP spmit are to be rased to 10° O P
by addition of 35° OP spirit  Find the quantity to be added The weak
spit will be rawsed 11070 = 40 degrees, and the strong spiit will be
lowered 135—110=25 degrees

100 x40
Then ——————= 160 gallons
25

Answer —160 gallons of 35° O P <pinit must be added and the final s olume
131004 160=260 gallons

The shrinhage here 1s 04 per cent

Case D —A given volume of intermediate strength spint 1s required
Find how many gallons each of a strong and a weak spint must be blended

Rule —Multiply the required yolume by the pumber of degrees the weak
spint will be raiced by miung and divide by the difference i proof degrees
between the weak and the strong spint  The result gives the required volume
of stron,, spinit and the balance 13 the required volume of weak spurits

Lrample —150 gallons of 15° OP spmt are requred to be made by
blending 10° OP and 5° UP spist  Tind the solumes of each that must
te mixed  The weah sptit will be rased 115—95=220 degrees and the
difference between the neak and strong spint 1s 140—95=15 degrees

150 %20
Therel 66 6 gall volume of strong spmnt, and 130—
45
66 6—83 1, volume of weak spint

Answer —G5 € gallons of the 10° O P spint and 83 4 gallons of the 50
UP spint

The shrinkaze 1n this example 15 0 3 per cent
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CHAPTER IX,

Gauging.

157 All vessels should be gauged —In order to ensure the correct heeping
-of Excise accounts 1t 15 essential that all vessels 1n which account for revenue
s taken m a distillery, brewery or warehouse should be accurately gauged
and the gauging kept thoroughly up to date The process employed differs
according as the vessels are fixed or moiable and, 1 the case of cashs, ac
cording as they are empty or full, and they may be considered 1n that order
All gauging should be done i the presence of the distiller or brewer or his
agent, if he so desires, and all gauging should be checked penodically, at
Teast once in two years
158 GQauging of fized tessels—the wet dappng rod —The fined vessels
wmn & distillery are, or should be, the wash backs, chargers, recervers, store
vats, blending vats and 1ssue vats The gauge 15 taken by means of a rod
of hard wood of square section drvided mto inches and tenths and falling
perpendicularly on a brass plate let into the base of the vessel In the case
of spirit vessels, to ensure that the rod cannot be slanted to one side
or the other, 1t should be fitted at the top of the vessel with a gwide at least
6 1nches high and 1t should be shod with brass so that it cannot wear down
The entry through the cover must not be large enough to allow the passage
of anything beside 1t and the rod must be erther so fixed that 1t cannot be
removed or there must be efficient arrangements for loching the entry when
the red 1s not m place 1f 1t cannot be drawn fully out without touching
the roof a countersunk joint may be made at a conventent point  As crude
pot still spirit 1s very destructine of ron or brass, 1t 15 advisable to use gun
metal for both the hinge and the tip of the rod m distilleries at which such
spint 15 made

169 Check dipping holes for large vessels —As a check on the accuracy
of the readings n large vessels every receptacle with a top diameter exceeding
60 inches should have a chech dipping hole, at the opposite end of a diameter
drawn from the ordinary dip hole and every receptacle mith a top diameter
of over 100 inches two chech dipping holes, one near the centre of the ves ol
and the other near the wide at about one fourth of the circumference of the
vessel from the ordinary dip hole These holes should all be <ecured with
revenue locks

160 Alternatives to the dipping rod —The distiller may also be allowed
for lus comemence, 1f he deaires 1t, to enter a rourh gauge of the contents
«of xes els on the outaide and to provide & ready means of determiming therr
«contents by placing a float on the <urface of the kquor and connecting 1t by
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a strng and pulley with an indicator working up and down the gauge so
marked  Another device of the same hind consists of o glass tube up the
side of the vat connected with a cock at the bottom 1n which the spint rises
when the cock 1s opened tothe level at whichat 1s standing mn the vat  But
devices of this hind should not be relied upon for revenue purposes They
are not only Liable to be tampered with, but frequently give ncorreet rendings
owing to variations of the level of the float with the density of the hiquor
or to capillary attraction in the tube

Before commencing to gauge o vessel 1t 1s desirable to test 1t by heeping
1t full of water for 24 hours  If the level of the water does not sink apprecia
bly and there are no external signs of leakage the vessel 1s fit to be gauged
Otherwise there 13 a leak to be detected and put nght

161 The drip —The first thing to be considered tn gauging a fixed vessel
13 what 18 known as the * dnp’  All vessels must be properly fived and all
connections completed before gauging 15 begun  One of the most mmportant
of these connections 15 one so fixed at the bottom that the contents of the
vessel can be completely emptied Tor this purpose 1t 1s necessary for the
base of the vessel to slope slightly This must be arranged as part of its
permanent setting and the msertion of wedges of wood for the purpose at the
time of gaugmg should on no account be allowed The “dnp *1s, properly
speaking, the quantity of hqud necessary to cover completely the bottorr
of the vessel, and1s expressed in terms of gallons necessary to do this and of
the mches and tenths at wlich this quantity of hquor cuts a dipping rod let
down on the lowest pont of the base  Tor the sake of conyenence 1t 15 more
commonly rechoned as the quantity necessary for the surface of the hquor
to cut the rod at any swtable divistion  This s ascertamed by measurement
with a gallon pot

162 The wet method of gauging —The dnp having been ascertained, the
vesel may be gauged by erther the wet or the dry method The former
1s generally employed in India m the case of spimt vessels wlich are seldom
avalable for dry gauging and the latter for wash bachs and others  To
gauge by the wet method in the simplest way 1t 15 sufficient to pass an un
raduated rod perpendicularly downvards through the top of the vessel
till 1t touches the tase at 1its lonest pomt, then to pour i water, a fived
quantity at o time and marh off on the rod the point at which the surface
of the water cuts it after ench additton  The quantity of hqwd contaned
by the vewsel at any such mark 1s the <um of the quantities poured in

163 s applied 1o a frustum of a cone —~The above «imple procedure,
howeser, 15 cumbrous to work m practice, and the following lunts will be
found useful tn actual working It 1s nssumed that the vessel to be gauged
18 one of the commoncst shape, 1=, a come frustum that 13 for gauging
purpoces a section of a cone between parallel planes
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164 Dnasion wnfo frusta —Fmmd by means of the dipping rod, or, pre-
ferably, a plumb line, dropped from the top of the vessel, the mternal vertical
heght of the vessel at the dipping hole From this deduct the depth of the
dnp, and dinide the remainder mto frusta of 10 inches 1f the vertieal height
be 60 inches or above, of 5 inches 1f less than 60 Then add sufficient water
exactly to fill each frustum to the nearest tenth of an inch

Thus, 1 the vessel for which a table 1s given below, the drip 1s shown as
10 1nch, there are 7 frusta of 10 inches each and one at the top of 10 ch
only The dnp by measure gave 110 gallons, the lowest frustum contamed
216 0 gallons, and so on to the top which held 17 2 or 17} gallons  The sum
of the contents of all the frusta plus that of the dup will give the total content
of the vessel Tt should be noted, however, that when the top broken frus
tum does not, n the case of vessels of GO 1nches or above, exceed 2 inches,
or 1n the case of vessels of a less depth, 1inch, such broken frustum should
be meluded 1n the next lower complete one

Table of dimensions

Depths Area of an meh ‘ Content m gallons

1o Cover of vessel ’

10 1720 1720
100 1762 ‘ 176 20
100 1825 182 50
100 1890 | 169 00
100 1955 | 100 50
100 2022 20220
100 20 90 ‘ 209 00
100 7160 21600

10 Drip by measure 1100
30 } 1399 €0

Nots —The contents were tahen at 10 20 30 40 50 €0 70 and 71 mclce respectivels
from the top of the dnip

165 Fulling the vessel —A common way for an officer to <atisfy limself
as to the measurcment of the dnp 15 to lower a ladder through the manhole
and stand on the bottom rung with a lantern while 1t 1s being meacured, but
carg should be taken not to introduce any hghts mto vessels contaimng
strong spinit vapours  An alternative method 1s to have a piece of wood,
the lower end of which 1s cut to an angle approximately equal to that formed
by the level bottom of the vat and & line drawn to the edee of the manhole
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oppostte to the further internal edge of the vat  Thus —

Section of lower

Manhole end of wood

Ca--2 o=y

When the whole of the lower surface, marked A, 1s found, after having
been lowered into the vessel to be wetted, 1t may be concluded that the nhole
of the bottom 13 covered It 1s well to have the wood of a width not less than
2 1nches so that 1t shall not shp into the groove where the bottom of the vat
and side staves meet, techmeally hnown as the chimb

Yurther, to avoid delay in watting while the Ilquid comes to rest after
cach addition, the distiller or warchouseheeper should be called upon to pro-
vide & pipe of about two inches internal diameter and of sufficient length
to reach into the dnp and leave a length of about I foot outside the mankole
This portion should be bent at such an angle that when the lower end 1s at
the bottom of the veseel and against its inner edge, 1t shall be vertical A
large funnel 1s then placed in 1t and, masmuch as the hquid 13 being con
tmually poured beneath that already in the sat, the top surface will be
found to be practically unbrohen, espectally after a few inches bave been
fillkd  This will be found of use n saving delay in finding the drip when,
the column of liquid being <hallow, 1ts surface 13 most castly disturbed  The
<pace occupied by the matersal of the pipe 15 20 small that it can be theresard
ed  The method of using 13 shown below —
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By dividing the actual content of each frustum by its depth, the figures
sbown 1 the column headed “ area of an inch ” are obtuned The content
of each frustum as ascertained should be compared with that of those already
completed as, 1f the ves<el 1s of regular shape, the difference between the
content of any two adjormng frusta should be practically constant Should
any mportant divergence from the average be found, which, as judged by
the eye, does not appear to be due to uregulanty i the shape of the vessel,
the water should be drawn off until the top level of the next frustum 13
reached and the doubtful frustum remeasured  Further sub division of these
by 10 will of course give the area of each tenth of an inch

166 Tabulgtion of results —Commence with the dmp and contmuously
add £0 1t the area of each tenth of an inch for each frustum  Check the re
sults at each inch and agam at the end of each frustum by adding, 1n the
first case, the content of an inch, 1n the second, the content of the frustum,
to the drip for the first frustum, to the figures at the end of the previous frus-
tum m other cases If the work has been correctly performed, the total
at the end of the top mch will be that shown as the total contents
gollons

For example —

Firet frustum second fru tum
110%—1 meh 32€00—2 ches | 2270011 inches 2479012 1aches
2160 210 2 209
Bl l
1530 300
17 4% I
1 bi0 1 ] !
T
390
2610 ‘ 0
Sy [ TR0
10 | Zowm
| 51 .00—3 1nches 205 ~0—13 inches
and <0 on and 50 00

If this addition 12 contioued for each succescive frustum the total at the
%2nd mch will be that shown m the last column of the table of dimen<iane
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167 Preparation of a table —These figures are then transferred to the
table below, all figures i decimals except the first being disregarded—

>

Tentns
Incues
0 1 2,03 f 4 I 5 ‘ [ ( 7 ‘ 8 ' 9
Dnp \
1 0| 131} led | i74) 100] 218) 239 26 282 | 304
2 326 347) 309! 300) 412} 434 455 477} 408) 520
3 ot 2
11 2270 2200 2311 2332 2303 2374 2305 2416 2437 2458
12 2479 2199 2,20 2011 | 2062 2033 | 2604 | 2625 | 2646 | 2607
13| 288

1374313761 )13"78 1306

0 13637 13ro5 13673 13600)13°08 113725
13917 (13934 | 13951 [ 1306 8§

~L 13814 13331 13848 13560 13882 13900
- [

In preparing the table do not dinide the dnp

VWhun the contents of the top frustum cannot be exactly dnided by the
dipth the aren should be caleulated to three figures of dectmals  Any ad
justment that may be necessary should be made at the end of the tabulation
<o that the full cxpacity in the tables shall correspond with the total contents

m the dimensions tables

All ealeulations should be taken to the nearest quarter gallon, a quarter

being entered as 2 a half as 3 and three quartersas 7

In tabulating results the content of cach tenth of an inch should be tal en
Tor the table, however, one figure 1n decimals

to three figures in decimals
i the case of wort or wash vewscls

1n the casc of spimt vessels 1s sufficient
the integers alone <hould be used

168 1n alternative methol —An alternative method 13 to fill the ve «f
up in the first instance then open the discharge cocl and measure the quantity
of water which passes out of each segment of 5 or 10 inches as the case may
be <shutting the discharge cock immediately the dip m wet inches <hows
that the bottom of a segment has been reached, and to continue m this nas
until the dip shows that the surface of the drp has been reached  The
method of tabulation 1s stmilar except for the fact that the brohen frustury

« will come immediately above the drip

160 The dry metf o —The dry method 18 adopted sn the case of all fixed
seesclsn Lrenanes and gencrally in that of all but spint ves<els in distillencs
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and 1s based on actual interior measurements of vessels calenlation of their
cubical contents 1n tnches and computation of therr hqnd contents m gallons
by reference to the fact that the standard for the 1mpenal gallon 1s the space
occupred by 10 lbs avoirdupors of distilled water at a temperature of 62°
T', or more briefly, 277274 cubtc inches

170 Funding the arca of the base —The first process in such a mathemats
cal computation 1s to find the area of the base of the vessel The vessels
commonly met with are either cubreal cylindrical m the shape of come frusta
or elliptreal vats with stdes sloping mwards from the base upwards

For a calculation of the base of any of these careful measurement with

a steel tape and the application of one of the following rules will suffice —

(a) the area of a rectangle 15 found by multiplying 1ts length by its
breadth

(b) the area of a arcle 1s found by squaring the diameter and multi
plying by 7834

{c) the area of an cllipse 15 found by multiplying 1ts major and minor
axes together and then multiplying by 7854

It should be noticed however, that the shghest error i the caleulation
of the area of the base will sitiate all the subsequent caleulations More
over repeated measurements enable the operator to detect irregularities n
apparently regular vessele This bemng so, 1t 15 customary never to rely on
the result of onc measurement Thus in measuring a rectangular area the
{ength and breadth should be measured m fise or s\ different places, with
a cirenlar base five or six diameters should be tiken

An elliptical vessel requires somewhat more care  The major axis of an
ellipse may for gauging purposes be defined as the longest straight line that
can be drawn w thin the confines of the elipse  The minor axis 1s the shortest
hine that can be drawn through the centre of the major ams  To find the
lengths of these axes i practico proceed as follows —By a process of tnat
find by means of » steel tape or picco of well made fine cord, the greatest
dizmeter or major a\is of the bottom of the vessel Measure this and draw
1t 1n chalk along the floor of the vessel  This 1s com enently done by chalking
a peen af eard, balding o taus, and then ¢ stelang” by bitmg ofoup wthe
middle and letting 1t go agun  Then find the length of the <hortest diameter
or mmor axis  If the vessel 1s well made these to hnes will ent one another
at right angles and will al o biseet each other and these properties may be
used as o chech  As a further test whether these two hines really represent
the major and minor axes the followmng plan may be resorted to  Having
found a tnal hne for, say, the major axis draw hnes paralle] to this and dis
tant one, two, three, ete, inches from it on both sides  The lereths of each
pr of bnes on oppo ite sides should then be equal A «mular process of
«check can Le applied to the unor avis
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171 Construction of a table for a regular vessel —The ares of the base having:
thus been ascertamed and the drip recorded, the next step 13 to construct
a table showing the iquid contents of the vessel for each inch of depth above
thedrip Ina regular vessel thisisa simple matter The contents m cubier
nches are found by multiplymg the area of the base as found 1n square nches
by the depth required , 277 274 cubic mches are equal to one imperal gallon ;
50 that the division of the result by that figure and the addition of the dnp-
gives the contents of the vessel m gallons at any desiwed pomt This cal-
culation can be cheched by the wet method at conventent intervals A table
showing the areas of circles of different diameters 1s printed as Appendix V.,

172 Irregular vessels—consc frusta —If a vessel 15 irregular in more than
one respeet 1t 1s not possible to construct a table mathematically and the wet
method must be resorted to, but, m the case of the most common of the irre-
gular vessels, those in the shape of a frustum of 2 cone, calculation ean be
and 1s resorted to  The rule to be observed in finding the cubic contents-
of a frustum of a cone 13 —

Add the areas of the two ends and the mean proportional between them
together and the sum multiphed by one third the perpendicular height,
15 the cubic content The mean proportional 1s found by multiplyimg the

areas of the two ends together, and taluing the square root of the product

173 Laying out the base —The following however 1s the method more
commonly followed n practice —

Let the diagram represent the bottom of the vessel to be gauged and
tabulated  Witha
challed cord strhe
a line m any part of
the bottom as AB,
and from centres A
and B deseribe ares
cutting each other
m C, through the
pomt C and through
the muddle of the
hne AB at pomnt
D, stnke the lme
EF, the mddle of
T which, O, will be
A 5 B the centre Irom O
- mark off two equal
distances, O\, ON 7
with centres M and
N describe arcs cut-
ting each other 1n
P and Q; through thece pomnts stule the hme GH, the bottom will

~
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be truly quartered in the pomts E, H, F, G, between these pomts strike
the hines EH, HF, FG and GE, 1t will be found convenent if the points A and
B are so selected that either EF or GH passes through the dipping place
From the top of the vessel let fall perpendiculars on the drameters struck,
and from the extremities of the diameters to the pomts whence the perpendi-
culars were let fall strhe up the sides of the vessel the lnes on or between
which, cross diameters are to be taken If the work has been correctly per-
formed, the square at the top of the vessel will correspond mn position with
that at the bottom, but 1t will of course be smaller 1f the vessel tapers The
mean of the cross diameters multiphed by 707 should give the side of the
scribed square, ¢ ¢, the length between the ends of the diameters

174 Duision wnto frusta —From the top of the vessel measure off one-
half the depth of one of the frusta into which the vessel1s to be divided From
this point full frusta should be measured As the depth of each frustum i1s
measured vertically, the equivalent length along the side of the vessel must
be caleulated The total vertical height 18 72 inches Find the total slant
height of the mnside of the vessel It will be 722 Then each 10 inches of
vertlcal height corresponds to 10 003, a difference which 18 qmte neghgible
Many \esscls, however, slope more, and the diff;
to more than one tenth of an mch  Mark the pomts on the chall\ed lines
on the sides and have them distinetly cut in the wood with a graving tool
either by a cross or a circle, the centre of which 13 the point of mtersectron
Thus, 1n a vessel which 1s to be divided mto 10-mch frusta the first measure~
ment will be taken at 5 mches from the top of the vessel the others at 15, 25,
and so on  The lowest frustum will rarely be a full one 1 this case see how
much 1s left between the bottom of the last frustum and the top of the dnp
and divide 1t by 2

An example will make this plamer In the vessel shown 1n the table
below there are 7 full frusta of 10 inches cach their dimensions being taken,
as shonn 1n the note appended thereto in the middle of cach  Between the
bottom of the lower frustum and the top of the drip, however, there 1s a
apace of Lomah wluch s weganded os o sepanade fostum,. Wom the bettom
of the lower frustum extends to 70 inches the middle point of the frustum
of 1 inch wiil therefore be at 705 inches from the top of the vessel In
practice, howesver, 1t would be suffictent to group together the two lowest
frusta and regard them as one of 11 inch depth, 1n this case the dimenston
for the single frustum would be the mean between 60 inches (the bottom of
the frustum next lugher) and 71 inches the top of the drip, 1t would there-
fore be taken at 655 from the top of the vessel Such broken frusta, if,
the case of 10-nch frusta, not exceeding 2 inches, and, 1n the es<e of 5-inch

frusta, not exceeding 1 1nch, shounld alnavs be grouped with the next higher
ones
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DIAMETERS
Depths | — Areaofanmch | Oonimea®
1 ( 2 ] Mean
100 87 w7 | o7 1754 175 40
100 801 800 200 1813 181 30
100 814 812 813 1872 187 20
100 826 827 826 1932 193 20
100 839 810 839 1993 199 30
100 853 81 852 2056 205 60
100 865 866 865 2119 21190
10 880 879 879 21 88 21 88
10 Drip by measure 1100
720 f | 1,386 78

Notz —The dunensions were taken at 5 15,25 3o, 45 55, 65 and 70 5 mches, respectively,
from the top of the vessel

175 Caleul, of mean d —This method of measuring frusta
of a cone depends upon the fact that, for all practical purposes, any frustum
may be regarded as of equal content with a cylinder of the same herght with
2 diameter equal to the middle diameter of the frustum Thus a frustum
10 mches 1n depth with an upper diameter of 70 mches and 2 bottom one of
72 would be regarded as being of equal capacity with a cylinder having a
dismeter of 2?71 inches

By calculating  this example by both the accurate and approximate
methods 1t will be shown that, n practice, the method of mean diameters
18 quite Justifiable —

Accurate method—

{See para 172

Squar inches
700 x 785¢ = 384846
722 x 7854 = 407151
. /(384816 x 407151) = 3958 42

3) 11878 39

True aream sq m 3959 46

2
~ (%4.72) X 7834=3959 20

Dufference on 1-inch frustum= 26
The difference on a 10-nch frustum 15 thus only 26 cubic mches = 009
gallon
It must be borne 1n mind, however, that this approximation would not
have been so close if such a pair of numbers as 67 and 75 (with mean 71 as
bhefore) had been chosen ; with these latter numbers the difference on a

Approzimate method—
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10-mch frustum would have been 41 9cub 1 = ! gallon nearly. It follows
from this that the greater the number of frusta into which an irregular vessel
1s divided the more accurate will the tabulation be In 1llustration of the
way 1 which even so small an error as 5 th of a gallon m the complete frustum
can affect the tabulation the followmng table 13 added Top diameter 70
nches, bottom diameter 72 as above

Ordinary tabulation with 10 meh frusta Truo gauges Error

Cubic inches Culbye inches Culne inchey
Full 39592 39 595 3
1 30633 35741 108
2 31 674 31 8.8 184
3 27714 27901 240
4 23755 24031 276
5 19796 20 080 284
6 15837 1y 108 271
7 1878 12115 237
8 7018 8100 182
9 3929 4061 102
10 ml 1l nit

There 15 thus a difference at 5 mches of almost evactly one gallon, which
15 the hmit of accuracy of the method m this particular case  Generally
speaking, a vessel with sloping sides should be divided mto such a number
of frusta as will secure that the difference between the successive mean
diameters shall not much exceed one inch

To apply the method mn practice having laid out the sides of the vessel,
take with a tape the dimensions of each diameter from the marked pomts _.
and post them in the above table  The total vertical depth of the vessel should
be shown 1n column 1 and the aggregate of the <everal frusta and of the dnp
must correspond with this

Where the vessel 1s of wregular section 1t may be necessary to take four
cross drameters to obtain a practical mean, this 1s done by bisecting a hne
drawn from the ends of the two cross diameters (such line being a side of the
mscnibed square), and drawing a hine through the point of bisection and the
centre of the circle  This being done on two adjacent sides of the square,
two other diumeters are obtamed at equal distances from the onginal ones

The mean diameter 13 obviously found by adding together the separates
and dinadingby thenumber taken  Thusinthe second frustum of thetable —

w == 80 03, which 1s rechoned as 800, and n the ﬁﬂhw

= 83 93, rechoned as 83 9

The rule 1s to disregard i the final result all decimals but the firet.

196 Caleulation of contents —Having  obtained the mean dismeter, find
the capacity (huown techmealls as the area) for each inch of depth
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Rule —Square the diameter , multiply by 7854 and divide the product
by 277 274, the cubic inches m a gallon, thus —
787X 78Tx 7854 6193 69x 7854 4864 524126 —1754
217 214 21T o4 217218 i
The area of each mch must be multiplied by the depth of each frustum,
the total bemg carried to the last column To these totals add the dmp as
found by actusl measurement , the grand total will be the total content of
the vessel
177 Method of tabulation —The method of tabulation 1s simple from the
total content continuously subtract the gallons m each inch of each frustum
Tf this 15 correctly performed, the final remainder will be the drip Thus —

Fifth Sixth | Seventh [ Eighth

Third Fourth
frustum frustum | frustum | frustum

Top | Second
frustum | frustum

frustum \ frustum

1386 78 i 121138 1030 08 84288 649 08 450 38 24478 3288

17 54 5 1813 1872 1932 1993 2056 2110 | 2188
Y
Drip
136024 | 119325 | 101136 ‘ 82356 | 62075 | 42082 | 22359 oo

135170 \ 117512 l 992 64 804 24 609 82 400 26 202 46
|

1156 99 1 973 92 784 92 589 89 38870 18121

133416

1316 62 1138 86 925 20 765 60 569 96 368 14 160 02

129908 n2e73 936 48 746 28 52003 34758 13883

1281 54 1102 60 91776 726 9G 53010 32702 117 64

126400 | 108147 899 04 70764 51017 306 46 06 45

1216 46 | 1066 34 880 32 08832 490 2¢ 285 90 7526

122892 104821 ' 86160 | 66900 | 47031 | 20534 5407
!

J

121138 | 103068 | 81283 | 61068 | 4,038 | 24478 3288

138 Preparation of a table —Prepare a table mn the form below, and 1n
the column marked “ gallons ” put the figures found agaimnst each mch (dis-
regarding all decimals) 1n the tabulations In the third column place the
area of cach tenth of an inch for each frustum  The method of caleulating
contents for any dip 13 given 1n the note attacked to the table
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As the vesscls to which this method applies are generally filled to the samé
height on each occasion, the table need not be.carried down to the bottom
unless such a course 1s preferred  In practice, 1t 1s generally calculated down
to about 5 mches below the depth to which the vessel 1s generally filled and
the vacwity 1s gauged instead of the liqud content Should, however, 1t
be filled to a depth not calculated, the content at that depth can easily and
readily be found by referring to the tabulation, which should be retamed 1n
the office

!
Inches Gallons Areaofa pohes Gallons Area of a
tenth tenth
1 2 3 ‘ 4 5 6 7 8
|
Fall 10 610
1 2 41 629 2
] 1 12 609 1
3 6 | 13 580 G
2
: TR I N
¢ 11 16 530 12
7 13 17 s10[ 13
8 15 8 490 | 16
9 16 19 a0f 18 |)
10
1 2 50 450
12 1 51 179 3|
13 [ o2 409 5
I 8 o3 358 7
15 10 ¢ 1813 ot 368 9 ‘»"0'0
16 1 55 31| 1 205
17 13 I 3 13
18 15 57 306 135
19 17 58 2851 17
» s 59 26] 19 |)
22 4 0 241 N
2 ¢ 61 223 3
2 8 62 202 5
2 10 1872 3 181 7
25 12 1 160 °
2 14 o5 wBs| 1 fp 20
H 15 6 | 13
2 17 67 o 15
30 €3 sl 17
3 2 o 55| 20 |)
32 4
3 8 -0 32
3 s 71 | Duphial . 218
s w0 |p 1932 ey 188
36 12
37 w01 11
a8 688 16
39 €9 18

\or.:.——Thetﬁ'gnn-s ih columns 3 ani7 show the number of gallows ta be deducted for each
- e e L B - . u v
- . PR} * o Lez
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179 Dy dipping rod and float rod —In cases in which vacuity 1s to be gaug-
ed as above and not hquid content, a different imstrument to the wet dipping
rod1s used This s ether a dry dipping rod or a float rod  The graduations
of a dry dipping rod commence from a brass bracket which projects at nght
nngles from near the top of the rod The underside of the brass bracket
15 to be biought into contact with the dipping plate of the vessél to be dipped.
Thic dipping plate 1s of brass and usually let into the top end of one of the
side staves of the vessel

In cases where vigorously fermenting, frothy Lquids are dry dipped a rec-
tangular block of cork 1s attached to the end of a short wet dip rod On
gently pressing the cork down on to the true hqud surface, the number of
dry mnches from the dipping plate can be estimated to within, say, half an
mch, due allowance for the thickness of the cork having been made by the
malker of the rod  Such a dipping rod 1s called & “ float rod ”

180 Allowance for incumbrances —In preparing the tables full allowances
should be made for nternal incumbrances such as brachets, stays, attem
perating coils, yeast discharge pipes, etc

181 Regauging —Regauging of vessels onginally gauged by this method
sunply requires sertfication of the diameters from the ponts already marked
Should many of them differ more than 3 per cent or any of them differ by
more than 5 per cent a fresh gauging 1s necessary and new tables need to be
constructed accordingly It must be remembered that cireular vessels vary
m area directly as the square of therr drameters , a vanation of 3 of an mnch
m the ditmeter of a vessel of 80 mches would therefore only represent a
difference of 13 gallon i the capacity at the depth of one inch  An evample
s guen for reference

Difference 1 gallons
Taches ) Galtons e o ot
5070 858
Diameter 7= X T e
. emmom 13
80 0%x 7831
. 500~ - 1812
B
80 3t TR3
" 80 8 - 1320 "
, [T

Obviously 1f all the dismeters showed either an increase or a decrease
to the extent of the factors given 1t would be necessary to recast the contents
throughout

182 Iistory of 1essels —As stated above regauging of all 1essels should
be performaed every two years and one half should be dove cach year, To
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ensure this bemg done 1t 1s well for an idex table to be placed in front of the
table book embracing the whole lustory of the vessel

183 The gauqng of casks for storage of hiquor —When casks are used for
storage of hiquor they should be treated as fixed vessels and gauged by the
wet method as explamed in paragraphs 162—163 above Casks of good
standard shape should be selected, +e», those that most nearly approach
the spherodal In the case of hquor casks of a capaaty of 50 gallons
or thereabouts the quantity measured nto the cask will be found to
agree very closely mith the quantities found from calculation by the bung
tod and the ullage shda rule and 1t will be sufficient to record the number
of the cash, 1ts capacity by actual measurement and the difference between
this and the quantity shown by bung rod calculations at one fourth, one
half and three fourths of the capacity of the cask respectively The cask can
then be gauged i the manner shown below and the necessary correction
appled

184 Casks used for assue and transit —In dealing with casks used mn the
1ssue and transit of hquor there are three stages to be considered In the
first place the true contents of the empty cask should be accurately ascer
tamned , 1n the second place an accurate account should be hept of Liquor
ssued into 1t on payment of duty 1n the third place provision must be made
for check of the contents in transit or on arnval

185 Record of full content—Dvery cask should be accurately pauged,
preferably by the wet method and the contents marked on the head when
1t 18 first brought into use and these measurements and entries should be
carrected whenever 1t 1s returned to the issue room after a Journey or after
coopering A register should be maintaned at cach distillery of all cashs
mn use

186 Measurement of quantity wssued —Issues are commonly measured
mnto cashs by gallon pots A device which 1s useful 1n preventing spllage
m this process as well as i gauging by the wet method consistsma vessel
holding exactly onc or two gallons which can be connected by pipes both
with the discharge pipe of the 1ssue vat and the Lung of a cash and elosed
after each discharge of its content o that any desired number of gallons
can be poured into a casl by repeat>dly filing 1t from the vat and emptying
1t through the bung

187 Weighment an alternatite —Another method of rechoming guantihes
1ssued 18 by weighment  For this purpose the following procedure may be
observed —

(1) Before any spints are put into a drum or ca<k for removal, the
officer must ascertain the weight of the drum or cash with
its serew plug or bung and enter it along with the marl and
number m a regster

{11) The woights of <everal drums or casks mav be accertaned before
any are filled, but should such drums or casks not be filled
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before the close of the following day the weights must be checked
before fillng It must of course be seen that the cashs are
reasonably dry at the time of weighment, otherwise great vama
tions might result

(1s¢) Whenever any spirtts are put mto a drum or cask 1t must he filled
up at once, and the gross weight and the hydrometer indication
of the spmts immediately ascertained and entered m the
weighing book so that the contents of the cask may be cal-
culated Care must be taken that the temperature of the
spiits 1 the sample alters as lttle as possible before the 1n-
dication 15 ascertained

() Drums or casks, whether empty or full, should be weighed to a
pound, but in the former case the weights should be allowed
to preponderate and 1 the latter the drum or cask

() The number of gallons contained 1o the drum or cask 1s ascertarned
as follows —

Refer to the specific gravity table (No 1) at the end of the Sikes’s
tables and agawnst the hydrometer mdication already as
certamed will be found the *speafic gravity” or, more
correctly, the weight in pounds per gallon of the spinits tested
Then divide the net weight of the spinits (that 15 the difference
between the weights of the full and empty casks) by the
speaific gravity and the quotient to the first dectmal place
will be the contents of the drum or cask mn gallons

These caleulations may be saved by the use of Livingston’s and Loftus’s
tables* of the weights of spimits, in which they are fully worked
out

188 Checl, of contents on arral —For check of the contents of casks
transit or on arnval or m any case m which 1t 1s not possible to measure or
weigh them, 1n other words n cases m which the content of full vessels 1s
required, gaugmng by bung rod or callipers and computation of their contents
must be resorted to Tor the purpose of using these mstruments, although
casks vary considerably 1n bwld, they are all assumed to be of a standard
shape, t1z , what 13 technically called the mddle frustum of a prolate spheroud,
ve, the mddle section of the solid described by the resolutron of an elhipse
about 1ts major axis  Additions to or deductions from the length are made
when necessary to reduce each cask to the standard figure

189 Tke parts of a casl defined —The curved portion of a cash 1s composed
of curved pieces of hard wood, which are known as staves, held together by
wooden or iron hoops which bind them tightly to the circular dises
called heads nhich form the two ends of the cash

“In some provinces ( tbb a tables of tle weights of apints i which the capacit es of carks
from 40 to 50 gallana roughly, are fally worked ont are used.
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The heads are composed of straight planks often someswhat
thicker than the staves The staves project somewhat beyond
erther head, and the circle of junction between the staves and
the head 13 known as the chimb The curved portion of the cash
( composed of staves ) between the bung and the head 1s
Inown as the quarter If the slope from bung to head 1s
umform and, considerable the cash 13 described as having a
lean quarter Casks with full quarters slope very lttle from
the bung until near the head, when they abruptly slope away
to enclose a head which often 1s rather small than otherwise  The
total holding capacity of a cask 15 called 1ts content , the number
of gallons of hqud 1n 2 partially filled cask s called 1ts ullage,
and the unfilled portion 1s described as its vacuty It should be
noted that, etymologically, the word ‘ ullage means the unfilled
portion of a cash, ¢ e, exactly the converse of its modern meaning
m gauging

190 Inmstruments used—the bung rod —The bung rod 13 &
dipping rod specially made for cashs It 1s usually 48 inches
long of square section shod with brass at both ends and pro
vided with a brass shde The pomt of the rod 13 bevelled off
so that 1t may more readily reach mto the angle of the chimb
of the cask  From the lower part of the shde a flange projects
to a length of one mnch so that when the dipping rod 1s 1 position
m the cask this flange may be shd down until too large to pass
through the bung hole 1t 1s stopped by the bung stave By means
of notches cut on the springs attached to the lower part of the shde
at  and } inch from the flange allowances for the thickness of
bung staves may be made without mental subtraction Two
opposite sides of this rod are graduated in inches and tenths
On a third side 13 marhed the Imperial area line, while the dia
gonal line appears on the fourth side

191 The Imperial area line —The Imperial area hine, which
appears 1n the diagram 1s constructed on the principle that the
areas of smnlar figures vary as the squares of their lthe dimensions
Since & arcular vessel of diameter 1879 mnches has an area of
277 274 square inches and filled to the depth of one inch, would
hold exactly one gallon, the content of anv other circular ve<sel
at one mch of depth msy be found by the undermentioned for-
nmuly —

(1879)* (any gien diameter)* 1 gallon requued content
m gallons

This line on the bung rod shows agamst each diameter tle
cquinalent gallons per mch, which multiphed by the perpends
cular depth, will give the required content in gallons
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192, The diagonal line —The diagonal Line 13 constructed on the principle
that smular sohds vary as the cubes of thetr Iike dimenstons  For example,
assuming that a cash with a dragonal of 16 4 mches has a content of 10 gallons,
a cask with a diagonal of 32 8 mnches would have a content of 80 gallons

The diagonal hne on the bung rod 15 nseful for checking the content of
quarter casks and smaller sizes and also as an approxumate check 1n gauging
larger casks, but 1t should not be relied upon as 1t will give fauly correct re-
sults only when the cask 13 of smtable length and shape Shoyld a cash be
short, or have a perpendicular bung m excess of the cross, the diagonal may
show a content as much as two or three gallons greater than the actual content
On the other hand, should the casl be flattened, or the cross be greater than
the perpendicular bung diameter, the result found by the lne will be less
than the true content

The rod should be mserted mto the cask 80 as to allow the bevelled end
to enter the angle formed by the head and long staves The reading should
be taken at the level of the under side of the bung stave, and in the centre of
the bung hole  In all cases the diagonal should be measured from each head,
and the mean taken

193  The head rod —The head rod 1s used for several purposes Tumst,
as 1ts name 1mplies, 1t 1s used for measuring the heads of casks, secondly,
a3 a shde rule, 1t 1s used both for casting contents and for working ullages
These operations will be described 1n detail later

194 The cross callypers —The cross callipers are used for finding the out-
side honzontal bung diameter of cashs  The graduation of these mstruments
and their method of use will be best understood from an mspection of the
nstruments themselves
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195 The long callipers —The long callipers are used for measuring the
length of cashs, that s, the straight line distance outside from head to head
They are turned mnwards at their ends so as to reach the heads of the casks
without touching the projecting ends of the staves The thickness of the
Leads of casks bemng fairly umform, the graduations of the mstrument indicate
two mches less than the actual measurements

196 Method of use of these wnstruments —An example of gauging a partly
filled cask follows —

Viith the eross callipers the external diameter of the cash 13 measured
first, horizontally and then at as great an inclinatton on etch
side as can convemently be made The mean of these three
measurements 1s reduced by twice the estimated thickness of
the staves The estimate requires considerable practical ex
penience , assume for example that the stasves arc rechoned as
1 1ach thich and the mean external diameter has been found
to be 332 mches Deducting 2 inches an estimated internal
drameter of 312 inches 15 obtamed Mark this in chalk
to the nght of the bung hole of the cash  Tahing the bung
rod, move the brass shde up to the top out of the wav,
then pass the rod through the bung hole until the bottom
of the cash 15 reached, care being taken to pass it per-
pendicululy  Next press down the brass <hde wuvntil its
flange rests furls on the bung stave  On withdrawing the red,
the reading should be made from the extreme end of the brass
<prings 1 order to allow 1 inch for thichness Suppose the
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diameter thus mdicated 1s 314 On comparmg this “per-
pendrcular  bung” with the cross or *“ horizontal bung* pre-
viously taken 1t will be found to be 2/10ths more Tale the
mean figure 31 3 as representing a fair estimate The length
18 now taken with the long callipers  Suppose they show 496,
498, 497, the average 13 497, this 1s accepted as final as the
long callipers are made to show 2 inches less than the actual
measurement  The head diameter 18 next required  Both front
and bach heads are taken Suppose the mean figures 22 8 and
22 6 are obtamed, respectively, Then 227 may be taken as
the head dizmeter Sufficrent measurements are now available
for casting the content The measurements are—

Length - . 497 mches
Head . . 27 .,
Bung PRGN - B

The head rod 1s now used and the brass projection of the shde known
as the “cock” 1s adjusted to the mean head diameter 227 Look along the
lower lne of the rule for the bung diameter, exactly over this on the
mddle or spheroidal line of the shide will be found 6, look for this number
on the lime of inches on the side below 1t, and immediately under, on the inch
lme of the rule, will be found the mean cylindrical bung 28 7 inches, nhich

1s the diameter of n cylinder that at the same length a9 the cash would
contan the same quantity of hiquor Now set the gauge pomnt, which 13
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marked very conspicuously m black on the upper line of the shde, to the length
497 on the upper hne of the rule, and look along the upper line of the slde
for the mean cylindrical bung, above which, on the rule, will be found the
capacity of the cask, which i the present imstance wall be 116 gallons  But
the cask 1s not full  Take the bung rod and, lifting the brass shde up out of
the way, carefully dip the cask, taking care to Leep the rod vertical Note
where the hquor has marked the rule, say, at 25 8 inches  Turn to the bach
of the head rod and bring the bung diameter 313 on the lower hne of the
slide over 100 on the segment line, noting what diviston on the segment line-
15 under the wet Inches on the lower line of the shde This found, place the
shide so that 90 O on 1t shall be over 100 on the segment line and then look for
the content of the cask on the upper line of the rule, under shich, on the shde
will be the gallons m the eask, tiz, the ullage, which n this case 1s
1047

197 Allouances for vanations —The chief difficulty 1n the above series
of operations 1s of course the makmng of an aceurate estimate of the thickness
of the staves This can only be satisfactonily acquired by practice In the
first place, the wood used by coopers 13 not sawn, but rent or hewn mto shape
n order that the fibre may retan 1its utmost strength The thickness, s,
therefore, never umform Agam the outhines of the staves, and hence the
figure of the cash, are produced under the guidance of the cye alone, and
although coopers by long practice become extraordnanly expert 1t 13 evident
that the hne of curvature so formed cannot possibly be mathematreally correct,.
or even 1 1ts owh form mvarable It therefore not unfrequently happens
that a cash may have a {ull figure on one side, and a spare and bad one on the
other, so that 1t would be hikely to be either under or over gauged, according
to the_portion that may be uppermost This mequahty of figure 1s rarely
perceptible unless the cash be placed upnght on 1ts head and viewed from alt
sides  Again a cash whose outward figure may be very good, may, from
mequality of thickness within, be nearly the reverse. as in mahing the casks
the staves are often thinned at the bouge to facilitate thetr curvature, and
at the chimb to equalize them and mmprove the outward appearance, while
the mternal thichness and mequalities are left untouched  Ebewhere on the
contrary, some casl s are purposely thinned at the quarter, and at the bung
and chimb are left to their full thickness  In view of the above facts, gaugmg
allonances, that 15, additions to, or deductions from, the mean dinensions
actually found by measurement, are sometimes made for particular cashs
ot classes of cashs, but none but an expenenced gauger can hope to applh
corrections of this sort with success, and 1t should therefore never be attempted
except by those who are constantly dealing with casks of various shapes and
who have repeatedly cheched their results agamst actual tnal with water.

1908 Use of wstruments by Excise officers —The duties of ditillery officers
are generalls spiahmg much simpler, inasmuch as the full content of tha
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cashs they have to deal with has almost mvanably been accurately gauged
The following nstructions are generally sufficient for their purposes —

(1) See that the cask 1s perfectly level and that the bung hole 15 ex
actly 1n the centre at the top

(2) Pass the bung rod with the tmangular pomnt downward through
the centre of the bung hole until it touches the hottom of the
cask  Brmg 1t to the side of the bung hole and read the figures
marked on the side of the rod visible above the surface of the
cask Then find the thickness of the top stave (n cashs of
50 to 60 gallons capaciby, this 1s generally about § of an
mch, or, as the rod 1s marked 1n inches and tenths of an
mech  seven tenths), deduct the thickness from the outside
depth or diameter, the difference will be the true mternal
diameter of the cask, known as the bung diameter

(3) Carefully wipe the rod and agam 1nsert 1t through the bung hole,
taking care to keep 1t upnght Lower 1t slowly and steadily
through the hiquor so as not to break the surface, and directly
1t touches the bottom press 1t downwards shghtly and imme
diately withdraw 1t Note the pomnt to which 1t 1s wet, tahing
the wet tenth when the line falls between two divisions

199 The ullage table for lyng casks —(4) Divide the number of wet
anches and tenths by the bung diameter previously found, refer the quotient
to the table printed as Appendix VI, directly opposite which will be found
1ts cquivalent  Multiply the equivalent by the content of the cask as marked
apon the head , the product will be the actual quantity of hquor in the cask

Examples—
O]
Bung  wetanches quotient Equwvalent
265 ) 228 (860 = 93t
2120 content 55 gallons
1600 4670
1590 1670

51 370 gallons

Answer—~515 gallons ullage quantity
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@)
Bupg  wet mches quotient Equiialent
29 ) 155 (534 = 3476
145 content 52 gallons
100 10952
87 27380
130 28 4752 gallons
116 —_—

Answer—287%, gallons ullage quantity

(3)
Bung wet inches quotient Equinalent
216 27 {125 = 034
216 content 32 gallons

510 103

432 162

1080 1728

1080 J—

Answer—1, gallons ullage quantity

200 The ullage shide rule —The necessity for these caleulations can be
avorded by the use of another nstrument called the ullage shde rule, the ature
and use of which will best be understood {rom the diagram opposite and the
cxamples below —

The hnes marhed A and B, respectively, are graduated althe and i loga-
nthmic proportion so that, by setting one multiplier on B to 10\ and then
looking along A for the other multiplier, the product of the two numbers
will be found 1mmediatels below the latter on lime B The rule 15 sub-dinided
deermally, consequentls 1t must be borne 1n nund that the vacuits 1n a cash
may be represented by the same figures on the slhide rule whether 1t be tens of
gllons, gallons, or tenths of a gallon, but there can be no confucion on this
head as the depth of hquid m the cask will indicate sufficiently which of the
three 1t must be The sub-dnvisions on the rule must be regarded as tenths
or two-tenths according to the number between each whole number
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Tigure 1 gives an example of multiplication —
Multiply 64 by 54, 0r 6 4 by 5 4, or 64 by 54, as the case may be

Look along lme B for 64, set 64 to 10A Look along lme A for b4
and immediately below 54 will be seen 345 on B There must be four figures
m the product, the last of which must obviously be 6 Hence the product 1s
345 G, 34 36 or 3456

Take another example of m Itiplication —
Multiply 40 8 by 508, 4 08 by 5 08 or 408 by 508

40 5 and 41 0 are clearly marked on the rule and 40 75 13 of course mdway
between the two, but 40 8 13 not marked

The shde must be so adjusted that what may be considered as 408 1s
set to 10A

Look along hne A for 50 8 and immediately below on line B will be found
206 or 206, or 200 as the case may be

The rule 18 not divided finely enough to enable the reader to be sure
whether the third figure should be 6 or 7, but 1t 1s near enough for practical
purposes, as will be scen below -

The hine marked “Seg Ly 1s sub divided to show the percentage of its
capacity contamed m a spheroidal cask according to the depth of the iquid
temamning mn 1t when dipped at the bung hole with the cask Iying honizontally
This line 13 based on the average results of a series of experiments on a number
of cashs

Tigure 2 1llustrates the method of finding the contents of a cash of 5t
gallons capacity —bung diameter 26 5 inches,—wet inches 175

Set 26 5 (bung diameter) on line C to 100 on segment line (100 Seg Lj )

The difference between 265 and 175 13 80 Look along line € for §0
and on the segment {me immedately below will be found 280  This 13 the
percentage of the capaeity which 1s empty  Set 280 on line B to 104 and
under 51 (the capacity of the cash) on line A will be found 151 on line B (by
multiplication by the pen this 19 actually 15 12)

Whenever the capacity Ime on A falls between two sub-divisions on line
B the first place of decimals must be incereased by 1, asllustrated abose  This
13 the only safe rule to lay down, because the second and third places of
decimals are not easily read and only represent very small fractions of a gallon

Deduct 15 2 from 54 and the contents of the cask are 338 gallons  Tlus
1s generally called the * ullage ”* gallons
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Again A cask 53 5 gallons capacity, bung diameter 26 2 and wet dip 21 6,
vacuity 4 6 inches

Percentage on Seg Ly 975
Vacuity m gallons=5 22 approumately , called 53
Ullage gallons or contents=48 2

When the vacuity 1s less than 1 inch set the bung diameter on line € to 10
on the segment line  Look along C to the nght of 10 on the segment line for
the number of tenths , and under the number of tenths of an inch will be found
on the segment line the percentage Work out the vacuity as before

Figure 3 gives an example —

Capacity of cask 53 0 bung diameter 26 3 wet inches 255 vacuity 8

2 on C cuts the segment lime at 56 very nearly, and equals 56 1n this
cese  Multiply out 56 per cent as already described and the product s 29
of a gallon

Thus vacurty m gallons 29 = § ths of & gallon and therefore the contents
are 52 7 gallons

When the cask 1s less than half full the working must be on the wet inches

Lxample —Capacity 645 bung diameter 272 wet mnches 125 125
cuts the segment line at about 44 2

Note that m this case each of the sub divisions between 12 and 13 on
the Iime C 1s equal to 2/10ths

Contents 21 0 gallons

In these cases, whenever the capacity line falls Jess than midwar between
two sub divisions  the excess fraction of less than a quarter of a gallon may
be 1gnored

In the Iatter case 1f the capacity had been 53, the ullage gallons, re, the
contents, would have been 242

Tigure §
Capacits 108 bung diameter 338 wet inches 24 6 vacuity 9-2 inchee
Pircentage on segment Line 19 99 very nearhs

The capacity will be found between “ 1 and “I1 ™ {or 100 and 110}
on the left hand  The <ub-divistons must be rechoned as 2 gallons each,

1
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Therefore the vacuity equals 21 5 gallons and the contents 86 5 gallons.
(d B—20 per cent on 108=21 6 cxa tly, 19 O pec cont on 108—21 49 exactly ]

201 The wllage rod —A sumpler method, which 1s sometimes employed
1n the ease of cashs that are nearly full, 15 that of the ullage rod, a special
small rod of square section by means of which the vacmty 1s read off
at sight and deducted from the content The rod 13 usually graduated
gallons so as to allow for the average thickness of the staves of the three
most important casks, 12z, pipe, hogshead and quarter, the figures proper to
each of the three being marked on different faces This mstrument must not
be regarded as anything more than a rough guide to the vacuity , its hinut of
accuracy averaging about § gallon for vacwities of less than 5 gallons, over 5
gallons the nearest complete gallon should be taken

202 Care of wnstruments —Gaugmg rods should be kept 1 a dry place
whennot inuse The head rod and callipers should not be cleaned with spint
Slide rules should not be kept in a closed box or almirah when not m use
They should be suspended from a rail m the wall of the office or warehouse
If the shide doces not work freely, powdered blach lead should be appled Liberally
to the flanges

CHAPTER X.

Wastages.

203 Losses wn manufacture or storage—periodical stock taking —Every
distiller or warehouse-heeper should be required by the terms of lus lLicense
to account for all spirit produced or recerved, a chech of which should be made
at a periodical stock taking by a superior officer This should occur at irregular
and unexpected mtervals and not less frequently than once a quarter The
stoch-tahing officer should check the transactions of the pertod, tahe stoch
of the balance and record the difference as wastage, to be wnitten off if duly
accounted for, and, if not, pard for at the close of the year

201 Causes of lors —The wastages chiefly met with in tahing such an
account are, first, losses through shninkage, which have already been dealt with
1n the chapter on reduction and blending , second, special losses by accident
or otherwise, which should be reported at the time they take place and should
form the <ubject of a special enquiry, 1f necessary , and, third, losses by
evaporation, which ate those with which tho stock tahing officer 13 chuefly
coneerned
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205 Loss by ewaporation —It 13 impossible to lay down any general scale
of loss by evaporation for all distillerses i India since conditions vary so widely
m respect of climate, strength of distillate, and other matters, but it may
safely be laxd down, first, that nature of apparatus, should never be admitted
as an excuse for excessive wastage , and, second, that for all ordinary Indian
distillertes, having regard to the short period that elapses between manufac-
ture and 1ssue, 2 per cent per annum on the transactions of the year 1s a
sufficient ma<imum to allow  If therefore, the wastage disclosed by the re-
sult of the four stoc] takings after deduction of losses due to shrinkage or
special canses exceeds this It the distiller should be called upon to show
cause why he should not pay the duty on the deficiency

206 Cautions to stock laking officers —It will be as well to notice here
some cireumstances which are apt occasionally to cause difficulty to stock-
taking officers In the first place a vat or cask 1s sometrmes found owing to
the nature of the wood or the use to which 1t has previously been put, to cause
obscuration of the lhquor (See ippendix VII) This s not a common
occurrence but the pomt should be remembered  If an unexj ected difference
of strength 1s found or if for other reasons obscuration 1s suspected, a sample
should be taken and sent for test at a laboratory Coloured spints should
always be regarded ns possibly obscured ~ On the other hand colourless spint
may at times be highly obscured by sugar or other additions  But colourless
spints rarely if ever show obscuration due to absorption from a cask

In cases m which an officer s suspicions that salt sugar or other substances
Ilely to aflect the mdications of the hydrometer hasve been dissobved in the
spirits are not sufficiently definite to warrant Ins taking samples, he should
from time to trme evaporate a small quantity of spnts in a watch gliss, when
the presence of sol:d matter will be easily detected Vegetable substances,
such as sugar may be distingmished from salt by their being blackened and
dissipated by heat after the spint and water bave been driven off  For this
purpose, remove the residue from the watch glass and heat on a clean metal
surface eg platmum forl or & piece of herosene tm It 19 well for oficers
occasionalls to apply this smmple test even when they have no suspicions
¢hat such substances as sugar etc, hise deen dissolied i the spts made
s the di tillkry under therr charge  Few <amplis will Le found which do not
Iuave some traces of solid matter after evaporation, derived from the ordinary
mmpunities m the water used m the manufacture of spints, but thece may
always be distingmished from foragn matter added in such quantities a2 would
affect the strength mdicated by the hvdrometer

It 1s further well to remember that storage for any cons deralle prriod
ma very dry hot climate 13 apt to cause, concurrenth with a conderatle
lo~s of spinit, an increase m the strength of what rimams  (See alo apperdix

10
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VIII) Thisisdue to the facts that both alcohol vapour and water vapour
pass out through the pores of the wood and that in very dry climates the
percentage loss of water vapour 1s the greater

It 15 hardly necessary to add that an ascertamed wastage should never
be allowed to be made up by the addition of liquor from another vessel

207 Transit uastages —When spinit 1s transferred from a distillery to a
warehouse, stock should be taken of 1t immediately on arnval so that the
wastage 1 fransit may be clearly ascertamed and not confused with subse-
quent loss m storage  The principles governing the writing off of such losses
have been laid down by the Government of India as follows —

(1) The grant of an allowance for wastage should be an merdent of
supply 1 bond only

(2) Only actual wastage should be allowed

(3) Collectors and officers 1n a corresponding position should be allowed
diseretion 1 the matter of wnting off actual wastages withm
reasonable himits

(4) The limuts should be so fixed as to cover all ordinary cases, with
reference to standards of time occupied in transit

{5) Wastages should be calculated on the contents of mdividual casks
or vessels

(6) Wastages m excess of the linuts and all wastages in exceptional
cases should be referred to the Excise Commissioner or other
sumlar officer, who should penalise only if he sces reason to-
suspect fraud

When there 13 a great difference between the temperatures at which the
spint was ghserved on despateh and arrnal the fact should be speeially nated
and sllowed for Under the English practice an extra allowance of 03 per
cent for each degrec 1s made i this case for contraction if the ordi-
nary allowance 13 not sufficient to cover the wastage ascertamed, and the
temperature on receipt 13 lower than that on despatch *

208 Wastages an brewertes —Tor wastages 1n breweries m which regular
accounts of manufacture are hept an sllowance of b per cent for loss 1n the
process of manufacture may be made

* Regulat negoverning the reee 1t an Ldelirery of and the operatione allowed o0 dut able
Roo-hl(sl;pmued in customs or ¢ye1s0 geneml! warchouses througl out the United Ringdom
pars
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209 Grogging —It should not be forgotten that, as casks absorb spint,
attempts are sometimes made to recover this alcohol by steaming the mterior
of the empty cask or by dissolving out the absorbed spmt with
water To prevent this in one of the larger Provinces all cashs are syste-
matically treated with water by the Excise officer after they have been emptied
Details of the process will be found m Appendix IA

CHAPTER XI.

Obscuration. -

210 Obscuration explained —The strength of any mixture of spint and
water bemng determmed by 1ts specific gravity the addition of any soluble matter
to the mixture obscures the true strength by altermg the speafic gravity ,
and the extent to which 1t does so1s called the obscuration of the spint,
which can be measured in proof degrees or hydrometer stem degrees

211 Cases wn whick 1t arises in Excise uork —The cases m which obscu-
rations concerning Excise officers ocour are generally four —

(1) when 1 the simpler types of pot stills part of the wash froths or
spirts over mto the recerver ( primmg )

(2) nhen the spirtt takes up obscuring matter from the receptacle
m whieh 1t 13 placed

(3) when spicing sweetening flavouring or colouning agents are added
to plain spinit prior to its wsue as spiced spnt or as locally made
foreign  spints paying the tanfl rate,
(4) when Liest spinit 1s coloured to ensure its bemg readily distinguished
from ihat spint

212 Sprrit dhscoloured by priming —When spint 1s diccoloured by the
priming of the still unless the discolouration 1s of a very shight character,
1t 18 best to return 1t for redistillation at the same time taking precautions
agast further priming as indicated 1n a previous chapter

213 Duscolouratton by matler tn storage tessels —The case of spint that
13 obscured by matter absorbed from eashs oz vats has already been mentioned
Such spmt mas, of course abo le returned for re-distillation If it 13 pot
thought necessary to do this a <ample should be <ent to the nearest autho-
1 ed laboratory 1n order that the degree of obscuration mas be estimated

214 Compounided spint —Colourmg  sweetening or flavouring agents
should ordinarily Le added either before re-dh tallatzon when thev are of such
a nature as to cause no appreciable ob curation or after duts has been
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paid  If this 13 done, no necessity for testing the extent of the obscuration
anses  If for special reasons any other course 13 taken, then o sample of
the spint should be sent to a laboratory so that the estent of obseuration may
be ascertaned before duty 1s levied

215 Leeat spiret coloured to distingursh of from allhcst —When heit spirtt
15 coloured to distingmsh 1t from illiest 2t 23 convement to use caramel
as colouring matter, m which case the amount of obscuration resulting from
the addition of a given quantity can readily be rechoned *

216 Proper method of preparing caramel —It should be seen, however, that
the caramel 13 properly prepared, m which connection the following directions
will be useful —

(1) Place any convenient quantity of molasses 1 a copper or timned
pan or degeht
(2) Heat over a quick fire stirmg all the time, until fumes begin to
come off, when the pan should immediately be transferred to
a slow fire
(3) Contmnue heating over the slow fire, sturing all the time  When
the caramel making 13 approaching completion fumes will
again come off But continue heating and stirring until the
whole becomes of a deep black colour with a perfectly smooth,
shining surface IE heating 1s continued beyond this stage
the caramel becomes undesirably modified, causing it to gne
a precipitate when added to spint
(4) At the completion pomnt above mentioned, remove the pan from
the fire and add water at about 160-—170 degrees Fahr, m
s fine jet sturing all the trme, until the desired consistence s
obtamed
(6) Dilution can be subsequently made to any deswred degree of
specific gravity below 1150° It 13 preferable to dilute enough
forGnly a fen days use at one time as otherwise the caramel
may not heep well
217 Cantions regarding obscuring sub —1It should be remembered
that substances 1n solution can alone affect the specific gravits  If merely
suspended  and not dissolved they have no effect T Sugars are by far the
most important obscuring agents It 15 to be noted that imperfectly
caramelised sugats gising only & slight colour to spinits may cause very marhed
amounts of obscuration Thus the degree of obecuration does not necescanly
sary accotding to the depth of the spint’s colour  But distinetly coloured™
spirits should always suggest some degree of obscuration  Obscuration from
priming of the still 1s usually shight  Obscuration {rom the cash 15 al o usually
alight and due to various tanmns absorbed from the wood.

# Talle showin~ tf e amo nt of obscuration reult ag from cvramelanta ~arsol tons wil
b foun 1 at pages 36 “ of Colone] Bedfurd £ Notes and I cports on Teeln eal Fxcre Sul jects
inlnln 1910

1 But e foot nots to page 62
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218 Method of testing for obscuration —It follows from the foregoing
remarks that the making of tests for obscuration seldom directly concerns
Ixcse officers, though such tests form an important branch of work mn ~
Custom houses  The process employed n the Umted Kingdom for the purpose,
briefly, 18 to test a sample of given bulk with the hydrometer, then to
distal 1t to remove the foreign matter, then to make up the origmal bulk with
distilled water at the original temperature and to test agam with the hydro-
meter Any difference between the tiwo tests as shown by Sikes’s Tables 1s
the obscuration of the sample Some of the Indian Custom houses have
hitherto employed a more elaborate process depending on the use of the specific
gravity bottle, but the English process shghtly modified for use mn a tropical
chimate 13 now umformly employed there i ordinary obscuration tests

CHAPTER XII.

Denaturation.

219 The necessity for denaturation ~—In addition to bemg used for drinking
spints are largely used by the general public for various purposes and alo
mn sundry industries which would be unduly handicapbed f spints were only
obtamable on payment of the potable spints duty  To meet this difficulty
strong spints are allowed to be 1ssued at the ordinary tanfi rate of 74 per cent
pravided they are first rendered so nsuseous that no one will dnink them This
1s effected by the addition of some substance that 13 not easily removed , or,1n
the words of the taniff, the spints are ¢ permanently and eflectually rendered
unfit for human consumption” The substance onmnally used for this
purpose was wood napltha or crude methyl alcohol and the spints with
which 1t was muxed were called  methylated spints” Now that that has
been abandoned m India for other agents except in special cases the term
‘ denatured spinits ™ 18 more accurate and should be adopted

220 The agents used —The Agents used 1 England (30 per cent wood
naphtha together with 3th per cent muneral naphtha in ordmarv cases, and
5 per cent wood naphths only 1 special cases) are un<mtable for general use
mIndia  The practice as regards denaturation has hitherto not been unie
form throughout India and the above agents and al o caoutchoucme were for
merly used for purposes of general denaturation Recently, as the result of
exhiustiy ¢ enquiries into the question Government has approved the rdoption
of a general denaturant whuch consi ts of & per cent of light cacutchouene
with } per cent of ernde pvndine bases coupled with a provssien that spinit
1oued for denaturation shall not be lews than 50° 0 P
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221 Loght teh —Caoutch 1s made by the slow dry distil
lation of waste vulcamzed rubber, and Iight caoutchoucine 13 made by the
redistillation of ths ligud which process has the effect of removing certain
smoke causing and otherwise uh]ectxonable gredients and which results ma
product that mixes more readily with the spmt

222 Pyndine bases —Pynidine bases are made chiefly from the distillation
of coal tar or shale but are not at present produced in India  The use of
pynidine from ammal sources for purposes of denaturation 1s absolutely pro
hibited 1n India ;n order that no caste or religlous prejudices may be
offended

323 ZTests of blity of denat S ate ples of erther agent
must be submitted for tcst by a Chemwal Exammer or other authonsed
offictal analyst before they may be brought intouse A description of the
method to be folloned 1n ascertaming the switability of light caoutchoucine

and of pyridime bases 1s printed as Appendix A

224 Duties of dustillery officers —The duties of distillery officers 1 connec
tion with denaturation are to take samples of the agents proposed to be used,
to heep the stock under lock snd key  to 1ssue spirit and denaturants for
sdmixture  to supervise admixture m a room set apart for the purpose and
to send samples of the result for final test before 1ssue No quantity of less
than 50 gallons should be allowed to be denatured at one time

295 Process of admizture —In making the admixture 1t will be found prac
tically convement to add half & gallon of each denaturmg agent to 100 gallons
of the spirit  The denatuning agents should be put into the vessel first and the
spmt after being tested should be poured on them The contents of the vessel
should then be repeatedly stirred to ensure that they are properly mixed

226 Lramnation of spirit on sale —Inspecting officers should occasionally
examme denstured spint that 15 exposed for sale to ensure that 3t has not
been rendered potable or reduced 1n strength  Spint mixed with the denatur
ants above described readsnot less than 50 O P by the spint hydrometer
has a charactenstic smell and turns milky on the addstion of water If any
cause for suspicion 15 found a sample should be sent to a Chemical Examiner
for complete test

227 Spectal denaturants —In certan mdustries where the general denatu
tants sre unsuitable for use the use of speral  denaturing nzents may be permit
ted under special Freise admmmistratine sanction  Fach case will be dealt
suth according to its special requirements subject to general regulations
to safeguard 1eycnue interests 1 the matter
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CHAPTER XIII.

Brewing,

228 General description of the process —In its widest sense, “ beer™ 1s &
hiquor made by mnfusion and fermentation from any vegetable substance
Thus we have nice beers, mahua beers, ginger-beer,cte  But with a conmdera-
tion of these we are not at present concerned The class of beers which are
now under notice are those hnown as “ malt beers,” that 13, iquors made from
an mfusion of prepared barley called malt ™ which has been botled along with
hops and then fermented

The manufacture of beer of this class falls mnto five stages —

(1) Preparation of malt from barley  (2) Infusion of the ground malt
(grist) and stramnmg the resulting extract (wort) (3) Boilng the wort with
hops, stramng off the hops, and cooling (4) Fermenting the wort (5}
Setthng and casking

299 Tareties of beers—TPale ale 1s usually made from the best malt
and hops and 15 heawily hopped

Mild ale 15 usually alcoholically stronger than pale ale and 1s less heavily
hopped It 15 also stronger 1n extract

Porter 1s a black beer It 1s prepared with pale amber and roasted malts
1n order to get 1ts special taste and colour

Stout 15 a ** stout ” or strong porter a better quality of porter

Lager beer 13 prepsred by a different method of fermentation, a special
t3 pe of yenst bemng used and a particular method of storage also bemmg employ-
ed The fermentation 1s carrted on at very much lower temperatures, sav, from
20° to 23° F below that used for ordinary beer The yeast used 1s different
It1s & smaller yeast cell and 1stermed bottom yeast  incontradistinetion
to the  top yeast ” used for ordinary beer, as the fermentation procecds
more at the bottom of the fermenting vat  The fermentation also lasts much
longer, from 10 to 20 days  When the brewing of the beer 1s fimshed,
1t 13 stored at from 38° to 42° T for about four months It 1s then racked mto
casds snd wherener gassile, ewch. day’e oupple, sk et feshe Lagee
Decr contans more earbonic acid gas than the ordinary beer  Thas fact results
from the lower temperature at which it 1s fermented and stored

¢ Runming ale ™ 15 the term applied to ale or beer used for consumption
after havmg been only, =av, a week or 10 davs 1n store

Stoek ™ gles are those stored for some time 1 order to develop pecial
quahties from maturing

Strong and export alis are often hept about 8 year before rsue and such
alcs are preferably brewed from waters math much permanert bardress  In
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export and pale ales some hops of the best quality are usually added to the
task when filled so as to make the beer I eep clear ard sound and to improve
the flavour

230 Water surtable for brew wng purposes —It mny be ea d that each parts-
cular ty pe of beer requires a spe c1al hind of water, that 1s to <ay, that the wrter
st any particular brewery will not be equally <witable for making the different
types of beer above described  For mstance London and Dublin are famous
for the porter or stout produ ced there ard this 1s largely due to the hind of
water available It 13 much s ofter than that used at Burton or Edmburgh for
the production of ales  Brewers thus frequently find 1t necessary to
sdd salts to themr water so as to make them swtable for particular purposes
and this 18 of course, a perfectly legitimate and, mdeed necessary practice
To make light clear ales which will heep well a hard water 1s nccessary  Pale
sles requre a water contamning between 50 and 100 grams per gallon
of sulphates, carbonates and chlorides of lime, magnestum, potasstum or
sodium 1n varying proportions

The kind of water used m brewing 1s very important The English brewer
uses a hard water—that 13 one which contains a large proportion of salts
of lume snd magnesium  He chooses such a water because he wishes to dissohe
out of the gramn just sufficient of its mtrogen containing matter to act as a
food for the yeast which 1s to be used later on The German brewer brews
by s quite different method and prefers a soft water—that 13, one with as
small & proportion of lme and magnesmum salts as posstble This he does
5s he requires a large amount of nitrogenous matter to be dissolsed out of the
batles snd a soft water dissoli es this out better than does a hard water At
the same time 1t 13 necessary to dissolve out enough albummous matter to act
89 & yeast food during the fermentation process which follows mashing  If
too much alburminous matter 15 dissols ed out, then the beer may remaimn turbid
or “thich * thus lessening 1ts commercial value and making 1t more dificult
to preserve * sound ”

Where a soft water onlv 1s obtainable at the brewery, a hardening mixture
13 added to 1t so as to bring it up to the required degree of hardness Midd
beers require a water nclther too hard nor too soft  The quantities added
depend of course on the chemical character of the water available and this
13 purels & question for the brener  Phosphates are added oceastonalls to the
water used for brewing generalls to the wort, as a food for the veast This
practice 19 often necessars  In anv case  previous Evcwse sanction should be
obtained before phosphates are alloned to be added

At times 3t has been alleged that sodim chlonide (common salt) has teen
added to the water with a view to make the beer salt in taste and so more
thist provolang  This 15 of course, a practice that should never be pernutted
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as 1t tends to merease consumption unduly and by mmproper means Where
there 1s Teason to suspect any such practice samples of the brewing water and
of the beer made with 1t should be sent for chemical analysis and report

231 Preparation of mali —The use of good malt 1s essential to successful
brewing In India and Luropean countries barley 1s the favounte article
from which to prepare malt This 1 due to the fact that barely contamns
the proper chemical constituents to produce rapudly dunng germimnation
mote than a sufficient amount of ferment (diastasc) to convert the unfermentable
starch n the grain into fermentable sugar Barley also germinates more quichly
than other cereals Malt barley 13 also free from the oily unpleasant taste
which other malted cereals are found to give to beer Another advantage
of barley 15 that the essential growing part (called the acrospire) hes inside the
hus), and not outside as in maize and wheat, and 1t 13 thus less liable to injury.
The art of choosing & good qualty of barley for malting can only be
acquired by practical experience of samples and 15 1 any case not a question
of special Dxeise interest  Barleys are in England classed as “ heavy barleys’”
which weigh from 54 to 58 Ibs per bushel and hght barleys,” weighmng from
48 to 52 lbs per bushel Lach kind of barley has its special advantages and
disadvantages A shilful brewer selects and blends his vareties of barleys so
as to obtain the right proportions of extractive matter

232 Malting —The barley has nest to be malted In this process there
are four stages —(1) Steeping  (2) Couclung  (3) Floorng, and (4) Kiln-
drymg .

233 Steeping —The gram 1s steeped m water for a time varying from
48 to 96 hours according to the hind of barley used and other considerations
In Byrana, 72 hours 1s the usual time wlule in England and Vienoa 48 to 50
hours 1s the rule  The water 1s run off and renewed every 21 hours 1 order
to 1 cep it as fresh as possible  The brewer knows that the gram has been
sufficiently soaked when sts slin easily peels off and when each gram can be
readily bent and crushed when squeezed lengthways

231 Couching —The water 13 next drained away and the barlev placed
on the malting floor—either on the floor atself or less frequenthy now on a
reetangular frame called a “couch’  The barlev 13 <pread out 1n a laver
about a foot deep usually, but often much decper  In this wav the process
of “spronting’ or germunition 18 allowed to procead Germunation turrs
the barley into malt  \ gran of barley contans a germ or embryo and al o
& sufhiciency of food to feed the embryo  This food 15 not n a fit state for con-
sumption by the embrio until 3t has been prepared by certam furmerts
present m the grain These furments begm to act when sufficient air, water
and switable heat are applied  Then the ferments start work and clange tle
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food stuffs m the grain from insoluble substances to others which are soluble
and diffusible and thus fit for the embryo’s nourishment The brewer checks
this process at the pomt which smts lum best , that 13 to say, he wishes to
get as much ferment formed as will (1) turn the starch ito malt sugar and
dextrin, and (2) change the albummords present 1to good yeast food The
snbstances which are formed when barley changes into malt are termed
“ diastases * or ** diastatic ferments ”

The stage of couching 15 generally allowed to last about 24 hours, but this
pertod 15 varied according to the temperature prevaiing  The barley 15 usually
turned about every 6 hours while on the floor or couch so as to expose all parts
equally to air mowsture and an even temperature

235 Flooring —\When the gram begins to germinate or sprout the couch
13 broken down and the barley floored ’ that 1s spread on the couch n
thinner layers, which are turned with a shovel about twice daily so s to
espose all the malt equally to awr and moisture  The depth of the layer 1s
determined by the rapidity of germination and by the air temperature, which
1s regulated by letting 1n cooler or hotter air as required  Plenty of fresh air
1 needed for good germmation  The amount of water sprinkled on the
gramn has also to be carefully regulated The lghter kind of barley malts
more tapidly than the heavier

236 hilning —The malt 15 next sent to the dryng hiln for three or four
days  The Liln 15 generally a square bmldmg with two floors made of wire
cloth  An open fire 1s kept burning at the foot, and there 1s at the top a
large ventilator  The malt 1s placed on the upper floor for a time and 15 then
removed to the lower floor where the temperature 13 lugher  Thus germination
13 stopped and the moisture 18 removed from the malt, which 13 naw ready
for use

.

237 Malt substitutes —The practice has arisen n various countres of
substituting a proportion of sugars or starches for malt and these are called
malt substitutes or mait adjuncts They are speciafly used when brewing
the more modern types of light ale  In India up to the present, malt subs
titutes have not been used to any very considerable extent, except in hreweres
that cater for the natnve marhets in Southern Indis  In England, no attempt
15 made by the Government to limut the proportions or varietics of malt subs-
titutes so long a3 the substitute used conforms to certamn estimates of extrac-
tive value as compared with malt  Thus 236 Ibs of glucose or saccharum
or flaked rice are conwdered equal to 1 quarter of malt  Agam 221 Ibs of
ane AUt or any sugar in erystaly or of caramel 1s tahen as the equivalent of
1quartcrof malt  Agam 272 Jbs of svrups which werzh 1 I to the
£llon are taken as equal to 1 quarter of malt  In Southern Indis st ks been
found necessars to prescnbe the mintmum proportions of malt and hops to be
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used m order to prevent the sale as beer of what 1s nothmg more than a sugar
wash  The proportion laid down 18 not less than two bushels of malt per hogs-
head, which gives a specific gravity of about 1037°

238 Hops —Hops are used on account of (1) the aromatic bitter taste
they give to beer (2) their preservative properties, and (3) therr clanfying
action  The nipe female flowers of the hop plant (Humulus lupulus of the
natural order Cannabinacex) are the parts used in brewing The resins and
ouls gtve the bitter flavour and preservative action The aromatic flavour 18
maly caused by the volatile ol  The hop tannin precipitates albuminous
and other substances and clears the beer Lupuhn 1s the granular
brownish jellow powder, called hop flour, found m all hops, but varying
considerably with the variety of hop, and 1n different crops of the same variets
The lupulin contains most of the active constituents of the hop, -,
volatile oils resms and bitter substances The quantity of hop flour or
lupulin present 1s roughly sscertamed m practice by the amount of
stickiness resulting when the hops are rubbed between the hands  The bitter
m hops 1s distinctive It differs from almost all other bitters in that its bitter
taste disappears at once after a beer which has been flavoured with hops has
been swalloned  With other bitters the taste lasts much longer

Hops are almost wholly imported mto India, though some attempt has
been made to grow them in Chamba and Kashmr

239 Hop substitutes—Hops at times have been replaced to a greater
or less extent by substitutes such as quassia, gentian, calumba, chiretta,
cocculus wndicus, camomile, strychmia, aloes, marsh trefor, broom, worm-
wood, grams of Paradise, opium, tobacco, varous catechus, darnel, pieric acid,
etc  The first four of these are harmless bitters but the use of the other
substances mentioned 13 not permwssible  Certun so eslled hop-substitutes
are used merely as sources of tannin in order to *clear” the beer No itter
13 as good as hops  None has its specisl flavour or 1ts other advantages as a
presersative and clanfying agent  The use of hop should, therefore, be as
far as posable encouraged It 15 the best agent to use from evers pomt of
view  In certam cheaper types of beer made m India 2 proportion of hop
subststutes 1s often nsed along with hops s long as the substitute 13 3 whole-
some bitter there 1~ no great reason to object to this, but it <hould alwavs be
borne i mnd that no substitutes can effect snch good recults mn the manu-
facture of becrnshops  For the above reasons i the Southern India brenerics
above referred to a mimmum of hops as well as of malt s preseribed for
the mfcrior quahities of beers For the purpose of the ngulation, partnily
exhausted hops an &l o alloned to be emploved, the proportions bemng 2 1bs
of hops to a hogshead 2% Ibs of partially exhausted hops bemg reckoned

equal to 11 of fresh and 20 per ecnt of sulstitutes beng ablowed. But at
Tast 11b of fre<h hops must be used P

y
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240 Mashing —The process used for beers of English type 1s known as the
infusion process , and that used for beers of the German type as the decoction
process

The following 1s an outhine of the former method —The malt 1s first crushed
by rollers m order to makhe 1ts contents more readily soluble and this crushed
malt 18 termed ““ grst” The grst 18 removed (by elevators) to grist-cases
or “ hoppers” 1n connection with which are shoots or funnels by which 1t can
be run nto the mash tun  On 1its way to the mash tun 1t 15 mechamecally
and gradually mived with hot water by the aid of a revolving machine  The
mixture enters the mash-tun of a thick consistency somewhat hke porridga.
The amount of hot water required for a given amount of grist 1s calculated
50 that the amount of wort obtaned can be carefully regulated

Durmg mashing the production of aleohol produeing material and of
characteristic flavouring substances 13 aimed at  If the proper beer flavour
18 to be obtamed, a certain amount of malt must be used—not all malt neces-
sarily, but a sufficient amount of malt A small amount of malt will, under
suitable conditions convert the starch of a large quantity of unmalted gram
According to the alcohohe strength and kind of beer aimed at,the proportions
of malt-sugar (maltose) and destrin vary For an alcohoheally strong beer
.of ittle body and one which 15 not to be stored but 13 to be rapidly consumed,
hittle dextrm and much maltose 1s required  For export beer or stout, much
dextrin 1s needed 1n order to prevent the beer turning too acid and also in order
1o keep 1t brisk, ¢ ¢, sparkhing or aerated

After mashing 1s complete the tun 1s covered so as to prevent loss of heat
during infusion It 1s ab this stage that the diastase ferments change the
unfermentable starch mnto the fermentable substances malt sugar (maltose)
and destnn

After standing for about two hours the mash 1s slowly draned off through
the perforations m tie false dottom of the mash tun by opening the taps

The residue has now to be washed out by a process termed “sparging ”
“This 18 done by spraying hot water gently on 1t by means of a revolving pipe
prerced on 1ts alternate sides  The weak liquor 1 the tun 1s then drained off
and the residue of grist thus left 15 termed * brewer’s gramn” or “draff »
The extract from the gram 13 called the wort and the amount got from any
one fermentation 1s called a “gyle” The wort 1s now run mto the coppers
where 1t 15 mixed with hops and boiled for about two hours After bemg
boiled 1 the copper, the wort 1s passed into the hop-back (“dramer”) where
the hops are strained off, the wort passing through the perforated false bottom
to the “‘cooler,” or other refrigerating plant The cooler usually consists of
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a senies of large shallow vessels Trom these the wort passes to the “re
ngerator * which consists of a series of flat copper pipes through which cold
water passes  The hot wort flows over the outstde of these prpes and 13 cooled
Here, as 1n the condensing worm of a still, the current of hot wort flons in
one direction and that of the cold water 1n the oppoute so that the wort as
1t cools constantly meets colder water while passing over the refrigerator
From the refngerator the wort flows to the fermenting tuns, and it 1s at
thus stage that varous brews having different speaific gravities may be muixed
so as to obtain a wort of any required gravity previous to fermentation  The
rate of flon to the fermenting tuns 18 regulated according to the tempera
ture at which the wort 1s to be treated with yeast ( pitched ) The last
1s a particularly important point as on 1t largely turns the success of the fer
mentation The temperature employed vartes according to the type (weak
or strong) of the beer to be produced

211 Puching the wort —Yeast m suspension 15 next run into the wort
The amount used vanes according to the strength  of the yeast and of the
type of beer requred  From 1 pound to b pounds or so of good thick, staff
yeast per barrel 1s about the range 14 to 2 lbs of yeast per barrel for a beer
of 18—20 Ibs gravity * brewed with between 5 and 6 Ibs of hops per quarter
of malt, may be taken as an average example Agaim, a 24 Ibs wort with
14—16 Ibs. of hops per quarter will need 2} to 3% lbs of yeast per barrel
VWhen the yeast 1s added to the wort, fermentation commences and the liquid
begins to bubble and a gradually thickening browmsh frothy layer forms
at the surface A few hours later fermentation 18 at 1ts height and in well
under two days time 1t 1s completed 1n many cases though in some Indian
brewcries it goes on for five daysorso  The wort 18 then run off into * fining ™
vessels so as to settle and clanfy as the yeast cells left behind fall to the foot
of the vesse! Throughout the fermenting stage the wort’s temperature
1s regulated by coils of mping (called * attemperators '} through which water
of a swtable temperature 1s passed

212 Racking —After this and when suffictently bnght, the beer 1s run
off (‘rached ) cither into store vats, cashs or bottles for 1:sue

213 The Dnghsh soathod of leryong duty on Jeer —In the United Konedom
the duty 15 levied 1 proportion to the onmnal gravity of the wort Re
latnvely speal ing the T'vaise control of breweries 1s much less stnngent than
m the easc of distilleries No I'xaise locks are used  The constant presence
of an officer 15 only considered necessary an the case of very large brewenes
working contimuonshy  The safity of the revenue depends on notices of all
cssential opertions which are required to be muven to the Exeise  The lungth
of natice to Le gven depends on the mmportance of the particular operation

SN\ Tm— Into Whs gravity e abared (30 gallons) of sach beermei b 18 t0 20 la
more tha t the san o volums (36 gallons) of water



114 TECHMNICAT E\CISC MANUAL

and on the faclitv with which the local officer can attend One officer
15, 1n general, 1n charge of a group of the smaller breweres
A brewer must give timely nottce of—

(1) his intention to brew, \
(%) the nature and amount of matenals to be used

(3) the time at which he expects his mash tun to be dramed (this
15 to enable the officer to take a dip of the dramed grains, which
must hie for 2 hours after draiming or until the officer arnves),

(4) lus intention to mix the products of one or more brewngs,
(6) any modification 1 s routme methods of brewing,

(6) any slterations he proposes to make n the position, etc, of his
brewing vessels

(7) Finally and most mmportant of all, the brewer 15 required to give
notice to the officer of his ntention to  collect beer,” ¢, he
must mtimate as closely as possible the time when the wort
will be ready for pitching with yeast When the wort 1s
collected for fermentation the brewer must forthwith take the
speaific gravity with his saccharometer and also the dip, m
order that the density and gallonage may be recorded m
case the officer does not attend In cases where the officer
attends before fermentation has matenally affected the gravity
he 1s able to venfy these figures, and above all to see that they
have been recorded properly by the brewer

In order that hus control may be effectrve, the officer must time his visits
to the brewery 50 as to arrive when fermentation has not advanced too far
for check, and so that the brewer has had reasonable time to make his entries
of gravity and gallonage If, having had reasonable time the brewer has
failed to make his entry this omission 18 treated as a serious Excise offence

It may be asked why stress 1s not Jaid on the necessity for the attendance
of the officer at the time of pitching the wort This, however, 15 generally
impracticable, seemg that usually brewers *“ collect beer ™ at the same hour
and that the presence of the officer at more than one brewery 1s impossible
Tlis being so, lis visits must be unexpected, the responsibility for honest
declaration of gravity and dip bemng imposed on the brewer The brewers
records, if confirmed by the officer, are thus the basis on which the duty 1s
Tevied Where the officer finds 1t necessary to increase the gravity or gallon
age lus figures are used for levy of duty  If the officer’s figures fall short
of the brewer's (as happens for grawnty when the officer’s visit has been
delayed) then the brewer's figures are to be accepted—any obvions error,
of course, betng corrected at whatever stage 1t may be detected As.
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regards the dip, no difficulty arses as all vats are accurately gauged If any
addition of sugar has been made to the wort after fermentation has proceed-
ed to, say, 20 or 30 degrees from the onginal gravity, a check can always
be applied by taking a sample for determmation of onginal gravity at an
Excise laboratory A further check on the brewer's operations consists 1
calculating the yield 1n standard gallons (at gravity 1055°) that he may
reasonably be expected to produce from the materials used and by hs method
of working This 18 known as the *“ matenals’ charge” It 13 occasionally
found necessary to levy duty on this if no satisfactory explanation of low
output 1s forthcommg The matenals charge 1s calculated at the rate of 36
gallons of wort of gravity 1035° as obtaned (a) from 8¢ pounds of malt,
or (b) from 56 pounds of sugar

244 The Indian method —Where these methods of control have not yet
been worked up to in India, duty 1s charged on the number of gallons 1%sued,
brewer's accounts beng accepted subject to pertodical stock taking In
Madras, Bombay Bengal, Central Provinces and the Punjab, however, the
man features of the English system have been introduced and duty 1s levied
on the quantity manufactured

215 Presertaties —Hops are the natural preservatives of beer, but in
addition to these, especially where beer has to be exported or kept for some
timo before ption certain ck ls are added, usually when the
beer 13 rached but also when in the store vat or 1ssue cash  Those nearly
alnays used consist of preparations contaimng sulphites, and known ns
bisulphite of hme, caleium sulphite potassium metasulphite (“ KM S§*),
“Beanes Nos 1 and 2,” etc Sulplites become gradually changed in the
beer into sulphates, which have no presernative action  Sulphites eannot
be sud to be an altogether wholesome addition to Leer, as experiments made
m anous countries show that they are not harmless substances—even
the small amounts in wlich they are found in beer  Thev seem, kowerver,
to be least harmful preservaties mnuse It 1s unnecessary to require a
declaration from the brener that sulphites have been added to beer as the
practice 15 permussible and 13 an almost universal trade custom  Nor 1
it neceseary to prescnibe & it of quantity  If the brewer knows what quan-
tity 1s suflicient for lus purpose he will not, of course, add anyv more than 1s
necessary because of the cost and al<o because the beer, if over <ulphited,
acquires o dragreeable smell and taste of which the con<umer sonn com-
plamns  An extensine series of analvees made at the Central Exerce Labora.
tory has shown that mn no case had an excessive amount of sulphites been
added to the samples of imported or Indian made beer which were
examined

No other presersative than <ulphites <hould be allowed to be used uzless
under peenal sanction from Provincial Exetce head quarters.
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246 Secondary fermentation —When sound beer 1s vatted or cashed for
any time a very slow natural fermentation tales place This secondary
fermentation when normal 1s of value as producing constantly carbonic acid
which keeps most of the disease ferments of beer 1 check Thus the process
promotes stability of the beer, and helps to give 1t the sharp, stinging taste
which 18 valued by most consumers The modern tendency 1s to produce
less ripe and mature ales so that storage for maturation 18 very often reduced
m time or even omutted altogether Sometimes, however, the secondary
{ermentation becomes too violent and the beer 1s then said to “kick up ™
or “fret” This last 15 & sign of faulty manufacture or handling

247 Funng —Where beer 13 quickly consumed msufficient time for clart
fication 13 & dufficulty To obwiate this suspended matters are removed from
the beer by means of finngs, of which the commonest and best 15 1smglass
From 2} to 3} pounds, sccording to quality, 1s needed for each 36 gallons
of beer Fiunngs should he added to the casks of beer immedately before
they are sent out

248 Dry hopping —A small amount of fresh hops of best quality 13 fre
quently added to beer at the time of racking, about % to 1 pound per barrel
according to circumstances By this means an extra flavour and aroma
and also better keeping and clarification are obtamed

249 Sourness of beer —No beer should contamn more than } per cent
(or 350 gramns per gallon) of total acid, calculated as lactic acid, whether
the free or combmed state Beer that 13 very sour to the faste should be
sent for analysis -

250 Colouring agents —Caramel or roasted or high cured malts should
alone be allowed to be used without special sanction Such colouring agents

should be added to the beer before duty 15 levied

251 Alcoholic lumats —Beer 1s more lightly taxed than spints because
of 1ts usually low alcoholic strength and because 1t 15 also regarded as, in part,
a food It 13 not really so much a food as a food adjunct—that 15, a subs-
tance which supplements diet The nutmtive constituents of beer are com-
paratively smell im0 amount aod coaswst  of the extractive substances ob-
tamed from the malt  The hop bitter m beer 1n many cases has also a bene-
ficial action m stimulating appetate, thus mdirectly assisting 1 mmproving
nutrition

Beer varnies in alcoholic strength from 1 per cent by volume (below
which no fermented liquor 1s usually taxed) up to 85 per cent by volume
m the case of certam strong ales But beer of the general types should not
exceed an alcoholic strength of 75 per cent by volume, which corresponds
to an ongmal gravity of about 1068°

252 Lumtts of specific grarity —As has previously been explamed, the
Englsh duty on beer 18 fixed for s standard gravity of 1055° and the
duty on each brew is arranged with reference to this In other words
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th> duty levied 1s roughly proportionate to the strength of the beer In
Tndia where duty 13 levied simply on gallonage 1t 1s advisable to supplem-nt
this by regulations hmiting the strength to a certam maumum Limits
of thus sort may be 1mposed on original gravity or on final strength the former
b g the easier to enforce Limts which have been 1mposed at breweres
m Southern India are  Maimum mitial gravity 1073° and maximum  strength
8 per cent aleohol by volum

2,3 Watering of beer —Water 1s the chief adulterant of beer  The rule
that no water should be allowed to be added to beer after duty has been
assessed should never be departed from The method of detecting the
watering of beer 15 to compare the orginal speeific gravity of the beer—if
recorded of mported beer at the Customs and of Indian made beer at the
brewery—with the onginal gravity as found by analysis  The fact of dilu
tion will then be at once evident

201 Arsenc in beer or beer materials —Less than 1/100th of a gram of
arsenic (expressed as arsenious anhydnde 4s,0,) 19 the maximum amount
allowable per gallon in beer  or per pound 1n solids such as malt invert sugar,
glucose etc used as beer materials This 1s the humt fixed 1n accordance
with the recommendations of the Royal Commission on Arsenieal Poisomng
held 1n 1903 No cases of arsenic powsoning from beer have yet come to ight
an India

203 Foam producers —In certain cases small amounts of chemicals
(chiefly sapomins) are added m order to give a good foam or  head’ to the
beer Qullaiabarh mnola and pale heading powder are some of the
substances used  There 18 no satisfactory evidence to show that these sul-
stances 1n the small quantities used 1 beer have any deleterious effect

2,56 Priming —Priming 15 the addition of a strong solution of sugar ot
(of cold water malt extract to the cask of beer just before 1t leaves the brew-
ery esp cwlly waen it 1s to be quickly consumd  Slight gradual fermnnta
+ion results and heeps the beer  brish  The practice 1s permusibl  but,
1 cases when duty 13 levied on 1sues ounly before duty 13 assessed , and only
1n amounts not execeding 1} per cent of the beer to which the primimgs are
added The sp eific gravity of the pnmmg solution shoull not exceed 1130°
Pruning <olutions should be kept mn & separate vessel properly gauged and
amirhed

CHAPTER XIV.
Country Beers

237 Tare or txd1;—Tar 35 the fermented or unfl merted sap of any
$ml of palm tr
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258 Palms tapped —The palms most commonly tapped are dates and
palmyras  Cocoanut palms are also extensively tapped where they occur.
Palms of which the tapping 18less common are the bastard sago, the dadasal
(drenga Waghtu) and the dhanm (Nepa fruticans)

259 Method of tapping —The method employed i extracting the sap
of palmyras and cocoanuts 18 to cut off the end of one of the flowenng shoots
and bend 1t over mnto a collecting pot A fresh slice 1s cut off every day and
the shoot bruised with a wooden hammer or pair of crushers to draw out
the sap In the case of date palms a portion 1s cut out of the stem of the
tree iself and the sap runming down 1s gmded mnto the pot by a leaf or wooden
peg mserted m the ncision

260 Precautions agawst destruction of irees —Care should be taken m
tapping date palms to see that the life of the palm 1s not endangered by the
tappmg operation or through the exposure of a soft surface to the ravages of
white ants, crows, rats or squirrels or of the palm weevil (Ryncophorus
ferrugineus),which 1s the most destructive of all The method of maling the
meston varies m different provinces In Madras a horizontal cut 13 madé
1mmediately under the apex of the palm and a triangular section, which grows
deeper with each day’s tappmng, 1s taken out below 1t  This 15 sometimes
divided mto two by a ndge left for support of the apex In Bombay 2
comparatively narrow section passing from below upwards, 15 scooped out to one
side of the centre of the stem  In Bengal the mncision extends half way round
the trunk, but 1t 13 much shallower than in Madras or Bombay and, unlke
the Madras meiston, has the broadest portion at the base Expertence shows
that the Bengal process 1s much the least destructive of the trees There
18 room for much improvement after scientific enquiry, m the processes of
tappmg  Meanwhile, to prevent the destruction of trees belonging to Govern-
ment, 1t-18 desirable that the followimng precautions should be observed —

(:) No wciston should be made at any pomnt within 4 feet of the ground
or 1 foot from the base of the central whorls or 18 inches from.

the top of sny obher Jncimon

(2i) The 1ncision should not be cut to a greater depth than one third
of the diameter of the tree

(212) No tree should be tapped oftener than in alternate years or for
more than six months 1n the year

(1v) The tappers should leave not less than eight leaves on the top
of the tree 1n add tion to the central whorls springing from the

head of tree -

261 Seasons of yield —While cocoanut tar: can generally be obtaned all
the year round the yield of palmyta and date tars 1s hmited to a season  Thi=
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15 generally October to March for dates, and April to June for palmyras, but
the period of yield varies largely m dufferent parts of India

262 Quantity of yield —The quantity of fart yielded by different classes
«of trees varies enormously 1n different localities The result of a series of
expenments conducted 1n Madras m 1890 91 showed that the average annual
outturn of a cocoanut was 70 gallons and that of a palmyra or date palm 27
gallons. Bombay observations made between 1883 81 and 1897 98 mndi
cated that i that Presidency a palmyra jielded as much as a cocoanut and
that the average annual yield for etther varied from 90 to 111 gallons  Ob-
servations made m Bengal in 1894 95 showed an average yicld of 43 gallons
for male and 57 for female palmyras m their best season and of 20 to 25 gallons
for dates

263 Alcokolic strengths —The alcoholic strength of fari sanes according
to the nature of the palm tapped the season of the year, the time for which
1t has been drawn and other circumstances The average results of a number
of tests made with toddy from all parts of the Madras Presidency were —

Percent by
volumo
Cocoannt 87U P 81
Lalmyra WU P 62
Date A4V I 49
Sago 896UP 59

Tarr exposed for sale n Bengal i 1909 was found generally o range m
alcoholic strength from about 93° to 94° U P When reasonably fresh it
has a food value somewhat comparable with that of well made malt beer

264 Fresh tars —* Tresh’ tarias the name given to fare that 13 freshls
drawn which 1s popularly supposed to be non alcoholic and to have whol»m:;‘.
properties It 1s to be observed, however, that tart ferments very eanly ar 1
commences to do so versy quickls both because the state of rolution 1 fayer .
able to rapid fermentation and by reason of the fact that the pot 1 why &
the Juice 15 drawn 1s almost invamably coated with old ferment Tie szep
of progress of fermentation vanes with the hind of palm tapped ard the -
peratere It has beem aseertawed 2 the veult of an exbaneire oy o
that the only cases i which alcohol 13 not present are (1) whep 1he g0 :l'a{
ture 1s below 60° I' , (2) when a new or smoked pot has bees 42 ,e : tall
tree, (3) when chemieal means have been used to arrest feqresr gze
practical purposes, therefory, 1t mat be taken as establiked ¢3 50
natural fars 13 not obtamable A series of tests of whye
as *“fresh ™ tan shoned an average strength of 94° U p

wi bor
g2ferr spge])
poerdoarly 13

265 ** Sweet ™ toddy —'* Sweet ™ toddy 13 the pape .

FYD g 2 whow
fermentation has been arrested by the addition of s Tios g3 poed Lo £
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for drinking and for sugar maling and its use 13 at present confined to the
Madras Presidency 'The lime may be placed loose 1n the pot or, preferably,
as a thin paste coated over the mnside

266 Adulteration of taro—The greatest difficulty of the far: admmis~
tration 1n the Madras Presidency, where a tree-tax 1s m force, 15 the admix-
ture of sweet far: which has paid no tax, with fermented tar: from taxed trees
which rapidly sets up fermentation i the sweet farr  The Madras Govern-
ment holds that the presence of hme to the extent of ten grams per gallon
15 sufficient proof that such adulteration has taken place The exact amount
of lime present can only be ascertamed m a laboratory ‘

A simular fraud that needs to be guarded against where taxed toddy 1=
stall used for distillation 18 the addition of sugar for the purpose of m-
creasipg  the output  This may, if the merease 15 large, be detected by the
taste, but a saccharometer test 1s also useful Any fermenting sample
showmg a gravity of over 1030° should be regarded as suspicious and sent
for analysis

267 Other uses of {ars —In addition to its use as a beverage and for dis-
tllation tare 15 also used for making sugar, for which purpose 1t 1s evaporated ,
and for making vinegar and bread Sugar maling 1s the most mmportant
mdustry and 13 carried on largely m Madras and to a less extent in Bengal
and Burma

268 Pachwar and s congeners —Another class of country beers, made
generally from rice or millet, but sometimes from mahua, gur and other bases,
corresponds 1n 1its nature to the Japanese sak¢ and 1s known m India by the
genenic name of pachwar A vanety of local names for these higuors has
been gmven mm Chapter I .

269 The fermenting agent —The remarhable feature of these hquors 1s
the use of 2 fermenting and malting agent until recently unknown to
Western science This 13 known variously as Chinese yeast, bakkar, mulz,
ranu, sonts mandu and by other names and 1s supphed by the makers 1n small
balls of a dned paste The process of making these 13 vanously described,
but the mgredients generally meclude a variety of spices, roots, bark, etc,
pounded up and made mto a paste with rice meal and ripened in straw  Their
action consists first m converting the starch present into sugar through the
agency of certam microscopic moulds present, which have been termed
Amylomyces Rouzu, and second m converting the sugar mto alcohol! through
the agency of yeasts present The result 1s the production of as much as 22
per cent of aleohol by volume as agawnst the usual lumt of 13 to 15 per cent
These yeasts have been mntroduced imto distilleries 1n Europe as part of a
process which 18 known as the amylo process

270 Pachicar manufacture —The agent above described 13 broken up
and added ordinarily to nce or millet which has been hushed and partly or
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wholly bailed or else pulped and soaked m runmng water Fermentation
18 then alloned to proceed for from two to six days or more when a small
quantity of strong hquor will be found to have formed  This 1s erther drawn
off and drunk plam or diluted or left 1n the grain and sucked up from 1t by
means of a pipe  Like the Japanese sak¢ the iquor 13 stated to be best drunk
warm  The strength of the diluted hquor vares from about 75° to 93° U P
and the average may be taken at sbout 85° The nutmtive value of these
hquors 1s comparatively msigmficant, while they have a tendency to high
acidity, resulting from crude and dirty processes of manufacture and over
prolonged fermentation This fact 13 often a cause of dysentery and other
alhed ailments

271 Fzmse control —Dxerse control 1s imited 1 the case of such hquors
to the prevention of ilhet mannfacture and to seemng that shop manufac
ture 1s cleanly conducted and that as good water as possible 1s used and that
no dhatura, acomte nux vomica or other poisonous ingredients are mived
with the liquers or hept on licensed premices The occasional submussion
for analysts of samples of the liquor and of the fermenting agent used will
assist tonards these ends
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APPENDIX I.

Theory of the saccharometer.

A saccharometer, when floating tm a liqud, displaces a volume of hqmd
equal to 1ts own submerged portion, while the weight of the displaced liqmd
18 equal to the weight of the saccharometer itself The mdication of an ac-
curate saccharometer, when divided by 1000, should give the true specific
gravity of the liqud m which 1t floats, 1 ¢, the ratio eusting between equal
Jbulks of the hqud under test and of water

The speaific gravity of Bates’s saccharometer when floxting at the zero*
marh and with the 1,000 poise attached 13 1 000 which figure represents also
the specific gravity of the iqud  If the density of the hiqud 1s 1ncreased
to say, 1,020 the mstrument will if accurately graduated, rise in the hqud
until 1t indicates 1020 The volume of liqwd now displaced 1s less than
before and so the sensitiveness of the saccharometer 15 dimimished For
s reason the graduations of the stem slowly decrease from 0 to 30 (the
extreme range) mn order to accommodate this loss of sensitiveness, and to
secure the accuracy of the readings at all pomts of the stem  If the density
wof the liquid 15 now further ncreased to 1,030, an accurate instrument will
float at the 30 division of the stem, and 1f the 1,000 potse be replaced by
the 1,030 poise the hquid will cut the stem at the zero mark  In order that
the transition from the 1000 poise and the 30 division reading to the 1,030

poise and the zero division reading shall be absolutely accurate, the bulk of
the 1030 poise must be made equal to the bulk of the 1,000 poise plus the
bull or volume of the stem itself  Again the weight of the 1,030 porse must
be equal to the weight of the 1,000 poise plus the additional weight neces
sary to sinh the saccharometer to the zero mark 1 a hqud of spectfic gravity
1030 The addittonal weight referred to above 1s clearly greater for the
transition 1 030 to 1 060 than for the transition 1,000 to 1,030 as the former
hiqud 18 denser Thus f, s1y, 2 grams are to be added to the 1,000 potce
{switably wncreased m bulk) in order to make the 1,030 poise, about 2 1 grams
will represent the excess of the 1,060 poise over the 1,030, while as much as
23 grams may be required to cffect the transition from 1,090 t0 1,120 Agun
1t has been stated that the successive poises increase 1 bulk by the stem s
volume, but as the matenal, brass, 1s about 8 times as heavy as the average
Liqudd tested, 1t farther follows that the increa~e 1 weight of the poices 1s
small compared with therr increase in bull, in spite of the fact that the stem

* That portion of the stem extenlny alove the rero mark must not Le conndered
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itself 15 often spectfically lighter than water Consequently the specific
gravity of the varous poises falls as their denomination increases

A rough 1dea of the amount of this change 1n speafic gravity 1s given by
the following example —

Denomnation of porse Spec fic grav ty
1,000 5
1,030 ¢
1,060 3
1,090 3%

Mixing of liqmds of different specific gravities,
In calculations connected with the mixing of wort or wash, only the degrees
of gravity above or below 1,000 are concerned All the problems deal, m
essence, with 5 terms of which 4 are known or can be inferred
The 5 terms are —
(1) The speafic gravity mnus 1,000 of the first  component
(2) 5 » second »
(3) » » mixture
()& (5) The bulk of both components, or, what 1s the same thing,
the bulk of the mixture and of one of the components
No contraction occurs on nuxing and so the following equation will solve
all cases (ag+a’ g)= AG or (a+a ) G
where a 1s the bulk and g the (gravity—1,000) of the st component.
al » g » 2nd -,
A » G » rmxture
Example I —
200 gallons at 1060° are to be reduced to 1040° with water How much
water 1s required ?
200 x 60

—12,000 Y _
X0 = 0}_(2oo+z) 40
12,000
8,000 +40xr = 12,000
Therefore, z = 100 gallons

Ezample 11 —
300 gallons at 100°, 100 gallons at 1020° and 200 gallons at 1030° are
to be mixed What 1s the resnlt 2
A new pair of terms {call them a” & g”) are introduced
300 x 40 = 12,000
100 x 20 = 2,000

200 x 30 = 6,000
600z = 20,000 whence z = 333

Result 600 gallons at 1033° 3
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Example 111 —

What quantity of wort at 1070° will raise 500 gallons at 1030° to 1060° *

z X 70 = 701:} — (500 + ) 60
500 x 30 =15,000
15,000 4+ 70z= (500 4 z) x 60
= 30,000 + 60z
10r = 15,000
x = 1,500 gallons

Ezamgple IV —

Two washes are to be mixed just prior to distillation The specific
gravity of one 1s 995° and 1ts bulk 1s 100 gallons How much wort at 1007*
must be added to obtun a gravity of 1004° ?

100 X (—b) = —500) _
o % T = e = 000 X (HD)
T5—500 = (100 + z) X (+1) = 400 + {z ~

3z = 900 z = 300 gallons

APPENDIX IIL

(a) Directions for preserving samples.

1 The best way to preserve fermented wash duning transit for amly<is
15 to “ pasteunise  1t, as 13 done 1n the case of wines and beers, as follons —
A beer or champagne quart bottle half full of the wash 1s closed with
a sound corh seeurely wired down The bLottle 15 then pliced
up to its nech in water and slowly heated to 160° Fahr It
13 hept for half an hour at this temperature and then allowed
to cool and should then be pached and despatched by pascen
ger tram as <oon as possible  The bottle must not be uncorhed
after the heating
The heating can be done n a herosene tm filled with water and the
bottles should be <lung to o mece of wood placed acro 3 the top
of the tin, =0 that they do not touch the bottom of the tin
If the temperature 1s not allowed to ri~e above 160° Fahr, there 1s
no nish of bursting the bottle
2 A snple method 15 to add one anti fermentation powder (cons: ting
of 25 grains of alicvlic acid) to each botth of sample Shale the bottls
canfully for about five minutes heepmg the hard ightly over the routh
then corh and seal as usual
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-~
(b) Directions for packing brass hydrometers, saccharometers,
ete.

1 In the case of brass instruments with detachable weights, these shonld
be wrapped up 1n tissue paper and made into a separate packet

2 A sufficient amount of cotton wool or soft paper should be placed over
the instrament 1n the case to prevent any nsh of displacement in transit

3 The case should then be packed in a wooden or tin box The space
between this outer case and the mstrument box should be sufficiently pached
with paper shavings, sawdust or other swtable elastic packing

4 In the case of brass mnstruments, the packet contamning the weights
should be placed in the space between the outer and mner cases

5 The thermometer must be packed separately mn a tin cylmder as des
enbed under (c)

(c) Directions for packing glass hydrometers.

1 Each stem should be packed m a separate cylindrical tin case whose
diameter 13 asbout one mch greater than the width of the hydrometer’s bulb,
and at least one inch longer than the hydrometer stem

2 (a) The tin case should first have some cotton wool placed mn 1t to a
depth of an mch

(%) The hydrometer should then be gently placed 1n the case, bulb up
permost (not pushed down through the cotton wool to the foot of the case)

(c) It should then be thoroughly packed round with dry sawdust, not
rammed too tightly, allowing equal distances all round between the bulb
and the case

(d) The case should then be filled with sawdust to withm half an mch
of thetop Thi< remaining half inch should be filled with cotton wool

(e) The cap should then be put on withont undue force and securely
fastened A loose cap should not be used

3 The tin ca<es should then he packed 1n a wooden box large enough
to allow of each case having a good layer of sawdust to separate it— ~

(@) from neighbouring tms, and
(b) from the sides and ends of the box
4 The thermometer should be pached m the same manner

5 Glass hydrometer stems should be lifted from the wooden box by the
‘arger bulb and not by the narrow stem  If the bulb 1s at all tightly jammed
1n the box and the stem 13 used to try to rase 1t there 13 much nsk of
breakage
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APPENDIX III

Scotch Whiskey Manufacture.
Pot still whiskey ts commonly made m Scotland i the following stages —

(1} Mashing to prepare the wort
(2) Fermentation of the wort to prepare the wash
(3) Distillation of the wash to separate the spinit

Masfing —Barley malt onlv 1s usually employed The malt or muxture
of malt and grain 1s crushed and extracted with hot water The starch of
the graimn 1s thus turned mto sugar by means of the diastase of the malt The
hquor from the mashing process 1s called wort

Fermentation —The wort 1s drawn off cooled and placed in fermenting
vats Yeast 18 then added and the alcoholic iquor resulting 13 termed the
wash

Dustillation —(a) The wash 1s placed 1 a wash still and distilled The
distillate 1s called low wines and what remamns in the still 1s run to waste,
bemg called pot ale or burnt ale

(b) The low wines are then placed in a smaller still known as the Low Wine«
Still and agam distilled—

the first runnmgs arc called foreshots
the second runmings are called clean or finished nhiskey, and
the third runnings are called femnts

The reudue 1n the still 1s run to waste being termed spent lees The
first anl third runmngs (foreshots and feints) are mixed and added to the
low wines of a following distillation  The feints from the last distillation
of the season are lept to be added to the low wines of the first distillation
of the following season  The pot distilling scason lasts from November t:ll
May  Patent stills are worhed throughout the year In Indian distillenes
the terms foreshots feintz ete are also used but they may be nppled to
fractians of a swgle distillation or to thaswe resulting from o cecond distilla
tion Much Indian spint corresponds to the low wines of European
manufacture

APPENDIX IV,

Contraction of alecohol and water.

When 51 volumes of alcohol and 49 7 volumes of water are mixed, the
result 1s exactly 100 volumes (see Chapter VIII) that ss to sav, 1037 separste
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volumas, as measured separately, contract to 100 volumes when mixed, and
37 volumes of water disappear or become hidden m the process As then 100
gallons of 54 per cent by volume spmit really contam 103 7 galons, the ratio

1100107*’ or, more sumply, the factor 1037 gives by durect multiplication the
separate gallons contamed 1n any other quantity of spiit of this strength

In o similar manner the factors for calculating the scparate volumes m
spirt of all other strengths have been found by expemment These are
shown 1n the appended table for strengths from 70° O P to 70° UP, so that
the separate volumes m any spirit likely to be met with can be very quickly
determmed

Calculations in connection with reduction and blending operations are
<commonly made with reference to the alcohol only, and the ordmary rules
mahe no provision for the effect of contraction The true quantity of water
required by these rules may be readily found by the method of separate
volumes Tt 1s only necessary to subtract the separate volumes of the spmnt
to be reduced from those of the reduced spirit, as calculated by the ordinary
rules, and the result 1s the true amount of water required to gve the calcula
ted result free of contraction error Any difference between this and the
amount calculated by the ordmary rules represents water which disappears
by contraction and 15 & measure of the contraction error or shrinkage Simt
darly 1 blending operations a companson of the separate volumes of the
spurits blended with those of the caleulated blend shows the amount of water
required to compensate for contraction

In reducing operations m India the contraction and consequent shrink-
age 15 frequently great enough to be of importance from the pomnt of view
of Dxcise control Accordingly in the Reduetion Tables the true amount
of water to be added has been calculated by the method of separate volumes
and 18 recorded for a large number of possible cases In blending operations,
the shrinkage 13 usually very small, but typreal cxample are here worked
out for reference 1if required It 13 umpossible to supply such results in the
form of tables owing to the enormous number of cases possible

Reduction —

The rule stated 1 Chapter VIII gives accurately the bulk after reduc
tion, but requires extendmg as follows when the water to be added 1s to be
truly calculated

Supplementary rule for finding water to be added —DIultiply the bulk
after reduction and also the bulk before reduction each by the factor given
1 the accompanying table for its own proof strength and subtract these so
as to find the separate volumes The difference 18 the true amount of water

to be added

* Yor example {1 Q Is any ott er quantty of spint and . the number of separate gallons 1t
contans then\ Q 1037 100 Ly dwect proportion or \=Q 3%
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Ezample —According to the example 1 Chapter VIII —150 gallons
of 40° OP spint become 280 gallons at 23° UP

Calculating the separate volumes (a) 2fter and (B) before reduction

(a) 280 x 10353 (factor for 25° U I spirit) = 289 88 separate gallons

(D) 150 x 10282 (factor for 40° O P spint) = 15123 R

Dafference == 133 65 gallons

135 63 gallons 1s the correct amount of water to be added

The amount of water required by the ordinary reduction rale 13 280—
150=130 gallons So that 135 5—130 gives 56 gallons as the contraction
1 this nstance
Blending —

Case A 1 Chapter VIII —The ordinary spunt caleulation shows that 100
gallons at 20° U P and 450 gallons at LP when blended mive 530 gallons
at36°UP

Calculating the separate volumes (a) before and (b) after blending

(a) 100 gallons at 20° U P = 100 x 10360 = 103 6 separate gallons
450 gallons ot L P = 450 x 10370 = 46666 ,, .

Total separate gallons before blending = 570 26 galléns
(b) 550 gallons at 36° U P = 550 x 103705 == 570 37 scparate gallons
after blending
Thus the separate volumes actuslly blended are less than those required by
the spirit ¢aleulation by 011 gallon of water, or & minute shrinkage occurs
which may be corrected by adding v's5th gallon of water
Case B wn Chapter VIII —\ccording to the spinit caleulation 75 gallons
of 40° O spint may be lowered to 25° O P by adding 32}th gallons of 10°
U P spint, and become 107jth gallons
Caleulating the separate volimes before and after blending
(a) 79 x 1028 (factor for 40° O P) =771 separate gallons
328 x 1037 {factor for 10° U P) =3333 ,, "

Tota! 11643 sepacate gallons

{b) 1074 x 10332 (factor for 25° O P )=110 70 scparate gallons

The deficrt 13 0 27 gallon of water, or a shrinl age of § per cent

Case C i Chapter VIII —\ccording to the spint calculation 100 gallons
of 30° UP spimit may be rarsed to 10° OP by adding 160 gallons of 35
O P spmnit and they become 260 gallons

Caleuliting the separate \okm\os

(a) 100 N\ 10310 (factor for 30° U P) = 1034 <cparate gallons

160 N 10301 (factor for 35°0 P)= 16106

Total 262 36 separate eallon.
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(b) 260 X 10362 (factor for 10° O P ) = 269 41 separate gallons
The defiait 13 105 gallons of water or 2 shrinhage of 04 per cent
Case D wn Chapter VIII —According to the spint calculation, 66 6 gallons
of 40° O P spint and 83 4 gallons at 5° UP must be blended toJobtan 150
gallons of 15° O spit  Calculating the separate volumes —
(@) 666 X 10282 (factorfor40° O P )= 68 4G separate gallons
334 X 10372 (factor for 5° U P ) == 8650 ,, "

ToraL 154 96 sepagate gallons
(%) 150 x 10354 (factor for 15° O P) = 155 30 scparate gallons
The deficit 1s 0 34 gallons, or a shrimhage of } per cent
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Table of Contraction Factors.

Tlas table shows the volume of water kidden by contraction n 100 gallons of
spinit of every strength from 70° O P (170° proof) to 70° U P (30° proof) »
and also the factor to be used to calculate the sum of the separate volumes of
alcokol and water contained m any wolume of alcohol of these sereral

strengths
Factor for calcut
Mo of gallons of| lating tl o sum
Spunit strength | yoter hdden by  of the separate
Spint strength ( atermsofproof) | an proof spmt { “eoniractionn’ volumes of alco
degrees 100 gallons | ol and water In
‘ any mxture
0°0 P 1700 076 I 1o0m0s
@9 1690 086 10086
68° 1680 097 10097
67° 16 0 108 10108
e 1660 118 10118
60° 1650 1200 | 10120
61 1640 1384 10138
6 1630 140 10M7
62° 16°0 1550 10155
61° 1610 - 1630 10163
o0° 1600 1700 10170
5 1500 1780 101°8
53° 1,80 1860 10186
5° 1770 1940 10194
56° 1560 2010 10201
60 1000 200 10207
e 1 me | ew
a r - oo
gg 1520 2260 10226
Mo |ope |
50° o :
meo| oo e
e 1470 2,0 1022
160 1460 250 1007
o 1450 26°0 10762
e, 1440 2660 10766
13 1130 2700 10270
= 1o ] P
41° o
e 1400 25% 1-0™2
20 1390 2860 1078
e 1350 200, 1020
3 1370 2010 107y
% 1360 2075 1400975
1350 3010 14001
3 1340 3040 1030
e 13390 30,0 103
3 1320 315 14311
b8 1310 3130 14315
) 1300 3185 10318
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o of gallons of

Tactor for calen
Jating the sum

Ne
Spint strength | ater ludden by | of the separate
Spint strength {m termsof proof) | 1o proof spint contraction my volumes OP; aleo.
degrees 100 gallons hol and water in
any mxture
20°0 P 1290 3210 10321
2° 1280 Iid 3240 10324
27° 1270 3270 10327
26° 126 0 3205 10320
25° 1250 3320 10332
24, 1240 3345 10334
20, 1230 | 3370 10337
22, 1220 | 3395 10339
21° 1210 | 3420 10342
20° ,, 1200 3440 10344
19, 1190 3460 10346
1w, 1180 3480 10348
17° 1170 3500 10350
lg: " 1160 3 538 10352
1 ’ 1150 35 10354
14, 1140 3560 10358
3, 1130 3575 10357
122, 1120 3500 10359
1w, 1o 3005 10360
10° 1100 3620 10362
9, 1090 3630 10363
8, 108 0 3640 10364
o, . . 1070 3650 10365
6, 106 0 34655 1:0365
8, 1050 3660 10366
4 . 1040 3670 10367
3, 1030 3675 10367
r ., 1020 34680 1-0368
1, 1010 3690 103698
Proot 1000 3700 10370
1°U P . 990 3704 10370
P . . . 980 3708 10370
¥* ., . . 970 3712 10371
4, . 960 3716 10371
5, N 950 3720 10372
¢ . 040 3716 103716
T . . . 9230 3712 103712
8% 4, . . 920 3708 10371
o, . . . 9160 3704 10370
100, . . 900 3700 10350
o, ce .. ggg g gg; 1 osgg
12 " . 1-03
3. . . 870 3882 10308
14, . . . 860 3676 10367
15, . . . 850 3670 10367
1° . . . . 84-0 3607 10366
17° . . . 830 3644 10364
118, . . . . 820 3631 1-03631
1° . . . 810 3018 1-03628
20° . . . . 80O 3605 10360
20, ) 00 3590 103590
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8pint strength (1n termsof proof)

Spint strength
1o proof spinit

‘ degrees
220 U P L 780
2, 710
20 * 760
2° 750
26 740
e, B0
28° 720
200 710
30, 700
31° 600
3, 630
33, 670
s, 660
3 . . 600
36° 610
37° 630
38° 62 g
390, 61
400 600
s 500
420, 580
43, 570
44° N 560
45, 550
46° 54 g
2o 53
P 520
&,

o 490
i " 180
50, 470
[ . 160
55, 450
56, 490

Ry 433
58, 4
50° 410
w0 . 100
[ S, 390
6, . 380
0, . 370
o, . 260
0, 1‘§
et . . 31

7 . 330
P " . 320
e, . o
0 . . 300

Factor for calcu-

No of gallons of { lating tho sum
water hidden by | of the separate

contraction in
100 gallons

volumes of alco-
hol and water 1n
any mixtuce

103575
103560

1033145
1035370
103504
103478
103452
103126
103400
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Squares Circles

T
Factors ¥oR / D1vISORS FOR GAUOE TOINTS POR
|
‘ Squares Circles Squares | Circles

Gallon 0036065 00283257 277274} 3530362 16 65 18789

Bushel . 00045081 | 000354071 , 2218192 [ 2824 2897 47097 53 144

Ezxamples for finding the area of any Circle wathin the limits of the table
Imperial Gallons

Frrst —Suppose 1t 15 required to find the area of a oircle, the diameter
of which 13 69 inches, find out 69 m the left-hand column, and directly aganst
1t, m the next column under 0, 15 the area, 13 4858 gallons

Second —Suppose 1t 13 required to find the area of a arcle, the diameter
of which 15 377 8 inches, find out 377 I the left-hand column, and at the angle
of meeting under 8 at the head of the table 1s the area 404 3008 gallons.
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APPENDIX
Ullage table
Quotient | Fquivalent | Quotient ’ Equvalent  Quotient | Lqwvalent | Quotient
I i
002 0002 106 0409 21 1325 314
004 0004 108 0423 l 212 1345 316
006 0006 11 0436 214 1360 318
003 0008 112 045 216 138> 32
01 00 114 0464 218 1400 322
012 00:46 16 0478 22 1420 324
o011 ‘ 00102 18 0192 222 1448 326
016 00238 12 0007 224 1471 328
018 00234 122 0022 226 1494 33
02 0033 124 0238 228 16517 332
02 00374 126 0503 23 154 334
24 00418 128 0069 232 ‘ 1062 336
02, o 462 3 0085 234 1584 338
028 00006 132 0601 36 1606 34
03 0005 134 ‘ 0617 238 1628 342
032 00,9 136 0633 24 165 344
034 0063 138 0649 242 1672 316
036 0068 14 0662 244 1694 348
038 0072 142 ‘ 0682 2146 1716 35
o 00 7 144 0609 28 1738 352
042 0083 146 0716 20 176 304
014 0089 148 0733 252 1782 356
046 0090 15 075 251 1804 308
018 0102 152 0°68 206 1826 36
05 011 15¢ ) 0 88 208 1848 362
002 0118 156 i 0804 26 187 364
004 0126 158 0822 262 1801 366
006 0134 16 084 264 1012 308
008 0142 162 0858 266 1033 3
06 0152 164 0876 268 1054 372
062 0162 166 0891 2 1075 374
064 0172 168 0912 272 1006 376
066 0182 17 093 274 2017 378
068 0192 172 0049 276 2038 38
07 0202 174 0968 278 2059 382
032 0214 176 0937 28 208 384
074 0225 178 1000 282 o 2102 336
076 0235 18 1025 28t 2124 388
0378 0245 182 1045 286 2146 39
03 0205 184 1065 238 2168 302
032 0268 188 1085 29 210 304
08t 0277 183 1100 202 2214 396
03¢ 0283 19 nss 204 2218 398
3 0299 192 1145 296 2262 4
03 031 194 1163 208 2280 402
02 0322 196 1185 3 231 404
004 0332 198 1205 302 2336 400
0 0343 2 1225 301 2362 408
03 -03.8 202 1245 306 2388 1
1 037 201 1265 308 2414 412
16> 0383 200 1285 31 241 414
104 0398 208 1300 312 24ct 416
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VI.
for lying casks.
Equvalent | Quotient | Equival Quotient Quotient |Equivalent
l 2488 418 3832 522 626
2512 42 335 524 628
2536 122 3888 526 63
256 124 3016 528 632
2582 126 3041 53 634
2604 478 3972 532 636
2626 13 1 534 633
2648 432 4028 536 64
267 134 1000 538 642
2608 436 1034 51 614
2726 433 1112 512 616
2754 41 114 514
2782 112 1166 516
281 444 1192 518
2834 446 4218 55
2858 318 @ o2
2882 15 527 ‘ 351
2906 152 13 546
203 154 433 | 558
29,6 156 436 56
2032 458 139 562
3003 10 112 501 |
3034 162 1348 566 |
306 164 1476 568 |
3086 166 4501 57
3112 168 1532 572
3138 | 456 574
3184 72 159 276
319 474 | 462 578
3217 176 I 465 |
ao44 478 168 542
3271 13 171 591 ‘
3208 8z ! 4738 58
3325 484 | 1760 58 |
3302 156 4794 59 |
337 188 4822 502
3100 19 485 504 |
3133 $02 188 596 |
318 194 Y 3 ‘
3488 496 404 [
3516 403 197 602
1341 \ 5 ] 3 (1)
372 so2 ! 503 3
36 st | 6 0%
3c2s 00 ) 30 6t
3043 | 503 | s 612
372 a | S1% 614
AR "2 5178 €15
172 34 pP-\ ¥ ROLY ®
T 516 ) 5231 €2
70 sty 3x2 et
304 s I 5 Y
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Ullage table for lying casks—contd

Quotient Equvalent. Quotient Fquvalent. | Quotient | Equivalent
728 7996 83 932 0808
3 802 832 934 0818
“32 8042 834 936 9828
734 8064 836 938 9338
736 8036 838 94 0848
738 8108 84 942 9858
74 813 842 944 0866
742 8152 844 946 0874
744 8174 846 948 9882
746 8196 848 95 09389
748 8218 85 952 9898
75 824 852 954 9905
752 8262 8od 956 911
754 8284 856 908 0917
756 8306 858 96 9023
58 8328 86 062 9928
ki3 835 862 964 9932
762 8372 864 0966 9937
764 8394 866 968 9941
"66 8416 868 97 9945
768 8438 87 972 99401
7 846 872 074 99,38
772 8482 874 976 09582
774 8504 876 978 00626

76 8576 878 98 9967
78 8548 88 982 9716
78 857 882 984 90762
782 a/ro2 834 036 99308
"84 8614 838 938 99354
“86 8636 888 20 999
88 5628 80 092 0392
0 868 892 994 9994
792 87 894 996 9996
791 872 896 998 9998,
756 874 898
e T >
8 8"8 002
sn2 8R02 04
804 8324 008
808 8846 503
803 BS68 01
81 880 012
812 8903 014
B4 8926 816
816 B4 18

- R18 8002 n2

|2 £93 a2
S22 |93 aay
L} 016 ! g
36 2031 n2s
823 anny , n
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APPENDIX VIL
Casking wastages.

At times shght losses of duty may occur through the absorption by the
spinit of b b d from the cash Such substances
usually are tannns of various hinds obtamed from the wood and sugars ab-
sorbed from spints previously stored in the cask  But the errors due to the
use formerly of the uncorrected Sihes’s Tables and to faulty methods of reduc-
tion of spints have caused the impresston that losses from obscuration by
casking may at times be very marked  The use of the Corrected Sthes’s Tables
and of the Reduction Tables which will allow reduction to be carried out
correctly, allowing for normal shrinkage, will tend to remose this idea

The subject of wastage from obscuration by easking was investigated
at the Central Excise Laboratory and 1t was found that, although
undoubtedly at times casking obscuration does oceur, 1t 13 very shght and
arregular 1n nature  Tor example spinits cashed for as much as 10 years
showed no obscuration whatever The general rule 15 that spints casked for
periods up to 2 years show no obscuration from casking  Spints casked for
longer than two years show no regular mcrease of obscuration The oceur-
rence or otherwise of cashing obscuration must necessanly vary considerably,
29 this depends on the kind of wood m which the spinit 1s stored , the previous
age of the cash or vat, and the use to which it has been previously put (eg,
whether a strongly coloured spintt has or has not been stored m 1t) Neo
general rule can thus be laid down for the Excise officers gudance as to
obseuration from cashing and no allowance car, therefore, be fixed Usually
1n Indin storage for only a few weeks 13 the rule m the cace of country spirts,
and obscuration from this cause 1s so small as to be neghgible

APPENDIX VII.
Increase tn strength of spinits on storage.

As regards spintt placed i wooden ¢asks 1n cuch a manner that loss by
<lirect evaporation 1s avorded, mnve tigation at the Central Exerse Latoratory
has shown that

\ In damp climates, the spint strepgth remains exther stationars or falls
shightly , that 1z sathin peniods of time <ueh as were occupred by the expen-
ments made  This 13 1n accondance with expenience m the Umted Kingdom
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where, 1n some very damp places, loss m bulk gallonage, te, dryage, 13 quite
smalland 15 panted by an apprecrable d m spint strength

B In very dry cimates, a distinct increase in spmt strength may normally
occur  In the case of spint stored n large casks, this may amount to abont
2 degrees proof m a pertod of 12 months At the same time an 18 per cent
Joss by dryage may take place , e g, 50 gallons were found to have lost 9 gallons
1 12 months

In the case of small quantities of spint of faurly high strength, say, 25°
U P, which have been stored 1n wood, the merease may amount to 10° proof
or over 1 the course of a jear, especially where a large air space 18 present
m the cash Under such circumstances, about half the bulk of the spmt
may be lost by dryage It 1s thus evident that there can be no mducement
to the trader to secure a gain m strength by heeping spint under favourable
conditions, as this 13 more than counterbalanced by dryage It may be further
noted that the weaher spints show less mcrease in strength than do the
stronger types

C As regards spints hept 1 Jars, bottles or other non permeable vessels,
whether in damp or dry climates, any change 1n strength 18 only 1n the direction
of loss by evaporation

APPENDIX IX.

Grogging Operations.

The Madras Board of Revenue have laid down the following instructions
which have for therr object the prevention of the possibility of weak hquor
being  obtaned from empty cashs which have contamed lquor They
apply only to warehouses and to distilleries which supply hquor to
such narchouses and depéts, but not to cashs that have contained duty pad
nquor —

(1) All casks should be dramed as completely as possible

(2) Before removal from the warchouse they should be * grogged ”
with water  Into cach cash fise gallons of water should
be put and, after being securely bunged down, the cash
should be well rolled go as to brng the water in contact with the
whole of the internal surface It should then be allowed to he
for at least two hours in one position, should then be agam
rolled and then placed in such a position for another period
of two hours as to expose another portion of the surface to
the action of the water Tl should be repeated at Jeast
three times g0 that the whole of the surface may hase been
subjected to the action of the water for two hours The
weak hiquor 20 obtained, wiich will, when the onginal liquor
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was 40° overproof, probably be found to be about 80° under-
proof, can either be utilized 1n reduction of strong spint, or, 1f
preferred, can be destroyed by bemg poured out on the ground

(3) Untal the operation 13 completed the casks should be Lept under
Excise lock  Where there 1s 1nsufficient storage room in the
warehouse 1tself, another room must be provided 1n which they
can be stored under Excise lock, but the actusl operation
of grogzng must be performed 1n the warehouse itself

(4) A note shonld be made 1n the Cask Register as to when the cishs
were emptied and when grogged and how the weak spint was
dsposed of

Supenor officers on mspection should see that these provisions are bemg
properly carned out and specially report any case m which they have been
disregarded

Warehouse heepers will  however be allowed to return empt) casls to
distillertes ungrogged under the following conditions —

(1) All empty casks must be Lept under Excise loch either m the ware-
houses or 1n a place specially set apart for them until they are
despatched  They may be brohen up into shooks* for tranait
or, if returned whole must be securely bunged down, the bun_s
being secured as 1n the case of full cashs

{2) The officer m charge will mtimate to the officer 1n charge of
the distillery to which the casks are rcturned the numbers
and marhs of the cashs, and the receiving officer will state
m the letter of advice whether the cashs were recened with
the scals unbroken  Anv indications that the bungs have been
tampered with should be noted and specially reported by him

(3) A note should be made in the Cash Regster aguinst all casksdes
patched ungrogged, showing whether they were brolen up nto
shooks or returned bunged down

(4) All casks recenved ungrogged at a dustillery should be Lept under
lock until they are required for cooper’s examination or for
refilling A register showing the numbers of the ca<ks and
the date of their receipt mto and 1ssue from the empty eask
store should be opened at all dustillerses whence ruppl es are
made to warchouses, or wholeale vend depéts

Water poured 1nto empty hquot vats to prevent shrinkaze of the wood,
which becomes alcoholic by abstraction of the spint abeorbed by the wood,
should either be destroved m the prisence of the officer in charge or 1¢'ved for
distallation at the option of the distuller, the fact of such destruction or d. *2

* Alehock 1 a set of etaves sufS ot 10 make one canky
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Iation, as the case may be, being noted in the registers It may also be used
1n reduction without bringing 1t to account separately where 1ts quantity 13
small compared with the bulk of stronger Lquor to be reduced  Butinallslich
cases, the vats should be Lept loched

APPENDIX X.

Instructions for testing light caoutchoucine and pyridine bases
to be used for denaturing alcohol,

1 —LIGHT CAOUTCHOUCINL

SrecrricaTioN For LicHT CAOUTCHOUCINE

(1) Nature —By ¢ Caoutchoucine ” 1s meant the hquid obtained by the
dry distillation of vulcanized rubber By “ Light Caoutchoucine ” 15 meant
the liquid obtsmned by redistilling “ Caoutch ” and collecting that por-
tion which passes over at or below about 200° C

(2) Specific gravty of Lght Caoutchoucine —The specific gravity of light
caoutchoucine at 60° I' should Lie between 835 and 860 referred to water as
1000

(3) Boling test —For the purpose of this test, 100 c ¢ of hight caoutchoucine
should be redistilled 1n the pynidme testing flash (see specification for pyridine
bases)

Under these conditions not mere than 15 e ¢ of dstillate should pass over
at or below 100° C, whilst a total (including the foregoing) of at least 70 c ¢
should pass over at or below 200° C

(1) Absence of soluble constituents —\When 25 cc¢ of hght caoutchoucine
are shaken with an equal volume of water i a stoppered graduated evhinder
and due time 13 allowed for the hiquids to separate again into two layers,
the Iight caoutchoucine should show no appreciable diminution n volume

(3) Neutrality —The aqueous layer obtamned from test (4) should show
no marked acrdity or alhalimty when tested with both red nnd blue htmus
paper

(6) Limt of saturated hylrocarbons —\t least 70 per cent of the light
caoutchouene should be soluble in concentrated sulphuric actd  For testing
this 23 ¢ ¢ should be measured off into a tapped and stoppered separating-
cvlinder of suitable capscits, and sulphuric acid should be added, at first
with great care and invery small quantitis  After each addition of acid, the
evhinder should be shaken and cooled to averd loss of volatile constituents
Sufficient acid must be used (usnally about 50 ¢ ¢ ) for the ighls coloured
laser to Lecome quite flud 8o that it can separate readily from the upper
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layer of unattacked constituents ~Aftera final thorough shaking and cooling,
the ¢y linder should be left for about 3 hours to effect complete separation of
the two layers and the lower layer be thentapped off The almost colourless
upper layer should be again shaken with strong sulphunc acid until 1t appears
free from soluble constituents (as judged by the colour imparted to the sul
phurie acid) and separated as before after standing It should finally measure
not more than 7 ¢ ¢ The acd used should be of specrfic gravity 184
and may be of commeraal quality

(T) Freedom from water —Light caoutchoucine should not contamn any
appreciable amount of water Any officer engaged mn drawing samples for
test should certify on the bottle that he has drawn the sample from the
hottom of the contammng vessel where the water if present, will be found
For ths purpose he should employ a syphon tube of which the shorter Imb
zeaches to the floor of the containing vessel 1le should also assure himself
that the sample 15 collected 1n & bottle free of mosture

II —PYRIDINL BASLCS
SPECIFICATION FOR P:RIDINE Bases

(1) Nature — Pyndme’ proper 1s a single definite compound (C5 18 N)
boiling at abeut 116° € Pyrdine bases are mivtures of pyndine with
closely allled compounds boiling at various temperatures and must be of
guaranteed mineral origin

2 Colour —The colour must not be darker than that gien by two cubie
cont metres of dect normal 1odine solution dissolved m one hitre of distilled
water

3 Miscibility with tcater —20 ¢ ¢ of the pyridine baces should give a
<lenr iixture with 40 ¢ ¢ of water or clse a misture only go shightly opales
cent that after standmng for five mmutes ordmary newspaper type 1s clearls
visible through a laver 15 ¢ m deep

4 Amount of water present —I'rom 20 ¢ ¢ of the pyridine bases mixed with
90 ¢ ¢ of caustic soda solution (denwity 14) atleast 185 cc of the Fases
shoul1 separate after having been repeatedls shaken together and allowed
to stand

5 Tatration —Dissolse 1 e ¢ of the pyndine bases 1n 10 cc of di tilld
water  Titrate with normal sulphune aeid until & drop of the mixture gives
a defimte blae spot on congo red paper {the Llue colour should at once
dtapear)  \tleast10 ec of the normal sulphunce acid <hould be required
to | ro luce thia reaction  To prepare the congo red paper disohve one gram
of congo r d m one litre of distillxd water  Soal filter paper 1n this and then
dry

€ Calmum chlortle reaction —Vigoroush shake together 10 ce of & ro-
lution of 1 ¢ ¢ of jyridine basesn 100 ¢ ¢ of distilled water with He ¢
of a 5 per ¢ nt siution of dnv fused cadmium ehlonde A ditiner
crvwtalline preeipitate should immedistely result
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7 Botling pount—Distil 100 c¢ of the pyndine bases m the manner
described below At least 90 per cent should distil over at or under
140 degrees C

Method —100 c ¢ of pyndine bases are placed m a short-necked copper
flask of about 200 cc capacity The flask 1s arranged on an asbestos card
which has a circular hole of 30 m m diameter cutsnit  To the flash 1s attached
a fractionating column (consisting of a tube 13 mm wide and 170 m m long,
provided with one bulb) of which the side tube (issumng 1 ¢ m above the bulb)
joins s Liebrg s condenser of which the cooled part 1sat least 400 mm long *
A standard thermometer 1s placed mn the head of the column so that its bulb
occupies the centre of the bulb of the colurn

The speed of distillation 15 adjusted to 5 ¢ ¢ per mmute, the distillate
being recenned m o graduated glass cylinder At least 90 ¢c should dist}
over at or under 140° C at » barometric pressure of 760 m m

If the barometer varies from 760 m m , a correction of 1°C for each 30 m m
of saration should be apphed (eg, under 770 mm of pressure 90 ¢ ¢ of
distillate should come over at or under 140 3° €, whilst under 750 mm the
same amount of distillate should come over at 139 7°C )

* The at -
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