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ANTRODUCTION,

In the production of brandy the bame wine, together with
the mat ods of distillation employed, is responsible for the
compesition and hence the quality of the distillstes,

In the past the effeect of distillation proeedure has
been studled and it has been proved that the composition of
brandy car be greatly altered with varying technigue,
However, little ig known of the effeet of the compoesition of
the base wine on the distillate, To study thie exhaustively
would be beyend the seope of this paper, but the following
experiment has been designed to £ind the effest of tartarie
acid conceniration., This acid is the characterigtic asid of
the grape and is predominent im over-ripmess, being present
as bitartrate and tartrate malts which are precipitated to a
considerable extent during fermentatiom. It is a ugual
addition in the acid form during vintage operations and, when
this is practiced it represcnis a considersble portion of the
acid in the finished wine,

In literature dealing with the production of cognas, the
faet that wines are always of high acidity is stressed,

In wnder-ripe grapes malic acid would be predominant but this
would not be so under Australlan conditions where grapes for
distillation are usually picked at extreme ripeness.

LITERATURE REVIEY,

Angove (1) found in his work that there was a marked
difference in spirits distilled from wime with and without
lees respectively. He found an increase in asids and
esters and a decrease in aldehyde on distillation in tha
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presence of loes, snd states that the decrease in aldehydes \\\
may be eradited to the large concentration af potassium
bitartrate in the lees,
Valaer (3) states that wines for cognes in France are
charasterised by a Righ acidity, It has been proved,
however, that brandies ean be distilled from average
Anstralian material which very closely ressmbls cognasc in
analysis if gertain methods of distillation are used,
Graham {(5) amd Angeve (1).
Renoo snd Jean Lafen {6) state that tartrates in
solntion with wine distilled on lses react with slcobols
giving eaters, Valaer (3) states that in the predustion of
cognae, distillation is carried out on lees, emd immsdiately
following vintage, Under thsse conditions in Arstralia the
tartrate content of the wine would be at a maximwmm level,
Aldehyde 1a an wundesirabls impwrity in brandy in large
amounts and itz eliminatiom or produstisn in smaller
quantitios is important in the distillstion of high guality
REstera are said to be produced to a limited extent
during distillation, They are the important flavouring
const ituents of brandy and thelr formation appears to bes
related to acid content, The bsaring of tarteric acid
sontent on the amounts of theae constituents preomemt in the
distillates is the object of this experiment, the theory
being that a higher ester aad low aldshyde content would
reasult,
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EXPERIMENT AL,
Apparatus and materials:—
1, Four six gallon glass Jars,
2, Approximately 24 gallens of blended Grenache and
Podro juice, Beaume 12,2 pH 3.52
3. The atill: A 2 gallon, copper pot still with open
column, econncoted to a condenser with a constant
head water supply and heated by an electric hot

plate,
i, Specific gravity hydrometers covering range 50 O.P,
to 100 U,P,
Methods of Analysis.

Alcobhol: - Speecific gravity £ by wolume,

Agids: -~ Direct titration (phenolphthalein)} expressed
as parts of acetic acid per 100,000 parts
of absolute alcohel,

Batera: = AeDsAsCs (2), as parts ethyl acetate per
100,000 parts A.d.

Aldehydes: - P, Jaulines and Espezel (4), parts acetalde-
hyde per 100,000 parts A.A.

pEs - Glass electrode potentiometer,

Sugar: - R.A.C. motes gm/litre,

Lactio Agid - Moslinger meihod, R.A.C. notes gw/litre. \

Tartapis Agld: - Pasteur—Raboul, R.A.C. notes gw/litre,

Total Agid: - Birect titration wiih phenolphthalein as

gma/ tartaric ecid per litre,
Yolgtile Aeid: = Sellier tube and titration as gm, acetis
acid per litre,

Procedure.

In order to obtain a wide variation fn tartaric aeid =
content in the base wine, pH was adjusted to 3.8 by additiom
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of caleium carbonate and to 2.8 with tartaric acid, In essh
case the reguired additions were determined by trial and
mixed with the unfermented graspe juice, Tartaric acid was
added at the rate of 6 gms/litre and calcium carbonate at
the rate of 2 gma/litre.

Eaeh of these pH levels was obtained in duplicate and
formented and distilled under conditlons whish were
gtandardised ss far as possible, The Julces were sseded
with a pure culture of ‘champagne yeast' and fermented out in
glass Jars for a period of four wseks during which they were
fitted with hydraulic bungs,

In the tables the analyces of wines of leow pE and the
diatillates from them are shown under "A®™ and those of high
Pl under "BY amplicate results being shown througheut,

The juiee used in the experiment was comparatively clear
end the quantity of lees deposited mot great, This deposit
was not imeluded in the distillstion eharges.

A1l of the wine was distilled to low wines before final
distillation to brandy and the three low wine distillates
frox each 1ot weore bulked as shown in the plaen,

Alcohol “Tote | VOLl.
Wines | £ by Vol,| pii | Sugar| aoid | Asid| Lastic| Tartarie,

AX 13,1 2,96 | 2.9 | 12.5 0e7 0o 2 Teks

A IX 13.1 2.95| 2.8 | 13.0 0.62| 0.3 707

BI 13. 3 3.96| 2.3 | 5.9 0.02] 9.9 2,76

B II 13.3 3.76 | 2.3 | 6.0 0.2 O.h 2.8




. Aloohol Asids "Aldehydes Esters PR
Fraetiom :

Sk Allazx|(sr x| a1zl axzx [Bx[B1Y [AaI(aIX| BI|BII AI»A.IIIBI BII| AIlAIY [BI [B1IX
WIKE 13,1 |13.1 | 13.3]13.3 296/ 2.95) 3.4 3,76
ms 28,4 | 28,2 | 30. 32.6! 93 | 95 50 (47 A1 |11 |12 |13 12 Ll (164 | 182 | 3.77] 3.77 3.91 k.03
HEADS 7666 | 75.7 | T7.9 77.5| 8|10 7 17 19 (19 |26 |28 266 |276 286 | 331 | 5.47 5.28( 5.8| 5.55
BRANDY 72,5 | 72.9 | Tholt 73.4 8 |7 6 |7 Iy 5 |6 7 b3 | 33 | 35| 4B | 5.2 5.28 5.4 5.3
TATLS I 62,8 | 6443 | 63.7 62.% Wl 4 13 |14 3 2 S 3 by |5 (20 | 14 Le9 u.BG{A.s:L Lo 9:
TAILS II | 26.5 | 29.0 za.z' 26.1 63| 56 50 | 5% |6 L |6 7 42 (12 |42 | 32 | 3.9 3.9{ J.ST 3.91




FLAR OF DIGTILLATION.

Rash dlstilliation was onied out as Delows—
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Figures show a slightly lower alcohol content in wines
fermented at the low pH which may be ottridbuted to the
inhibiting effest ol the yeast, This alss accounts for the
high residval sugar end differences in velatile scidity,

The marked difference in total acidities and tartarie
a0id levels in the wine is shown, This was simed at so that
any differences in resiulis dwe to tartaric asid would be
clearly defined,

Rigtillgtes.

Aeids: ‘

Gonsiderebly higher valuwes in ssids 18 AX and AII are
dxe doth So higher wolatile seid preduced during fermentation
and teo earrying over of some mom-wilatile seids during distilletiom,
Aldehydes: '

There is a marked drop in sldelyde formation whish is
mere aloarly shown in the differencs between "™hwad" fraebions,
aldehydes beling boiled over largely in the early pert of the k
distillation in an opem eolumn,

It is probadle that there is a slightly lower
production of aldehyde during fermentation in ez acid mediuwm,
Asstaldehyde is a Normel product of fermentation in small
smounts, In the final stages of ferwentatiom it is said te
be converted to alcohsl by redustion due to snzyme ast lon,
The change in pE would offect the avtivilty of the enxyme and
hence the preduets of fermentdion,
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In the first distillation to low wines some tartarie
anid eould be carried over durdng the beiling and in view of
Angove's work (1) it sppears that the process of distillation
itsolf has sn effeot on aldehyds produstion which varies with
different consenirations of tartaris acid or tartrates in the
wine,
Esterg:

A lower estor formaiion from ths more acid material is
shown which ig contrary 1o what would be expected and is
4ifficult te asceunt for, It is guite evident that this
acld has no importance in regard to inereasing ester
produetion,

Sgeondary Alcoholg:

The only availadle method suffieiently rapid for this
work - that of @irard and Ounianse -~ was considered far too
iragourate for the results to be worth presenting, Results
were found to vary widely under sonditions which wore
extremsly diffienit to standardise, The method has been
used widely in Franee, but is subject to severe sriticim in
the literaturs. A review of available methods was made smd
these are presented and dimcussed im the sprendix.

SULARY .

A small geetion of a large field of work has beem
attempted and 1t has been found that the sancentratiom of
Sartaric aoid present in the wnst and wind does have a
cousiderable bearing on aldehyde predustion, A lower
aldehyde eoncentration in a wine would reduce the head
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fraction necessarily removed in distillation.

Time has not permitted further work to complete this
inveatigation and a series of exporiments gould be devised
to examine the problems of base material more closely,

The method used for aldehyde anslyses is open to soms
error and standardisation of temporature would be negessary
for securate work,
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i {(Allen's Commercial

Orgenic Analysis V)3

The sample is freed from colouring matters and
extraet hy distillstion, 120-150 ml. being diluted to
200 ml, with water and gently distilled as far as
possible without charring the residue. It is then
made to volume and the aslccholic strength determined,
Required strength for determination 1is 50X by volume,
- 1 gm. of a mixture of propyl aleohel
1 pt., isobutyl aleohol 2 pts., amyl alcohol 3 pits., and
ecapryl alechol 1 pt,, is dissolved in 100 ml, of pure 50%
doohol, this solution being fwrther diluted to contain
0.1 gm. of the mixture per 100 ul,
Egtimation:

10 ml, of the distillate treated in a flask with

0.5 ml, of a 1X solution of furfural and them with
10 ml, of como, H,30;. This is slowly run in te form
a layer at the botiom of the flask,

10 ml, portioms of 50% alcohol containing from 0.5
ml, upwards of the standard O.1% solution of higher
alcohols are treated in the same way.

Eaeh flask is placed in an ige-co0ld water-bath and
ghaken gently for 30 seconds and then allowed o stand
for about one hour at the ordinary temperature.

The production of a reddish viclet colour indicates
that the semple contains an appreciable guantity of
higher alcohels, the amount of which can be eatimated
by comparison with standards,
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(allen‘*s Commercial Organis
Analysis V¥, Vol.I)s

50 ml, pirit adjusted to 50% aksolute aleokol in
a 250 ml, flask,

Meta phonylenediamine and a few grains of freshly
broke pumice 1s added snd the whole is refluxed for one
hour, then diwmtilled eocllecting as much distillate am
possible.

Pilied to volume - 50 ml, 10 =ml, of this sclutiom
then plased In a 100 ml, Llask,

10 ml, pure colourless H 80, then sdded 20 that 1%
forma a layer sn the bottom of the flask,

The flask is next shaken wigorsualy and heated over
a2 bungen wntil it jJjust bolls and is then ¢ocled,

The eoleur preduced is ccupared with standards.
ﬁm‘ A JOSK solation of Isobutyl alcshol in S0%
parified ethyl aleohol.

Cpiticisms _

Secondary alcohols are conaidered to s wvery
inacourately moasured by this method, Secondary
aleshels ie an ebsolutely pure state, with pare Ha80),
in clesn glassware, glve no colour whateocaver,

; _ rg Method {(Simmond's “Aloohol®, 419):
10 ml, of distillste, dilutsd te 3 per cent of
alsckel by volums, snd treated with 1 wl., of a 1 per

esnt alookolic solatien of asalioylis aldehyde and them
carefully mired with 20 wml. of strong Ng@dy, Arfter 45
minutes the mixture iz 4iluted with 50 =l, of 62 peyr
cent Ko 80,. The eoleur dbiatned is then compared with
thoss prodused in standerd mixtures trested in the same

manners



9, 91 (1937):
These authors have compared the Allen MaPguardt

method with a colorimetrie method deseribed below and
claim that the former, which 1s the 4,0.4.C. method,
reports on an average only 60X of the fusel oil in the
sample., Thay state that the A,0.A.C. method is
paturally affeeted by varliations in technigum and
uncontrolled feetors such as the temperaturs st whish
the extraction is earried out,

The advantages of the colorimetric method aret—

{(1) The time reguired for the determination is lese

than by say ether method,

{2) The gensitivity of the method 1s far greater than

(3

(i)

(1)

(2)

(3)

any other., Ry wirtuve of this fast the colorimetrie
mothed ie mpplicable te low proof beverages sush as
wines and beers, in which fusel oil has not
hitherto been determined,

aAbneoraal or unuisual samples are readily detected Wy

ofT ghades of coleur and by the use of twe or more
coleur reagents on the sane seiple,

The method yields resultas of ths correet order of

wagnitude,
Bisadwvantages stated by the suthorst-

The sample must be given a rigorous pre-treatment to

eliminate imberfering sidstances.

For accurate work it is desirable o use as the
colorimetrioc standard a sample of astwal fusel oil
of the same type as that contalned in the sample,

The individnal alechols exhibit different colowr

intenaitien and the result is therefore dependent
on eompesition of fusel oil., Thias source of
mlis very largely, though mot entirely,
eliminated by the use of fusel eil standards.



Plage 2,00 o.e, of the distillaste, obtained as directed
above, in a 125 o,c. Florence Flask, Add 20,0 c.c, of
swirling the flask in a bath of
colé water during the addition., Then add 2,00 e¢.,0, of a
nt in 95 per cent. ethyl aleohol (10 mge.
per ¢,c.) again swirling flask in a cold bath,

Prepare a similar flask containing 2,00 e¢,c, of a
standard fusel oil solution acld and reagent,
Place the flasks simultaneously in a bgtk

gold bgih, When cool add 25 o
and mix thoroughly by swirling. The solutions are then

ready for comparison in the oolorimeter,

Proceed as above for the other two weagents except for
the following differences:-
(a) Use only 10 e.e, of conc, sulphuric acid in making
up the reaction mixture.
(b) The vanillin solutiom contains 17.5 mg. of reagemd
per c.0, of 958 ethyl aloohol,

#Where a standard fusel oil is not available a satisfactory

working standard for eolorimetric work can be prepsred by
mixing isoamyl and isobutyl alcohol in the ratic of
bt 1,
The peroentage of ethyl alcochol in the standard should
be approximately the same as in the prepared ssmple,
A convenient fusel oil conc, is 100 gmus/100,000 ¢.0.
The coleour reaction is not peouliar to higher alcchols
but unsaturated hydrocarbona to which the higher alcohols



3§79

are converted by Im

Interfering substances which mant be removed are
aldehydss, ketones and acetals, Aelds are Rot important,

Preparation of the Sample;

Place 25 c.¢, of sample in a 500 o,e. round bottomed
flask, Add 0,5 grems of silver sulphate and 1 o.c, of
{1 + 1) sulphuric acid and make the total volume up to
110 ¢.c, Baflux gently for 15 mimutes., MNMake the sclution
alkaline with 5 e.¢. of (T + 1) sodium hydroxide solution
and reflux for 30 minutes, Bumping ¢an be prevented by the
addition of small guantities of granulated xine, X
foaming occurs it csh be reduced by the addition of 15 grams
of sodium ehleride, The addition of salt results in a
partial conversion of silver exide to silver chleride, W%
this fact does mot appear to affect the efficlensy of the
silver as & dealdehyding agent,

After the saponification the sample is distilled, 75 c.e.
of distillate being collected. This distillate contains all
of the higher alcobols originally present in the ssmple,
™e coneentration has Deen reduced to one~third of the sample.
This redustion in eoncentration is made necessarydy the
extreme sensitivity of the eoleur reagents,

Por the colour resction the following factors must be
controlleds-

) B
5 s rsnnd g P o M
55 Temperature and time of heating to develop colour,

6 ) Amount of diluent added after terminating the

reaction.
(7) The concentration of sulphuric acid in the diluent

solution.
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The reaction is not allowed to go to completion but ig
arbitrarily stopped after a definite length of time by
chilling the reastion mixture and diluting, It is therefore
necessary to rur standards and sample side by side under
oxactly similar conditions.

SOLVENT Method (Bose, Allen's Comwercial Organie Analysis V)3

The principle of this method is that certain solvents
will absorb secondary alcohols from distilled spirits and
hence inerease the wvolume of the solvent,

A specially designed glass econtainer with a graduated
tube is used for the determination,

The guantity of the distiliate containing exactly 50 er
100 ml, of aleohol is added to the container whieh alrsady
holds exactly 20 ml, of chloroform, Then 2 ml, of 25% namk
is added. The tube is well shaken, immerged in a water bath
at 20° for ene hour, again well shaken and stood upright
in the bath t1ll the layers aeparate. The volume of the
chloreform is them read off,

Ethyl alcohol causes a 0.2 ml, inerecase in volume whieh
mist be deducted and esch 1X of anyl alcohol causes an
inerease of .6 ml, Different alcohols give different values,
Texpeorature centrol is essential,

This method 1s oconvenient and rapide. It is satiafactory
for erude apirits but unreliable on clean apirits., It is
sald to give high results csmpared with other methods. It ,

eould be conveniently used commereiaily.



1. Allen-Marquardt (A.0.A.C. and Allen's Commercial
Organic Analysis):

This method is based on extraetion of the higher alcmn.
with carbon tetrachloride and oxidation to the eorresponding
acids which are estimated by titrationm,

Method:

200 ml, of sample taken and 1 ml, of strong KOH solution
added, The whole is then boiled for one hour under reflux.

The liquid is then transferred to a distilling flask
ritted for steam distillation. 3team is not introduced until
about 20 ml, are left in the flask. The diatillation is so
regulated that by the time 300 ml, of distillate has bean
collected about 10 ml, remains in the flask,

The distillate is mixed with saturated NaCl solution
antil it has a specifiec gravity of 1,10 and divided into egual
parts so0 that duplicste determinations may be made, Kach
part is extrasted with 100 ml, of purified CCY, ueing, 40, 30,
20 and 10 ml, suocessively,

Some ethyl alcohol is contained in the tetrachloride
extract, To remove it, the extraet 1s sheken first with
50 ml. of the saturated salt solution andseparated, and then
with 50 ml. of a saturdted solution of Fay80, to remove
remeining chloride,

For the oxidation of the higher alochols a mixture of
5 gms, of pot. dichromete, 2 gms. cone 32363* and 10 ml, of
water is added to the CCY) extraet in a flask provided with
a refliux condenser and the 1ligquid boiled gently for 8 hours
on a water bath, After the addition of 30 ml., of water %o
the liguid in the flask the ocontents are distilled until
20 ml, romain,



The reaidue ia then steam distilled as in the fimst
operation until 1ittle wmore than 5 ml, remain after 300 wl,
of total distillate has Been aollected,

The diptillate i3 then tiireted with decinmormal barium
hyaroxide solution, shaking thoroughly after each addition
until neutral to methyl orange; phenclphihalein is next
added and the titration comtinued to the meutral point,

Esch ml, of the decinormal golution reguired in the
phenolphthalein stage of the titration represents 0,0088 gm,
of higher alechols csalculated as amyl alechol,

This method has been criticismed im en article by Bedford
and Jenks {J. Soe, Chem, Ind, 1907, 26, 123,) It gives low
results as follows:—

Alcohol,

Ayl

n~-Batyl

Isobutyl . 26-52
B-Propyl 13-21

The wethod ia too long for commercial use and liasble to

large errors unle ss carefully carrisd out in every actail,
Bardy's method (Allen's Commercial Organic Analysis V) is
similiar to this but uses esters inatead of aecids.

A.S. Mitechell and C.R, Smith, U,S. Dept. Agre

A study of the esonditions necessary to produce definite
oxidation of various alcohols by alkaline ENMnOp. Object,
to aveid prolonged digestion and sudbseguent distillation with
attendant concentration of oxidising mixture., BResulis of
preliminary experimenta, using amyl alookol showed thab
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oxidation is gquantitative at 0°C and at higher temperatures
the yield of wvaleric asid is deecreased,

A direct volmmeirie method was found possible after
the satiafactory comditions for oxidation had boen determined,
A known amount of Ha 02 mixed with Rzmu wag ased for
oxidetion and the exsesa Hz0p titrated. Besi results were
obtained by oxidising for 10 minutes at 0f and then warming
for 20 minutes up to 23°°

cham. July, 1939):

In this mothed the fusel 0il is separated by distilla-

tion and subsequent extrsetion with earbom tetrachloride, It is
determined by esterification with acetyl chloride,

Reggents:

023 ¥ soluation of acelyl chloride in 4ry toluene.

0.5 M solution of pyridine in dry toluene,
Apparatus;

Allen Marguardt distillation unit.

| A specially constructed dehydration snd dealcoholixing
still to remove the ethyl aloohol and water from the carbon
tetraghloride extraets, Described and illustirated in the
reference given sbove,
Method:

The sample is distilled with eanstic scda. The
digtillate is then shaken with sodium ehloride and extracted
four times with earbom tetrachloride, The extract is them
placed in a special resctlion flask and attached to the
dehydration still,

Af%er cooling, the carbon tetrashloride solution is
treated with pyridine and asetyl clloride ahd sheken oh &
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water bath at 607C, for 30 minutes. It is then coeled and
treated with excess 0,100 N sodiwm hydrexide and baek titrhted
with 9,100 N Ea80,,

One w2, of 0,% N sodiue hydrexide is equivalent te
0,0088 gram of fusel oil as emyl aleshol,

Propyl slechol is not determined by this method, being
lost in the second diatillation,

Two methods for refractive index msasurement of higher

alcohols were founéd in the literature ~
¥, Leithe (Z. Unters Lebensen, 1936, 72, 351, 35h.)
8.7, Bohiektanz and A.D, Etienne and W.I, Steecle

(Ind, Emg. Chem, Anal. Ed, 14, L0-2, 1939)

Both of these methods are bagsed oa the extraction of
the secondary alcohols by a selivent, prior to weasurement of
refractive index. They are both open to the eriticism of
inaccurasy owing to the difference in composition of ssmples,

SUMMARY o

Examples of the main ypes of methods are given emd
others are simply modifieatione of thess., There is no
mothod which is emkirely satisfactory for asourate work,
The Rose method could be developed and asppears tobe the most
sstisfaotory for sommersial use, All oolorimetric methods
are uRsatisfactory for genersl use owing 8o the diffisulty of
odbtaining a true standard for ceomparison,

The methed of Schiokiang and Etiemne (Ind, Eng. Chem,
Jaly, 1939) sppears io be conveniently rapid, Wat requires



spesial apparaius snd does Mot detormine prepyl alcekel.
It is probadly the wmst seilafsetery wsthod avaiighls,

standing the seples overnight with NaOl befere titrsting,
resnlis were odtained wilch compared very faveurably with
the refinxiag precedwre, This weals a emsideradls saving
of time in dealin






