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SYKO SIS

The compesition of commercial brendies waries within wide

limits, and there appoars to be no definite relationship between
the composition of a drunmdy and its quality.

There is & gredual change in the composition of the suoce~
essive fractions obtained by the distillation of low wines in a
pot 8till sinilar to those used in Austrelian Wineries and dis-
tilleries for the production of brandy spirit. Somwe fractions
are of higher alcoholic strength and contein more secondary con-
stituents as ester, aldehydes and volatile acids than others.
Certain fractions of the distillate are unsuitable for the waking
of brandy, and it is upon the manner of separation of the "spipit®
fraction from the romainder of the distillate that the composition
of the brandy spirit will depend. Part of this peper 18 devoted
to the study of the relation between the composition of these
fractions and thelr relaiion to the composition of commercial
brandies.

Various modifications in the operation of the still and ia
ihe sgpuration of the “"spirit™ rumning are adopted commercially in
Australia, Dut there are no recognised standards for the distiller
to work upon. The rate of distillation is of prime i:mportance, and
a scction of this paper is Aewtoﬂ to the study of it &nd its
effects on the distridbution of impurities in the fractions of the
distillate.

Some of the finest gquality brandy in the worls is made in
Prance withemall pot- stills. The Prench methods differ from the
usual methods adopted here in the manner of separation of the spirit
froms the "heads"™ and"talls™, as well as in the type of wine dis~
tilled. The "heads” 66468¥etie*y-e fraction iz reclatively smmll,
and the composition of the spirit is affected as a resit. i
distillation on Prench principles was conducted, and a comparison
drewn between the composition of the ¢pirit obtained and that

obtained by local methods.
Huch importance has benn attached to the ester content by
some countries importing Australian brandy, and methode of in-
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oreasing the amount ©f esters have been atigupted by some distillery

even as fay as allowing the wine to become slightly “pricked®
to ruise its volatile acidity before distillation. The wlatile
aclidity of a wine was thought te have considerable influence on
its ester development, &nd experiments were carried out to ver-
ify this. The ester content of a brandy is subject alas to changes
during storage, and changes during storage in ester content of
freshly-distilled apirit were s@udied.

The investigations may therefore be divided into five
sections i~

(1) & ocomparison and study of the compoaition of commercial
brandies.

(11) A compurison of the sition of successive fragtiom

obtained during distillationmn.

(111) The effect of the rute of distillation on the dis~-
tribution of secondary constlituents amongst the
fractiona of the distillate.

(iv) A comparisona of the composition of the spirit fraction
as obtained by aeparation of the "heads” and "tailas®
on French methods with that obtained on local method

(v) Other factors affecting the ester content of a brandy
a8 the volatile aclidity of the wine from which 1t is
distilled and changes in estcr content duting storage.

A. IKTRODUCTIOCN.
(a) Commereiml and Practical Aspects,
The ioportence of the export trade to thé Australian

wine industry is well recognised. The overseas market
15 however already ssturated, and the prese¢nt erisis
will tend to meke wine-makers look for ¢ther avenues
&8 brandy-waking to relieve the situation.

The production of bdbrundy has been increasing rapidly
during the last few years, and it will probably conti
to do so while markets san be found for it. Speaking
generally the quality of Australisn brandy 1ls only
average, and sny efforts to igprove it will help in ¢
expansion of oversecs markets.

By systematising distillation methods, and perhaps Wy
separation of the distillate inte fractions and
blending coaposition may be able to be standardieed,
and analytical methods for judging quality anight tha
become Bignificant.
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At the present time there sy pears neither any relution
between quaiity and composition, nor any methods of see—
uring & spirit of desired composition (at leant with &
pot still) end it was for these recasons meinly that this
subject was undertzken for invectigation.
Another consideration of practical importance is the fact
thut certain igporting countries require a brandy con-
talning not less than 60 gres. of ester as ethyl zcctate
per 100,000 parts of absclute aleohol. This 15 doubtful
prooX of the maturity or quality of a brandy, as some
high quality brandies have been fouad to contain lees

than this amount of esiere.

The study of the distillation of brandy spirit and its
relution to the composition of commercial brendics has
had very little attention, and literature pertaining to
the sudject 16 liwited.

For the sake of conven:ence the factors determining the
coumposition of & bramdy are dealt with in L Beoctions, und

the composition of brundy 1s then dealt with in general,

I. Rew Produce:
It 1 generally conmidered that grapes suitabie for

brandy material should be high in acid 8-10 grms HT/1

preferubly, and of low baume 9-12° Be, and that attention

should be paid during and after fermentation to keep the

temperaiures low &and to rack off the gross leas carly.

It is safe tosay that the wine should be distilled as

soon after vintage as possible. These points are men—

tioned only briefly as they do not concecrm this papers
II. Type of Still,

It 18 generally accepted that only good quallity brandy
can be made with a pot 8till; 905 of French brandy ie
nade with pot stills. 4 pot still (Symmonds 8) ensures

the retention 1in the distillate of the large bulk of the
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impurities, which give the brandy its character and
flasvour. In poor Qquality winea, especially if they have
been & llowed to become "pricked®, the preportion of acids,
exters and other substaneesa whichare likely to be dis-
tilled, ia high. Ver such wines a comntinuous or patent
stliil is used to give & hgiher dggree of reetification
a8 WAy be required %o eliuinate the unwanted Lizvouyp snd
odour due to thesec ixpurities.
By usinga patent still, separation into fructions camnot
be &ccomplished, and the desired composition eannot Se
cbtained by biernding.

Iil. Hethod of Distillation.

A

Upon this more then anything else does the cowposition of
the apirit depend.
There are h muin considerations :-

1. The strength at which the spirit is 4istilled.

24 fhe speed of distillation.

3. The distribution of impurities in the fractions of
the distillate.

Lhe The separation of the *heads™ and "taila”,

The strength at which the =pirit is distilled,

Vizetell - (1) says that the nearer brandies are distilled
to their drinkable degree, the movre perfect are thelr
vinoua flavour and =»roma, and the more distinguishabvle
their taste and smell.

The original strength of the wine will determing the
strength of t.he dictillate. This, however, may be ialilared
by diluting the wine %o give a distillate of lower strengt
French brandies are distilled at about 20 0.P. Elliot (2)
While brandies &re distilled &t & much higher strength
usually between 30° and h0° 0.F. By distilling at a
lower strength the B.FT. of the vapours will bhe higher
and the amount of iwpurities present in the distilste will
be greater. Distillation at a low strength may be quite
satisfactory for clean sound wines, but those unsound or e
of poor quality should te distilled at a higher strength

to elininate undesirable impurities &nd off-flavours.
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Rate of Distilistlon.

Young (3) slow and regular distillation wiil give a mere
seleative separation of lmpurities. Differeat retes of
distilletion will give different distribution of ispurities
in the distillate. Elliet (2) In brendy-meking in France
the distillasion of the spirit fraction vhich amounts to
80=-85 gallons for & still holding about 220 gnllons, ooe~
upies from 10 to 11 hours, while the whole distiliution

oceupies from 16 to 18 hours. This is a verydiow rate of
distiliation. Schidrowitz (L) By vigorous distillatioen
certain impuriticc as Susfuwal say be formed.

It is well-kmown fact that in distillation, those sud-
stances with a higher vapour pressurs (i.e. lower B boiling
point) will tend to distil over first. Conssquently the
aore volatile substances as aldehydes will accummlate in
the foreshots to a greater extent, and the slower the dis-
aillation the more marked should this separation be - Young
(3) Young (3) The distridbution of the impurities is, however
slso affected by their relative mixibility with the sleokol=~
water mixture. The rectifying action of the noek of the
still will eause Rifferences in the distiridution alse, and
the longer the neck the greuter will be the degres ,of vie~
tification and the more marked should be the separation of
the variocus constitusntis.

G. Buttner and A. Misrmeiater (5) studied the course of
distillation and found that aceialdehyde diatils early,
furfuraidehyde at the middle of the rum, while ecters and
Righer alechols distil wmore or less regularly end no
appreciable partition is effected.

Acetaldehyde B.Pt. 21°C. would maturally be & foreshot
impurity, while it might be expected that ecters (ethyl
agetate B.bt. 77.15°C most prominemt) would distil over

at about the same rate as ethyl alcobol (B.rt. 78.49C).
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Higher aleohols whose boilings peint range from nearly
that of ethyl aleohol to about 1h0°C aight be expeated
to be present in nearly all freections, dut should tend
to @eoumulate in the later ones, Purfural B.rt.136%¢
should tend to concentrate in the "tail” fructions.
L. W. Cornell and R.E. Kontanna (6) showed that acetie
aeid (principle volatile acid in wine) distilled more
or less regularly from atart to finishe

D. Zhe separation of the "heads" and ¥Tails" - is an important

factor in deterunining the final composition of the
product.

It 18 a comon practice in sustralia in the distillation
of brandy spirit to run the still on *hesds™ for a
considerable time. By doing this & large proportiom of
the more volatile lupuritics are removed and the spirit
obtained will be wmore mesutral,

The distilation of wine for brandy in Frence is conduct~
€d on very different lines - Elliot (2). A very small
proportion of foreshods 1s separated, and the cowmposition
of the spirit frection will be affected as & result.
Where poor guality wine or wine obtained from mare is
distilled, continuous stille are used to give & higher
degree of rectifioution and thus aid im separating the
greater bulk of the ispurities. The product from such
8tills is, however, of lowgulity.

It may be concluded ther that the cogposition of the dis-
tillxte will elter wiih the xwethod of separation; this
composition will vary considerably and 1is dependant upen
the gudgemsat of the distiller,

The results of analysis of h9 Australian brandies cbtained
frea a reliadble source chow Lhat groups of samples of

apparently the saue origin contain sinmilar quantities of
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vecondary constituents. This further shows that the
method of distillation hac a very important bearing on
the composition of the dimstillate, and that with
systematised distillation methods, standards of composi-

tilon to give the best guality produet should be able to
be laid down.

IV. Changes in Cowposition during Storajge.
The composition of brandy is subject to change, bdoth
physical and ehemical, during storage. Allem (L).
The chief physiosl changes which it undergoes are a
slight increasef in alechelie sirength (about 1%)
and in total acidity. Resins, gums and tannins are
extraocted from the wood, and are in part responsible
for the isproveasmt and sllowing of the spirit,
The chief chemical changes (1lh4) consist of an incrcased
aldehyde, a 01d, (both fixed and weolatile) and ester coa-
tent, the laticr being formed Dy the esterificution of
th¢ aleohols and aclds present, this change being subject
to an equilibrium constant which is oniy ob%ained after
long periods at ordinary tempuratures,and occurs when
two thirds of ithe equilibrium mixture is csterified.
¥hatever the modifications in compoasition of the brandy
occurring during maduration, there gust be in the newly
distilled epirit scome optimum amount of ispurities whieh
will give a fimal product cf highest gquality for the

type of wine from which 1t wae distilled.

A considerably amount of work has been done on the "judge-
aent® of spirits. lost authors atate that spirits cannmot be Jjud-
g ¢d on results of analysece alone, but by combining analyscs with
tasting. Hehner (7) Analyst = 1905 - says that the quelity of
brandy cannot be judged hy the smount of ispurities preseant, and
a2leo that esters fluctmate as widely as other lmpuritics. He says
that too much imrtanéc is attzched to the ester content.
Quoting Heraler and Booth 1883, he says that the nose and palate
of a brandy are bstter reagents for quality snd purity than re
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are chomical meand. This was also recoumended by FPresenlius

1890, Sell 1892, Bersch 1895, and Koenig 190h. (Amalyet 1905)

(7). Hehner says that, taking all circumstances into con—
gideration, it follows thiat the amount of impurities (Coefficient
of impurities) 1s largely an aceidental quantity, applicable under
proper restrictions, to products made in the same way from approx-
jmately wgifors erude products, but not sppdicable to all brandies
ailke, not useful for fixing a atandard.

Dr. Schidrowits (7) did not asgree that it was an impossible matter
to practically substantiate the genuine charueter of & spirit. He
said that of the analysis done, the ssmples did not represent those
coming from the still~heand, There was practical conditions under
which samples might be taken 50 as to enuble it to be chownm withia
what limitc the different qualities arc types of brandy did wary.
It 18 cvident that there is no definite relationship betwecean the
quelity of a wature brandy &nd its composition, But there is possibl
some relationship between the cowmposition of a newly-distilled &
apirit and its potential quality.

P GENERAL REVIZEY OF LIT

The coxposition of a brandy spirit is determined by the
type of rew produee, the type of still uzed and the method of
distillation.

In the methods of Qistillation the chilefl coneiderations are
the strength at which the spirit 1s dintilled, the speed of dis-
tillation, the distribution of impurities in the fractions of the
distillate and the separation of the "heads™ and "talls” froam the ep
spirit fraction.

French brandies are usually ocunsidered of high quality, and
French met!wda of dictillation differ considerably from the
Australian methods.

The composition of the braidy is wmodified by changes
ocecurring during storage.

The composition of commercial brundies varies consideradly,
and there appesars to be no relati-nahip between composition and

quality, but there may be nome methods of estimuting the potential
quality of a newly distilled spirit by analytical methods.
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1.

12 Samples (including & cognac) of wvarious ages were
collected from various wineries and distilleries throughout the
gtate. Full particulars of manufacture including variety of
grapes used, itype of still, and type of storage as well as age
end strength were supplied withach sawple.

2. The gtall,

A one-gallion copper still of the pot type. The Bource
of heating was an electrieal hot-plate having an afjustable heat~
regulator. The s8till was comected to a metal tudbular condenser.
3.  ¥ine Used. _‘

A dry white wine mmde from Sultamna. Vintage 1938.
Alcoholic strength 21.)% P.8. Volatile acidity 1.2 grem. acetie
aecid litre.

A B A o
See Appendix.
A ) 4 B M E A o
This was divided into 5 sections as follows:s-

Section I. A Comparisom and study of the results of abalysis
of commercial brendies.

I13. Comparison of the composition of successive Cractions
oblained during distillatien.
" (Rote: A comparison drawing between I and II).
11x.
The efféet of the rute of distillation on the distri-~
dution of impurities (secondary constituentis) amongst
the fracticns of the distiliate.

Iv. A comparison of the composition of the "spirii” fraet~
ion as obtained by separation of the “heads™ and
*tails® on Prench methods with that obtained on local
methods,.

A\ ) Other Pactors 4ffecting the Ester Content of a Brendy.
(a) The relationship between the volatile acldity
of a wine &and the ester content of the apirit dis—

tilled from it,
(®) Changes in Ester Content during storage.



The Samples were anulysed for esters, aldehydes, volatile and
total scids. Por methods of analysis v. Appeddix.

Also examined by nose and palate to discover any relationship

between couposition and quality.
RESULTS OF ARALYSIY

ACE ﬂTREHGTH hﬁ”“ﬂa as ALDEHYD&S as

VOL .AGIDS as Tal. ACIDS

SAMPLE
(yrs) % P.S. Grms.BE :}yl Gras.acet G.acetic aci an
acectat aldehyde/ 100,000 gre.acetle
100,000 100,000 parts Abs. Ale.acid/
parts Abs. paris Aba. 100,000
Alce Alee parts Abs.
Alce
p | 1 35.6 0.P., 37.h 7.5 9.0 9.1
2 3 3&03 O‘QPO EOS 903 06 hl.9
3 5 32.5 0.Pe W75 33.h4 25.2 37.7
5 5 23.5 0.7 585 22,0 %.o 102.9
6 2 10.0 OsFe 3hed 79.2 36 .0 218
7 7 170 U.P.  TheO 15.0 61.7 97.3
8 20av z.s U.Pe Fhe0 20.h4 79.2 127
9 1 2 0P 22.0 13e7 19.2 32.3
10 h 5¢5 0P 38 .0 18.0 Kh.8 66.1
11 3 53.0 U.P. 163.0 264 110.6 175
12 - 23.9 UL, 9.0 2h.7 7hel 117
Cogmag

There is a very wide variation in compesition and this wmriation

{8 to some extent proyortional to &age.

Esters increanse due to the esterification of acids anéd aleohols,

the latier being oxidised to aldehyde, whieh also increases with

age. Volatile acids alae lncrease due to the further oxidstion of

the aldehydes to acids.

Total acids increase due to substances

extracted from the wood, a8 well &s to the increased volatile acid-

ity. There waere very marked differences on nose and palute, Nos

8 mnd 12 being by far the best quality brandies.

It is signifioant t

that both have & high quarlty of impurities, and that the verious

constituents occur in approxicmutely lhe same proportions. How-

ever, boih are old brendies and their composition cannct very well

be compared with that of the young brandies.

The composition of the young braendies and brandy spirite shows &

noticeably low guantity of iopuriticese
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Apart from Nos. 8 and 12 most outstunding samples were Kos 9 and
10, doth of whichwere a very Reutral spirit as might be expsoted
by the small ampunts of ismpurities present. On the other hand,
Ko 11 very high in impurities, was a very poor quality brandy,
and 1ts high volatile acidity might cven suggest that the wine
from which 1t was distilled was slightly undound. Samples 1,

2 and 3. lo¥ in impuritice were of poor quality and definitely
lacked "character”,

Definite conclusions cannot be drawn, but it is evident that the
quality of a brandy cannot be gauged from {ts composition. The

compoeition of a brandy made in the same way from the same faw

Produce way possibly determime its quality, but brandies made from

dissimilar ruw produce apparently have different optiimum amounts
of secondary constituents. Another significant point is that
those samples having & eomparatively high wvolutile acldity also
have & high ester content, while the aldehyde content appears to
have no relation. This may be due to methods of distillstion
but is more probably related to the eaterification of scids and
6lecohols. Increased oconcemtration of acid will give incressed

ester content.



9 distillations of the wine with hot-plate running on HIGH were
made, the distillute being collected until all of the alochel

had dirtilled over.

Amount of exch charge = 10,230 als.

Asount of each distillate oolleected = 3,890 mls.

Total amount of disstillate (low wines) collected = 3,890 X 9=35,010mls
The distillates wore bulked, and then divided into 3 charges of

11, 200 mls. sach. T%The remminder wan analyned for aldehydes, esiers
end volatile aocids,

Each ocharge of 11,200 mls., was distilled separately, and each dis~
tillate wus divided inte 11 freotions of 40O mls, each, and one
large fraction of "tails®,

Coryes, onding frections frow Distillations I and IIl were bulked
saking in all X] fractioms of tsils. The tiue for eamch fraction

to distil was redorded.

Both series of fractions were ammlysed for aldehydes, esturs 1 and
volume acids after determining the alccholic strength.

For methods of analysis see Append ix.

DESULTS. V. BOCTION 111. For the sake of conveniemce resulis

of LECTICHS II and II1 and the conclusions drawn from them are
grouped in SECTION IIIX.
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Seetion 111,

The Effect of the Speed of Distillation on the Distribution of the
- Secondapy Constituents in the Fragtions of the Distillute,

The same materials and wine used as in SRCTIOR IX.

The hot~plate was run on LOV to give a mlower distillation rate.
The 8%ill was lagged to give a suitable distillate flow for the

amount of heut applied,

6 distillations of wine were made in the same mamer as before,
The time for the completion of distilletion was noted.

The distillates were bulked, and two charges as before ware sep~
arated, the remminder being analyred se in previous seotion,

The charges were distilled separately, ecach distillater being
divided into 11 fractioms and “tails” as before. Time for esch
fraetion to diastill was recorded.

The fractions were analysed and volatile acids and alechol as

in previous section.



THE _ WiNE.
FARTICULARS. HIGH ¢ ED. oW 9PRED.
Duration of distillation 2 hre, 25 unins, 13 hre. 35 mins

girgg?th of the digtillate
1OW WINES) . h’o% FSe !JBQ% P eSe

Anal 8 of ¢ low wines

(1) E=sters as grme. ethyl
acetate/100,000 parts

abs. alce - 182 191
(2) Aldehydes as grus.

acetaldehyde/100,000

parts abs. alc. 26.3 274

(3) Volatile Acids as grms.
acetic acid/100,000
parts abs. aloc. 27.0 19.2

D187 ATION ARD I .

FRACTIOR STR. TIME to ESTZRS a8 grme. ALDMMYDLS as grms, WL..CID8 as

O, % P.S. distil. ethaylacetate/ acetaldehyd gMmus.ucetie
ming. 100,000 parts 100,000 parts ae¢14/100,000
abs, ala. abs. aleoe. parts abs.ale.
1l }6.0.0-3 . 8 735 57.6 !-170‘7
2 36.8 - 8 !300 ’1'&05 ’!,-!-oh
3 35.9 " 8 246 31.0 28.9
h jh.h N 9 1 19.5 19.
5 53.1 " 9 53.9 11.7 16.
6 30.0 = 9 . ”05 6.7 1!]..3
7 26,5 " 8 27.2 6.1 13.5
8 22.3 * 9 29.h 2.1 15.6
9 16,1 " 10 38.8 2.6 18.5
10 6 * 113 52.7 1.9 26.3
11 Te3Usk e % T35 33 5
Tails 69.2U0.F. 12 123 10.3 2
P1STILIATIOR MO« J1o
FRACTION STG. Time to ESTERS a8 ALDEHYDES aB VGl.. ACIDSas
NO. 4.9, dlatile. gras, ¢thyl gras.acet~ groa.acetie
in Xins. acetute s#ldehyde/ 4014/100,000
100,000 100,000 parts parts abs.al
parts &bs.alc. abs. ale.
1 361 Cere O T e 61.2 605
2 6 " 8 106 h6.1 49.6
3. j5o " B 2'&9 3102 jsol
l‘. ﬂ}. Gy 9 115 20.'-‘ 22.
5. )3.2 " 9 56.9 11.7 17.

B8 ble continu overl
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w;&.ﬁz;gﬂ !9- l; ‘Qonslﬂgﬂ! °

PRACTION JTa. Time to E3TLRS as »LUEHYDES as VOL.ACIDS as

NC. % FeSe daistil grun.e:?yl grow,.a0@t- gras.acetie
in ¥ins., acctat anldehyde/ a6 14/100,000
100,000 purts 100,000 parts parts abs, alea,
ab’. ala. abs. &le.
6 ”oh Ceks 9 32.7 6.&0 1'1.9
7 27.1 ¥ 8 27.8 3.98 13.8
8 22,8 " 9 31.0 2.57 16.0
9 16,9 * 11 38.2 2.19 17.8
1 Ehue. B 273 % haro
TAlLS 68.8 * 132 120 Te3® 28.2
o 0¥ _ GrZED.
FRACTION 57G. Time to ESTERS as  41LDEHYDES as YOL. ACIDS &8
X0. % i a8 distil grms.ethyl gras.acetalde- grms.acetio
Mins. acetate hyde. 100,000 aci1d/100,000
' 100,000 varts abs. sle. partes abs. ale.
Jarts abs,
ﬁlﬂ.
1 35e1 Oer e 38 559 Bli.0 Ih.0
2 33,8 " hiy 282 .7 18.h
> 31.7 3 § 136 25.9 16,1
i 29,5 " ?B 68,h 15.8 1h.7
5 26.7 " 12 h6.1 8.89 12.7
. #3: B 3 iz
. ' o te °
8' 11,6 *~ 60 h6.9 3.3& 19.0
9 2,9 * 54 58.1 helih 27.1
m 9.9 Usko 61 7!1. 5-60 hl.h
1 9 ¥ 68 102 7.79 68,7
T4lls T75 " 1 hre. 271 2.9 h3.3
FRACTIOR 67Ge Time to L97ERS se ALUDEHYDES as VOMACIDS as
MO, % 548 distil greB.ethyl gres.acetalde~ gras.tcetie
Mins. acetute hyde/100,0600 aci1d4/100,000
100,000 parts parts abs, parts abs. alc,
abs, alece &le. '
p 3310 oF » 37 535 5ol ITel
2 32,9 3 . 276 hl. 18.8
2 31e Jz 3 23+ e
29.1 j S5e7 5.8 1h.8
6 22,1 '33 3.7 6.48 15.6
7 17.h 5.0 3.98 16.9
8 10.0 Y 4 9 h.02 21.1
1 18:9 s 78 592 a2
o ®, ® e > L]
11 29,7 go 105 Te7h 73.8




The alaocholic strength of the low wines by high and low apsed
distilletions show a difference of he8% I'.S. This is inexplicable
a8 the same amount of Aimtillate was collected each time, and the
strength of the distillate at the end of each distillation was 100 U.F.
The sater contunt of the diztillate obtaéined by low specd dintillation
is significantly higher than that of the distillste obtained by high
speed. This may be caused dy a loas of asters due to imcomplc_to
condensation when distilling repidly, or to the foraation of more
esters during the longer distillation.
The difference between the aldehyde contents is not signifiecant.
The lower volatile acidity of the low wines by slow distillation is
explained in a later paragraph.

e dis ioa of th irit Fractions
The rate of di:ztillation The results show that the Qifference in
the duration of distillation by high and low spesds is very considera-
ble being in the ratio of at least 1 3 5, 80 that any difference in
the diastribution of impurities due to varying the rate of distillation
should be éhown by the results.
Graphs huve been drqwn showing the distribution of alecohol, estecrs,
aldehydes and vol. aclides in the fractionas of the distillate, and the
sffects of the rate of distillation of thelir distribution.
sach conatituent is dealt with sepurately hcreunder:

(1) Alcohple By rapid diztillation the strength of the distillate
rewaine fairly constant for the firat part of the distillation
but after the 5th fraction the astrength drops gradually 1n
inereus ing amounts. %hen d1:tilling slowly the stirength falls
gradually from beginning to end in inoreasimg awounts. Thus
when diestilling plowly the temperature in the still will
incresse¢ gradually, and impurities will distil over uore
uniformily, and thelr separation should be more mmrked. The
lower atrength of the fractions by the slow distillations
is probably due to the difference in strengths of the low wines.

(2) gsters. By rapid distillation there 12 & sharp decrease in
esters from the first to the fifth fractions, but from the

5th to the 10th fractions the change is not appreciablp.
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. " Agcording to Australian methode of separating the "heads" and “tails™

fractions, 1 to 3 and posaibly h would be ceparated as "heada” while
fractions 10 and 11, owing to their low strength, would wos$

probably be included in the *tails”. This leaves freotions 5 o 9
(inclusive) as representing the spirit fraction. The averange ester
content would then be about 37, which i3 not high encugh to satisfy
the customs authorities of certain l:.portiing countrhes. On consult-
ing the results of analysis of commercial brandies it 18 noted that the
average ester content of the samples (exsluding the semples 8,11 and
12, none of which are really typical) commercial brandies in Australia)
is 39, which agrees remarkably well with the above figure. The above ®
method of aseparation is probably a failr indication of Australian method
The rate of distillation has econsiderable iafluence on the distribu—-
tion of the esters throughoul the distillate. %hen distilling slowly
the ester content of the first fracticns is not so high, eand the
decrease is not so sharp. The value for the middle fractions is not
so low, and conacquently the e¢ster oontent of the spirit as obtained
by the aforesaid method of separation will be higher. The actual
value i3 16 as compared with 37 obtained by rupid distillation.

In both rates of distillation there 18 a gradual increase of e¢stere
after the 6th and Tth fraoction, and consequently by leaving this
middle portion of the distillate out of the spirit fraction, the

asater eontent of the latter would be increased. However, this is

rot practioable, and probably the best spirit is obtained from this
portion of the distillate,

As the boiling points of ethl aloohol and ethyl acetate {(prinsiple
ester in spirit) are very close to one another (78.h°and 77.15%)
respeectively, it would bethought that these conastituents would distid
over at approximately equal rates, and the dig difference in the
manner of distillation of these two constituents is difficult to

txplain.
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A8 with esters there is u sharp decrease in
aidechyde content in the first few fmctions of the dis—
tillate. There i8 only & slight fall from the Sth to the
9th fractions, when the auldehydesbegin to incresse again.
However, aldehydes are not as important cenntitnenﬁ a8
esters in brandy, snd thelir elimination receives move
attention. It may be meen from the greph that any attempt
to eliminate aldshydea will have a considerably greater
effest in eliminating esters,
Slow distillation results in & more gradual elimination of
aldchydes, and by scparating the "heads" and "tails"
aoccording to above methods, will give & elighly higher al-
dehyde content than rapid distillation.

(h) volatile 4gide, Greatest differences due to wverying the

speed of distillation are noted in the distribution of the
volatlle acide.

By rapid distillsation the firet few fractions are compaur=
atively higr in volatile acida, there being a sharp deorease
from the first to the rourm'rracuon. when wayiations beoome
reletively smmll. The amount gradually dcoreases up to the
seventh fraction when a 8light increse in each frection becomes
noticeables Marked increses are noticeable towards the end of
the distillate.

By slow distillation the firet fractlions show only small anounts
of vol. acids. Thers is & significant rise from the first to eh
the secoond freactions while variationa from then on are amall,
except for the latter part of the dinstillate whem & wmarked incres
oacurs. The value for the taila for the slow distillation is
vsry much greater than that for the rapid distilletion, and it m
be concluded that hy slowing down the rate of diastillation the
volatile acids will tend more so to concentrate in the tail
fractions. This explagns the difference in the volatile

acid values 4L the low wines.
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By distilling slowly less of the volatile acids are drivea off.

It might be expected thet the volatile acids would accumulate

in the latier frectionc since the bolling point of acetio acid

(116°¢c) 1ic much greater than that of ethyl alcohol.

The same wine was used as in the pravious distillations, but 4dituled

%0 a lower strength, and left for 5 weeks to allew thse conotituents

‘ to regain their equilidbrium,

Three distillations of wine were made, and the lovw wineas bulked and

re~distilled, the dietillate being divided into heads, spirit and

taile frections, according to French methcds as given hy Elllott (2).

The spirit fraction was separated dnte I minor fractions, which were
anslysed for esters, aldehydes and volatile «cids as well es alocholile

strengthe.

£aRTICLLARS

FRENCE METHOD

LXFERIMENTAL METHO.

Sirength of wine

8% Hene DY Wee=1Te3dEE 4G

Amount of wine diatilled 3 ocharges of 1000 iitres

Amount of low wines
collegted

gtrength of low wines

Amount of low wines
distilled

Amount of "heada®™

gpirit fraction
(3trength)

Time to distil spiris
frection
"Paila®

Strength of "taile"

300350 1litrea from
each 4distillation

20-24% A by wl,
=46.90% P.8. (average)
1,000 litrea

3 =5 1itres

360=380 litres

60% A.A. by wh.
2 118.6% Pe3e

10 - 11 hours
200-22% litres

16-20% 538 7 Tlverage)

17.268 P .S,
3 charges of 10 litres
(= 10,000mls.)

233 litros for each
- distillation

21506% PeSe

10 litres (ul0.000ﬂls.
Ol litres (=h0uls.)
3.7 1itres (=3,700 ml

lwo% Fe3e

71 hours.
2125 1itres (=2.12%nm

mP.s.




20.
RESULTS -
Analysis and period of Distillation of Spirit Fractions (2925 mls each).

FRACTION STRENGTH TIKE 70 E3TER as ALDEHYDES as VOL.ACIDS as
NO. % i3 DISTIL gras, ethyl grams.;.cetalde- grms.acetic
: MINS. acetate hyde.100,000  &e¢1d/100,000
100,000 parts parts A. A, parts A, A.
he Ao

1 29.l4 0.Fr. 80 250 35.2 17.6

d 21.2 " 91 ’!2.9 10.9 1903

3 6.0 ™ 115 h6.1 h.03 29,8

[ 28.8 U.r. 150 89.6 5.07 8l.1

HOTE. - Average strength of Fractions 1 - hx6.9 O.P.
Ly o = o l - 3:18.8 Qoei o

DISCUSSION OF REGULTS OF ANALYSIR.
There appears to be some discrepancy in the figures given by Elliott

(2)¢ The stirength of the low wines are practically the same, but the
strength of t:e spirit fraction, which should, according te his figures
be about 18 O.F. is only 6.9 0.FP. The strength of the "tdla™ 1is
about 12% P.3. while the figure given 18 about 39 £ F.S. By excluding
the fourth fraction from the spirit running, the average strength of
the latter becomes 18.8 0.P. while thestrength of the tails is ralsed
to about 39% P.3., It appears therefore, that the figure for the
spirit-frection is at fault¢, and by transferring the last quarter of the
spirit-running to the "tail" fraction, both the strengths of the spirlt
and tail fractions would be rectified according to his figures.
Moreover, the strength of fraction L is rather too low to be included
in a spirit-running. Therefore, fraction 4 is to be considered as
part of the tails in the analysise The sccondary constituents are
dealt with hereunder.-
(1) [Esters. - The average ester content of the fractions (1=3)
i8 113 which is considerably higher than the figure obtained
by Australian methods (v. ECTION IIl), and also that of

commercial Australian brandies (v. SECTION IIX).
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(2) Aldehyde. On the other hand the figure for aldehyde is

5lightly lower than that for comunercial brandies
(ve SECTICH II) the average ( frections 1-3) being 16.7
The average figure by Austrelian methods is oven lower
lower being about 5.5 while the figure f@r t‘he‘ better gquality
brandies is just over 26.
(3) Yolatile Agids - The figure for volatile acids is fairly
typical for comuercial brendies, the average ( fructions
1-3) bdeing 22,2, In com,.arison with australian methods
this figure in £lightly higher,
QERIPAL CBSERVARIOHS AND CGONCLESIONS.
The ester content of the best quality brandies lnnalyud was signifi-

cantly high (90=100) (v. “5CTION I}, while the uldehyde content was
about 20.

It appears thercefore, that by distillation and :eparztionm according to
FPrench methods, a relatively high eater content may be obtained with-
oud necessuril; increasing the uldehyde content beyond the figure for
commereial brandies.

By distillation according to sustralian wcthode {ve SECTICN IXII RESULYS)
in order to obtain a hi;h ester content more of the “heads® fraction
mist be included in the s.irit-running, the proportion depending upen
the rate of distillation. Aldehyde conteént of spirit, as well sas
esiters, will be increased as a resulte The slower the mate of dis-

tillation the more of the "heads" fraction will have to be included.

1Y In considering the rete of distillation other conatituentis, as
volatile acide and &8 ldehydes are affcoted. Separation of less
*head” fraction will greatly increase the volatile acidity in
a rapild distillation, but only a slight increase will result in a
slow distillation. The differences in incremse of aldehyde
depending on the rate of distillation will be inaignificant,
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Bection V.

ther Facto 1ffect e Lsier Con=-t% of a Bran

irit D1

g
¥ine Usgd = A dry whlte wine of fairly low wolatile acidity.

8 litres of wine were divided into four 2 litre portions in large

Florence flasks, A,B,C, and D.

hoetiec acld was added to B and D to reice the volatile acidity
about 300K.

Volatile acidity of the wine in each flask was determined.

The wine in all flasks wuz then boiled under reflux for varying

periods.

EORE_¥ This hcating should have similar affect on ester-develop—
aent a3 storing the wine for 12 monthe in the presence of
the added acid.

After heating ithe flasks were coolded, and a fractionating
head and condenser fitted to each flask.

Exactly 250mls. were distilled intco a flask frcm @8ach one, &ny

loss of alcohol vapours beiny prevented by weans of attaching a

mercury trape

Ester detemainations were made on the i distillates.

RESULTS -

FLASK KO. VOLAT ACIDITY. TIKE OF ESTER CCHTZENT as
grms./l acetic ccid REFLUXING. gras. ethyl acetate/
(hours) 100,000 parts aba. ale.
A 0.52 1l T70.9
B 1.69 1 83.1
¢ Ce52 21 71.h
D 1.69 23 82.8




Prom a commercial point a view a dry wine having a volatlle acidity
of 1.69 grms/l. acctic acid would be considered mont probably
"pricked”,

There 18 a signigicant increasc in ester eontent due to inareaaing
the volatile aeidity of the wine, the inoreaxe being about 10 yfs.
ester as othyl acetate/100,000 parts of sbs. sle. for & three-~fold
inerease acid, the ti.e of refluxing having very little influence.
&llowing & wine to beoome "pricked™ ito increas: the ester content ol
the spirit to conform to regulations should be unnecceassary, and, on
the baasis of this ex.eriment, is unlikely %0 glve any useful
increases, hesides being undesirably in that good brefdy, accorking
to literaturs, can 4nly be wade from sound wine.
The volatile aciditly of a wine has only & small influence on the
ester content of the spirit distilled from it in comparison with
octher factors as the separation of the "heads" and "talls" from
the spirit fraction,
B. Changes in Ester Content During Storage.

- The fractions from distillations Kos.l and III (bulked) by

"high speed™ (v. SZCTION III) were re-analysed for o:ters
ubout 3 months after the original annlysés were made.

RESULTS.
FRACTIOR GRIGIEAL ESTER VOLACID CONTENYT ESTERCONTENT CHANGE 1IN ES8T
KO. CUNTLET in in grus.acétic in grms. oth}l in grs.ethyl
grus.ethyl ae1d/100,000 acetate/100,000 acctate/100,0
08t te, »000 parts abs. alce parts abs, ale. parts abs. al
parts aba. ale, after 3 months.
1 17 » 580 155 decrea
3 246 28.9 16} 82 "
h 11k 19.7 83.3 30.7 *
5 539 16.6 5. 8.2 ™
6 30.5 4.3 28. 1.9 *
Z 27.2 13.5 23.h g.s &
29.4 15.6 20.7 o7 "
9 38.8 18.5 355 3.3 "
10 52.7 2643 50.8 1.9 *
11 735 h3.3 735 .

|8




There is a very marked decrease in esters in those fractions high
in ester, while in those whose ester content is relatively low,
the change is 1naign1r1mn§. A freshly-distilled brendy spirit
with an eater content adove 160 is liable to a loss of esters on
storage, and the decrease way be as high as 30%.

This deocresse may be due to eveporation losses, but is wore

probadbly due to a reversion of esters to alcohols mdm
to form the equilidrium constant.

lecules of cate lecules of water
ecules of & olecules of acid.

whieh occurs when 2/3rds of the @quilibrium mixture 18 esterfied.
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le A number of seamples of commercial brandy have been analysed

and the results show considerably variations in the amounts

of secondary constituents present,

The course of distillation has been e2tudied and results ahow

that (1) there is & gradual change, very merked in the earlier

fractions, in the compoaition of successive fractions.

(2) there is a definite relationship between the

composition of certain fractions of the distillate and

the composition of commercial brandies.,

III, The effect of the rate of distillation on the distribution of

secondary constituents has been determined, and the resulis
show that =

(1)

The rate of distillation has an important effect on

the distributlon of secondary constituents especially

volatile acids and esters, and the chief features

are -

Qe

be

Ce

d.

With a fast rate of diestillation the decresase
in alcoholic strength of the first fractions is

small, with a fairly rapid decrease in later
fractions.

With a slow 41stillation rate the strength falls
gradually in increasing amounts from start to

firish,
The separatiaon of esters is less marked by
distilling 2lowlys = = ,

The rate of dletillation has no marked affect om
the distribution of the aldehydes.

But has a very marked affect on the distribution
of volatile acids,

By rapid distillation the earlier fractions are
high in volatile acids, which by slow distilla-
tion there is a tendenoy to concentration in the
"tail" fractionse :

IV, A distillation was conducted on French methods and results show

that -~

(1) The FPrench methods of distillation differs greatly
from the usual Australian methods,.

(2) The composition of the epirit is high in esters while
the aldehyde content is relatively lowe
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V. Two factors affecting the estey content of commereial Brandy
vere stutied, and resulis shewy that -

(=) The wvolatile acidity of the original wine has only a
slight influence on the c¢eter contens.

(b) The ester content is nnbly‘ to change during storage
and in epiritas very high ip esters this change may be
considerably.

The general conclusions drawn are that =

le The composition of a brandy spirit is determined mainly
by the manner of separation of the "heads” and "tails"
from the spirit fraoction.

2. The rate of distillation hac a less important influence
on the compositien.

3. The wanner of diestillation of Freneh brandies is mainly
res;onsible for their high ester content, and similapy
results should be able to be obtained in Australisn
distilleries by modifying distilling operaiions.

he. The coeficeivnt of impuritiecs ia dirferent brandies will
vary due %o munercus ocsuscs, but the manner of distilla-
tion will have moat influence on this quantity, and
their is probably dome optimum ampumt of impurities for
& brandy made frem similar raw produce and hy the sams
smethods of distillation which will give it a high
potential uality.

b W 1. 5 G 5 M
Acknowledgenent is wmade to those firms who go willingly supplied
samples of brandy for analytical work, and te A.R.Hickinbotham,
BeS8ey BulaFeop L.4eCeley for advice throughout the work.



Por the determination of esters, the method given in the A.Q.A.C.
was followed, with one modification, viz. the time of refluxing.
The A.0.A.C. advises 1 hour ae the tiue of refluxing. Hossack (9)
mentions that a shorter time of refluxing (vim. 10 winutes) is
sufficient.

Ester deteruinations were made on two samples of spirit of fairply
high eater content, the refluxing being carried out for varying
tiies, viz. 60, 30 und 15 minutes.

¥L3. ESTER CONTANT as grese.
T ethylacsta te/100,000 parts

of absolute aloohel.

1 60!]1“. 29 oho 517. ’..l
60 * 20.52 519.5
30 " 29.h6 518 .5
% * 29.h5 518.3
15 » 29.h2 5173
15 * 29.h8 518,.9
2 60 * 12,82 225.6
60 * 12.;;[ 22h,8
i5 * 12. 225.3
15 ¢ 12.8h 226.0

Prom these results 1t is: evidept that 15 minutes refluxing is
quite suffieient, and 51;‘“ Just as relimble result: as refluxing
for 1 hour. The small diffcuﬁcu above are within the limita of
experinental errcr.

The Determine tion of sldehydee 1. n Spirite

Owing to the inconsistent results obtained By the A.0.A.C. wethod
(10) method of determination outlined im the inalyst 1935 ( ) sad
also outlined by Joslin and Couar (12) was chosen. This wethod
gave consistent results, and was used with one wodification vis.
The colour of the iodine was used as an end-point as this gave a
more dslicate eénd point than sturch whose aaotion is affected by the

aloohol present (13).

Algohel ~ determined by Sikes glass hydrometers dircetly in

the spirit,.
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Yolatile acids -

(a) for brandies the determination was ihe seme as for
wines. The 0fficial Method of the A.0.A.C. using
a Settler tube and phenolphthalein as indicater
was used.

(b) for the fresh distillate direct $itration with
K/10 NaOH using phemolphthalein as indicator. (All
of the acid prescnt is yolatile).

Total Acide -~ by the Orficial Method of the A.0.A.C. using
phenolphthalein &8 indiecator.
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