112 REFORT OF THE

PART IV.

DISTILLERY EXPERIMENTS AT THE GOVERNMENT
LABORATORY.

Since the results published in the previous report for 1905, pages
74-118, were obtained, we have continued cur work in the small dis-
tillery attached to the Government Laboratory and a selection from a
large number of Experiments 15 here presented.

The results oblained by the class of practical distillers who at-
tended the courses in 1905, 1906, and 1907 are now given in a summarised
form. Wash was set up in a great variety of ways and with very
different materials. The figures are well worth a close study by those
interested in the economic produection of rum from the fermentable
matter as sent to the distillery.

A summary is also given of some Experiments in 1907 in which
the alcoholic production and its recovery in the commercial form of rum
are set out in relation to the sugar fermented. The practical recovery of
rum at 40 o. p. to be expected under ordinary conditions in a still-house
in Jamaica, making commaon, clean rum and using a steam-heated pot
still with double retorts may be set out as follows :—

Firat Class Management.
I gallon 40 o, p. rum from 15 1bs, sugars sent to the distillery.

CGood Management.
I gallon 40 o. p. rum from 15 to 16 lhs. sugars.

Indifferent Management.
I pallon 40 0. p. rum from 16 1o 17 1hs, supars.

With healthy yeasts and the most careful contrel a return of a
gallon of rum from 15 lhs. sugars is quile attainahle:

- With commaon, clean rum, selling locally at 2/6 per gallon, the
price obtained for our Laboratory rum, this equals 2d per pound for
sugar or over £18 a ton,

-

It is apparent that the Distillery is a department that every sugar
planter should study most closely and one that should well repay care
and the best management obtainable,
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DISTILLERS' EXPERIMENTS, 1905

EXPERIMENT 1.
MESSRS., MORRIS, NUGENT, SEWELL AND TAYLOR.

This was an Experiment in aiming at a higher quality of favour
by gradual additions to the liguor of prepared materials,

150 lbs. cane juice was allowed to ferment for 36 hours whereby it
attenuated from 17.5 to 15.4 Brix

450 lbs. of Dunder were then added and fermentation allowed for
a further period of 36 hours, then 100 Ihs. of molasses were added,
the liguor then standing at 20.2 Brix. After 24 hours, 91 |bs. of acid
cane- Juu:& at 2.3 per cent acidity were added, so that the liguor as
finally "set up’ stood at 198 Brix with an initial acidity of 1.25 per
cent—after 6 days the liguor attenuated to 3.1 Brix with an acidity of

L.} per cent.

The wash as finally set up contained 1266 per cent. of sugars of
which 1187 per cent. subsequently fermented, 0.79 per cent. of sugar
remaining in the dead liguar. The following results were recorded (—

Apparent altenuation -g Brix
Sugars fermented - B
Proof spirt produced 1: 43 7
Proof spirit per deg. attenuation 0, 106
Unfermented sugars 0.79
Acidity developed 0.35
Proof spirit on sugars fermented 1047 /. 10
Kesulis of Dhistilfation,
Yield. 466 |bs. alcohol per gallon.
58.8 gals. alcohol per 1000 gallons.
103 gals. P. 5. T o

736 ., Rumgoo.p.
Charge on attenuation 100.2 gals. P. 5. REILH"I‘I] over ‘charge.’

Krm Prodireed.

Alcoholic Strength-—  43.6 0. p.
Acidity 14.6
Ethers 1350

EXPERIMENT 2.

T

To test the effect of high setting and muddy dunder on common
clean process.
Wash was set up as follows ;. —
277 lbs, cane juice at 14.5 Brix,
502 lbs. dunder (purposely stirred up and not clarified.)
137 lbs. watcr

mmm Th = glagmmasm

MR, MUIRHEAD.
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The wash as set up stood at 198 Brix, total sugars 12,35, acidity
0.00. After 2 days, no altenuation being observed, 15 lbs. water wi
added reducing the gravity to 19.0 Brix. On the 15th as the liquor had
only attenuated 2 degrees, 10 Ibs, Lime and 23 Ibs. Cane juice wer
added. At the end of the gth day the liguor attenuited to 7.7 Brix with
an acidity of o064 per.cent.  Some acid liquor at 2.5 per cenat. acidity
was then added —150 Ihs-—and left for three days.

The dead wash stood at 8.4 Brix, contained 0.82 of unfermented
sugar and 1.12 per cent. of acidity.

The apparent attenuation was Io.6 Brix.
The liguor was distilled and th? 202 2ag result obtained ;—

Yield,
77.94 gals. P. 5. per 1000 gallons wash

§5.7 gale, Rum 49 op.
Charge on attenation equals l]lﬂ.ﬁ gals. P. 5,

The high wines used were etherised slightly with lees material by
High Ether Process and the Rum obtained gave the following results:

Kunr.
Alcoholic Strength  41.6 o.p,
Acidity 648.3
Ethers 355

The returns were therefore disappointing and the vield on sugas
fermented very low. On the other hand, Bom of decidedly impraved
quality was obtaineq.

EXPERIMENT 3.
Mr. WarcoTT.
Ordinary Setting and Frocess.

Maresials were set up as follows :
308 Ibs. cane juice at 14.8 Brix,
454 Ibs. dunder.
172 lbs. water.
125 lbs. molasses.

This wash stood at 18,5 Brix with 12.4 per ceni. of sugars and 081
acidity. In 8 days it attenuated to 6.2 Brix with 0.6 of unfermented
sugar, 0.88 acidity and ILI per cent. of proof spirit. Proof spirit per
degree of attenuation = 2.00

P. 5. on sugars fermented =g3.2 per cent.
The results from the still were as follows:
469 1bs. alcohol per gallon.
560.00 gals. alcohol per 1000 gallons.
o356 . PS5, M
vT4D . Rum 400.p. .
Charge on attenuvation - 104.16 gals, P.5.

Rum Produced,
Alcoholic Strength—=42.9 0. p.
Acidity 21

Ethers II1
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EXPERIMENT 4
MR. BELL.

Ordimary selling and process, but redwced propertion of Dunaer.

Materials set up:

Ibs. cane jmce a 16,2 Brix,
200 |bs. dunder a 14.0 Brix.
200 Ibs. water.

140 Ibs. molasses,

The imitial gravity was 19,5 Brix with an acidity of 0.5§ per cent,
In 7 days the wash died down to 6.1 Brix with an atiemmtion of 13.4 and
an acidity of L.I4 per cent. The sugars were reduced from 13.2 to 1.4
per cent. and 13.3 per cent. P. 5. was produced.

On distillation the following returns were obtained :
0.523 lbs. alcohol per gallon,
65.9 gals alcohol per 1,000 gallons.
1155 ., PS5 i :
82.5 . Rum 40 o
Charge on attenuation=113.8 P. 5.

Yield==1.§ per cent. over charge on attenuation,
P. 5. per degree aticnuation=0.093.
P. 5. on sugars fermented =08 per cent,

The Rum praduced was as follows !
Alegholic Strength - 38.9 o, .

%ﬁiy I;
Ey 102
EXPERIMENT s Wi Foikiis

Urdumiry Proegs Medinu Setting,
240 s, Watey,
250 lbs. Dunder a 14.4 Brax.
400 s, Cane Juice a 175 Brix,
84 1bs. Molasses.

Wash as set up.  Brix ib.g
Total sugars 12,7

Acidity 0.0
After 6 days the liguor dicd down,
Brix 44
b THELE: | -3 0.6
Acidity 085

Proof Spient 115

The attenuation was 13.0, P. 5. per degree attenuation 0.9;3% P S,
jer cent. on sugars fermented + 95 por cont,

On distillation the returng were ;

64.04 gals. alcohol per 1000 gallons.
lljzﬁulf.- P 5. . "
809 gals Rum 40 . p. i
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The charge on attenuation amounts to 100.2 gallons Proof Spirit, so
that a return of 13 per cent. over charge was obtained.

. The Rum recovered amounted to 8.5 per cent. of that in the liguor,
a very high refurn for a Pot Still,

The rum produced was as follows :

Alcohohic Strength 42.2 0. .
" Acids T4
Ethers [ 22

EXPERIMENT 6.
ME. PARKINSON.

Commonr Provess Hich Setting o o dtle favonr aedided,

Madericals wsed ;
250 1bs. Dunder 14.4 Hrix
400 1bs. Cane Juice 17.5 Brix
150 lhs. Molasses
10 1bs. acid favour
230 lbs Waler
Wash as st wp:

Hrix 20.5
Sugars 17.54
Aciudity 0.62

After B days the wash died down to 7.8 Brix with an acidity of 1.2
Unfermented sugar 2.04, Proof Spirit 12,57 per cent., P 5. per degree
attenuation 0.99, P. 5. an sugars fermented 84 4 per cent,

On distillation Rum was obtained in the proportion of per 1,000
gallons wash 94.00 gs. P. 5., = 67.2 g5 Bum 40 0. p. The rum was 406
0. p. with an acidity of 37 and Ethers 178, This experiment showed
that the amount of sugars used was too high for economical productioa.
The alenhol produced was only 71O per cent on the sugars in the wash
caleulating as Proof Spirit.

EXPERIMENT 7.
MR. TAYLOR.

Ordinary Process.
Materials sel up,

315 Ibs. Cane Juice 11.4 Brix
11 Ihs. Water
447 1bs. Dunder 11.5 Brix

6 lhs, Maolasses
Warsh,
Brix 14.3
Sugars 11.24
Acidity L1b

In 5 days the hguor died odown at 8.5 Brx, showing 9.8 attenuation
The unfermented sugar was 1,69, acidity 1.42.
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(i distillation, the high wines were treated with Lees lime-salts by

the High Ether Process and a rum of light body with something like a
‘tea-rum’ character was ohtained.

Awalvsiz of Rum Produced,

Alcoholic Strength 10.7 0. p.
Acidity 178
Ethers 1082

EXPERIMENT 8.
MR, STRICKER.
Wash was sot up as follows;

125 bz, Molasses
426 lbs, Dunder 12.3 Brix
293 lbs, Cane Juice 14.8 Brix

The Cane Juice was diluted with 33 Ibs, of water and allowed 1o
stand for albout & bours, then dunder and molasses added and finally

50 lbs of water to reduce the gravity of the setting.

The wash asset up was as follows . —HBrix 230, Sugars 13.7, Acidity
07 In five days the liguor had attenuated o 7.5 Brix and alter stand-
g for two days wherehy an acidity af 0.1 percent developed, the
wash was sent to the stll. The dead wash contained 1 per cent.
of tnfermented sugar and 0.4t per cent of acidity had developed during
the fermentation. On distillation rum was obtained equal to 987

gallons P.S. per 1002 gallons wash or 7o.5 galls. rum at 40 o, p. This
i3 8 per cent, under the © charge " on attenaation.  The rom produced

gave the following lactors :—

Alcoholic Strength 1.7 O[3
Acidity 17.
Ethers 144-

EXPERIMENTS IN 1906 AND 1907,

The experiments in the distillery of the Station for 1996 were main-
ly om the same lines as those published in the previous Report and it is
ol considered necessary to sel them out in detail.

In 1907 we carried out a series of experiments with Cane Juice and
Dunder and with evaporated Cane Juice under various conditions. The
fesults of 7 experiments with plain juice and Dunder at an average
Handard of 17 Brix. and 14 per cent, sugars with an initial acidity of 4
PEF cent. gave attenuations varving from 11 to 15 Brix. The production
of alcohol on sugars Termented averaped 843 per cent. as Proof Spirit
el varied From G5 1o 97 per cent,  The Recovery by ptlie Still-averaged



Lea REFJIR 1L WP INE

a5 per centl. of the aleohol in the liguor. This must be regarded as a
line return and indieates that the Jamaica Pot Still with double retort

and Steam Coil 15 a very efficient means of recovering alcohel from a
fermented liquar.

There is no doubt a good deal attaching to the skill with which a
=il is rum, but with good condensation and efficient Can Pit arrange-
ments it would appear that a liguor can be distilled in Jamaica with a
loss of only 5 per cent. of the spirit in the fermented liguor.

The Rum produced, as would be expected from the materials em-
ployed, was very light and not up to the Jamaica 5Standard. The
Eihers were as follows :

Experimant Ethers per 100,000 volumes
I — e Eﬂ-

ot maza q‘

g R 4
HE

: -~ s
b = 134

L R
|
|
I

Owr crop of rum resulting from these experiments amounting to 2
puncheons was sold locally at the pricz of 26 per gallon, [t was con-
idered of good drinking quality.
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PART V.

DISTILLERY EXPERIMENTS ON ESTATES.

Owing to certain commercial factors involved in the trade in
Jamaiea Koums | have decided not to publish for the present any of our
experimental results on estates.  The report on this work will be in-
cluded in the next publication of the work of the Sugar Experiment

SEation.
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PART VI.

REPORT ON THE STUDY OF FERMENTATIONS IN THE
-MANUFACTURE OF JAMAICA RUM, 1907,
BY—5. F. AZEHBY, B5C, FERMENTATION CHEMIST.

It had been established during the three years that my predecessor
Mr. Chas. Allan, B. 5c. had worked on the manufacture of Jamaica Rum,
that flavowr was matnly due 1o the compound ethers, These bodies
were considered as produced by chemical combination of alcohol with:
various volatile fatty acids doring and after fermentation of the wash,
and particularly during distillation. The alcohol was the product of
the action of yeasts on the sugar in the wash, but the acids were the
work of bacteria, being partly preformed in the materials wsed for
setting up the wash, and partly produced in the wash during and after
the veast fermentation, The following acids were found, acetic, pro-
pionic, butyvric, caprylhic, capric, lauwrc, all of which vielded ethers
with aleohol capable of giving varied flavours to Rum. Acetic ether was
shown to constitute about 08 per cent. of all ethersin Rum, but contri-
buted little Aavour and owing to its volatility was very transient. Butyric
ether was found to be more valuable, but the ethers of the higher acids,
eapryllic, capric, and lauric, were held to be of special importance for
giving both body and characteristic Aavour.

Az the veasts were considercd to be only alcoho! producers atten-
tion was mainly directed to the stidy of bacteria producing the valuable
acids. One such bacterium was isclated and the conditions under
which it works determined (Report 100b, pages 136-137). A microscop-
ical examination of washes showed the prescnce of two veast tvpes,
distinguished by very diferent modes of multiplying ; to the one type
helonged, the aovel and sawsage shaped forms which multiplied by
budding (Saccharomycetes] whereas the other type reproduced by
division through the middle of the cell, that is by 'fission.” [(Schizosac-
charomycetes).  The oval budding forms were alone seen in cane juice
washes, bul the fission type was found to be the characteristic ferment-
ing yveast of bath common, clean and favoured ruom washes. The latter
kind could not be isolated, and indeed no systematic experiments ap-
pear to have been made with anv of the veasts.

Mr. Percival H. Greig of Westmoreland was the first 1o isolate a
mumber of Jamaica Disullery wveasts, and to study their action on
washes in a state of pure culture. In molasses and dounder which he
| took to Jorgenzen's Laboratory in Copenhagen in 1893 the fission type
of yeast was discovercd and studied {or the first time. Greig continued
| towork with these yveasts in Jamaica till 1896 and published reports
of his results in the Bulletin of the Botamical Department {March,
Aupust, and September 1895 and January 1896}, He| oserved marked
difersnces in the time required for fermentation, amount of attenuation,
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and aleohol-yield with different yeast, and drew particular attention
to a slow working top fermenting fission form which alone was
able to produce an agreeable flavour in washes. He recopgnised the
importance for flavouring of fruit ether in rum, but appearcd to think
that these bodies in so faras they were not contained in the original
jmice of the cane, could be produced at will by pitching the wash
with a suitable flavour engendering yeast. On these grounds he stronge-
Iv advocated the employment of pure yeast cultures in Jamaican Dis-
tilleries, and insisted that the distiller should strive to suppress the
action of bacteria.

As previously indicated Mr. Allan took up the precisely opposite
view, pushing the yeasts into a subordinats position and devoted his
attention mainly to the search after lavour producing bacteria.

As the veasts must always be the central factors in fermentations
for the production of spirits, it appeared to me natural to devote first
attention to them, and to observe in particular whether some are really
able to engender flavours of value in Jamaica Rum.

I —EXPERIMENTS SHOWING THE EFFECT OF ACIDS ON FER-
MENTATION WITH DISTILLERY BUDDING AND
FISSION YEASTS.

Early in the vear | isolated and obtained in pure culture a number
of the oval budding yeasts from washes in the Laboratory distillery
which were set up from a mixture of fresh cane juice and dunder, and
1bout the same time some lssion veasts were secured from a dead wash
sent in from the country.  As the result of some preliminary fermenta-
tion experiments it was observed that the oval cane juice yeasts worked
more rapidly in washes of low acidity, but with an acidity of nearly 1
per cent. the oval yeasts showed very sluggish fermentation, while the
liasitn type worked as well at the high acidity as at the low,

It seemed desirable to study the effect of three common distillery
arcids, lactie, acetic, and butyric, on the two types of yeast, and accord-
ingly a number of fermentations were set going in cane juice and dun-
der washes to which varying guantities of the single acids were added
hefore putting in the yeast.  The oval budding yeasts all showed bottom
lermentation phenomena, but the fission yeasts all showed strong top
fermentation with the production of an abundant fatty head. A vigor-
ous yeast of each kind was selected for the experiment with the acids.

Data Composition of Wash.
Cane Juice - - 300
Dunder - - 150

Water 100
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Wash as set up.

Brix - - 15.0
Acidity - - 0,24 .. as Sulphuric acid.

The amounts of the different pure acids added are expressed alsp as
Sulphuric acid by weight per cent. of the wash by volume, The amuouni
of the yveast added was as far as possible the same for both types, except
in the butyrc acid series, which was carried out at a later date with a
barger amount of veast. The results are set out in Table I which shows
the amounts of sugar lermented at the end of each day to the sixth day.
The hgures were obtivined Dy dadly werghings, muluplyving the loss of
weight by two and calealiting the resulting wumbers o the total
amount of sugar ociginally present.

TABLE I

Amount, Per centage of sugar fermented in days
Yeast. Acud, per cent. I. 2. 3. 4- 5. L

Buddinzg Acetic 2 1I 20 40 40 55 04
" " 5 3 6 12 36 48 B2
i " 1.0 no fermentation,

Fission o - | & 21 40 34 64 78
" S 5 4 16 37 52 03 il
u 1.0 4 13 30 42 55 L]

Budding Lactic 2 12 30 44 35 64 72
" 5 12 20 43 51 64 q2
" o 7 g 23 3 44 60 O

Fission e 2 7 21 37 51 67 83
" " -5 4 18 34 S0 03 79
» " 7 6 24 40 536 72 8o
s = [.4 3 20 36 52 bh 20

Budding Butyric none 21 44 g E6 100 . —
# " A 15 31 54 69 Br 93
i " A5 no [ermentation.

Fission " none in 2B 36 By 100 =
" Ty A5 5 14 37 60 B3 100
K ™ | - 3 6 Q 13 20
- - 5 no fermentation.

With regard to acetic acid the results show that the budding yeast
18 much more susceptible to it than the fssion yeast. In the presence
of a half per cent. of this acid the budding veast showed greatly re-
duced fermentation during the first three days, whereas the fission
veast was but slightly affected. One per cent. completely prevented
the activity of the budding type, but again only slightly reduced the
fission yeast fermentation.  Both veasts are very resistent against lactic
acid, but even here .7 per cent. showed an injurious. influence on the
budding yeast, whereas 1.4 per cent. hardly reduced fermentation by
the fission yeast, Butyric acid proved to be very poisopous for both
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yeasts, but whereas .15 per cent. wholly prevented the budding yeast
from fermenting it caused the period of fermentation to be increased by
only one day with the fission type. Even .4 per canb did not complete-
ly suppress the latter's activity, but .5 per cent. prevented all fermenta-
tion. The conclusion to be drawn from these results is that the buod-
ding veasts are suitable only for the fermentation of weakly acid washes,
whereas the fssion tvpe is al home in wash=s of high acidity. A
notable point which the figures bring out 18 that where the acidity s
low the hudding yeasts get to work greatly more rapidly than the fssion
veast, This is particularly well shown in the ¢15¢ where no acid was
aclded.  Although both yeasts completed the fermentation in five days,
the budding yeast multiplied and fermented much stronger in the two
first days. The ability of the budding type to multiply and ferment
more rapidly from the owtset in the weeker acid liquors, like cane juice
washes and fresh skimmings, explains why this is the only kind found
in such liquors the acidity of which is generally under .§ per cent. In
the usual estate wiashes containing dunder, molassez, acid skimmings,
and frequently specially added acid, the budding yeast is largely sup-
pressed, but the more slowly developing and very acid resistent fission
type takes possession, and is practically the only form found in washes
the acidity of which i5 1.0 per cent, and over.

. ~-EXPERIMENTS WITH VARIETIES OF FISSION YEAST:
THEIR INFLUENCE ON THE FLAVOUR OF RUM.

In March | callected samples of fermenting washes, dead washes,
skimmings, dunder, acid and rum, from several estates in Westmoreland
and St James, and  {rom the washes was able to gain pure calture of
many fizsion yeasts, These cultures were started Troom o sinzle cell ac-
cording to the method of Hansen in order 1o prevent the passibility of
any of the prowths conststing of mixtures. With tenof these denved
from four iﬁ-[ﬂ[LE a f::rutl..m:LImlL series was sel going in a wash of the
composition :

Dundler 2,000 f".1_|:|I:|ﬁ:-'.x:5 1,500
skimmings S0 Water g, 00

The Brix was 17.4, the Acidity .48 per cent, and the total sugar present
14.5 per cent,

The yeasts 1 and g although pure fssion forms showed a totally
different kind of fermentation to most of the others, the yeast gathering
mostly into a coherent mass at the bottom of the  vessels, the bubbles
breaking on the surface being glagsy clear and containing  practically
nao cells. This fermentation was evidently strictly of the bottom kind.
Yeast § showed mainly bottom lermentation phenomena, bat produeced
also a slight yeasty head,  All the other veasts formed a strong glisten-
ing brownish white head at the surface and the bubbles were thickly
clowdy, these yeasts were accordingly strongly tap fermenting.  Under
the microscope the two forms coulid be distinguished easily, the bottom
type showing isolaed and paired cells, but never more than (wo
tarether, whereas the tod yeasts showed lonz chains of four or more
cells interlaced and apparently branched, Yeast § showed no chains
Dut the cells'were often untted mechanically imo flocks.
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TABLE 11

Proof Proof
Wash  Spirit Spirit per
Yeast. Acidity Acidity  dead in by Brix Atienu- degree at-

at start, at end,  days. wvolume, at end.  ation. tenuation,

48 | .57 [0 15.42

I 1.8 15.6 .

2 43 | .58 10 L.7 1?.; qj?r

3 49 | .58 H 15.12 1.6 15.8 06

4 43 | .54 ] 15.12 [.7 15.7 g6

5 48 55 ’ 16.42 1.b 15.8 1.

L .48 ¥ i} [5.42 1.7 15.7 ;&

7 -48 58 i 1542 1.6 15.8 97

B -48 0 i} 15.70 1.8 15.6 1.01

9 -48 32 8 1057 1.9 15.5 1.07
10 -43 .55 i} 1555 1.7 15.7 1.01

The bottom yeasts 3 and 9 completed the fermemtation in two days
less than the top forms, yeast § occupying an intermediate position.
This character of the hbottom yeast to ferment more vigorously than the
top kind has preserved itself in all subsequ:nt experiments. The in-
crease of acidity due to the yveast alone, all bacteria having been ex-
cluded, amounts to only about .1 pereent. The atlenuation was very
imiich the same in all cases, but the highest amounts of proof spirit were
obtainca from the botlom yeast § and the mainly bottom yeast §. The
vield of proof spirit per degree attenuation was good, in four cases ex-
ceeding unity. The distillation was effected from glass apparatus with
oine retart, the liguor being divided into two parts, the first vielding high
wines of 20 O.P. and the second portion giving  rum of 43 0.P. with the
high wines in the retort. The rum could hardly be called by that name,
and it showed the same character for all ten yveasts: in no case was any
characteristic flavour produced.

In another experiment with dunder, molasses, and water, a much
larger amount of dunder was used, namely one half the bulk of the wash.

The Brix of the mixture was 186, Acidity .7 'L

TABLE IIL

Proof Spirit

Wash Proof per degree

Yeast.  Acidity deadin Spirit by Brix  Atlenu- Attenua-
Increase.  days.  volume. atend.  ation tion.
2 Top A0} 0 [3.57 B0 12.6 1.0%
3 Bottom .12 f 13.58 63 12.3 1.13
7 Top A2 B 13.88 6.0 12.6 LID
g Bollom .14 f 13.27 B0 12.6 1.05
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The Bottom yeast here showed a gain of 2 to 3 days in the fermen-
tation period. The yield of proof spirit was very high. The rum
obtained was very light, and gave no diference in flavour with the
dhiferent yeasts.

In anather fermentation serivs with the yeasts 2 and § pure volatile
acids were added to the molasses and dunder wash before pitching with
the yeast. The Brix was 186, the natural acidity of the wash .46. Acetic
acid was added equal to .5 acidity, and butyric acid equal to .1 acidity,
s0 that the total acidity before fermentation amounted to 105

Ethers per

Yeasl, Hrix. Time  Attenuation. Proof Spirit, 100,000 alcohin]
fays in Rum.
2 Top 18.6 16 12.0 12.3 302
g Bottom 18.6 10 12.6 12.6 123

The large amount of volatile acid added had a marked effect in
slowing fermentation, the time required as compared with the previous
experiments, being 10 days as azainst 6 davs with the bottom form,and
16 days as against 9 with top yeast. The rum showed an improvement
in flavour, and with the top yeast contained more than twice as muoch
ether, This was dae to the much lonrer perniod during which aleoho
and valatile acids could react chemically to produce ethers in the wash
containing the top yeast,

The conclusion to be drawn from these experimonts is that, wheres,
none of the fission veast iselated from the estate washes was able w0
produce Navour on its own account, the top yeast owing to its slower
fermentation admitted a greater amaunt of chemical ether production in
4 wash originally high in volatile acids, The latter result 18 in accord
ance wilh cstillers' expzrience as they considzr that a wash showing
a strong fatty head due to the top fermenting fission yeast yvields the
best flavoured rum.

Ly

LHIL—EXPERIMENTS ON THE MAXIMUM ¥YIELD OF ALCOHOL
BY FISSION YEASTS.

It is well known that the alcohol accumulating during fermentatsn
has, heyond a certain concentration, different with diffcrent yeasts s
marked slowing effect on fermentation and finally stops it all together
In order to test the maximuam amount of alcohol endured by the Jamax:
fission yeasts, it was necessary to set up a wash of very high grawvity.
In a first experiment with the yeasts 2 and 9, a wash consisting ol
4,000 dunder, 1,600 molasses, and 702 water was set up at 30° Ba
This was practically completely fermented, so that the aleohol formed
was below the maximum which the veaslts could endure. In a second
series a wash of 307 Brix was set un with molass=s and an extract of
veast, and after som= days a furth=r quantity of molasses was added
In this case both veasts stopped fermenting dus to the action of the
alcohol, while there was still abandant suzar left in th: wash, The
data and results of the Experiments are given in Table IV.
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The first Experiments show a complete fermentation by both yeasts,
the bottom form taking § davs less than the top yeast. The bottom
yeasl also shows a higher yield of proof apirit. The influence of the
accumulating alcohol on fermentation is very marked, for whereas the
bottom veast had produced 16,5 per cont. proof spirit in 7 davs, only 7
per cent. more spirit was produced in the following 11 days,

In the secomd Experiment the maximum vield of aleochol which pre-
vented all further fermentation was just under 25 per cent. with the bot-
tom yeast and just aver 23 per cent. with the top form ; while the bottom
yveasl yvielded I7 per cent, proof spirit in 7 days only 7.7 per cent. more
was produced in the following 12 daye. A similar effect of the alcohol
is shown hy the top veast. The top veast showed a rather sudden fall-
ing off in fermentation with about 18.§ per cent. proof spirit present, but
the top yeast gave a more gradual falling off ; it appeared, however, to
be susceptible at about 165 per cenl, proof spiril,. The mixture of the
two yveasts showed throughowt intermediate resnlts,

It is evident from these results that the fission veasts which work
the estate washes are capable of vielding very large amounts of alcohol
in pure culture with abundant tiime at their disposal. Fermentation 1s
rapid and uniform for 7<0 dayvs, during which 16-18 per cent. of proof
spirit i3 yvielded, This means that a wash cantaining ahout 16 per cent.
of sugar can be fermented in a reasonable time. Above this amount the
loss often becomes serious owing to sluggish fermentation. This fact
has been recognized in practical distillery work, so that estate washes
are rarely set up with more thin 16 per cent. of sugar and usually with
less. w— !

FERMENTATIONS WITH FISSION YEASTS IN WASHES OF
DIFFERENT GRAVITY,

This Experiment was devised with a view to observing the effect of
varving the amount of sugar in the wash, on time, attenuation and yield
of proof spirit, The washes all contained the same proportion of dun-
der, namely, three-fifths, the gravity being varied by means of the
molasses, The results were as follows :

TABLE V.

Time Attenuw-  Proof
days. ation. spiril.

Brix
SLUEAr.

Yeast.

Acidity.
Acidity
IHerease
Proof spirit
per deg.
attenuation.

Bottom | 25 16 .85 10 0 16.6 17.58  1.06 1.5

Top : 26 16 85 .10 12 [66 16,42 008 G
Bottom | 20 12 87 06 7 IL5 1161 LOI 97
Top 20 12 87 06 10 I1.5 11.15 097 55
Bottom ' 15 ' 8§  Bo 02 3] 8.0 B.2 1.02 el

Top | 18§ 8  .Bo 02 0 8.0 7.6 0.95 44




JAMAICA SUGAR EXPERIMENT STATION, 129

Here as usual the bottom yeast iz the most rapid worker, showing 1
gain of three days. The time réquired is least with the lowest gravity,
but there is a difference of two days between the 25 and 20 settings and
of only one day between the 20and 15 settings. This difference hardly
shows 1sell during the period of the main fermentation. After five
days the relative amounts of sugar fermented by the bottom yeast were
35. 51, and GH.

As there was a half more sugar in the 20 setting as in the 15, and
twice as much in the 25 setting, these Agures indicate that the activity
of fermentation was proportional to the amount of sugar present, e, In
a given time twice as much sugar was fermented in the 25 sstting as in
the 15 setting, the 20 setting coming hall way between. The difference,
however, was shown by the time taken by the wash to die off after the
main fermentation was over. [he 25 setting took 3 days to die, the 28
setting 1 day, and the 15 setting only a few hours. The yield of proof
spirit was as high for the highest gravity as for the lowest, and the bot-
1060 yeast gave as usual the best results.

{n the other hand there was markedly more sugar left unfermented
in the highest setting than in the other two, and the bottom yeast in all
three case lelt more than the top yeast. The dunder employed in this
scries was a light cane juice product having a Brix of 9 and an acidity
of only 1.2. The amount which had to be used (35 of the wash) to
secure 4 normal acidity was more than is wsval in practical operations,
where the dunder has an acidity of over 2 percent.  The result was that
the relative amount of sugar in the wash was low, and the attenuation
and yield of proof spirit low also.

IWV~AMOUNT OF YEAST PRODUCED BY FISSION YEAST,

The yeast produced in some of the fermentations of the last ex-
periment was collected, dried in the air and weighed., The results are
shown in pounds for 1,000 gallons of wash,

Yeast, 30 Brix. 25 Brix. 20 Brix. 15 Brix,
Bottom 18—I19 — — —
Top 28 26 18 13

One powund of air dricd yeast ferments sugar o pousds ;

Y east, 30 Brix. 28 Brix. 20 Brix. 15 Brix,
Bottom 10 —
Top 75 (5 i 65

The top yveast procuces a half more veast substance than the bottom
veast consequently a pound of the bottom veast is able to ferment 2
much greater amount of sugar. The amount of yeast produced by the
top variety falls away with the reduction in gravity of the wash, so that
only one half as much veast is produced ina 1§ Brix setting as in one
at 25 Brix. The amoynt of yeast produced is proportional to the
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amount of fermentable sugar present for washes from 25 to 15 Brix, bu
at 30 Brix relatively less yeast is produced, so that the ratio to sugar
fermented is wider.

At first sight it seems inconsistent that the top yeast should ofien
attenuate maore than the bottom yeast and leave less sugar unfermented,
yet give a lower yield of proof spirit. The above results, show how-
ever, that it removes no more sugar to build up its substance than the
bottom yveast, and owing 1o its habit of gathering at the sorface of the
wash in intimate contact with the air, respiration is more active, caums-
ing a greater loss of sugar by conbustion into water and carbonic acid
The hattom yeast 15 consequently a more economical worker,

Stability of the twe Farietics.

Distillers often observe that during the advance of the season their
fermentations which were at first of the hottom tvpe, tend more and
more to top characters, suggesting either a conversion of the bottom
veast into the top or else a gradual displacement of the former by the
latter due to gome change in the composition of the wash which favours
the top veasts. That top and botiom fermentation may proceed in the
same wash, was evident from the fact that both forms were in several
cases isolated from the same material.

Some ohservations have made it seem probable to me that at any
ratle one of the varieties is not stable. The fission yeast No. 3 when
freshly isolated showed wholly bottom-fermentation phenomena, and
agrecd entively with the other bottom yeasts. It was allowed to lie for
two months under a fermented cane juice wash, and was then freshenead
up again. | was surprised to find that it no longer showed bottom
fermentation, but gave a strongly marked top fermentation. On com-
paring its behaviour with that of yeasts which had always been top
fermentation, it was found that it gave gquite similar results, @ e, an
equally slow fermentation and a lower yield of alcohal than the bottom
yeasts. Under the microscope it also was identical with the top form,
The view which remained for many years unchallenged in Europe was.
that the top and bottom yeasts were distinct types, the one never
passing into the other. Chiite recently Hansen has shown however, that
there is always a tendency to vary, and has actvally olained the one
form from the other in the case of a number of brewery and wine
budding yeasts. There appears to be a much greater tendency for
hottom yeasts to go over into the top form than viee versa. Furthes
ohservations must show whether the fission yeasts are particularly liable
to vary in this way, and whether the chanee sonften seen in distilleries
in Jamaica from bottom to top fermentation 18 due to a variation of the
yeast,

Conclustons with regard fo the e varicfies of Fission Yeoast,

1—The hotiom yeast is a characteristically more rapid worker than
the top yeast giving a gain of 2 (o Jdays in the fermentation period.

2—The bottom yeast forms less substance and consequently makes
a smaller elaim on the amount of food stufl in'the wash.
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3—The bottom yeast gives a rapid and uniform fermentation during
the main period, but the wash dies slowly. The top yeast ferments
very uniformly throughout, and shows no shamp transition to the final
stage.

4—The yeasts attenuate about equally, but the bottom yeast gives
a better yield of alcohol.

s—Thetop yveast leaves less unfermented sugar in the wash.

&—The bottom yeast gives a higher maximum yield of alcohol,
namely 25 per cent., as against 23 per cent., with the top variety.

7—The bottom yeast shows the injurious effect of alcohol at a
higher concentration than the top veast, viz., {1 and 16 respectively.

B—Owing to its slower fermezntation the top yeast admits of more
ethers being produced in the wash than the bottom yeast where volatile
acids are present. The rum 15 conseguently better,

V.—THE " FOAMING" OF MOLASSES,

Owing to insufficient distillery space or small still capacity, it often
happens that molasses have to be stored for weeks during which period
they undergo a rather active fermentation. This involves a loss of
ggar, 50 that it s2emzd dewirable 10 make some expzriments with a
view to [ 1) determining the amount of loss ariging from the cause, (2)
separating and studying the properties of the yeast causing the trouble.
(3} Ainding a rem=2dy for it

Three yeasts were secured in pure calture from a fermenting
molasses, all of which were able to set up fermentation in a liguor of
very high gravity,

YEAST {a)—This was a budding form of the pastorianus type which
formed spores on the gypsum blozk at the air temperature in under 18
hours, Transfered to mixtures of molasses and water of increasing
gravity it fermented actively at 45 brix, feebly at 60 Bnx, and showed
no fermentation in molasses alone of 90 Brix. 1t was therefore not the
kind active inthe stored material.

YEAST (b)—=Thiswas a fruitether producing veast forming adry
wrinkled friable skin on ordinary washes. It was a small budding yeast
which formed hat shaped spores on the gy psum block in 24 houra, It fer-
mented strongly in molasses and water of 45 Brix, more weakly at 6D
Brix and not at all in molasses alone. It was also therefore not the
form desired.

YEAST {c)—This was a small spherical or oval budding form
characterised by the production of branched chains of cells in weakly
acid washes, and a very abundant multiplication, It formed no spores
an- no skin on cane juice, but Tm:n'.:|1.r a yeast ring. [tappeared, there-
{ore 10 be no true yeast, but a "torgla) This kind fermened actively’
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in molasses and water of 45 and 60 Brix, and also in pure molasses QE
o0 Erli::l. [t corresponded to the form most abundantly present in
the original material, and was evidently the true agent.

As an alkaline medium acts very unfavourably on yeast fermenta-
tion lime suggested itselfl as the first substance to try as a remedy. In
one cxperiment the molasses were allowed to ferment spontanecously
without the addition of ime, and with the additions of 6, 12, and 18 Ibs
of dry lime to every 100 gallons of molasses, the lime being added as
fresh milk of lime and well stirred in, The same experiment was re-
peated with sterile molasses into which a pure culture of yeast (¢) had
been introduced, but here only 3 and & Ibs. of lime were used. The fresh
muolasses had a Brix of 90 and contained nearly 70 per cent. of sugars.
After s1x weeks the Brix was determined and found to be as follows :(—

Spontancous Fermentation. Pure Yeast
Molasses alone a0 75
Molagses 3 lbs. lime — 77
Molasses 6 . 88 77
Molasses 12 pis 80 —
Molasses 18 Qo0 —

The molazses alone fermented strongly with crude and pure yeasts
from the outsel. With 0 [bs. of hme there was no fermentation for
nearly three weeks, when it started, but was much stronger in the pure
veast culture. 3 lbs. of lime in the pure veast culture did not prevent
fermentation from starting within afew days. With 12 lbs. of lime in the
crude culture fermentation had only just started between the 5th oand
oth week., With 18 [bs. of lime there was no growth of yeast and no
fermentation. In the crude there was a maximum loss equal to 1§ per cent.
of the total sugar, and in the pure culture this loss exceeded 21 per cent
Lime in small amount was therefore capable of checking this fermen-
tation for a time, 6 lbs. to 100 gallons being sufficient to preserve the
malasses for nearly three weeks., Asthe lime gradually losses its alkalini-
and goes into the neutral carbonate the fermentation starts afresh  As
it is very undesirable to bring an alkaline molasses 1nto a distillery
wash as smallan amount as possible should be used to check the foam-
ing & s, of lime to 100 gallons molasses should he wsed at first, the
lime being freshiv stirred wp into a milk with a few gallons of water,
but only enough of the latter to admit of a thorough stirring into the
molasses. If aftera time foaming shows evidence of begining againa
further smuller amount of lime milk must be stirred 1n.

The yeast or ‘torula’ {c) ferments wery sluggishly in a dilute
molasses wash, and hardly at all in cane juice. Judging from the Ex-
periments with the molasses, it is able to produce about 14 per cent. of
proof spirit. [t cannrot invert cane sugar, and hence the feeble fermen-
tation in cane juice, but only attacks the ready formed invert sugar in
minlasses. s

VL—EXPERIMENTS WITH THE "FRUIT ETHER" YEAST
FROM MOLASSES.

As lh:s veast in pure culture gave a very marked flavour to washes
in which it was fermenting some preliminary Experiments were made
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with it in different media, the Rum distilled off and the Ethers deter-
mined therein, [t was grown in three washes ;—

(1) Molasses and water Brix 15 Acidity .10
(2) Molasses, half dunder and water Brix 15 Acidity .34
{3) Tempered cane juice and one sixth dunder Brix 15 Acidity 20,

The yeast formed the dry wrinkled surface skin in & couple of days
in all the washes, and multiplied abundantly, at the same time the fruity
odour was very preceptible. Fermentation was very slow, the time re-
quired for the washes to die was;—

(1) 24 days. (2 27 days, (2) 17 days.
The Acidity of the washes was ;—

Number. Acidity at start. After § days, After'15 days. Final Acidity.

(1} J0 25 32 27
(2] -34 49 43 37
(3) 20 26 35 35

The Ethers found in the rum were for 103,000 alecobol by volume ;—

(1} 18,000 (2} 15,000 (3) 12700

In spite of the very high ether content the rum had a pleasant froity
Aavour with no trace of ‘peperiness.’ These result were obtained by a
simple distillation without any treatment of lees. The ethers consisted
mainly of acetic ether, 8o that the yeast is able to produce both alcohol
anJd acetic acid. There was no increase of ether production during
distillation as a portion of (1) was neutralised before distilling and
gave the same amount of ether as the un-neutralised part, namely 18.000.

The increase of acidity during fermentation was inconsiderable, a
result which taken from the preceeding one makes it highly probable
that ether formation does not occur by a merely chemical reaction in the
wash, but takes place in intimate relation with the actively working
veast cell.

Further work is being done on this yeast with a view 1o its intro-
duction mto distillery practice,

VIL—EXPERIMENTS WITH ACETIC ACID BACTERIA FROM
JAMAICAN DISTILLERIES.

Two perfectly different species of Acetic Acid, Bacteria were
inclated from acid skimmings and dead washes,
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I. A form which appears quickly on dead washes both of low and
high acidity. At first a delicate blue dry friable film which becomes
white when atrongly develaped, but 15 always easily broken up. In a
glass vessel the film climbs up the sides high above the surface of the
liguid. 1t congists of short rather plump rods which stain vellow or yel-
lowish brown with iodine, but never blue, and forms only short chains.
It resembles Bacterium Kutzeanum of Hansen except in its inability to
turn Bue with wodine.

1. A Bacterium which forms a very tenacious cartilaginous skin
inskimmings and dead washes, consisting of long narrow rods. The
skin turns blue with iodine and sulphuric acid, and is in all respects
similar to Bactdrium Xylinum of A, Brown.

In order to observe the highast concentration of alcohol which
admits of a development of acetic bacteria a dead wash holding 23 per
cent. of proof apirit was exposed to the air.  For six weeks there was no
gign of an acetic film, and there was no rise in the acidity. Between
the sixth and seventh week a film began to form and at this stage the
liguor contaned 14 per cenl. proof spirit, § per cent. having evaporated
away [rom the wash.

In another experiment a dead wash conlaining 24.7 per cenl, of
proof spirit was diluted with water in varving amounts and seeded
with a pure culture of acetic bactcrium I The progress of acidification
is shown in the following table, the fgures representing the increase
ol acidity expressed as Sulphuric acid per cent,

Froof Spirit at 1 0 H 10 [3 15 17 20
start. davs days  dayvs  davs davs davs | days  days
i ! o |

a. 24.7 per cent. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0

b. 165 ,, al L2 16 lost

e 123 074 214 30 38 414 43 44 456
o 9g. 0836 213 29 1.5 3,.!-!' 4.0 4.1 4.2
e. 8.2 . 0% 29 258 29 12 3858 36 3._3

More alcohol was added to ¢, d, and e, after three weeks, and the
acid rose to 6.2, 5.8, and 5.3, respectively in another week, but showed
no further mcrease.  The greatest amenint of actd produced was there-
fore equal to about 7.5 per cent. of pare acetic acid, the largest quantity
which the bacterium could endure. The organism could not grow and
work in 24.7 per cont of proof apirit, and showad only feeble activity in
16.5 per cent, but in 12.3 per cent. it worked strongly. The evidence



JAMAICA SUGAR EXPERIMENT STATION, 135

shows therefore the amount of alcobol which can undergo vigorous
acidification 18 between 2 and 16 per cent proof spiril, which agrees
with the result of the first observation.

The theoretical maximum amount of -acetic acid which could he
formed from the alcohol in cultures o, d, and e, is 7.3, 5.9, and 40 per

cent, The actual amounts formed in 20 days were 5.7, 5.2, and 4.6 s0
that

in ¢ 78 per cent of the possible was formed.
1] :I Eq' (1]
(K] e 'IH EF

The lower the amount of aleohol in a liguor, the more completely
therefore is it oxidised to acetic acid, For practical purposes the high-
est acidity was reached in a fortnight at about 4 per cent. HBacterium
IL proved to be unable to grow and produce acid in 3 dead wash con-
taining 12 per cent proof spirit, but gave over three per cent acid ina
liquor with 8 per cent proof spirit.  This bacterium also makes greater
claims upon the nitrogenous foodstafl in the liguor than bacterium .
Bacterium L is therefore the characteristic acetic acid producer in all
liguors containing 10 per cent and more of proof spirit, such as ordinary
dead washes, while bacterium I1. works best in liguors like fermented
skimmings and fermented rum cane juice.

The following table shows the amounts of Total and Valatile acid
[mostly acetic acid) and the relative amounts of volatile acid to 1otal
acid in some distillery liquors.  Of special interest are the quantities of
volatile acid in such materials as acid skimmings, and favour, because
in these liquors an attempt is made to produce as much volatile acid as
possible. The volatile acid shows an average percentage of the total
acid of from 22 to 27, or only about one quarter of the acid present is
volatile. As the fresh skimmings which comes down from the boiling
house are practically neutral the great part of the acid produced
in the cisterns is the work of bacteria. Although the skimmings
readily undergd fermentation, this s not entirely dee 1o yeast, as
the liquor is heavily contaminated by bacteria which produce fixed
acids such as lactic from sugar. A number of such  bacte-
na have been separated from the skimmings. They include the
well known rice grain  bacterium, which can nearly alwayvs be
found in skimmings. [t forms large rounded gelatinous masses when
strongly developed consisting  of enormous numbers of hand shaped
colonies, the rod shaped bacteria being embeded at the ends of finger
like processes of the jelly., This bacterium  produces lactic acid  and
forms its jelly at the expense of the sugar present.  Another rod shaped
arganism often developes in fresh cane juice contaminated by dirt from
the mill or by soil, at a great rate, and converts the liguor in one day in-
to a thick viscous mass in which yeast can only work very sluggishly.
(zas and lactic acid are produced, the viscous substance being formedd
at the expense of the sugar, The presence of such objectionable organ-
isms account for the poor vield of alcohol in skimmines, and the small
amounts of volatile acid,  Acetic acid bacteria are wholly dependant
upon oxygen for their work of canverting aleohol 1o acetic’ acid, and
réquire therefore that the liquor in which they are working should ex-
pose as great a surface a8 possible to the air. Thas is only being im-
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perfectly attained in distilleries even in the trash cisterns. It is pro-
posed therefore 10 Experiment on a practical scale with a view to the
more rapid and more abundant prodoction of acetic acid from alcoholic

Liguors.

I'otal Acid.| Volatile | Volatile to 100 Total

Acid. Acid.
Wash freshly set up 1.37 38 28
g 1.G0 A5 8
" 1.13 14 17 Average of 4—16
- 1.47 A5 10
Dead Wash .53 24 16
o "IE 20 20
= 1.1 22 19
N 1.00 55 I8 Average of g—I17
% 1.37 27 20
¢ 1.57 27 17
1.32 17 200
) 2.60 .36 14
1 2.45 .30 12
Skimmings 1.03 .32 31
5 2,10 54 2%
" 2.45 .45 10 Averageof 5—22
) 1.72 .30 17
" 2.74 4 17
Acid 2.50 49 20
: 4.50 75 17 Average of 4—20
e 2.60 30 ;&
i 245 -I'.'-l:ﬂl
Flavour 2,25 51 23 Average of 2—27

2.70 B0 30
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LECTURE L—THE PHENOMENON OF FERMENTATION,

You are all familiar with the phenomenon of fermentation as mani
fested in the manufacture of rum.  You know, from your every il e
perience the visible signs of the phtnumcnun. namely: the boiling ap-
pearance of the surface of the liquid in which a vigorows fermentation
13 taking place and the consequent increase of temperature, You alo
are aware, | have little doubt, that this botling appearance 15 due to the
coptous evolution of gas, and that although the temperature of the
liguid increases, no boiling really takes plhz: The name fermentation,
however, probably arose from the fact that this boiling appecarance
always accompanied the formation of aleohol, the knowledge of which
goes back to very remole antiquity.

Mistaken ideas arose as to the nature of the process based wpon
this appearance such as the evolution of gas from other causes. [I |
add a little acid to this .chalk you will see that a similar boiling ap-
pearance is produced as in the case of fermentation and moreover 2
gimilar gas is given off but there is no similarity in the causes. A pro
cess, which was of very early date, was correctly associated with fer
mentation, This was the action of leaven in the preparation of bread
The evolutions of gas was observed in connections with the raiziag of
the dough, though no further resemblance to the alcoholic fermentation
was recognised. We know of course now that the processes are identi-
cal. The evolution of gas accompanies the formation of alcohal in the
leavening of bread as it does in cases where the production of spirit i
the object aimed at, only in the former instance the production of
aleohol is very small.

The term fermentation firet applied to the process which leads
the formation of alcohol has now a very much wider application. It
includes such processes as putrefaction, the production of various acids
such as Acetic. Buryric, Lactic, &c., besides many other substances
The active agents in bringing about the changes which we have de-
scribed are what are called FERMENTS, There are two classes of fer-
ments the organised and unorganised ferment. We will deal onls
with what are called organised ferments, that is living organisms such
as yveasts and bacteria of various kinds. To go back to the fermenting
vats in the distillery. When you see a liquor in a state of active fer-
mentation you know that what is taking place is that the sugar in the
ligquor is being acted on by veast with the result that the sugar i
being replaced by alcohol and that gas is being sent off into the atmos
phere. While this is going on the yeasts are multiplying, growing
and leeding just as another plant would do.

The necessary conditions for the development of yeasts are fird
that there must be seed, that is, there muost be some yeast cells present
in the liguid before any development can take place. Inthe second
place the liquid must be composed of such maternial and be in such 2
state as will form a suitable medium for these yveasts to thrive in, just s
the soi1l musi contain such sabstances and lie in such suitable condition
as will allow of the growth of a plant when its seed is sown, otherwise
the seed will not develop intoa plant.  As we will have 3 good deal 1o
say about the best conditions for the develpment of yeasts in subse
yuent lectures we will leave the subject for the present. The point |
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wish to emphasise at present is, that there can be no development of
yeast or any other hiving orgamsms without the seed or germ of such -
organisms being originally present. ' Up to the present time, at least,
no single case of spontaneous generation has been experimentally
proved,”

This is of practical importance as you may be assured that try as
you will, yvou will never start a fermentation unless you have living
yeast cctls inthe liquor which you wish to ferment. On the other
hand you will not have your liquors getting bad soch as becoming
sgur of ropy unless you get them contaminated with'the organisms
which give rise to these conditions,

Sterilisation, as the process is termed by which a liquid may be
freed from all germs, is very largely practised in fermemtation indus-
tries. In the manufacture of beer, great importance is placed vpan all
vessels and liquids being freed from all germs other than those which
are desired to be present.  In the manufacture of alcohol for the spirit
only, many precautions are taken to prevent the access of undesirable
germs from the fermenting vessels and the wash.,

In the case of Jamaica rum practically no precations are taken.
Indeed on the other hand the distiller depends for his fermentation to
start on perms which find access into the wash, acgidentally. Thanks
to bountiful nature and a favourable atmospheric femperature, veasts
are alwayvs about in large numbers, but it must be remembered that
so are other organisms which are often of a kind which the distiller
dloes not wanl,

You will readily become aware of this if youleave exposed to the
air a vessel with such a substance as freshly ground cane juice, and,
if you closely watch the changes which take place in the juice yvou will
see that these changes take place in a certain order which will gene-
rally be followed in the cases where cane juice is leflt exposed to the
air. The first change will be the familiar one of alcoholic fermentation.
That is the sugar in the juice will be bioken up into alcohol and car-
bondioxide gas with a very small quantity of other substances such as
glycerine and succinic acid, The organisms exciting alcoholic fer-
mentation are the first to develop, becawse the constitution of the cane
juice favours them the most. There is also generally an abundance of
yveast in freshly ground cane juice from the rind of the cane. When
the sugar is split vp intoalcohol and carbondioxide, the character of
the liquid has become changed and now a new species exciting acetic
fermentation comes into play. This organism was already present in
the juice, but could not make headway against the predominant yeast,
because in the first place, the alcohol on which it feeds was lacking.
Secondly, even had this substance been present, it could not have
been utilised, because of the atmosphere of carbondioxide immediately
above the liquid preventing the free access of a copious supply of
oxygen without which the oxidation of the alcohol cannot proceed,
Now, however, that both substances are present, the liquid commences
to undergo a second alteration, and turns sour: the acetic acid bac-
leria being now on the surface, and this condition endures so long as
there is any alcohol lett. When this is exhausted, a third group of
organisms comes 10 the frouat and establishing themselves inthe strongly
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acid liquid consume the acetic acid, carbondioxide and water being
formed. This accomplished, the once again altered nutrient medium
is attacked by putrefactive bacteria which have been carried imto
the vessel along with the dost in the atmosphere, but can only
develop now that the alcohol and acid which are poisonous to them are
wanting. The putrefactive bacteria attack whatever albuminous sub-
stances may be lelt and converl-them into acids and other substances
More complications would in all probability take place. The lactc
[erment which is always present in cane juice would succeed in de-
veloping to some extent and this would ultimately give nse to butyric
fermentation, but in the end the same point would be reached. All the
substances would inturn be attacked and reduced to carbonic acid and
water. The distiller however, does not wish the process carried quite
s0 far as this so he steps in on the completion of the first stage and. in-
terrupts the course of nature and separates by distillation the alcohol
from the rest of the wash., The best methods of making up washes 1o
ensure the most efficient accomplishment of the fArst stage, namely,
alcoholic fermentation with the least, or just as much as may be desired,
interference from the subsequent stages are what we wish to attain
Evidently the best and surest methods of attaining a vigorous alcoholic
fermentation would be to rigidly exclude all other organisms from the
wash and this would be the course we would adopt if the production of
alcohol was the only consideration. Nor would this be at all difficult as
the wash and vessels could be sterilised by means of steam. Unfor-
tunately for this method, rum, and Jamaica rum, in particular, is composed
of other substances than alcohol and water. The amount of the other
substances are indeed very sinall when compared with the alcohol ang
water but on these other substances, small in amount as they are, de-
pends the value of Jamaica rum and their production must not be inter-
fered with if the high standard of this [sland's rum is to be maintained.
Secondary products in Jamaica rum vary, but compared with alcohol
and water would be roughly :(—

Alcohol by Vol Water Secondary products
78 to Bojl 10 Lo 207, 14 to 255

As the matter of secondary products is of importance let us consi-
der it more fully,

Suppose we take 100 gallous of rum and break itup as nearly as we
can into alcohol water and secondary products.

What we are to term secondary products is composed of all the
gubstances found in rum other than aleohaol and water i.e. white rum
before caramel is added.

Let us take first an average common clean rum worth about 271 per
gallon.

¢ Inthe 100 gallons rum there would be 80.4 gallons pure alcohol.
\ Of secondary products there would be .43 gallons or 314 pints
Of water there would be very nearly 19 gallons.

Let us now take a good flavoured rum worth a'.out 43 per gallon.
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Of the 100 gallons rum there would be 78.2 gallons of alcohal.
secondary products . 1.1 gallon.
Water i P 21.1 gallons,

These twoexamples are taken from actual analysis of rums and the
prices given pergallon were what the rums actually fetched in London.

You will observe that the difference in the analvsis is mainly on

the secondary products. The slight difference in the amount of alcohol
s of mo acecount.

In subsequent lectures | will show you that the chief constituent of
the secondary products are ethers and will discuss with vou how far a
chemical analysis of a rum may be trusted as an indication of the value
of the rum,

The point | wish to emphasige at present is that the value of rum
nds mainly on the secondary products it contains.

I will show you by means of experiments in the laboratory that
cane juice or molasses fermented by yveasts alone produce but very little
of the secondary products. These, therefore, must be formed by other
organisms, chiefly bacteria which swarm in the washes of Jamaican
distilleries,

You will naturally conclude that it is good to have the wash in-
fested with bacteria. Tosome extent it is but unfortunately bacteria
and yeasts do not thrive well in each others company, yeasts work best
in ligquids which are free from bacteria. It is not the bacteria them-
gelves that the yeasts object to but the products which they form.

It must not be forgotten that aleohol is the main constituent of rum,
that every gallon of rum must contain 4-5th of a gallon of pure alcohol,
so that in making rum the first consideration is to produce aleohol. This
can be done by encouraging the development of yveasts but in 30 doing
you are dim:mraginfg the growth of bacteria and again if you encourage
the development of bacteria you are setting up conditions which are
against the interests of the yeasts. You must choose a middle course
and it is just here where our greatest difficulty arises,

Such middle courses are always difficalt to run, At times one or
aother of the sets of organisms will get the upper band no matter what
yvou do, and hence arigses the difficulty of obtaining a uniform product,
under such conditions the quality of your product must vary,

The difficulty in obtaining a uniform product has led to the reform
in Beer-brewing. Underthe old system the brewer found that it was
impossible for him to be sure of making the same quality of beer,

In the most up-to-date breweries now not only are all bacteria ex-
cluoded but yeast which has been carefully cultivated  from  selected
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seed are only used. The effect of thiz on the article produced wasto
alter to an aj dpr-:::[:lhle extent its flavour but it ensured its stability in
character and in a short time the newly acquired favour got to be ap-
preciated. 3
In the case of Jamaica rum however we have an article of a 1'1‘.11.! dif-
ferent nature todeal with. The flavour is of a very pronounced character
amd 1% one of its chief assets, The Aavour of beeris  very delicate and,
is produced by the yeast itseli whereas | am of the opinion that the
yeasts contribute but a small amount of the flavour of rum.
LTTLELY| Fomadodl § i 2kl
There is nmhmg left for us then but to try the mid:lle. mn':ean& to
keep in hand the various species of organisms as well as we can.

The extent to which bacteria are to be allowed to develope must
depend to a considerable extent on the nature of the rum ~which it is
desired to make. There can be nothing more disastrous to the workin
of a distillery than for the distiller not to know exactly what style
rum he wants to make, If common clean rum is being made stick to
commaoan clean and never allow things to driftin the dl.rﬁ:tg,l;m,p.'fl-_;u:'h
ing flavoured rum in the pious hope that von may wake up some day to
find that you have become famous by making flavoured rum, where it
was never been made before,  You are much more likely to, ﬁl:d an ep-
furiated Busha awaiting to tell you that your services are no longer re-
fquired on that estate. w0

There are certain essential differences between the mauuf:.'n:iufe uf
Aavoured rum and common clean which if the distiller does not under-
stand, any attempt by him to make flavoured rum an a common clean

estate 13 almost certain to entail very serious loss in production.

Loss in production is a much more serious thing than most distillers
and even managers seem Lo think. A penny or twapence a gallon ad-
vance in price is much more highly esteemed than an increase in pro-
duction which would inthe end be a greater gain 1o the estate.

Let us suppose you are getting a fairly good yield of rum hui the
|:|ru:-.* is only moderate say 2/- per gallon.  If you want to increase the
price of your rum you try to increase the flavour. Any ntl:m.ptiﬂ. thrl-
direction generally means decrease of yield but suppose you increase
the price by thismeans to 2/2.

Then how much loss will be required to counterbalance the gain.

Take 100 gallons at 2/- = £10. How many gallons at 22 - will: you
require ta give youn £10, result is 92 gallons. That is to say. 4f you in-
crease the price by 2d a gallon butl lose 8 gallons per 100 E‘-El'ﬂlﬂ- in
yield vyou are no better off than before. [ do not wish to discourage
yvou from trving to make better rum but I want to point out; tovou t
danger you run  in following the methods generally adopted for that
purpose, What vou want is to get 1o know how you can arrive al a satis-
factory yield from vour materials. If you can do that accurately then

you could procexd to try 1o improve your rum without runmn.g! ﬁiﬁ
of the serious consequences of loss in production.
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in this course | would advise you to give particular attention to
making yourselves proficient in estimating what is a satisfactory return
of rum from your washes, because without this knowledge you are not
likely to make the most of your materials

LECTURE IL—THE CONSTITUENTS OF JAMAICA RUDM,

Before proceeding 1o speak of the manufacture of Jamaica rum let
is first see what are its chief constituents. In my last lecture 1 pointed
out to you that in the chemical analysis of rum the results were returned
undér three main heads, viz, Alcohol, Water, and Secondary Products
or impurities. Alcohol, of course, is the chief constituent. Secondary
products although insignificant in volume, are of prime importance to
the valoe of the article.  Under this head many substances are included
some of which exist in fair amounts, while others only in almost intangi-
ble traces. ' Before going on to explain the nature of these substances
we will endeavour to get a clear idea of the meaning of the term per
100,000 parts absolute aleohol which you will always find mentioned in
a Chemist's report on the analysis of a potable spirit.

Absolute alcohol means aleohol without any water. In other words
pure aleohol, It is extremely difficult to obtain absolute aleohol,  The
“article which is sold as absolute alcohol is not really ahsolute alcohol
at all, but contains water to the extent of 1.0 or more.

[ will endeavour to illustrate to you the composition of rum by
means of accurately measured volumes. Cylinder No. L contains 1,000
cubic centimeters of rum taking the 17 bead. Cylinder No. IL contains
the amount of water representing the quantity of absolute alcohol con-
tained in Cylinder No. L

It is on the absolute alcohol the Chemist calculates his results and
he takes as his unit 100,000 parts by volume,

Now No. I. Cylinder containg the rum which we wish to analyse,
No. 2. represents absolute alcohol contained in No. 1.
Mo, 3. . a8 waler " "

No. 4. = secondary products |, i

We may pass over the aleohol and water without comment, as pure
aleohol, from whatever source obtained s the same. Nochemical differ-
- ance exists between aleohol from the potato and that obtained from the
sugar in the cane. Pure water is also the same, from' whatever souree
obtained,

¥
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Woe are left with the secondary products, and [ will endeavour to
illustrate by means of these small cylinders the relative amounts of the
various constituents as determined in the particular sample which |
have chosen,

No. 1. Cylinder represents the tatal amount of secondary products, I0c.c

No. 2. u " ” Compound Ethers, 7.9 c.c.
No.3 w i i Higher Alcohols, 1.3 c.c.
No. 4. -t i b Acid, 1.4 c.c.

No. 5. i i i Aldehydes, 0.24 c.c.

MNo. 6. e - L Furfural, 0.02 c.c.

The contents of these cylinders are not single substances in the
sense that absolute alcohol is a gingle substance. Each of these cylin-
ders contain substances which are very nearly related to one another as
far as their chemical constitution is concerned, but they might be again
divided up into several substances, each with its own characteristic
properties. This will give you some idea of the complicated nature of
the secondary products of rum. [ am not going lo speak of the chemical
properties of the substances which form the constituents of the second-
ary products, but you have already seen that their volume is Insignifi
cant, so it isonly as Qavouring agents that they are of value,

First in importance, at least in quantity, are the compound ethers.
The sum total of ethers is made up of acetic, butyric, propionic ether and
other ethers of acids of higher molecular wcig{u, he proportions in
which they exist in rum is in the order which [ have given them. Of
the total amount of ether in rum, acetic ether composes at least g5 per
cent. or 95 parts out of every hundred are acetic ether. Of the remain-
ing five parts by far the larger portion is made up of butyric and propi-
onic ethers., A small, but important part of the whole is composed of
ethers of higher acids which have not been separated out and identified.
The minuteness of the amount makes it almost impossible to identify
those substances.

Judging from the flavour imparted by various ethers in the pure
gtate, acetic ether gives very little flavour, It must not, however, be
assumed that this ether 15 on that account quite useless. On the con-
trary, it would appear to be an essential ingredient in a good rum. It
seems to act in some way as a carrier for the other ethers. At any rate
a rum without a fair amount of acetic ether is flat and lacks the sharp-
ness which is required in good rums.

Butyric ether on the other hand hasa good deal of flavour. It hasa
heavy, fruity smell which has been described as that of pine-apples.
There can be little doubt but that this substance contributes a fair
guota of the favour of rum. Propionic ether is also present in rums,
and as a flavour or smell similar to what a mixture of acetic and butyric
ethers would produce. OF the other ethers little can be said.. That
they exist in rums there is no doubt, but they are only in traces, and il
is impossible to say what is the effect of each ane taken separately or
for that matter all taken gollectively.
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ACIDITY, under this term is included the acids found in rum, The
acidity of a rum generally bears some relation 1o the amount of ethers,
That is 1o say. that as the amount of ethers increase so does the acidity,
Asg an ether is 2 compound body formed by the combination of an acid
with an alcohaol, you will readily onderstand that there is also a close
relationship between the nature of the acids present and that of the
ethers, The acids therefore are acetic, bulyric, propionic and traces of
others higher in the scale of molecular weights.

The remaining bodies, Higher Alcohols, Furfurol, and Aldehydes
are usually considercd under the head of ' fusel o1l,” and looked upon as
poxious. L hey are only found in very small quantities in rum, and
although they vary in amount in different rums, vet there is no evidence
o show that the variation of these substances hag any appreciable
effect on the value of the rum.

As far as our analysis of rums have gone the only substances which
affect their value are the compound ethers. [ think now planters and
others interested in rum are convinced that the presence or absence of
compound ethers does alfect the value of a4 rom very considerably, On
the ather hand most of them are also convinced that the value does not
depend entirely on ethers, The sum total of other substances contain-
ed in rum has undoubtedly some influence on the Aavour. T am of the
opinion that there are some substances in rom of which at present little
15 known., 1am not speaking merely as a matter of speculation. [ have
observed the presence of substances other than any of those mentioned,
In very small quantities indeed, but of such powerful arcmatic favour
as would certainly affect 1o some extent the aroma of rum.

[ have made no distinction as yet between flavoured rums and com-
mon ¢clean rum. I have done this advisedly as the only marked dis-
tinction which has been found is in the guantity of the compound
ethers, so that so far as the chemical analysis are concerned, the differ-
ence 15 one of degree, not of kind.

That a chemical analysis falls very far short of affording sure
indication of the value of a rum will be readily admitted. In fact the
rum merchant ridicules the idea of the chemist being able to give in-
formation worthy of serious consideration concerning the article, This
is not to be wondered at when the chemical data themselves mean next
to pothing., Take the amount of ethers contained in a large number of
rums and let us see if we can arrive al any conclusion as to their valus,
The first thing that strikes one 15 the enormaus varations in the ether
figure. It varies from 80 parts to 1,800 parts per 100,000, and if we in-
clude some rums which have been made during last crop, we have a still
greater range, the upper hmit bzing 3500, Bot this hgure 15 unimport-
ant regarded as a limit, as a much higher fgure could be obtained with-
out any difficulty if there was any object in doing so. | could easily
sebect a list of samples which would show you a regular grmhcm in the
amount of ethers and at the same time a corresponding rise in valee,
bt on the sther hand 1 could select a list which would go 1o prove that
the amount of ethers had no effect on the price

For instance we find that mum with an ether figure below 100 parts
bringing as good a price as a rom with from 300 to 400 parts ether, We
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have authenticated reports of rums with 500 parts ethers selling at 2.1
per gallon. The same rum last year brought 2/2 with an ether
content of 360 parts ethers. We have, however, to take into considera-
tion the rise and fall of the market, and I do not think that we can
draw any conclusion from this case.

In another instance the increase of the ethers seemed to have 2
prejudicial effect on the valuc of the rum.  For common clean rum with
cthers from B0 to 500 parts per 100,000 I do not think that the ether
figure can be relied upon as an indication of the value. Other things
seem to have just as great effect as the ethers. 5o far then as common
clean rumd are concerned chemical analy_ iz 227 tell but little as to the
value.

When we come to the distinguishing feature between common
clean rum and flavoured rums analysis gives us material assistance.
Without exception all flavoured rums are high in ethers. These rums
vary in their ether contents just as common clean rums do, flavoured
rums stand as it were on a higher plain as far as their ether contents
are concerned. Asin the case of common clean rums, the price of
flavoured rums cannot be guaged by the ethers. Here again other
things come in. These “other things" are difficelt to define. They
include body and what may be called the general character of the
Mavour,—what the Germans call I think, "Rasse."” These things can
only be judged by one with considerable experience, but [ am of the
opinion that if the chemist acquired thiz experience he would be ina
very favourable position not merely to give an idea of the value, bul 1o
render very material assistance to the manufacturer, especially in the
way of assigting him to maintaina wniform standard in the article
which he manufactures,

LECTURE M—METHODS OF MANUFACTURE.

In my last lecture I spoke of the chemical analysis of rums, and
what we could learn from such an analysis. We will now consider
the methods of manufacture and see what we can deduce from them

concerning the composition of rum.

As yvou know the basis of rum is alcohol, and the object of the
distiller is to produce &8s much alcohol from his materials as he can
consistent with maintaining the quality of the rum. There are there-
fore the factors, (let us call them) guantity and quality to be
considered. For the present let us leave out of account the factor
quality, and consider the manufacture of rum from the view of quantity

only.

It is a well known fact that the breed of yeasts have much to do
with the quantity of alcohol which they can produce. Some breeds
will produce only a small quantity and then cease to act on the sugar,
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They do not necessarily die, but they get intoa state of suspended ani-
mation. Others again produce much more aleohol before their vital
activities become suspended.

The yeasts which you have to deal with are very far from being
of one breed,  They are many breeds, some good, some bod, 1 will
deseribe some of these later, but in the meanwhile let us consider how
this mixed breed acts,

The following experiment, which was carried out to see how much
alcohol a mixture of yeasts such as one finds in any distiliery in Ja-
maica would produce.  In the first place it was necessary to remove
all the influences which would hinder the yeasts in doing their work.
A wash was made up of one part of molasses to five parts of water.
This wash was thoroughly sterilised by heating it to 120° C., that is
20°, higher than the boiling point of water. A small guantity of yeasts
from which all other organisms had been eliminated was then put into
the wash., The wash was allowed to stand at the room temperature.
The gravity of the wash was taken when the yeasts were put in. It
stood at 18° Brix or 27° ArnaboldL

YEAST A. ]
18 7ol Brix 18.0
217 0b Brix 14.75 3 days.
24/7/06 Hrix 11.3 5 days. | COMPOSITION OF WASH,
27:7/0b Brix 6.1 I days, |
280 Hrix .03 15 davs. | I part molasses to € of w .
3806 Brix 4 lg days, . SASE
Qo6 . Brix 5 22 days. |

When this point was reached an analysis was made of the fer-
mented wash, giving the following results :—

Aleohol — 19.58 per cent. P.5, or 14 per cent of rum at 40 O.P.
Acidity — 0.28 per cent.
Sugar left unfermented — 0.8 per cent.
Proof Spirit per degree of attenuation — I1.08,
In another experiment made on similar lines, the gravity of the

wash when the yeasts were added was 154" Brixz. In ten days the
gravity had gone down 9.5° Brix,

YEAST B 1
& 806 Brix 15.4
B 8/oG Hrix 12.8 2 days.
4806 Brix 10.G5 3 days. COMPOSITION OF WASH,
108, 0 Brix 8.4 4 days. ¢
11 E o6 Brix 6.2 5 days | I part molasses to § parts
13 B o Brix 3.0 7 days. water.
14 8 b Hrix I.G 8 days.
10,8/ o6 Brix 0.5 10 days. |
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From these experiments vou will see that these yeasts are capable
of producing a very large quantity of alcohol, provided they are given
sufficient time. You will note particularly that it took a longer time
in the first experiment for the gravity to reach water mark than in the
second. You will also observe that in the second experiment the
gravity decreased much more rapidly. There is another important
point which [ wish youto note; that is, that in cases where veasts freed
from bacteria are used, very little acidity is formz*d in the wash. These
experiments were carried outl under what may be called " ideal’ con-
ditions, but nevertheless they show how the tendency lies.

We will now take some experiments which were carried cut in the
Experimental distillery, which approach more nearly the actwal work-
ing on Estates.

EXFERIMENT IZ. | COMPOLITION OF WASIL
112,08 Brix 149.1 | 40 gallons Dander,
132/09 Brix 14.1 2 days. | 24 gallons Skimmings,
152,05 Brix 17.0 4 days. | 106 gallons Molasses.
17/2/05 Brix 14.0 6 days. r
10/2,05 Brix 10.2 8 days. | WASH AS SET UR
22/2/05 Brix 8.0 11 days. |
24/2/05 Brix B.0 13 days. | Bnix 31.6°

| Total Sugars 25.0
1 Acidity 0.78.

The wash was set up at 316" Hrix on the 6th February, 1925. [t was
found that at this concentration no change whatever took place and the
wash remained unchanged for fourdays, On the [fth day th: wash
was diluted with waterto 10.1 Brix and a content of 15.6 [ Sugars, with
anacidity of 049 13 days after the wash was diluted fermentation
ceased. An analysis of the 'dead wash' gave the following results: —

Brix—8.0

Sugars—2, 48

Alcohol—g.18,. P.S.

Acuhty—1.08

Proof Spirit por degree of atlenuation —0.827

The experiments which were carried out in the Experimental Dis-
tillery and which are given in the Report for 1925 show clearly that
fermentation carried on under the comditions wsually found in Jamaica
must vield very irregular results. From my own expzricnce of what |
have seen in the distilleries, [ am convinced that the yields of rom must
be very far indecd from what they might be,

| have shown you that from a wash fermented in such a way as
would prevent the admission of organisms other than yeasts, a much
better yicld of alcohol canbe got. By so doing, however, a very poor
guality rum is obtained, so it is advisable o admit bacteria to a certain
extent. The point is wheoe are you to draw the line! Is there any
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means of knowing when the bacteria are getting too great a hold on the
wash! There are certain signs which should tell a practical distiller
when this is happening. The wash gets acid, the fermentation sluggish,
and ultimately if things are ot remedied fermentation ceases alto-
gether. 1 have been on several cases asked fora remedy for sluggish
fermentation, and conscquent loss of yvield. T have found in one or two
cases the yvield reduced down 1o less than one half what 1t should be.
On examining the materials [ always found them swarming with bac-
teria of all sorts.  Sometimes the acidity of the wash was by no means
oo high, but other bacterial products were having a very prejudicial
effect on the yeast, My remedy has invanably been successful, and it
is simple enough,— Lime and water: lime to conteract the acidity, and
watertwo remove the dire. | have generally also found it advisable to
reconmnend a reduction of the gravity at which the wash was sct .,

[ know there is a strong projudice agamst the use of Inoe in Jamai-
can distilleries, and also a considerable reluctance (o the use of water
The contention 1s that lime kills the Bavour, | do not deny buat that it
does, 11 used in excess it will certainly Kill favour and also kill the
yeast, but just as in the case of all medicines, it st be administered
it proper doscs 1f it is to be beneficial. [ vats are well washed out
frequently, and then washed with a thin lime wash, nothing bul good
will result, especially in common clean eataies, Wood-ashes (I have
found) are very frequently used,  There action s something smilar to
lime, though not so effective in checking bacterial development. [t is,
however sater, as vou may heave ina half vat full with not much effect.
Lime must not be used in such large guamiities as will make the wash
alkaline as then it will prevent the decelopment of the yveast, and it will
also prevent the development of certain bacteria which are essential 1o
the production of favour, Use Time as a wash, and [ do not think you
will find it doing any harm. If you are to maintain 2 gosd vield vou
must aim at getting a regular Ffermentation and attenoation, and to do
this you must check and keep within limits the development of bacteria.

I am of the opinion that in common clean distilleries the
¥ield should be the frst comssderation. To get a good yield
there are two  dmportant  points o attlend to. First  the setting
up  gravity. Speaking  generally, this is far too high in
Jamaica.  The inttial gravity i common clean estates should not ex-
teed 15 o 107 Brix or 22" 1o 24 Arnaboldic The amount of alcolol from
a given quantity of wash will of course be less, but vou will get more
mam gut of a given weight of sugar,  The reasons for this are not far (o
seck, If vou set up high vou place the veasts in an unfavourable
medium, for they work slower 1o heavy liguids than in light ones,
Bacteria are not so parttcalar, they find heavy liguids as congenial as
light. Secondly the time taken for completing the fermentation is pro-
longed, the veasts get more and move slugrish and the bacteria get
#ronger and stronger,  In distilling vow get o comparatively better re-
tern from a weak aleoholic solution than froan 3 strong.

The distiller’s reply to these arguments are that low  gravities pro-
fuce a low grade rum.  They say that rums made trom washes set up at
low gravities are light in body. | have no doubt buot that this is per-
fectly true. The reason is, that with a low gravite the yeasts work
better and faster, and 30 do not allow the bacteria B get & chance-
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With high gravities on the other hand, the yeasts work more slowly, a
lomger time is required for the wash to attenuate, and hence there will
e o greater development of bacteria. Again you always run the risk
of leaving vafermented sugar in the wash., Indeed we have found from
analysis that very few dunders are free from sugar. As this goes on
sugar is allowed o accumulate in the dunder until it gets too heavy., A
pood deal of this sugar which s leftin the dunder becomes converted
into caramel, and so i3 lost, as caramel 15 unfermentable by yeasts.

In this caze, as in others, you have to consider how far you can go in
parzuit of davour at the expense of yield, You must alwavs bearin
el that 1 b5 not in the interest of the estate to produce flavour if by
so doding the outpit is 50 lessened as to mean a nett loss as againsta
poorerdauality but a better yield. The wsual method of guaging a dis-
tillers" capabilitics by the vield from a still, without taking anvthing else
intie aecount s 4 very objectionable one. It leads to the practice of
many  tricks It has certainly been productive of many wonderful
viclds, and also many remarkable stills. These [ believe, get lesz and
less as the number of changes of distillers increase.

Yoot leer plea is often put forward for high gravities, that is, that
aciuctones aalerials increase so that they must be got rid of anyhow.
This is what | would call wanton waste, and extra receivers should be
proowvided T cinergencies of this kind,  Again, more time may be lost
Ly sluggeal fermentation than wonld be taken up in a few extra vals
swor ko i

L cansul pupress tos moch on you the necessity of sone intelligent
antl Tirly ccevsate method of caleulating what amount of rum should
e ubtimned from each vat.  Without beiny able to do this, you are
working i the dark, and you can never make such a good use of ex-
pericce atkdd abservation 1o improve.

[ the tirst place it is essential to have all your vats, receivers, and
stills  pocurately puaged, It is worse than useless 1o EuCss about
e capacity. A difference of §0 ta 100 gallons in capacity just
decides whether your yield 15 gpood or bad. | can recommed no other
metliants  than erther by measuring the contents or by weighing
thenn Sclect o vat, G ie with. water, then rmin it into & 4 or §5 gal-
o sensure and  count the number of times the contents of the
vl lilks the mcasure.  This is a laborous method, buat the vats and re-
ceivers are cenerally so o irregular in shapz that they require very
pdrieate calocilations to get at their capacitices, even approXimately.

dov ool sl ehe aeprprayfate vield of spivit feea a wash from attenuation

[ hies on very =ample indeed of vou use 3 Brix Hydrometer which | recom-

wendd s betng vastly superior to the Arnaboldi.  The Brix instruments

can e bl frovg the Laboratory, and there 1s no reason why they should
st e adogited on every Estale,

o the experiments carried out i the Experimental Distillery the
amount of Proof Spivit per degree of attenuation was found 1o vary
sutiew bk, It will always be found te do so, ut within limits, if the
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fermentation is good and healthy, The limit should be 8.0 of proof
spirit for every degree of attenuation per 100 gallons of wash., To take
an example -—

A wash sel up at 18" Brix
Attenuates dowmn to B
Attenuation — 127 Brix,

The wvield of spirit of that wash should not be less than 87 = 12
g.6 gallons proof spirit per 100 gallons of wash, or 96 gallons proof
spirit from a 1,000 gallong wash, To convert 96 gallons prool spirit 1o
strength of rum ;=

of % §-7 = 68.5 — 6814 pallons of rum at 40 over proof,

Thiz is the lowest limit, and vou should not be satisfied with it
You should aim at least at getting .9, P. 5. for every degree of attenua-
tion.  Yield of spirit per 100 gillons wash -

212 =~ 108 P. 5 or 108 =87 = 7F gillons per 1,000,
It may goas high as 1 gallon for every degree, then; —
1%12% » 12 PS5 12 % §-7 ~ 85 gallons per 1,000,

One gallon for every degree of attenuation i1 think the highest
you are ever likely to reach. In fact vou will be much more likely to
fall very short nf it. You should, however, not be content wni: any-
thing short of .97 for every degree of atienuation,

One other point [ wish to emphasise, and that is you must know
accurately the capacity of vour still, otherwise any calculation you may
make is useless, and you will only deceive yvoursclves by those caleula-
tions,

oo e Bk R 1T TN B M 7

LECTURE IV.—THE PRODUCTION OF FLAVOUR,

In my last lecture I dealt with the vield of rum purely from the point
of view of quantity and therefore confined myself to the production of
aleohol, Now 1 propose dealing with the nmdu:.l:lm'l of flavours in rum,
and the various experiments which have been carried out in the labora-
tory and on estates with a view to the investigation of the development
of these Aavours,

Analyses of rums made in the laboratory established the fact that
the compound ethers contamed in the rum wis closely connected with
the Ravour. Now these ethers are compound badies formed by the com-
bimation of aleohol with an acid.  [f an oreganic acid such as acetice acicd
it allowed to remain in contact with alcahol, a certatn amount of the
dleohol and acid will combine and form acetic ether,  IF the nuxtore s
distilled a larger proportion will combine,

We already know how the alcohol 15 formed =0 we have to find out
bow the acids are formed.

The organic acids found in rum are produced by fermentation in
4 similar way to that in which alcohol 12 produced. The organisms
causing this fermentation are different and are of meany king .y (When
difute alcohol is exposed to the air, it is attacked by atoerment Enown
8 the acetic ferment and is turned into acetic acid.  In order that the



152 REPORT OF THE

formation of acetic acid may go on a supply of air must be accessible as,
oxyeen which 13 obtained from the airis indispensable o the life of the
acetic ferment.  Thus the formation of acetie acul Lakes place for the
most part at the surface of the hguud and when the ferment has devel-
oped sulliciently it forms a thin pelicle over the surface of the hgoid
Acetic acid forms a very large proportion of the acid found in rum.

Acetle acid s the acid of vinegar, The method 1in which vinegar
15 made 1s interesting as, in some maasure, the same process is followed
in making acid on estates making davoured rum. The wine which is to
be converted into vinegar is placed in casks, half filled, at about 30
degrees C to which air has moderately free access. The formation of
acetic acid takes place in consgequence of the liguid being giadually cov-
ered with a film cunsrﬂm of the mlﬂh o of vinegar,  In other countries
the German quick 'l.lr'l-l..'_E:I.r process " is employed in which the growth
of bacteria suspended in dilute spirit mixed with vinegar, is accelerated
by coming into intimate contact with the air,  This 1s brought about by
allowing free acceess of air, by dividing the liguid into small drops and
distributing these over a large surface (such as beech shavings.)

Acetic ackd must be produced 1n large quantitics in the distilleries
of this island but especially in those making fHavoured rum, Indeed in
them special processes have been evolved to produce this acicd as well as
others. The part of the process which is mostly concerned in the pro-
duction of acetic acid is the Termentation of what is called rum cane
juice. This juice is gencrally poor in sugar and what sugar there is, is
mostly glucoze which would not crystallize out even the juee. It i3
however, in a zuitable state for being fermented. A weak aleoholic
solution 15 formed.  This lguor 15 thrown over cane trash and allowed
to stand. The result is that the aleohol is turned into acetic acid. You
will note how closely this process corresponds to that of making vine-
gar. Only in the case of vinegar-making a freer access to air is given.

Next to acetic actd in point of quantity as found in rom is butync
acid. This acid is formed by fermentation excited by many forms of
bacteria. The one which perhaps forms 1t most readily 15 known as
Bacillus butyricus. [ have riven a considerable amount of study to this
organism as | found to be very mevalent in washes and materials aboaw
distilleries and especially those making flavoured rum. | have isolated
this organism and grown it on a hlrlz.f barge scale, In order to isolate
organisms of this class they must be cultivated out of contact with air
as the oxygen is [atal to them, After having cultivated them to some
extent by thiz means [ inoculated them into a § gallon tube and having
succeeded 1n getting them to grow there 1 translerred them to pun-
cheons. From these they could be grown in any quannty for estale ex-
periments with butyvricus. A five gallon keg of liguid was taken to an
estate, The contents was empticd into o cistern of 1,000 gallons capa-
city. Dunder which had been made almost neotral with lime was added
and about two gallons of molasses. A vigorops fermentation started.
After a few days the contents of this cistern was used as dunder in get-
ting up a wash. Whoen the wash was distilled a heavy froity smell was
the result.  Ona second trial it was found that the presence of this or-
ganism had a very detrimental effect on the atlenuation.

On ann’glmr estate the effect of this organism was tried and it was
found that it had a very marked effect on the rum. The retardatien
of the alcoholic fermentation was prevented by making the liguid in
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which the organism was cultivated much stronger in butyric acid. This
can always be done by neutralising the acid formed,

By this means a flavour was undoubtedly imparted to the rem but
inomy opinion it 18 somewhat harsh and suggests too much one ingre-
dient. [t requires to be blended with something else to make 1t a desir-
able flavour. Reports on the rum are expected soon. In another ex-
periment carried out on an estate where the butyric fermemation was
stimulated by special matenals a rum was produced by the High Ether
process which brought §/6 per gallon. OFf course there were other
organisms at work here but there was a large amount of butyric acid
produced by arganisms of this nature,

[n putrefaction butyric acid is produced as well as other higher
acids,
Putrefactive bacteria require nitrogenous substances to feed on.

The albumineus malter of the cane supplies this but a more important

source 15 the dead yeast cells which remain tn the dunder. The dun-
der muck as it is called is almost whaolly composed of yeast cells. In
the dunder itsell there is also a large amount of aluminous matter which
has been made soluble by boiling in the still.  The soluble portion goes
back into the wash and assists to feed the veasts and bacteria there, The
solid dunder is8 used in the flavour making process on estates making
flavoured rum.

As far as our analytical investigations have taken us the only resuli
of adding flavour and acid to the wash as is the practice on Aavoured
estates is the addition of acids. The acidity of the wash making
flavoured rum is always much higher than in washes making common
clean rum.

Common Clean Buins. ' Germnan Flavoured Bums.

Acidity as | Acidity as
Description. Su_,lluilil.&,”f Description. ' b"iﬁ?ﬁf“‘
Total Volatile| | Total Volatile
SERIES 1. .\ |SERIESIL B S
300 | 055
Wash set up 137 038 | Dead Wash 2.50  0.49
Skimmings Loy 032 | Acid 2.060 054
Dunder A 221 ' 0.49 Skimmings 225 Q5!
Dunder B 2.0 030 Flavour 1.33  0.68
Dead Wash 1.63 0235  Dead Wash Cotton | :
SERIES L B, 'SERIES I C. 2.40 . 008
Unfermented Wash 190 | 0.15 Dunder 4.50  0.7%
Fermented Wash  1.27 | 026 Acid 2,70 080
Dunder .62 | 027 Flavour 2.45 | 0.45
SERIES L. C. _ - Skimmings
Unfermented Wash 1.13 ' 019 .
Dead Wash 1.18 | 022 '

Dunder 1.67 | 0,22 |
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From these data vou will see that the amouwnt of acid and especially

the amount of mlmjla acid, which is the chief point, is very much greater
in the materials which go to make favoured rum than in common clean,.

- The point 1 wish to emphasige is that the chief difference and the
only one which is measurable by chemical analysis between common
clean rum and Aavoured rum i1s the ethers and we know that other things
heing equal the amount of ethers increases with the amount of volatile
acid in the wash. The essential difference then between the manu-
facture of Common Clean Rum and Flavoured rum is in the production
of acids: These volatile organice acids are produced by fermentation
under certain conditions and the object of the distiller is to get at those
conditions which favour the production of acids which he wants.

Different organtsms require different conditions these I will discuss
when | speak of these organisms.

LEES—The virtue of lees in producing flavour has been partially
recognised for long but not [ think to its full value, The lees from the
Fetorts contain a good deal of acid. On flavoured estates as much as. 7 7.
of acid has been found. Now this acid is all volatile otherwise it would
not have gone over into the retort.  What happens is this, the acid dis-
tills over along with the alcohol but being much less volatile gets con-
densed in the retort,  These lees have been made use off but [ am sure
much of them is wasted for want of proper storage. The process known
as the high ether process has for its aim the wtilisation of the acid in
the legs.

| have here a sample of rum made on an estate by using the lees
directly in the wash instead of acid. The rum when made had a some-
what greenish smell but otherwise it was good and sold readily enough
at 3/9, this being the price which the rums made on the estate were
fetching at the time.

Lees have also been used [ believe in the retort in small quantities.
[ may also add that flavour has also been used in this way. [is use
seemed to have a slight beneficial effect. Lees ought to be stored for
some time before wse. What exactly takes place | cannot say but
ripened lees as they are called have a much better effect than fresh less

Lees however should not be mixed with the solid dunder for some
time as the lees will prevent it from decomposing. On the other
hand when the fermentation of the dunder solids has gone so far
the lees should be added to stop further decomposition, otherwise if
the putrefactive organisms are allowed to complete there work vou will
have nothing at all left, a3 you must bear in mind the work of putre-
factive germe i to reduce all the substances on which they act 1o
water and certain gases such as Carbonic acid, Hydrogen sulphide and
Ammonia. By adding the lees at the right time you stop this action
and utilise the acids formed.

The only method of guaging this is by carefully observing the
acidity of the material. For a time it will gradually increase, then it
will cease and if left alone will begin to get less and less again. The
amount of acid formed is very small but if carefully neotralised with
lime the action will again start, as in the experiment I have already de-
scribed.  You will see how important it is that you should make yaour-
sclves thoroughly acquainted with the methods of determining acidities
and alkalinity.
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LECTURE V.—MICRO-ORGANISMS OF RURM,

In my previous lectures | have showed you that the active agents
m producing alcohol from sugar are yeasts, and | have also stated that
the lavour of rum was due in most part 1o the action of bhacteria. |
will now describe (in more detail) to vou, some of those ferments, as a
knowledge of how those organisms develop and the conditions under
which they thrive beat, will assist vou to-some extent in controlling your
fermentations. Let us consider (frst) the yeasts :—Yeasts are living
plants. Just as much plant as the sugar cane is a plant. The differences
are great, but are only in structure and size. When you look at yeasts
ender the microscope vou may see many forms, but the essential charac-
teristic is, that they are single cells.  What vou see is a thin membrane
enveloping a clear lransparent substance. This substance is the
Iiving matter of the plant and is called the plasma. All plants and
animals are built up of cells but in the case for instance of the sugar-
cane, many cells are required to form one plant. Some of these cells
are specialised in such a way as 1o zuit them for absorbing nourish-
ment from the soil, others go to build up the complicated structure
known as the stem, others form leaves and others {again) go to repro-
duce the plant. Yeasts and all one-celled plants include all their vital
functions in the one cell. They [feed, grow, and multiply just as other
plants do but very simply. If you waltch a yveast cell under such condi-
tions, as will allow it to grow and multiply, vou will see it throw out a
small bud from its membrane. This bud grows larger and larger, and in
time it will break off and free itself from the parent cell. This process
goes on and on as long asthe conditions in which the cells are placed
will allow it.

When the veast cell is young and vigorous, the contents of the cell
are clear and transparent, but when 1t getsold or gets starved for want
of food its contents become granular, and emply spaces appears called
vacuoles. In coloured liquids, such as washes, living cells can easily
be distinguished from dead ones, The dead cells get coloured with the
liquid while the hiving ones remain quite clear,

There are many kinds or species of veasts. Some of them can be
recognised under the microspe by their forms, others cannot,

We often speak of wild veasts and cultivated yeasts. The dis-
tinction has something of the same significance as when we speak of
wild cattle and domesticated cattle. There i3 another broad division
of the weasts depending on the way they ferment a liquor. Some
veasts work at the bottom of the liguor while others work at the top,

They are thus called top fermentation yeasts or bottom fermenta-
tion yeasts. For the most part JTamaica yeasts are bottam fermentation
yeasis, In beer brewing both kinds of yveasts are wsed,  In England the
lop Kind is invariably oscd, while on the continent the bottom is used.
In the case of top fermentation a very heavy foaming head s formed,
while when bottom fermentation iz taking place very little head is

formed.
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A few of the more important groups have the following characters:

Cerevisiae group.— Lhese are the veasts producing the normal fer-
mentations resulting in beer, ete. They are round slightly ovoid cells,

Pastorianus group=—These are wild yeasts. The cells are elongated
or sausage shaped.

Ellipsoidens group.—These are also wild yveasts, The cells are
usuzlly ovoird or pear shaped. Sometimes they are round.

All these forms are found in Jamaican distilleries.

There is also another type of yeast found very largely in Jamaican
distilleries. | have found it in all the distilleries but it is specially
plentiful in north-side estates where flavoured mam is made. This yeast
can be easily recognised under the microscope by its shape, It is a
long rod-shaped cell. Its method of multiplying is quite distinct from
other types of yveasts,

It does not form buds but first grows into a long rod then a division
15 formed across the rod and what was one cell becomes two cells and
ultimately the two cells separate and form two organisms, The differ-
ence is that round forms multiply by budding while the rod-shaped
forms multiply by division,

It is remarkable that this form should thrive best on those estates
using very acid washes. [ have not hod sufficient time to devote tothese
forms but they scem to me to be in some way connected with the pro-
duction of flavoured rum, | have made varions attempts to isolate these
but have not vet been successful in getting them to develop in the
laboratory, What happens is that the round forms which are always
mixed with the rod forma readily develop in the laboratory and swamp
the others. In establishing a fermentation for flavoured rum, it is just
potsible that such conditions as will permit of this kind of yeasts de-
veloping will have to be obtained. This is a point which will require
further study but will in time be elucidated.

Yeasts are found in the air but for the most part yeasts find ther
way into the wash from the rind of the cane. lLarge numbers are found
on the rind of the cane. From the rind they get into the juice and
hence into the skimmings. They are also found in the molasses but
this must be by contamination from vessels as they cannot survive boil-

ing.

Tostart a fermentation, cane jeice slightly warmead should be used.
If however, the juice has sulphur dioxide added to it for the purposes of
clarification, jwice should be taken to which no sulphur dioxide has been
added. Sulphurous acid 15 poisonous (o organisms, but after the juice
has been hailed the sulphurous acid bzcomes converted to sulphuric
acid which in small amouwnt has not an inhibiting effect on yeasts,

Y easts Lhirive very well in all sugar selutions and cane juice secns
to be a very favourable medium for them. The action of the yeaaston
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cane sugar 1s first to convert it into glucose or uncerystallisable sugar,
then 1o break this up into alechol, and small quantiries of other bodies
sech as succinic acid and glycerine. The fermentation of sugars by
yeasts 15 a function of the hving cell and everything that affects the
life of the latter has a certain influence on its fermentative power. Sub-
stances which serve as food for the yeast promote fermentation. Gen-
erally speaking acids are deletenous to the cell, their influence being
the more marked as their concentralion i increased.

Diferent acids have different effects. In some cases ycasts seem
to thrive in fair amounts of acid while in others a very small amount
seems to influence them unfavourably.

It is stated that .1 per cent. of sulphuric acid reduced the energy of
fermentation while .7 per cent. Inhibited it altogether. The develop-
ment of the yeast-plant was promoted by .02 per cent. of sulphuric or by
A 1o .5 per cent. of lactic acid, but unfavourably influenced by .07 per
cent. of the former or 1.5 per cent of the latter. The wolatile erganic
acids such as acetic butyric, etc., affect fermentation unfavourably when
present in large amounts.

It is difficult to say what acidity is really the limit where fermenta-
tion is seriously retarded, it depends so much on the nature of the acids
present. For common clean rum, 1 per cent. is high enough at the start
of fermentation and it may go up to 1Y% per cent. without doing much
barm. Inthe manufacture of Aavoured rum moch higher acidities are
wsedd, but in these cases fermentation is undoubtedly retarded. The
besl temperature for veast development is from B0°F to go°F. Above
this temperature yeasts are less vigorous. Higher temperatures favour
the development of bacteria and hence of acids.

~ Bacteria—Bacteria are the busiest forms of organic life. They are
single cells belonging to the lowest forms of plant life. They vary in
form and there is considerable difference in size, but species cannot be
readily distinguished by their form and shape. To give you some idea
of the size of these minute germs, the lactic acid ferment is
}-25000 of an inch long and 1-25,000 of an inch wide. That is, it
would require 25,000 placed side by side to measure one inch.
Stmething over Qo0 billions weigh 1 grain or 1-28 of an o

eriaare found every where, in air, soil, water, dust,clothes, skin
alimentary canal of man and animals, and in our food. Very small
quantities of organic matter are sufficient for their support, and the
nature of this organic matter is very varied—carbohydrates, such as
sugar and starch, all kinds of organic matter and mineral matter.
Moisture is necessary ; without it bacteria will not develop. The
majority of bacteria like warmith, but some of them grow at low tem-
perature. Bacteria live in temperatures between 39 degree F. and 122
degree F. Some will survive at still higher temperatures. These
minyte organisms are extremely retentive of life. They never die a
natural death. They may be killed by various means, such as by heat,
by poison, by starvation, by exposure to sunlight, It 16 a fact 'H'rth
noting, that -:Im:ﬂ:t mmllghl 15 A ::u'u.n:riul .zunm:ude Disease germs

II'\.I.—— e e e i R AR i e e - o - oo



158 REPORT OF THE

These are the chiel factors which determine the development of
bacteria, food, temperature and absence of sunlight.

No useful purpose would be served by my going into the biological
characters of the various bacteria found in distilleries. Their numbers
are legion and the species numergus. The chief ferments [ have already
described viz:—the acetic and butyric ferments. The latter is what is
called an anaerobic orcanism that is, it cannot set up fermentation 10
the presence of oxygen, but | have found that it works well in liguids
in which aerobic, that 15 air-loving organisms, have been first estabilshed.
This s how it 15 able to work in liguors exposed to the air. There 15 a
type of bacterial action known as viscous fermentation, which often
gives trouble in distilleries. Lumps of a jelly-like substance are often
seen floating in hquors. This viscous fermentation 1s caused by a
particular organism which acts upon glucose, and transforms it into
a kind of dextrin or Fum. A similar organism causes ropiness In
skimmings. The same phenomenon is often met with in the manufac-
ture of sugar, masses of gelatinous consistency being formed. These
masses are composed of microbes with extraordinarily swollen and
gelatinised cell-walls which appeared as masses of jelly in which the
organisms were embedded.

Another phenomenon somelimes makes its appearance n distil-
lertes and goes under the name of rice grain. These masses which re-
semble grains of boiled rice are composed of yeasts closely packed to-
gether, Inthe liquor is found an animaleule called the vinegar eel
This eel which resembles a very small worm gets into the skimmings
by means of rain-water which washes it from roofs and gutters.

As far asacetic and butyvric acid fermentations are concerned, these
can be controlled in a similar mannér to alcoholic fermentation by
yeasts. Theconditions for these types of fermentation are well ascer-
tained. It is very different when we come o consider the putrefactive
process. The changes which albuminous matter undergoes when
attacked by various micro-organisms are not completely ascertained at
present. We know when putrefacticn is taking place by the develop-
ment of a peculiar and characteristic odour, partly due to certain
gases such as Sulphuretted Hydrogen, Ammonia, and other gases
being disengaged. This feature is especially noticeable when the
microbes carry out their work in the absence of air, the process
being comparatively inodourous when a free access of airis permitted.
Many microbes take part inthese changes but it is not known whether
a particular series of changes is due entirely to one kind of organism
or whether the process is started by and carried further by another;
whether the decompositions take place simultaneously or successively.
We know that during these changes among other substances wvolatile
acids are produced and that these acids are among the ingredients which
goto produce the lavour in rum but we do not know whatother substances
produced in this process enter into the composition of flavour, Maore-
pver we can do little to control the putrefactive process.  You must pul
down the materials and trust to pature to do the rest. We may assist
putrefaction to start and we may arrest it when we think it has gone far
enough but we cannot incculate 2 wash for instance with cultures with
any hepe of producing a desired result.  For this part of the manufac-
ture of flavoured rum you must experiment with your materials until you
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obtain what you want. [ do not claim more as the result of my investi-
gations than that I have established the fact that the flavour of Jamaica
mm is mainly produced by bacterial action and in a general way indi-
cated the nature of the organisms at work. I have also indicated
certain lines by following which you are likely to obtain flavour. From
my remarks on the idiosyncrasies of these tiny forms of life which
you have to coax into working for you, you will easily understand
how perplexing it would be for one, who has no knowledge of them to
tomprehend their ways.




